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Sustainability in software engineering remains an under-addressed concern within fast-
paced Agile workflows, where environmental, social, economic, technical, and individual
dimensions are often treated as afterthoughts. This thesis introduces FISC (Framework In-
tegrating Sustainability Concerns), a lightweight, end-to-end approach that embeds multi-
dimensional sustainability tagging, impact logging, and likelihood-by-impact prioritization
into core Scrum events: backlog refinement, sprint planning, in-sprint development (via CI-
gate checks), sprint review, and retrospective. Grounded in Design Science Research and
refined through eight Delphi-informed cycles, FISC was co-designed with a Finnish ICT
partner and validated by industry practitioners and academic experts. Semi-structured
interviews, surveys, and pilot sprint data demonstrate that FISC fills six identified gaps:
artifact integration, role clarity, real-time tooling, depth of impact analysis, empirical scale,
and dimensional balance and seamlessly aligns with existing Application Lifecycle Manage-
ment (ALM) toolchains (e.g., Jira, Confluence). Practitioner feedback underscores FISC’s
minimal overhead, broad tool compatibility, and methodological flexibility, while preserv-
ing team velocity. By operationalizing sustainability as a first-class concern within Agile,
FISC not only raises awareness but also drives measurable improvements in code quality,
operational cost, and stakeholder engagement. This work advances both theory and prac-
tice by delivering a field-tested, extensible framework that empowers Agile teams to make
informed, sustainable decisions throughout the software lifecycle.
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1

Introduction

Software systems underpin nearly every aspect of modern life, yet their development and
operation consume substantial resources and generate environmental and social impacts.
Data centres alone account for over 1% of global electricity use, with software inefficien-
cies further amplifying energy and resource demands (1, 2). In parallel, digital services
influence social and individual well-being through factors such as accessibility, privacy,
and cognitive load (3, 4). As the global community confronts challenges such as climate
change, resource depletion, and social inequity, the field of software engineering has begun
to embrace sustainability as a core concern. In this context, sustainability in software
engineering entails designing, implementing, and maintaining systems that minimize en-
ergy use and carbon emissions, optimize resource efficiency, promote social inclusion, and
support economic viability throughout the product lifecycle (5, 6).

Over the past decade, researchers have proposed a variety of frameworks, metrics, and
practices to embed sustainability into software processes. Life-cycle sustainability assess-
ment approaches adapt environmental LCA methods to software, while conceptual frame-
works such as the Triple Bottom Line integrate environmental, social, and economic con-
cerns at a high level (5, 6). Specialized models such as GreenSoft for environmental metrics
and SusAF for guided awareness address specific dimensions but often assume plan-driven
lifecycles (7, 8). These approaches frequently lack support for iterative development, rapid
feedback, and the lightweight tooling favored by modern teams (9).

Agile Software Development

Agile software development has emerged as a dominant paradigm for building systems
through iterative, time-boxed cycles emphasizing customer collaboration, working software,
and rapid adaptation to change (10, 11). Frameworks such as Scrum, Extreme Program-
ming, Kanban, and Lean provide structured practices daily stand-ups, sprint planning,
test-driven development, continuous integration that accelerate feedback loops and enable
continuous improvement (12, 13, 14). By integrating analysis, design, implementation,
and testing within each sprint, Agile methods reduce the cost of change, foster stakeholder
engagement, and maintain a releasable code-base at all times (15, 16).

Despite these benefits, Agile’s emphasis on speed and minimal documentation can side-
line non-functional requirements, such as security, performance, and sustainability, unless
they are explicitly incorporated (17). Studies have shown that without dedicated prac-
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1. INTRODUCTION

tices and tooling, teams may defer sustainability tasks or treat them as afterthoughts,
undermining long-term value (8, 18).

The Need for Sustainability in Agile Contexts

Increasing regulatory mandates such as the Sustainable Development Goals and the Eu-
ropean Green Digital Coalition coupled with stakeholder demand for environmentally and
socially responsible products, require software teams to embed sustainability within fast-
paced workflows (2, 19). However, prior research and industrial case studies identify six
recurring drawbacks in Agile practices: sustainability criteria seldom appear in product
backlogs or Definitions of Ready/Done; ownership of sustainability tasks is unclear; real-
time tooling for tagging and metric collection is limited; analyses focus on first-order effects;
large-scale empirical validation is rare; and most solutions prioritize environmental con-
cerns to the detriment of social, economic, technical, or individual dimensions (8, 20, 21).
These gaps reduce the credibility and impact of sustainability initiatives and hinder teams
from making informed trade-offs throughout each sprint.

To address these shortcomings, it is imperative to develop methods that integrate sus-
tainability as a first-class concern within Agile workflows. Such integration must align
with Scrum events like backlog refinement, sprint planning, in-sprint development, sprint
review, and retrospective while remaining lightweight enough to preserve team velocity
and flexibility (11, 22).

Problem Formulation and Thesis Objectives

Building on the identified gaps, this thesis presents the Framework Integrating Sustain-
ability Concerns (FISC). The primary objectives are to:

1. Embed multi-dimensional sustainability tagging directly into backlog refinement, sprint
planning, and continuous integration pipelines.

2. Capture anticipated positive and negative sustainability effects in a shared log linked
to specific backlog items.

3. Prioritize those effects using a likelihood-by-impact matrix adapted from SusAF and
refined via Design Science Research methods.

4. Produce a concise “Sustainability Snapshot” at each Sprint Review, showing tag cover-
age, effect breakdowns, and high-priority mitigation and best-practice items.

5. Validate the framework through pilot studies and comparative analysis across multiple
teams and domains.

By achieving these objectives, this research demonstrates that Agile teams can integrate
sustainability throughout each stage of the software lifecycle without sacrificing velocity
or flexibility.
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1.1 Scope and Delimitation

1.1 Scope and Delimitation

Scope

This study investigates the applicability of existing sustainability frameworks to Agile
software development and evaluates the alignment between industry-practiced metrics and
those documented in the literature. Through a systematic review and empirical analysis,
the research identifies strengths and gaps in how frameworks address the five dimensions of
sustainability: environmental, social, individual, technical, and economic across iterative
development cycles (5, 8). The principal outcome is the design of the Framework Inte-
grating Sustainability Concerns (FISC), which embeds multi-dimensional tagging, impact
prioritization, and continuous integration checkpoints directly into Scrum events. This
work is grounded in a case study at a Finnish ICT company, where practitioner interviews,
workshop feedback, and pilot sprint data inform each stage of framework development and
validation (9, 23).

Delimitation

Despite its contributions, the study’s findings must be interpreted within certain bounds.
First, the empirical evaluation is limited to a single organization whose strong sustainabil-
ity ethos may not reflect broader industry norms, particularly in regions with less stringent
environmental regulations or different cultural priorities (24). Second, the pilot implemen-
tation spanned only three sprints, which constrains the ability to observe long-term effects
on code quality, operational cost, and team well-being (25). Third, while FISC was de-
signed for Scrum, its direct applicability to other Agile frameworks (e.g., Kanban, Lean)
remains to be tested. Finally, the framework’s reliance on specific ALM tools such as
Jira and Confluence may require adaptation for teams using alternative platforms. Future
work should address these limitations by extending the evaluation to multiple companies
across diverse contexts, lengthening the observation period, and exploring tool-agnostic
implementations.

1.2 Thesis Sections

The thesis work is organized into six main sections, outlined below:

• Section 1: Introduction
This section provides the context of the research by laying out the key areas in
the scope of the research and illustrating the need for sustainable technology in
software development. It then provides holistic reviews of key frameworks (e.g.,
the Triple Bottom Line, GreenSoft, and SusAF), evaluating their applicability and
limitations in a software engineering context. From this analysis, the need for an
Agile-tailored Sustainability Assessment Framework is established to bridge the gap
in fast-paced, iterative environments. The following sections mention the study’s
objectives, problem formulation, scope, and limitations. The section concludes by
stating and outlining the manuscript’s structure.

3



1. INTRODUCTION

• Section 2: Related Works and Background
Related Works and Background starts by presenting the challenges in considering
sustainability in ASD followed by the current state-of-the-art approaches to tackle
those challenges in the context of ASD. It compares their underlying assumptions and
methodological approaches and offers an integrative evaluation of principal strengths
and limitations of each to furnish a comprehensive perspective. It identifies the gaps
in the knowledge and lays it out in key points, providing further context as to which
areas need to be addressed. The related works addresses the challenges faced in the
context of SCRUM and ASD, existing state-of-the-art approaches, their strengths
and weaknesses, identifies and underlines the gaps that are to be addressed in this
paper.

• Section 3: Research Methodology
The section starts by restating the research objectives and reveals the research ques-
tions that would be answered through the manuscript. The subsection of research
design showcases how the research was designed, giving the reader a holistic view
of the entire process. This section further details the overall research approach, be-
ginning with an explanation of why and how Design Science Research (DSR) was
selected as the guiding paradigm. It also mentions the use of DELPHI method
throughout different phases of the framework development. It describes the distinct
relevance, rigor, and design cycles of DSR and outlines the specific artifacts produced
at each stage. The chapter then transitions to the empirical data collection strategy,
presenting the semi-structured interview framework used in the industrial setting,
covering participant selection, question design, and the procedures for conducting
and thematically analyzing interviews with practitioners.

• Section 4: Building the framework
This section goes into details of the creation of the framework. It delineates the de-
velopment of the framework through the lens of the Design Science Research (DSR)
methodology, structured around its three interrelated cycles: relevance, rigor, and
design. Each cycle is examined in detail, outlining the processes undertaken and
the outcomes achieved. Each subsection not only explicates the activities within its
respective cycle but also highlights the resulting artifacts and their contributions to
both practice and theory. Drawing on the gaps in the knowledge from previous sec-
tions, it lays out how the new framework addresses the shortcomings and provides a
solution for them while taking the best possible qualities from their pool of strengths.

• Section 5: Discussion
This section presents a comprehensive analysis of the research findings, focusing on
the evaluation of the designed artifacts developed through the Design Science Re-
search (DSR) methodology. Each artifact is assessed in relation to the predefined
research objectives and questions, examining its effectiveness and alignment with
the intended goals. The discussion extends to a critical reflection on how the re-
search outcomes address the identified problems and contribute to the existing body
of knowledge. Furthermore, the study acknowledges potential threats to validity,
including external, construct, and conclusion validity. These considerations are in-
tegral to the Discussion section, providing a nuanced understanding of the study’s
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1.2 Thesis Sections

implications and reinforcing the credibility of the research findings.

• Section 6: Conclusion
The sixth and final chapter of this manuscript presents the conclusion, which revisits
the research questions and objectives and synthesizes the principal findings of the
study. It summarizes the contributions made to the field and outlines potential routes
for future research, considering the limitations identified in this work.
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2

Related works and Background

In this chapter, we adopt a three-step approach to ground our investigation and motivate
the proposed solution as we gradually progress. First, we examine the agile software de-
velopment (ASD) literature to distill the principal challenges that teams encounter when
attempting to embed sustainability into their practices. Second, we survey how sustain-
ability has been addressed across the software engineering domain. This is achieved by
reviewing manifestos, standards, and prescriptive frameworks to understand which strate-
gies have been most effective and where they fall short.
Irrespective of the methods of addressing sustainability in the context of ASD, there are a
number of challenges that make it difficult to ensure sustainability. So, special attention
was given to identify the prominent challenges. Next, different sustainability approaches
were researched to identify their strengths and weaknesses. As the research gradually rolled
towards the proposed solution, it was clear that it is also vital to list the sustainability
metrics that could be used in the context of ASD. Finally, by juxtaposing the challenges
of ASD with the state of practice in software sustainability, we pinpoint the critical gaps
that remain unaddressed, thereby charting a clear pathway for our own contribution.

2.1 Challenges in Considering Sustainability in ASD

In integrating sustainability into Agile Software Development (ASD), teams encounter a
diverse set of obstacles that span technical, organizational, economic, and human factors.
These challenges range from structural issues, such as unclear responsibilities and missing
tool support, to cultural and methodological barriers, like short-term focus, lack of shared
understanding, and limited empirical evidence. They also encompass gaps in measurement,
economic justification, education, and cross-dimensional integration, alongside tensions
between rapid delivery and long-term sustainability goals. The following subsections detail
fourteen interrelated challenges, each of which can undermine the consistent and holistic
adoption of sustainable practices in ASD, if left unaddressed.

Unclear role or responsibility model

When no one on the Scrum team is explicitly tasked with driving sustainability initiatives,
those concerns tend to fall through the cracks at every stage of development. In sprint

7



2. RELATED WORKS AND BACKGROUND

planning, there’s no clear person to surface sustainability-focused requirements or to ques-
tion whether a new feature might increase carbon emissions. During backlog refinement,
sustainability stories gets pushed aside or neglected without an owner to champion their
prioritization against functional requirements. In the daily stand-up, regressive practices
remain unchallenged, so optimizations for resource use or accessibility improvements get
deprioritized in favor of “blocking” bugs or feature work.
This diffusion of responsibility also undermines longer-term management: there is no one
tracking sustainability debt, so technical shortcuts accumulate unchecked; there is no desig-
nated liaison to aggregate and communicate green metrics to stakeholders, so management
remains unaware of environmental or social trade-offs. As a result, green practices become
ad-hoc “nice to have” add-ons rather than baked-in commitments. Multiple studies have
shown that assigning a Sustainability Champion or embedding clear roles and accountabil-
ity is critical for maintaining focus on environmental, social, and technical sustainability
across all Scrum events and artifacts (9, 18).

Lack of toolchain support

Many teams still capture sustainability data in offline spreadsheets or one-off trackers that
live outside their core development tools. Updating these manually is time-consuming and
error-prone, so metrics often lag days or even weeks behind the actual work by which time
the link between a specific code change and its environmental impact is lost (26). Since
these spreadsheets are not tied into CI/CD pipelines or issue-tracking systems, developers
do not get immediate feedback on how their commits affect energy consumption, carbon
emissions, or resource usage. Without real-time dashboards or automated CI hooks to warn
about inefficient code or ballooning dependency footprints, “green” considerations drop to
the bottom of the to-do list. Over time, this cumulates in disconnecting and obstructing
continuous improvement: teams cannot see the cumulative effect of small optimizations,
and sustainability goals remain abstract rather than actionable (5, 8).

Focus only on first-order effects

Because of ASD’s nature of focusing on short sprints and rapid feedback, teams tend to
measure success by what they can see and count immediately like kilowatt-hours saved on
yesterday’s build or the CPU cycles trimmed from a new feature. But software lives far
longer than a sprint, and those quick wins can mask deeper problems. For instance, an
optimization action that reduces energy use today may introduce complex dependencies
that drive up maintenance effort and infrastructure costs months later. Likewise, cutting
a few seconds off page-load time does not account for the carbon footprint embedded in
the entire lifecycle of a service: development, testing, deployment, and end-of-life disposal.
By neglecting these second-order and systemic effects like lifecycle emissions from hard-
ware, technical debt that slows future change, or architectural choices that lock teams into
resource-hungry infrastructure organizations risk trading short-term gains for long-term
sustainability losses. In effect, the absence of structured methods for capturing and re-
flecting on these broader impacts means teams optimize local metrics at the expense of
global outcomes, ultimately limiting true environmental and social benefits (4, 8).
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2.1 Challenges in Considering Sustainability in ASD

Sparse empirical validation at scale

In most published research on agile sustainability, data come from single teams or short-
duration pilots often within a single company or department limiting the ability to gener-
alize findings or observe how practices hold up over time. These small-scale case studies
typically run for one to three sprints and involve a handful of developers, which makes it
difficult to account for variables such as organizational culture, geographic distribution,
or varying regulatory environments. As a result, lessons learned may reflect idiosyncratic
factors like a particularly motivated team lead or specific toolset that would not be trans-
lated to other contexts.
What is missing are large-scale, multi-team or multi-organization studies that span several
months or even years, tracking key sustainability metrics through concept inception, scal-
ing phases, and maintenance cycles. Such broad pilots could reveal whether improvements
in one squad inadvertently cause regressions elsewhere, how sustainability champions in-
fluence adjacent teams, and whether initial gains persist once the spotlight moves on.
Without this level of empirical validation, framework recommendations remain largely as-
pirational, and practitioners have little high-confidence evidence to guide investment or
process changes (1, 27).

No embedding into Scrum artefacts & events

Scrum’s core artifacts and events, most notably the Product Backlog, the Definition of
Ready (DoR) and Definition of Done (DoD), plus Sprint Planning, Review and Retrospec-
tive are the primary levers through which teams inspect, adapt and improve their work.
Yet, when sustainability criteria are omitted from these checkpoints, teams receive no sys-
tematic prompts to consider environmental footprints, social equity or long-term technical
impacts. For example, during backlog refinement it is rare for a user story to be evaluated
against energy-consumption or accessibility requirements, and the DoR checklist typically
only covers clarity, dependencies and testability allowing “unsustainable” work to enter the
sprint unchecked (8).
Likewise, the DoD often remains focused on code reviews, automated tests and documen-
tation, with no gates for measuring carbon emissions, enforcing low-resource algorithms or
capping technical debt, so increments can be deemed “done” even if they worsen sustain-
ability outcomes (18). Across Sprint Reviews and Retrospectives, the absence of dedicated
sustainability metrics means teams miss opportunities to learn from past impacts, leaving
sustainability perpetually on the periphery of ASD’s inspect-and-adapt cycle.

Dimensional imbalance

Sustainability programs in agile contexts often default to cutting carbon emissions or re-
ducing energy use because those metrics are tangible and well-supported by tools while
giving attention to the other pillars that enable truly resilient software. As a result, teams
may optimize for greener data centers yet still accrue crippling technical debt, ignore
cost-effectiveness or total cost of ownership, perpetuate inequitable user experiences, and
overlook developer well-being. This “environmental tunnel vision” means that, for exam-
ple, a refactoring that slashes runtime power draw might introduce convoluted code paths
that heighten maintenance burdens; an expensive green-hosting solution may strain tight
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IT budgets; accessibility or localization features fall off the roadmap; and burnout risks
rise because no one measures or manages workload stress.
In effect, without explicit mechanisms to balance environmental, technical, economic, social
and individual dimensions, improvements in one area can inadvertently degrade another
undermining the holistic gains that sustainability is meant to deliver (5, 6).

Lack of shared understanding and misinformation

When teams do not share a clear definition of “sustainability,” they may focus narrowly
on one aspect like cutting energy use while overlooking others such as software longevity,
social impact, or accessibility. This fragmentation leads to inconsistent requirements: one
team might prioritize low-power algorithms, another might treat sustainability as purely an
operations concern, and yet another may disregard it entirely. Misaligned mental models
also complicate stakeholder communication, since product owners, developers, and design-
ers lack a common vocabulary for negotiating trade-offs or setting goals. The end result
is ad-hoc implementations, duplicated effort as teams reinvent concepts, and difficulty in
establishing organization-wide standards or metrics for sustainable software development
(9, 28).

Limited measurement and information availability

Developers often write and deploy code without any immediate feedback on how those
changes affect energy usage or environmental impact. Build logs and deployment dash-
boards typically report test coverage and deployment success, but not watts consumed
per request or kilograms of CO2 emitted per service call. Without integrated tools such
as energy meters in CI pipelines or lifecycle-assessment plugins for dependency managers,
teams lack the data they need to compare two implementations on sustainability grounds.
Similarly, the environmental costs embedded in third-party libraries and cloud services re-
main opaque. A developer might choose Library A over Library B because it has a smaller
API surface, only to discover later that Library A performs dozens of disk I/O operations
per transaction, resulting in a larger carbon footprint over time. Since most package-
management systems and service-catalogs don’t expose lifecycle footprints or resource-use
profiles, those hidden impacts go unnoticed during planning and code review (29, 30). This
information vacuum forces teams to rely on heuristics or post-hoc audits rather than real-
time, data-driven decisions. As a result, “green” optimizations are speculative at best, and
low-impact choices like choosing one framework over another can inadvertently undermine
sustainability goals when measured over the full lifecycle of the software.

Technical debt accumulation

Under tight sprint deadlines, teams often deprioritize non-functional improvements such as
code refactoring in favor of delivering new features or fixing critical bugs. When refactor-
ing tasks are repeatedly pushed off, “sustainability debt” accumulates: outdated abstrac-
tions, duplicated logic, and inefficient algorithms remain in the codebase rather than being
cleaned up (31, 32). Over successive iterations, this debt compounds: small inefficiencies
that might have been trivial initially become structural bottlenecks, making the system
harder to change and more resource-intensive to run.
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The long-term effects of unchecked sustainability debt can be severe. Maintenance costs
rise as developers spend increasing time understanding and patching brittle code, and
runtime resource usage grows due to suboptimal implementations driving up energy con-
sumption and infrastructure expenses (31, 32). Without explicit debt-tracking metrics or
automated alerts in the CI/CD pipeline, teams lack visibility into how much “green debt”
they have incurred, so there’s no trigger to schedule dedicated refactoring sprints or to
balance new feature work against technical sustainability goals.

Economic constraints

Green engineering practices like refactoring code for lower power draw, implementing lazy
loading to reduce resource use, or building full accessibility support typically require extra
development time, tooling investment, and specialized expertise upfront. These activities
do not generate new customer-facing features, so their benefits (reduced electricity bills,
broader user reach, lower hosting costs) often only materialize weeks or months later. When
product owners and stakeholders face tight budgets or hard deadlines, they naturally opt
to fund work with immediate, visible returns new functionality, bug fixes, or performance
tweaks rather than “invisible” sustainability gains.
Moreover, because environmental or social benefits are hard to quantify in traditional fi-
nancial terms, it’s challenging to build a convincing business case. Teams lack standardized
ROI calculators for green features, so executives remain skeptical about diverting time and
money from revenue-driving tasks. This gap in economic justification means that, even
when developers propose energy-saving or accessibility improvements, those proposals fre-
quently get deferred or dropped altogether, perpetuating a cycle where sustainability is
always “nice to have” but never truly prioritized (33, 34).

Neglect of individual and social sustainability

When agile processes ignore the human side skipping check-ins on morale, glossing over
workload spikes, or treating off-hours messages as routine they erode psychological safety
and work-life balance. Developers may feel pressure to answer Slack at midnight or squeeze
extra refactoring into already crammed sprints, leading to chronic stress and fatigue. With-
out regular pulse surveys, well-being retrospectives, or explicit workload caps, small frus-
trations accumulate like rising cynicism in planning meetings, quiet quitting in the next
sprint, and key talent walking away.
Over time, this burnout spiral drives up turnover rates, forces rehiring costs, and saps in-
stitutional knowledge undermining the “people” dimension of sustainability by sacrificing
team health and long-term productivity for short-term throughput (35, 36).

Tension between rapid delivery and sustainability goals

ASD’s emphasis on delivering Minimum Viable Products (MVPs) and shipping early and
often can inadvertently deprioritize thoughtful, resource-efficient architecture and design.
In the rush to validate ideas, teams may pack in extra scope (often called “feature bloat”)
just to delight early users, even if those features add complexity and increase CPU, mem-
ory, or network usage over time (37). Similarly, once an MVP is in production, there is
little incentive to revisit or refactor the initial codebase; the focus shifts to adding new
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functionality rather than optimizing existing modules for efficiency.
This cycle entrenches suboptimal implementations: quick-and-dirty solutions that “work”
in the short term become long-lived, resource-hungry components. For example, an ex-
perimental reporting feature might spin up multiple heavy-weight database queries per
request because it was easy to build, but over months of usage this multiplies hosting costs
and energy consumption. Without scheduled “sustainability sprints” or automated flags
in the CI/CD pipeline to catch expanding resource footprints, wasteful patterns persist
unchecked. Over time, the cumulative effect is significant: infrastructure bills climb, per-
formance degrades, and the carbon footprint of the application grows undermining both
economic and environmental sustainability goals.

Lack of frameworks and education

Agile teams often lack clear, prescriptive guidance on how to weave sustainability into their
day-to-day practices. There are few established models or pattern libraries that show, for
example, how to write “green” user stories, score backlog items for environmental impact,
or structure a sustainability-focused retrospective (38). Without these blueprints, each
team must invent its own approach leading to duplicated effort, inconsistent quality, and
a steep learning curve whenever team members rotate or projects start anew. Similarly,
measurement tools that quantify sustainability within agile workflows are rare. Developers
and Scrum Masters do not have ready-made plugins or dashboards that track carbon
emissions per sprint, energy use per CI run, or social-impact KPIs alongside velocity charts.
And because training materials are sparse, few organizations offer role-based curricula (e.g.,
for Product Owners, Developers, or Scrum Masters) on sustainable software practices.
Besides, sustainability courses that are not tailored to agile contexts may result in uneven
adoption and limited confidence in applying sustainability principles effectively.

Poor integration across sustainability dimensions

When teams optimize for a single sustainability goal, for example cutting carbon emissions
by migrating to a more efficient cloud provider, they may unknowingly create problems
elsewhere. For instance, a low-carbon hosting solution might carry a higher price tag,
straining tight IT budgets and undermining economic viability. Or the new platform’s
tooling could lack accessibility features, marginalizing users with disabilities and harming
social equity. Without structured methods such as multi-criteria decision matrices or cross-
dimension impact assessments these trade-offs go unnoticed until after deployment. As a
result, a win in one area becomes a loss in another, and teams struggle to strike the balance
needed for truly sustainable outcomes across environmental, economic, technical, social,
and individual dimensions (39, 40).

2.2 State-of-the-Art in Approaching Sustainability in ASD

Sustainability in software engineering has become an essential paradigm as global chal-
lenges such as resource scarcity, social inequities, and climate change force practitioners
to reconsider how technology is conceived, built, and maintained (3, 6). In response, a
range of frameworks, models, and metrics have emerged to embed environmental, social,
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and economic concerns into engineering processes. However, few of these solutions have
been critically evaluated in iterative, Agile contexts. This section synthesizes key contri-
butions, contrasting their strengths and weaknesses, to reveal the gap that FISC seeks to
fill: a lightweight, end-to-end approach for operationalizing sustainability within Scrum
workflows.

Karlskrona Manifesto for Sustainability Design

The Karlskrona Manifesto (9, 26, 41) establishes twelve principles aimed at raising eth-
ical and environmental awareness among software designers. Its principal strength lies
in articulating broad values such as intergenerational responsibility and systems thinking
that underpin any sustainable endeavour. In practice, however, these high-level guidelines
lack concrete mechanisms for integration into day-to-day development. Unlike SusAF’s vi-
sual prompts or GreenStar’s quantitative metrics, the Manifesto leaves teams to engineer
their own tools and processes, which hampers consistent adoption and makes empirical
evaluation challenging.

As shown by Oyedeji and Penzenstadler (42), applying high-level sustainability princi-
ples in real workflows reveals both benefits and integration challenges. The Karlskrona
Manifesto for Sustainability (KMSD) principles are defined in broad, stakeholder-agnostic
terms, resulting in a high level of abstraction. As a consequence, newcomers often strug-
gle to interpret and apply these concepts in concrete software design activities, since the
framework lacks illustrative examples or step-by-step guidance for implementation.

Key Takeaway: While the Karlskrona Manifesto powerfully frames sustainability in
software through twelve high-level principles (promoting values like inter-generational re-
sponsibility and systems thinking) its abstract nature means teams must invent their own
concrete practices. This lack of built-in examples, templates, or integration patterns often
leaves practitioners unsure how to translate manifesto values into day-to-day design and
development.

Sustainability Awareness Framework (SusAF)

Duboc et al.’s SusAF (4, 8) augments abstract principles with a set of guided questions,
visual dashboards, and dimension-based tags. This structured questionnaire fosters holistic
reflection across environmental, social, and economic axes. Empirical pilots demonstrate
SusAF’s value in raising engineer awareness, yet it stops short of prescribing how to act
on identified issues. In contrast to FISC, SusAF does not integrate with Agile artifacts or
enforce tagging in backlog items, limiting its ability to drive concrete workflow changes.

Though Mazak-Huemer et al. (43) mentions that SusAF lacks standardization for integra-
tion in the software development process, stating that only two parts define the workshop
setting: the semi-structured questionnaire and the setting implies that the input data to
be analyzed is collected in advance. This corresponds with the waterfall process method,
first introduced by Royce (44). However, Bambazek et al’s (45) research in applying SusAF
in agile software development ended with interest of participants in further extension of
collaboration focusing on sustainability issues but also mentioned further research needs
to be conducted with the aim of integrating the framework into ASD processes rather than
a one-time event.
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Key Takeaway: SusAF excels at raising holistic sustainability awareness through
guided workshops and dashboards but lacks built-in integration with agile artifacts and
workflows, limiting its transition from a one-off exercise to an ongoing practice

Goal-Based Requirements Engineering for Sustainability

Chitchyan et al.’s goal-based approach (46) translates sustainability objectives into mea-
surable requirements and KPIs. This alignment enhances traceability and supports early
validation in the requirements phase. Its drawback is narrow lifecycle coverage: once KPIs
are set, little guidance exists for iterating or retesting them during development and oper-
ations. FISC extends beyond goals by embedding continuous checkpoints such as CI gates
and Sprint Review snapshots throughout Agile cycles.

Key Takeaway: Goal-based requirements engineering effectively turns sustainability
objectives into measurable KPIs and improves early validation, but its narrow focus on the
requirements phase leaves gaps in continuous monitoring and iteration during development
and operations

ISO/IEC 30141 – IoT Reference Architecture

The ISO/IEC 30141 standard (47) offers a comprehensive reference architecture for IoT
sustainability, detailing component interactions and service requirements. It excels in
domain specificity and technical rigor, but its heavyweight nature and focus on IoT limit
portability to general software projects. Furthermore, ISO/IEC 30141 does not address
iterative development or team-level responsibilities, which FISC explicitly models through
defined roles and cyclic ceremonies.

Key Takeaway: ISO/IEC 30141 delivers a technically rigorous, domain-specific sus-
tainability architecture for IoT systems, but its heavyweight, IoT-centric scope and lack
of guidance on iterative processes or team-level roles limit its applicability in broader agile
software contexts (ISO/IEC 30141).

GreenStar

Calero et al.’s GreenStar (7) provides actionable environmental metrics such as energy
per operation and resource utilization and integrates them into development dashboards.
While its quantitative orientation supports data-driven decisions, GreenStar omits social
and economic dimensions and offers no guidance on embedding metrics into Agile events.
FISC remedies this by balancing metric collection with social, individual, and economic
tagging within each sprint.

Key Takeaway: GreenStar excels at delivering actionable environmental metrics for
data-driven decision-making but overlooks social and economic dimensions and provides
no guidance on integrating these metrics into agile ceremonies.

Plan-Do-Check-Act for Sustainable Software

In their work, Heroux et al. (48) explicitly frame the Productivity and Sustainability Im-
provement Planning (PSIP) methodology as an instantiation of the classic Plan–Do–Check–Act
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(PDCA) cycle. During the "Plan" phase, teams establish baseline metrics for both pro-
ductivity and sustainability and set concrete improvement goals. The "Do" phase then
drives implementation, transforming these objectives into actionable tasks and integrating
them into the development backlog, much like user stories in Agile. Next, the "Check"
phase involves systematic measurement of progress against the initial benchmarks, using
Progress Tracking Cards to gather evidence on energy consumption, code modularity, and
development throughput. Finally, the "Act" phase leverages these insights to refine prac-
tices, reprioritize tasks, and reset goals for the next iteration. By aligning PSIP with
PDCA, Heroux et al. demonstrate how Agile teams can embed continuous environmental
and process improvements directly into their sprint cycles, thereby ensuring that sustain-
ability becomes a living, evolvable quality characteristic rather than a one-off assessment.
This approach not only accelerates time-to-value but also fosters a culture of ongoing
responsibility for the long-term environmental and social impacts of software.

Adaptations of the PDCA cycle (21, 22, 49) align well with Agile’s iterative ethos.
PDCA encourages continuous improvement and cross-team learning but remains a high-
level process model without tooling prescriptions. Compared to FISC whose CI pipeline
hooks and Confluence templates concretely enact the “Check” and “Act” steps, traditional
PDCA requires considerable customization before yielding measurable software-specific
sustainability benefits.

Key Takeaway: The PDCA cycle offers a familiar, iterative model for embedding
sustainability goals into agile workflows but remains largely conceptual lacking out-of-the-
box tooling or concrete integration points so teams must invest in customizing pipelines,
dashboards, and templates to turn its “Check” and “Act” phases into actionable, software-
specific sustainability improvements.

UNEP Life Cycle Assessment for Software

Life Cycle Assessment (LCA) methods adapted by Dick et al. (1) and UNEP (6) rigor-
ously quantify environmental impacts across material extraction, manufacturing, use, and
end-of-life phases. They excel in lifecycle scope but lack integrated support for social and
economic criteria. Moreover, LCA tools are typically external to development pipelines,
whereas FISC embeds simplified LCA proxies like estimated CO2e per build directly into
CI processes for immediate feedback.

Key Takeaway: UNEP’s LCA methods deliver rigorous, end-to-end environmental
impact assessments but remain siloed lacking social and economic dimensions and integra-
tion into agile pipelines so without lightweight proxies or CI hooks, teams miss real-time
feedback needed to drive sustainability in day-to-day development.

Triple Bottom Line for Software Development

In the SQ-Framework for Improving Sustainability and Quality, Sarker et al. (50) inte-
grate the Triple Bottom Line (TBL) by embedding environmental, social and economic
criteria into Agile sprints; they map TBL-based quality goals into the backlog, measure
progress each sprint using tracking cards and refine sustainability targets through contin-
uous Plan-Do-Check-Act cycles to ensure feature development aligns with people, planet
and profit objectives.
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Elkington’s TBL model (5) offers a holistic vision by equally emphasising environmental,
social, and economic dimensions. Its conceptual clarity has driven high-level corporate
strategies but yields limited operational guidance for daily developer tasks. FISC bridges
this gap by operationalising TBL tenets into backlog tags, Sprint Review artefacts, and
retrospective action items.

Key Takeaway: The Triple Bottom Line framework delivers a balanced, holistic vi-
sion across environmental, social, and economic dimensions but remains largely strategic
offering little in the way of concrete, day-to-day developer guidance so it must be opera-
tionalized through backlog tags, sprint artifacts, and ceremonies to drive real software-level
sustainability improvements.

By critically comparing these sustainability approaches, we identify a clear research
gap: none provide a unified, Agile-friendly, tool-integrated approach that spans all Scrum
events while covering multi-dimensional sustainability. FISC addresses this by combining
the prescriptive clarity of TBL, the metric rigor of GreenStar, the iterative discipline of
PDCA, and the experiential prompts of SusAF into a single, lightweight framework tailored
for real-world Agile teams.
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Key Findings from the Existing State-of-the-Art

Comparing the diverse array of sustainability approaches within the agile and Scrum
paradigms presents a significant challenge, as these methods operate at varying levels of
abstraction and serve distinct purposes. Manifestos articulate high-level principles, stan-
dards prescribe domain-specific architectures, and frameworks deliver concrete processes
and tools; thus, a one-to-one comparison at the functional level is neither fair nor infor-
mative.

To address this complexity, we adopt a meta-analytical perspective that elevates our
evaluation to a common plane: despite their differences, each approach contributes valu-
able insights into embedding sustainability concerns within Scrum and agile workflows. By
examining all methods through four overarching dimensions: Scope (the breadth of envi-
ronmental, social, and economic considerations), Lifecycle Coverage (the extent to which
an approach spans planning, development, deployment, and maintenance), Tool Availabil-
ity (the presence of checklists, templates, dashboards, and automation hooks), and Ease
of Adoption (the learning curve, required stakeholder engagement, and alignment with
existing agile practices) we establish a consistent basis for comparison.

This high-level view allows us to map each manifesto, standard, and framework onto
a shared decision matrix, which in turn guides a deeper, dimension-specific analysis of
strengths, weaknesses, and potential synergies. By structuring our inquiry in this way, we
not only reconcile disparate methodologies but also lay the groundwork for synthesizing
best practices and identifying gaps that inform the design of more holistic, agile-aligned
sustainability solutions.

Figure 2.1 illustrates how eight prominent sustainability approaches stack up in terms
of the practical guidance and tooling they offer (scored from 0 = none to 3 = high). From
the chart we can see:

• Karlskrona Manifesto and Triple Bottom Line register a 0, indicating that
they articulate sustainability principles but stop short of providing concrete tools or
metrics.

• SusAF and ISO 30141 each score a 2, reflecting moderate support in the form of
guiding questions or domain-specific checklists, but lacking fully fleshed-out imple-
mentation kits.

• Goal-Based Engineering, GreenStar, PDCA, and UNEP LCA all reach the
maximum score of 3. These approaches stand out by supplying actionable instru-
ments such as energy calculators, lifecycle-assessment templates, or built-in audit
procedures that teams can immediately apply within their development workflows.

Overall, we can see a clear gap between high-level manifestos and the more prescriptive
frameworks: while environmental rhetoric is widespread, only a subset of methods de-
liver the hands-on tooling developers need to translate sustainability goals into repeatable
engineering practices.
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Figure 2.1: Comparison of sustainability approaches in terms of the tools they provide.

Heatmap Analysis of Sustainability Approaches

Figure 2.2 presents a heatmap that compares eight prominent sustainability approaches
across four evaluation dimensions: Scope, Tools Provided, Ease of Adoption, and Stake-
holder Involvement using a uniform 1.0–5.0 scoring scale. This visualization surfaces both
complementarities and trade-offs among high-level manifestos, framework-style models,
and prescriptive standards. The way the scoring system has been developed:

The 1.0-5.0 Scale for Each Criterion

• 1 (Very Low): Virtually no coverage/tooling/integration.

• 2 (Low): Minimal support; mentions the concept but provides few practical aids or
requires considerable adaptation.

• 3 (Medium): Moderate support; some templates or guidance exist, but gaps remain
in coverage or ease of use.

• 4 (High): Robust support; well-documented artefacts, examples, and a reasonable
adoption path with few external dependencies.

• 5 (Very High): Best-in-class; comprehensive coverage plus turnkey tooling, minimal
ramp-up, and built-in stakeholder processes.
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Figure 2.2: Heatmap comparing Sustainability Approaches in terms of their individual
strengths

Discussion

• Breadth vs. Practicability
The Triple Bottom Line and the Karlskrona Manifesto both achieve top “Scope”
scores (5.0), reflecting comprehensive coverage of environmental, social, and economic
considerations. However, they score lowest (1.0) on “Tools Provided,” signaling an
absence of concrete guidance or artefacts. In contrast, PDCA not only spans all
sustainability pillars but also furnishes extensive tool support, earning a perfect 5.0
in every category.

• Tooling as a Differentiator
Goal-Based Engineering and GreenStar score 5.0 in “Tools Provided,” highlighting
their rich libraries of templates, metrics, and automated checks. Their “Scope” and
“Ease of Adoption” (4.0+) suggest these methods are both comprehensive and rea-
sonably accessible to practitioners. Middle-tier approaches (SusAF, UNEP LCA)
deliver moderate tooling (4.0) but stop short of the turnkey completeness seen in the
top group.

• Adoption and Stakeholder Engagement
PDCA’s uniform top marks (5.0) underscore its alignment with existing agile and
quality-management routines minimizing the learning curve and ensuring broad stake-
holder buy-in. Approaches with lower “Ease of Adoption” (e.g., ISO/IEC 30141 at
2.0) often require specialized domain expertise or infrastructure changes, dampening
their practical uptake.

By mapping each approach onto these four axes, Figure 2.2 equips decision-makers with
a clear decision matrix: they can prioritize depth of tooling, breadth of scope, or ease of
adoption based on their organizational context and maturity level.
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Key Takeaways

1. No One-Size-Fits-All
High-level manifestos excel in conceptual breadth but lack implementable artefacts,
while prescriptive frameworks supply tools at the cost of a steeper learning curve.

2. Tool Support Drives Adoption
Approaches that pair comprehensive scope with ready-made metrics and templates
(e.g., PDCA, Goal-Based Engineering, GreenStar) are best positioned for successful,
organization-wide roll-out.

3. Balance Principle and Practice
Organizations should seek hybrid strategies melding the broad vision of manifestos
(e.g., TBL) with the concrete toolkits of agile-aligned frameworks (e.g., PDCA) to
ensure both strategic alignment and operational feasibility.

4. Stakeholder Involvement Is Critical
Even the most rigorous frameworks must embed mechanisms for engaging developers,
product owners, and external stakeholders; lacking this, sustainability becomes a
siloed concern.

5. Ease of Adoption Predicts Longevity
Methods that integrate smoothly into existing ceremonies and toolchains notably
PDCA offer a lower barrier to entry and better prospects for sustained practice.

Comparing the frameworks across dimensions like scope, lifecycle coverage, tool availabil-
ity, and agility reveals that no single solution is complete. Iterative models such as PDCA
are lifecycle-friendly but abstract, while prescriptive ones like the Karlskrona Manifesto
offer values without tools (27, 51). IoT-specific frameworks like ISO/IEC 30141 are in-
sightful yet narrowly scoped (52, 53). The frameworks, tools and manifestos are compared
in the context of their usage in software development and ASD processes.

Emerging research supports hybrid approaches. Combining actionable models like Green-
Star with holistic perspectives like TBL could yield better outcomes (2, 18). Systematic
reviews based on PRISMA guidelines (19) have enabled these comparisons. Still, real-world
empirical validation of hybrids remains limited (4, 54).

Scope Coverage

This dimension assesses whether a framework addresses the Environmental, Social, and
Economic “pillars” of sustainability. The Triple Bottom Line (TBL) clearly leads here,
explicitly embedding metrics and practices for all three pillars. In contrast, the Karlskrona
Manifesto focuses almost exclusively on high-level environmental concerns, with little guid-
ance on social or economic impacts.
The key takeaway is that while specialized environmental frameworks can drive deep
carbon-reduction efforts, teams seeking holistic sustainable development must look for
or extend their methods toward social equity and economic viability as well.
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Lifecycle Applicability

Here we evaluate how well these sustainability approaches support every phase of a soft-
ware product’s life: from requirements and design, through development, to deployment
and maintenance. The Plan-Do-Check-Act (PDCA) cycle and UNEP’s Life-Cycle Assess-
ment (LCA) approach score highly: each offers practices or checklists that span all stages.
By contrast, Goal-Based Requirements Engineering shines in the early phases (defining
sustainability goals during design) but lacks tools for deployment or post-release moni-
toring. This gap suggests that many teams will need to combine multiple frameworks or
supplement them with deployment-focused tools to achieve end-to-end coverage.

Practical Tools & Guidelines

This category looks at the availability of concrete metrics, methods, and tool support,
features that often determine whether a framework “sticks” in real projects. The Green-
Star label and UNEP LCA stand out for providing actionable environmental metrics (e.g.,
carbon-intensity calculators, impact scorecards). SusAF contributes visual guidance ques-
tions that help teams systematically inquire into sustainability impacts. In contrast, high-
level manifestos like Karlskrona or TBL articulate “why” to be sustainable but stop short
of prescribing “how.” ISO/IEC 30141 offers prescriptive guidance but only in the narrow
domain of IoT devices, limiting its general applicability outside that sphere.

Ease of Adoption

Finally, we compare frameworks by their complexity, required stakeholder engagement, and
overall learning curve. Iterative, cyclical methods such as PDCA as well as broad, principle-
based approaches like TBL are easiest to adopt because they align closely with familiar agile
rituals and require minimal new training. Domain-specific standards (ISO/IEC 30141)
or highly prescriptive documents (Karlskrona Manifesto) score lower: their specialized
requirements demand deeper expertise or upfront investment. The lesson here is that
simplicity and alignment with existing processes often drive broader uptake even if it
means initially sacrificing some depth of coverage.

Overall Lessons Learned

No single framework perfectly balances these four dimensions. While the TBL offers the
broadest scope and easiest adoption, it lacks concrete implementation aids; PDCA and
UNEP LCA provide excellent lifecycle and tooling support but may require customization
for certain contexts; and domain-specific or environmental-only frameworks excel in their
niches but fall short elsewhere. Table 2.1 presents a side-by-side look at four critical dimen-
sions in which leading sustainability approaches differ. By breaking down each category
into Scope Coverage, Lifecycle Applicability, Practical Tools & Guidelines, and Ease of
Adoption it highlights both strengths and gaps, guiding practitioners toward a framework
that best fits their organizational needs.

Table 2.1 therefore serves as a decision matrix: teams can select or combine frameworks
based on which dimensions matter most to their agility, domain, and sustainability goals.

21



2. RELATED WORKS AND BACKGROUND

Table 2.1: Key Characteristics of Sustainability Approaches with respect to ASD
Category Focus Areas Key Findings
Scope Coverage Environmental, Social,

Economic pillars
• Triple Bottom Line (TBL) excels at

covering all three pillars
• Karlskrona Manifesto focuses nar-

rowly on high-level environmental
principles

• A balanced, multidimensional ap-
proach is needed for holistic sus-
tainable development

Lifecycle Applica-
bility

Design → Development →
Deployment stages

• Plan-Do-Check-Act (PDCA) and
UNEP LCA score highly across all
stages

• Goal-Based Requirements Engi-
neering is strong only in the re-
quirements/design phase

• End-to-end lifecycle support re-
mains a gap for many frameworks

Practical Tools &
Guidelines

Availability of metrics,
methods, and tool support

• GreenStar and UNEP LCA provide
actionable environmental metrics

• SusAF offers visual guidance ques-
tions

• Karlskrona Manifesto and TBL
lack concrete implementation tools

• ISO/IEC 30141 supplies IoT-
specific guidance but is not
general-purpose

Ease of Adoption Complexity, stakeholder
engagement, learning
curve

• Iterative methods (PDCA) and
high-level frameworks (TBL) are
easiest to adopt

• Domain-specific standards
(ISO/IEC 30141) and prescriptive
manifestos score lower due to spe-
cialized or abstract requirements

• Simplicity fosters broader uptake
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2.3 Sustainability Metrics in ASD

To determine the sustainability metrics that has been considered and used in prominent
researches, a second literature review was conducted to determine the concerns and metrics
used to determine sustainability. The process is described in the later parts of the paper
and shown how these concerns were transformed into real-world workflow with the help of
FISC.

Environmental

1. Energy Consumption Reduction: Tracks efforts to lower CPU-hours or runtime
energy of features (1).

2. Carbon Footprint Monitoring: Flags work that quantifies CO2-equivalent emis-
sions to support life-cycle assessment (6).

3. Resource Efficiency: Denotes improvements in memory, storage, or bandwidth use
(18).

Social

4. Accessibility Compliance: Marks tasks ensuring WCAG or equivalent standards,
enhancing social inclusion (9).

5. User Privacy Protection: Indicates stories that implement or audit data-privacy
controls (8).

6. Community Impact: Identifies features whose design considers broader societal
effects, as in social LCA subcategories (3).

Technical

7. Maintainability: Tags refactorings or design changes that reduce technical debt
over the system’s lifetime (8).

8. Performance Efficiency: Covers tasks optimizing response times, throughput, or
resource utilization guided by IoT reference models (47).

9. Security Resilience: Flags work that strengthens defenses against threats, aligning
with sustainability principles of system robustness (41).

Individual

10. Developer Wellbeing: Highlights practices (e.g., pair programming, ergonomic
tooling) that reduce burnout and cognitive strain (4).

11. Cognitive Load: Marks changes that simplify user interfaces or APIs to lower
mental effort for users and developers (4).

12. Usability Ergonomics: Denotes stories addressing UI/UX ergonomics, improving
individual user experience (8).
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Economic

13. Cost Optimization: Flags features designed to reduce operational or capital ex-
penses, balancing TBL’s economic pillar (5).

14. Vendor Lock-In Risk: Identifies dependencies or architectural choices that could
increase future licensing or migration costs (18).

15. Return on Investment: Applies to work where estimated business value outweighs
development cost, ensuring sustainable resource allocation (7).

2.4 Identified Gaps in Knowledge to be Addressed

Although there are a few existing state-of-the art sustainability approaches, they all aim
at slightly different aims and goals to achieve. One thing is very clear through the in-
depth analysis of these approaches used in the context of software development, and it is:
There is no silver bullet to solve all the possible problems and challenges that are faced
to ensure sustainability, especially for agile software development. However, based on our
comprehensive literature review, we identified six primary gaps in current state-of-the-
art sustainability approaches, ranging from lack of integration into Scrum artifacts and
ceremonies to insufficient empirical validation on a scale that can be addressed through a
framework.

2.4.1 Embedding into Scrum Artifacts and Events

Despite widespread calls for “sustainable pace,” current approaches offer almost no prescrip-
tive advice on how to weave environmental or social criteria into the everyday mechanics
of Scrum. During backlog refinement, there is typically no requirement to annotate Prod-
uct Backlog Items with sustainability attributes so green concerns never rise to the same
visibility as functional acceptance criteria or technical dependencies (8). The Definition
of Ready remains focused on clarity, dependencies, and testability, without any gate for
energy impact, resource efficiency, or equity considerations.

Similarly, Sprint Planning does not enforce a check on whether work items meet even
minimal sustainability thresholds, and teams routinely carry forward stories that could
increase carbon emissions or exacerbate social risks. The Definition of Done, which gov-
erns whether an increment is “complete,” likewise omits any sustainability-related exit
criteria allowing code that deepens technical debt or ignores accessibility requirements
to slip through unchallenged. Finally, neither Sprint Reviews nor Retrospectives include
structured mechanisms such as dedicated sustainability snapshots or impact-focused ret-
rospectives to inspect and adapt based on sustainability performance (18). As a result,
sustainability remains a peripheral concern rather than a built-in dimension of Scrum’s
inspect-and-adapt rhythm.

2.4.2 Clarifying Roles and Responsibilities

In many agile teams, sustainability activities lack a clearly designated owner, so tasks such
as defining sustainability criteria, maintaining related taxonomies, or monitoring real-time
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metrics often fall through the cracks. Without a formal accountability model, no one is
explicitly charged with configuring dashboards, integrating CI-hooks for green checks, or
mapping stakeholder impacts to responsible roles resulting in ad-hoc, inconsistent follow-
through on sustainability concerns (9). Conceptual analyses further stress that, in the
absence of defined ownership (e.g., via a rotating champion), sustainable practices struggle
to gain enduring foothold within Scrum ceremonies and artifacts (18).

2.4.3 Providing Toolchain Support

Many teams still track sustainability using offline spreadsheets or one-off scripts, which
introduces significant manual overhead and means developers only see impact data days
or weeks after their code changes (26). Because these analyses live outside the primary
development toolchain, there’s no real-time feedback loop: pull requests aren’t flagged for
missing energy or social-impact tags until long after merge, and sprint dashboards lack any
built-in visibility into sustainability metrics. As a result, “green” considerations become a
disconnected post-mortem exercise rather than an integral part of day-to-day workflows,
undermining continuous improvement and making it unlikely that sustainability goals will
be met (5, 8).

2.4.4 Addressing Only First-Order Effects

Most existing sustainability models stop at cataloguing the immediate, first-order conse-
quences of a development action like the energy saved by switching to a more efficient
algorithm while overlooking deeper, systemic or structural impacts that play out over
months or years (8). Without mechanisms to capture and assess longer-term effects such
as maintenance burden increases, lifecycle emissions from hardware upgrades, or shifts in
user behavior teams risk mistaking short-term gains for true sustainability. Conceptual
work highlights that guided questioning techniques (as seen in SusAF) and structured
prioritization matrices (per 4) are needed to surface both positive and negative effects
across multiple dimensions, yet few agile practices actually integrate these methods. Con-
sequently, higher-order concerns remain invisible, and mitigation or reinforcement of those
effects never makes it into planning or review cycles (4, 8).

2.4.5 Enabling Empirical Validation at Scale

Many empirical investigations of sustainability in agile are confined to brief, small-team
case studies often running just a sprint or two with only rudimentary metrics like tag
coverage or estimated CO2 reductions reported (1). There is no standardized, multi-phase
roadmap for piloting a sustainability approach at scale, so organizations lack comparative
data across domains, team sizes, or longer-term deployments. Consequently, it remains un-
clear whether gains observed in one context will hold in others, and practitioners have little
high-confidence evidence to guide investment, adaptation, or broad roll-out of sustainable
practices (27).
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2.4.6 Ensuring Dimensional Balance

Many requirements engineering approaches concentrate almost exclusively on environmen-
tal concerns like reducing emissions or energy use while paying little attention to technical
maintainability, economic viability, social impact, or individual well-being (5). In practice,
this narrow “environmental tunnel vision” means teams can optimize data-center power
draw yet still accrue crippling technical debt, overshoot budgets, marginalize vulnerable
user groups, or burn out developers.

Moreover, because few methods mandate multi-dimensional assessment, there is no rou-
tine way to spot or correct these imbalances. Backlog items are not scored against all
sustainability pillars, so economic or social deficits remain invisible until they spiral into
larger problems. Empirical studies show that without explicit mechanisms to visualize
and flag under-represented dimensions such as dashboards tracking how many stories ad-
dress each pillar teams perpetually default to environmental fixes, leaving the other four
dimensions neglected and undermining truly holistic software sustainability (6).
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Research Methodology

Having outlined the research methodology in chapter 1, it is important to show how the
study’s focus aligns with the chosen Design Science Research (DSR) approach. DSR,
with its cycle of problem identification, artifact design, and iterative evaluation, provides a
structured pathway for addressing the gaps in integrating sustainability into Agile Software
Development (ASD). This study is guided by two main research questions. RQ1: How
can sustainability be effectively integrated into Agile Software Development, particularly
within the Scrum framework? explored through the sub questions: What approaches are
proposed in the literature? and What sustainability metrics are currently used and how are
they applied in Scrum? followed by RQ2: What is the impact of applying a Sustainability
Framework on integrating sustainability concerns into Scrum-based ASD? These questions
ensure the framework’s design is grounded in evidence and its evaluation focuses on tangible
process and decision-making outcomes.

While RQ1 aims at the development of the framework, RQ2 answers the evaluation and
impact of the resulting solution. The following section sets out these research questions
and corresponding objectives in detail, providing a clear direction for the design, imple-
mentation, and assessment activities that follow.

Research Questions and Objectives

For the purposes of this study, two primary research questions were formulated with two
sub research questions for the first and addressed. Their sequential resolution also informed
the overall structure of the manuscript. The questions are as follows:

1. How can sustainability be effectively integrated into Agile Software Development, par-
ticularly within the Scrum framework?

1.1. What approaches for integrating sustainability into Agile Software Development are
proposed in the literature?

1.2. What sustainability metrics are currently used in Agile Software Development, and
how are they applied in Scrum contexts?

2. What is the impact of applying a Sustainability Framework on integrating sustainability
concerns into Scrum-based Agile Software Development?
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To systematically address the first two sub-research questions through layered literature
reviews and a comparative synthesis of their findings, the study established the contex-
tual foundation required to develop a potential solution in the form of a framework and
pursue the second research question (RQ2), which addresses the impact of the developed
framework. Drawing upon the insights obtained in RQ1.1 and RQ1.2, RQ1 guided the de-
velopment of a Sustainability Framework that helps to integrate it in the context of ASD,
focusing on the Scrum framework. To complement the secondary data, semi-structured in-
terviews were conducted with employees of a Finnish telecommunications, ICT, and online-
services firm, ensuring that the framework reflects practical considerations. Accordingly,
the manuscript is organized around the sequential progression of the research questions:
each analytical phase builds upon its predecessor, culminating in the formulation of the
framework.

3.1 Research Design

The methodology in this thesis work uses multiple methods for data collection, including
literature reviews, semi-structured interviews, and surveys. The Design Science Research
(DSR) methodology serves as the principal research framework guiding this study along
with DELPHI methods for the interviews conducted during the different cycles in the DSR,
as stated by Hevner and Chatterjee (2010).

3.1.1 DSR

Design Science Research is a problem-solving paradigm focused on the creation of in-
novative artifacts that extend scientific knowledge while addressing practical challenges
in real-world settings (55). Core to DSR are the dual commitments to rigor and rele-
vance: rigor requires that artifact design and evaluation draw upon established theories
and methods, while relevance ensures that resulting solutions satisfy genuine stakeholder
needs. In this thesis, DSR underlies the development of the framework, guaranteeing that
each component, from the multi-dimensional tagging schema to the likelihood-by-impact
prioritization matrix, is grounded in existing research on sustainability frameworks and
agile practices and is tailored to the everyday contexts of Scrum teams.

By following the DSR process model comprising the relevance cycle (engagement with
practitioner requirements), the design cycle (iterative artifact development), and the rigor
cycle (grounding and validation against scholarly knowledge), this research systematically
constructs and assesses a novel framework for integrating sustainability concerns into agile
software development processes. Pilot implementations and feedback from Scrum Masters
offer empirical evidence of the framework’s usability and impact. Furthermore, the ap-
plication of DSR bridges the gap between academic sustainability research and industry
practice by delivering a validated, field-tested framework that software teams can readily
employ to integrate sustainability considerations into their existing workflows (56).

1. Relevance Cycle
In DSR, the relevance cycle focuses on articulating the core problem and establishing
the value of a proposed solution. In this study, the relevance cycle was employed to
delineate the domain of sustainable software development, diagnose prevailing challenges
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Figure 3.1: Design Science Research cycles used for the development of the Framework,
adopted from (Hevner and Chatterjee 2010).

in integrating sustainability into agile practices, and confirm that the topic addresses
meaningful needs in both academic and industrial settings. Insights gained during
the relevance cycle informed the subsequent design cycle by providing clear evaluation
criteria against which prototypes were assessed. Whenever an artifact failed to meet
these criteria, additional design iterations were initiated, ensuring that each refinement
remained anchored in real-world requirements and retained its practical utility.

2. Rigor Cycle
The rigor cycle in DSR is dedicated to defining explicit objectives for an artifact and en-
suring that its development and evaluation adhere to scientific standards. Clear problem
statements are articulated and measurable success criteria are grounded in established
theory. Methodologically, the rigor cycle employs qualitative methods, such as semi-
structured interviews and focus groups, and quantitative methods, including structured
surveys and statistical analysis, to gather evidence that informs artifact requirements
and validates design decisions. These data-collection efforts are reinforced by pilot
studies, detailed protocol checklists, and independent peer reviews, all of which pro-
mote consistency, mitigate bias, and confirm the reliability of research instruments over
time. Thorough documentation of procedures, systematic calibration of measurement
tools, and transparent reporting of analytical steps ensure that the artifact’s objec-
tives are accurately operationalized and that findings are reproducible and contribute
to theoretical advancement.

3. Design Cycle
The design cycle comprises three sequential stages: artifact design and development,
demonstration, and evaluation. First, design principles from the literature are derived
and used to create novel artifacts. Next, these artifacts are demonstrated in controlled
or real-world settings to show how they address the targeted problem. Finally, eval-
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uation employs quantitative metrics and qualitative feedback to assess each artifact’s
effectiveness. Throughout the cycle, iterative refinement is supported by workshops and
focus groups involving industry practitioners and academic experts, who provide critical
feedback that informs successive design iterations.
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Applying the DSR cycles in this Study

Figure 3.2 gives an overview of the applied DSR cycles and it is followed by the explanation
of each subsequent cycle. For further elaboration for each of the DSR cycles we organize our
work into two main phases: Relevance Cycles and Rigor & Design Cycles, each following
a consistent structure:

• Relevance Cycles begin with a concise table summarizing three core elements:

1. Artifacts under evaluation (if any)
2. Participants involved in the cycle (if any)
3. Data collected for artifact assessment

Following the table, we describe the evaluation itself and highlight the principal out-
comes.

• Rigor & Design Cycles are framed around:

1. Input From Previous Cycle, which reviews existing knowledge and methods relevant
to addressing what we learned from the previous Relevance Cycles.

2. Artifact Worked On, detailing how new tools or improvements to existing artifacts
are conceived though for clarity, we focus only on those artifacts that advance into
the Relevance Cycles.

3. Output of the Cycle, where we mention what was the specific output from that
cycle.

Figure 3.2: Applied DSR cycles
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• Cycle 1 (Relevance): Problem Identification

Artifacts to be Vali-
dated

Participants Data Collected

None Industry practitioners,
Researchers

Sustainability chal-
lenges in the ASD faced
by practitioners

The first cycle focused on identifying the key areas of this research, namely the sus-
tainability concerns and their integration into agile software development processes.
To achieve this, a close collaboration with a major Finnish ICT company was es-
tablished, facilitating several meetings and discussions with key stakeholders. The
insights derived and reviewed in this cycle ensured that the identified problems were
both relevant to current industry practice and firmly grounded in empirical evidence,
forming a solid foundation for the subsequent research cycles.

• Cycle 2 (Relevance): Systematic Literature Review

Artifacts to be Vali-
dated

Participants Data Collected

None None State-of-the-Art Sus-
tainability Approaches,
Metrics

To address the research questions and to present an overview of state-of-the-art
approaches for integrating sustainability into agile software development, a thorough
literature review was conducted. This review consisted of systematic queries of major
academic databases. Selected studies were critically appraised for their objectives,
methodologies, and findings. Synthesizing these results provided a comprehensive
understanding of current frameworks, tools, and practices, and revealed knowledge
gaps that guided the design and refinement of the proposed sustainability framework.

• Cycle 3 (Rigor and Design): Interview and Survey Data Collection and
Analysis
Interviews provide direct access to the experiences, perspectives, and histories of
the participants, yielding detailed and nuanced data (57). Following the literature
review, semi-structured interviews are conducted with the selected experts within the
ICT company to collect the qualitative information regarding existing practices and
challenges in the agile software development domain. The interviews were designed
based on the findings of the previous cycle of literature review. This cycle aimed at
understanding the current practices and importance of sustainability in the software
industry and mindset of the individuals directly involved in the field. To keep record
of the detailed information, the interviews were conducted on video conferencing
platform Microsoft Teams. The interview sessions were recorded and transcribed for
analytical purposes later.
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Input from the Previous Cycle: The knowledge from SLR and the industry
practitioners.
Artifact Worked On: Sustainability Concerns in ASD, State-of-the-Art vs State-
of-the-Practice.
Output of the Cycle: Verified and in-depth data of State-of-the-Art and industry
practices.

• Cycle 4 (Relevance): Evaluation of the Metrics and Sustainability Con-
cerns in Practice

Artifacts to be Vali-
dated

Participants Data Collected

Sustainability Concerns
in ASD; State-of-the-
Art vs State-of-the-
Practice data

None Validated set of Sustain-
ability Metrics and Ap-
proaches

The fourth cycle of relevance focused on the rigorous evaluation of the findings from
the previous cycle of interviews and surveys, combined with the gaps in the knowledge
from the literature review. This relevance cycle had the results validated by academic
and industrial feedback to check the reliability and relevance of the findings to ensure
a strong base for beginning the process of development of the initial version of the
framework.

• Cycle 5 (Design): Initial Development of the Framework
In the design cycle of this study, the framework had the initial development. The pro-
cess included having a holistic view and distinction of the different components and
their role in the framework. Attention was given to the integration of the framework
in the SCRUM framework of agile software development. The stages in which the two
frameworks (Sustainability and SCRUM) could merge and provide a seamless setting
for considering sustainability concerns, starting from the early stages to the end of
a sprint, were prioritized. The metrics used in the framework were a direct result
of the previous cycles of cross-checking the state-of-the-art and state-of-the-practice.
This cycle was an iterative process of brainstorming and confirming the concept of
the components in the framework and necessary refinements to establish the initial
version of the framework.

Input from the Previous Cycle: Validated set of Sustainability Metrics and
Approaches.
Artifact Worked On: The First Version of the Framework.
Output of the Cycle: Initial Framework based on the collected data.
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• Cycle 6 (Relevance): Evaluation of the Framework

Artifacts to be Vali-
dated

Participants Data Collected

Initial version of the
framework

Industry practitioners,
Academic peers

Oral feedback, Qualita-
tive insights

The primary objective of this evaluation phase was to rigorously assess the feasibil-
ity, usability, and capability of the newly developed framework and to examine how
these elements function during implementation. To achieve this, solicited feedback
from a diverse group of stakeholders, including members of the case company’s devel-
opment teams, participants from earlier interview rounds, and academic peers with
expertise in software engineering and sustainability, was taken into consideration.
These insights were gathered via structured yet concise interview sessions. Stake-
holder feedback was systematically analyzed, and the resulting data guided targeted
refinements, ensuring that each component not only met its objectives and remained
lightweight but also contributed effectively to the integration of sustainability con-
cerns throughout the existing workflow.

• Cycle 7 (Rigor and Design): Refinement of the Framework and Templates
Based on the feedback and suggestions from the prior cycle, stakeholder feedback was
systematically analyzed, and the resulting data guided targeted refinements, ensuring
that each component not only met its objectives and remained lightweight but also
contributed effectively to the integration of sustainability concerns throughout the
existing workflow. This cycle of rigor and design also prioritized the lightweightness of
the framework and refining the templates to fit seamlessly into the existing practices
in which a software product is developed.

Input from the Previous Cycle: Oral feedback and qualitative feedback from
the industry practitioners and academic experts.
Artifact Worked On: The revised version of the Framework and Templates.
Output of the Cycle: The final version of the Framework and Templates

• Cycle 8 (Relevance): Evaluation of the Framework, Templates and Work-
flow

Artifacts to be Vali-
dated

Participants Data Collected

Final version of the
framework, Jira and
Confluence Templates

Industry practitioners,
Academic peers

Oral feedback, Qualita-
tive insights

In the eighth and final DSR cycle, the refined framework underwent a comprehensive
evaluation. A panel of academic experts in software engineering and sustainabil-
ity assessed the framework, and two practitioners from the aforementioned Finnish
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ICT company also reviewed it for potential industrial applications. Participants pro-
vided feedback on the framework’s design, functionalities, and usability. The purpose
of this assessment was to determine how effectively the framework addresses user
needs, integrates sustainability considerations into agile software development pro-
cesses without imposing additional burdens on developers, and supports sustainable
decision making throughout the software production process.

3.1.2 DELPHI Method

To gather the data and have a comparison of the state-of-art against the state-of-practice,
this research adopts a qualitative research design, anchored in the aim of exploring sustain-
ability concerns and current industry practices through the lived experiences and insights
of professionals. Sustainability, by nature, is a complex, multi-dimensional construct in-
fluenced by values, regulations, and organizational context. A qualitative approach is par-
ticularly suitable for investigating such subjective and context-rich topics, as it facilitates
the discovery of meanings, motivations, and internal logics that shape decision-making
(58, 59).

Given the interpretivist stance of this study, semi-structured interviews were selected as
the primary method for data collection. This technique is particularly suitable for eliciting
detailed narratives while allowing researchers the flexibility to explore unanticipated themes
(60, 61). It also enables the co-construction of meaning between the interviewer and
interviewee, which is critical when dealing with subjective interpretations of sustainability
(62).

Delphi was applied at different phases in the DSRM for various purposes and they are
presented in a tabular format below in Table 3.1:

Table 3.1: Alignment of DSR Phases with Delphi Application

DSR Phase Delphi Application Purpose
Problem Scoping Round 1: Open-ended

expert input
Define scope and
requirements

Artefact Development Round 2: Prioritize
features/design elements

Refine artifact based on
feedback

Evaluation Round 3: Validate utility
and efficacy

Assess artifact against
DSR evaluation criteria

Semi-structured interviews generally offer the ideal balance between structure and flex-
ibility. They are particularly useful when the researcher has an existing understanding of
the topic area but seeks deeper insight into experiences, reasoning, and individual interpre-
tations (63). This makes them well-suited for this research, where perspectives can vary
widely across sectors and roles. Several methodological studies (e.g. 60, 64) emphasize
that semi-structured interviews allow researchers to focus on predefined themes (such as
corporate sustainability practices, regulatory challenges, and innovations) while still being
open to emergent data that may offer new directions or interpretations.

Drawing from (62), interviews were also treated as generative spaces, not just for collect-
ing responses, but for activating participant reflexivity especially valuable when discussing
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organizational transformations toward sustainability. Additionally, elite interviewing, as
applied by (65), was appropriate in this context. Interviewing senior professionals such
as sustainability officers or strategy heads allows access to insider insights into strategic
decision-making, organizational resistance, and cultural shifts that influence sustainability
initiatives.

3.1.3 Interview Strategy

Given the complexity and multi-dimensionality of sustainability in agile software develop-
ment, a semi-structured interview approach was deemed most appropriate. This method
allows for a systematic exploration of predetermined themes such as sustainability metrics,
tooling, stakeholder roles, and decision-making structures while also offering the flexibility
to capture context-specific narratives, emerging insights, and lived experiences (60, 61).

The nature of agile development involves rapid iterations, diverse ceremonies, and evolv-
ing priorities. This dynamic environment means that sustainability considerations are
often fluid, implicit, or distributed across roles and practices. A semi-structured interview
format enables participants to reveal how sustainability concerns are handled in practice,
whether formally (through tools, metrics, or checklists) or informally (via team culture,
tacit knowledge, or reflexive decisions).

Following (62), the interviews were designed not only to elicit descriptive answers, but
to activate reflective thought, especially on topics such as energy efficiency, low-code/no-
code prototyping, individual well-being, and long-term environmental impact, areas that
may not be consistently articulated during fast-paced agile development. Additionally,
the methodology is informed by elite interviewing practices (65), recognizing that many
of the interviewees hold technical or strategic leadership positions. These participants are
capable of providing insight into organizational structures, challenges, and innovations, as
well as articulating the value conflicts and trade-offs faced when integrating sustainability
into agile processes.

Interview Design Framework

The interview guide was developed using the five-phase framework proposed by (60),
adapted to the sustainability-in-agile-development context as shown in the Figure 3.3:

Figure 3.3: Interview Framework structure following the methodological review by Kallio et
al. (2016) for semi-structured interviews.
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Phase 1: Identifying the Prerequisites

Semi-structured interviews were selected because sustainability concerns in agile develop-
ment are both under-researched and deeply contextual. The method is particularly suitable
for uncovering how individuals and teams interpret, prioritize, and operationalize sustain-
ability within agile methodologies like Scrum, especially where formal processes may be
lacking or emergent (66).

Phase 2: Retrieval and Use of Prior Knowledge

The interview design was informed by a literature review on sustainability in software
engineering, agile development practices, and tooling such as SART, SusAF, and energy-
efficiency metrics. The review also incorporated perspectives on technical, environmental,
social, and economic dimensions of sustainability.

This led to the identification of several key thematic areas for the interview, including:

• Sustainability awareness during planning

• Tools and frameworks for capturing and mitigating concerns

• Metrics for measuring sustainability (e.g. energy usage, defect density, stakeholder
satisfaction)

• Agile-specific contexts: backlog grooming, sprint planning, retrospectives

• Role distributions and decision-making structures

• Perceptions of trade-offs and impacts

Phase 3: Formulating the Preliminary Interview Guide

The guide consisted of 14 primary questions, many with embedded follow-up probes to
capture both surface-level responses and deeper interpretations. These questions were
grouped under five high-level themes:

• Awareness and Integration: How and when sustainability is considered in plan-
ning.

• Identification and Prioritization: Use of metrics, formal checklists, or stake-
holder inputs.

• Tools and Techniques: Usage and limitations of sustainability frameworks in agile.

• Agile Practices in Action: How concerns are managed in sprint planning, reviews,
and prototyping.

• Organizational Structures: Who makes decisions, and how sustainability cham-
pions or dedicated roles could support better integration.

Probing questions were informed by laddering techniques (67), encouraging participants
to reflect on the “why” and “how” behind their answers (e.g. “Why is energy efficiency
tracked?” or “How does your team know when a sustainability goal has been met?”). Ques-
tions were kept open-ended and accessible, with terminology aligned to the agile develop-
ment lexicon to ensure participants felt confident engaging with the subject matter.
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Phase 4: Pilot Testing

The preliminary guide underwent:

• Internal testing: The content was tested among a group of master’s students
specializing in technology and sustainability.

• Expert feedback: Two experts from academia and industry provided input to refine
question relevance and clarity.

• Field pilot interview: A pilot interview was conducted with an expert, along with
additional independent trials to ensure relevance.

Phase 5: Presenting the Final Interview Guide

The finalized interview guide includes:

• A clear structure of core and sub-questions.

• Annotated probing prompts based on expected response categories (e.g. metrics,
tools, roles).

• Flexibility built into the guide to allow adaptation based on participant expertise,
team size, and agile maturity level.

This detailed and transparent structure ensures that the study meets qualitative research
standards for credibility and replicability (68, 69).
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Results

This chapter presents the results of the study, which investigated sustainability concerns
and their integration into agile software development via a lightweight framework. It is
organized to convey a clear narrative of the research outcomes, beginning with the problem
identification phase, followed by the analysis of interview and survey data, and concluding
with the iterative design and refinement of the framework. The chapter also details the
validation of the developed artifacts through feedback from industry practitioners and
academic experts, emphasizing the practical implications of the research findings.

The gaps in the current state-of-the-art are identified through literature review and then
have been addressed through the new framework. The results from each of the cycles are
presented below:

4.1 Cycle 1 (Relevance): Problem Identification
Table 4.1: Evaluation of Framework Artifacts in Cycle 1

Artifacts to be Vali-
dated

Participants Data Collected

None Industry practitioners, Re-
searchers

Sustainability challenges in
the ASD faced by practition-
ers

The aim in this cycle was to determine the current state of practice in the context of
agile software development in the aforementioned Finnish telecommunications company.
Table 4.1 shows the artifacts to be evaluated, the participants and data collected in this
cycle. This part of the cycle used the initial round of interviews, utilizing the DEL-
PHI method and identifying how and where sustainability is taken into consideration by
the practitioners. Multiple meetings with the industry supervisor helped get the general
overview of how software products come to life through the agile software development
process followed by the developers. This stage helped to define and prioritize the require-
ments set by the practitioners.
Questions like “What roles within the team make decisions regarding sustainability con-
cerns?”, “Do you consider sustainability concerns during the planning process before the
agile development begins?” were asked, and follow-up questions like “What specific chal-
lenges do you face in identifying these concerns early?” and “How can these concerns be
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integrated into sprint reviews or retrospectives?” were presented to the interview partici-
pants to probe further for information that might have been skipped in the initial answers.
It was evident from the responses that it is necessary to have a framework that takes
into account and respects developers’ existing workloads and supports sustainable decision
making without imposing undue burden.

4.2 Cycle 2 (Relevance): Systematic Literature Review
Table 4.2: Evaluation of Framework Artifacts in Cycle 2

Artifacts to be Vali-
dated

Participants Data Collected

None None State-of-the-Art Sustainabil-
ity Approaches, Metrics

To identify and evaluate sustainability frameworks applicable to software engineering,
this study employed a comprehensive literature review. Table 4.2 shows the artifacts to be
evaluated, the participants and data collected in this cycle. The process was structured ac-
cording to established best practices to ensure completeness, accuracy, and reproducibility.
The methodology comprised four phases:

Phase 1: Research Design

The review targeted peer-reviewed journals, conference proceedings, and authoritative sec-
ondary sources addressing sustainability in software engineering and technology develop-
ment. The objectives were to:

• Identify widely recognized sustainability frameworks.

• Examine their application within software engineering processes.

• Assess their strengths, weaknesses, and coverage of multiple sustainability dimen-
sions.

Selection of literature was guided by the PRISMA guidelines (19).

Phase 2: Literature Search Strategy

Searches were conducted in IEEE Xplore, SpringerLink, ScienceDirect, and Google Scholar
using terms such as:

• “Sustainability frameworks in software engineering”

• “Green software engineering”

• “Lifecycle sustainability models”

• “Sustainable design thinking”

• “Plan-Do-Check-Act sustainability”
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Inclusion criteria required that sources be peer-reviewed, published between 2000 and 2024,
explicitly discuss sustainability frameworks, and apply to software engineering or related
technology domains. An initial set of 35 papers was retrieved and narrowed to 24 after
screening titles and abstracts.

Phase 3: Screening and Selection

The 35 candidate papers underwent a three-step screening:

1. Initial Screening:

• Reviewed titles and abstracts for relevance to sustainability in software engi-
neering.

• Excluded works outside the scope of technical sustainability frameworks.

2. Inclusion/Exclusion Criteria:

• Excluded general sustainability articles lacking a software focus.

• Included studies on tools, methodologies, or case studies in software engineering
sustainability.

3. Detailed Analysis:

• Analyzed full texts to extract frameworks, methodologies, and applications.

• Prioritized papers referencing Green soft, SusAF, and the Karlskrona Manifesto.

This process yielded 24 papers for in-depth review.

Phase 4: Framework Categorization and Analysis

The 24 selected research papers mentioning the manifestos, frameworks and tools were
compared according to:

• Scope: Sustainability dimensions addressed (environmental, social, economic, etc.).

• Applicability: Lifecycle stages covered (design, development, deployment, etc.).

• Methodology: Iterative versus prescriptive approaches.

• Strengths and Weaknesses: Derived from the literature analysis.

This structured categorization facilitated identification of gaps and opportunities for en-
hancement, informing the subsequent design of the proposed framework as well as the what
stages of the software product can they play a role based on their capabilities.
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4.3 Cycle 3 (Rigor and Design): Interview and Survey Data
Collection and Analysis

For this iteration of the rigor and design cycles, semi-structured interviews were selected
because they provide an optimal balance between consistency and adaptability, enabling
in-depth exploration of participants’ experiences while preserving comparability across in-
terviews (70). By employing a core interview guide, every participant responds to key
questions, with flexibility to probe emerging ideas, clarify ambiguous responses, and ex-
plore unexpected tangents that deepen insight (57). This conversational method builds
rapport and trust, yielding more candid reflections and richer narratives than structured
questionnaires (66).

Piloting the guide early allowed iterative refinement of both question wording and order,
enhancing the instrument’s reliability and validity. The open-ended format captured con-
textual and nonverbal cues such as tone, hesitation, body language, gestures, and pauses,
enriching interpretation and supporting both thematic qualitative coding and quantitative
analysis. Furthermore, because semi-structured interviews adapt easily to diverse popu-
lations and research topics, they were well suited to this study. This approach delivered
the depth of unstructured dialogue without sacrificing systematic comparability, ensuring
robust, nuanced data capable of revealing both anticipated patterns and novel findings
essential for advancing understanding of the research topics.
The interviews were conducted on Microsoft Teams to keep a record of them and analyzed
to find out the core information needed to start building the framework.

Input from the Previous Cycle: The knowledge from SLR and the industry prac-
titioners.
Artifact Worked On: Sustainability Concerns in ASD, State-of-the-Art vs State-of-the-
Practice.
Outcome of the Cycle: Set of validated Sustainability Concerns, Approaches and Met-
rics.

4.4 Cycle 4 (Relevance): Evaluation of the Metrics and Sus-
tainability Concerns in Practice

Table 4.3: Evaluation of Framework Artifacts in Cycle 4
Artifacts to be Vali-
dated

Participants Data Collected

State-of-the-Art vs
State-of-the-Practice
data

None Validated set of Sustainabil-
ity Metrics and Approaches

At this stage of the Relevance cycle, the triangulation method was utilized to evaluate the
metrics and the sustainability concerns. Table 4.3 shows the artifacts to be evaluated, the
participants and data collected in this cycle. To achieve this, the results from the systematic
literature review (SLR), semi-structured interviews, and survey data were compared and
contrasted. While the analysis of data showed some discrepancies between the state-of-
the-art and state-of-the-practice, the majority of it showed high convergence throughout
the sources of data in the context of agile software development.
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For instance, the environmental dimension is the most attended in terms of sustainability
at the expense of the other dimensions where they are not always properly addressed. This
is mentioned in the literature, and the response of the participants from different interviews
indicated the same. The practitioners also expressed the lack of essential tools integrated
within any framework they have worked with, which was also the case for the findings in
the literature.
Once the metrics and sustainability concerns were validated, they were integrated into the
framework as the five-dimension taxonomy.

4.5 Cycle 5 (Design): Initial Development of the Framework

Based on data from earlier cycles, it became clear that a framework tailored to Scrum-based
agile software development was required. The new framework was designed to address the
knowledge gaps identified in the systematic literature review (SLR). A high-level represen-
tation follows.

4.5.1 Core Principles

1. Iterative & Lightweight: Sustained engagement through sprints without heavy
overhead.

2. Five-Dimension Coverage: Environmental, Technical, Economic, Social, Individ-
ual (merged into Social when appropriate).

3. Design Thinking Grounded: Early exploration via SusAF-inspired phases: Warm
Up, Capture, Analysis.

4. Low Code/No Code (LCNC) Prototyping First: Prototype sprints prioritize
LCNC approaches to reduce technical debt and energy consumption.

5. Automated & Data Driven: Native toolchain integrations for tagging, CI gates,
and dashboards.

4.5.2 Roles & Responsibilities

• Sustainability Champion (rotating Scrum Master or developer): Maintains tax-
onomy, configures dashboards and CI hooks.

• Product Owner: Ensures sustainability criteria in sprint goals and backlog priori-
tization.

• Design Lead / UX: Guides early design thinking workshops, stakeholder mapping,
and sustainability personas.

• Architect / Technical Lead: Advises on LCNC versus hand-code trade-offs and
performance/security implications.

• Operations / DevOps: Integrates CI hooks to capture runtime metrics (energy,
API volumes).
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• Business / Procurement: Aligns sustainability KPIs, supply-chain considerations,
and vendor lock-in risk.
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Workflow Integration in Scrum

Table 4.4 shows the scrum events and FISC’s activities to address them. It gives us the
idea of what the framework addresses from a high level view.

Table 4.4: Framework Activities Mapped to Scrum Events
Scrum Event Framework Activity
Backlog Refinement Apply sustainability and LCNC tags to each PBI; Warm Up

brainstorm to identify relevant dimensions and topics.
Sprint Planning Charter prototype sprints as “LCNC First”; extend Definition of

Ready to require candidate prototyping approach.
In Sprint (CI/Gates) Pre-merge CI: enforce tag presence and basic impact thresholds;

post-merge: capture actual metrics for dashboards.
Sprint Review Present Sustainability Snapshot: tag coverage, LCNC metrics

(dev hours & estimated COe saved), and trade-off summary.
Sprint Retrospective Conduct Impact Retro: review positive/negative impacts from

Capture outputs; prioritize action items and refine taxonomy.

Phase 1: Warm Up

Goal: Rapidly identify sustainability dimensions and focused topics based on company
KPIs.
Output: Table of dimensions and topics, for example:

• Social: Inclusiveness & Diversity; Equality & Accessibility; Privacy & Trust; Health
& Safety

• Environmental: Energy; Pollution; Materials & Resources; Logistics & Transport

• Technical: Maintainability & Scalability; Usability; Security; Extensibility & Adapt-
ability

• Economic: Value & Return on Investment; Innovation; Customer Relationship Man-
agement; Supply-Chain Ethics

Phase 2: Capture

Goal: Prompt cross-functional teams to log positive and negative sustainability effects for
each topic via a guided checklist.

Mechanism:

1. Identify the stakeholder role.

2. Ask a targeted question (e.g., “Does this feature reduce energy consumption in op-
eration?”).

3. Mark the effect as plus (benefit) or minus (risk), and note the responsible stakeholder.
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Phase 3: Analysis & Prioritization

Goal: Prioritize identified effects by likelihood (very unlikely to very likely) to inform
decision making.
Mechanism: Apply a 2×2 matrix contrasting likelihood and impact type (positive/negative):

• Very likely negative: immediate mitigation.

• Very likely positive: highlight for promotion and reuse.

• Unlikely impacts: note but defer.

LCNC-Enabled Prototyping Extension

• Tagging: Add LCNC:Yes/No/Hybrid alongside sustainability tags.

• Sprint Charter: Prototype sprints set the goal “Validate X with LCNC prototype.”

• Dashboard: Track number of LCNC PBIs, estimated dev hours saved, and esti-
mated CO2e saved via CI metrics.

• Review Snapshot: e.g., “Built four flows in OutSystems, saved 40 dev hours ( 1.5
kg CO2e), avoided 300 LOC debt.”

• Retro Discussion: Trade-offs between vendor lock-in and maintainability; decide
production adoption versus rewrite.

Toolchain & Metrics

• Agile Tool Plugin (Jira): Tag UI, sprint-level dashboards, untagged-item alerts.

• CI Pipeline Hooks: Pre-merge enforcement; post-merge metric exporters (CPU
hours, API calls, test energy).

• Key Metrics Dashboard:

– Tag coverage (% PBIs tagged per dimension)

– LCNC adoption rate

– Estimated versus actual CO2e and developer-hour savings

– Gate pass/fail trends

– Dimension-wise effects heatmap

Implementation Roadmap

1. Preparation (1–2 weeks): Define taxonomy; configure plugin and CI hooks; train
team.

2. Pilot (three sprints): Run prototype sprints; collect baseline metrics; conduct Warm
Up and Capture sessions.
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3. Evaluation: After sprint three, conduct Impact Retro; refine taxonomy and guiding
questions.

4. Scale Out (next two months): Onboard additional teams; integrate effect-chain mod-
eling for long-term impact.

5. Continuous Improvement: Quarterly reviews; update topics; share success stories;
extend to other agile frameworks.

As a simple implementation roadmap it could be presented like the following figure:

Figure 4.1: Implementation Roadmap for the first version of the framework

In short: Preparation → Prototype Sprint (Warm-Up & Capture) → In-Sprint Tagging
& CI Gates → Review → Retrospective → Repeat.
Input from the Previous Cycle: Validated set of Sustainability Metrics and Ap-
proaches.
Artifact Worked On: The First Version of the Framework.
Output of the Cycle: Initial Framework based on the collected data.

47



4. RESULTS

4.6 Cycle 6 (Relevance): Evaluation of the Framework

Table 4.5: Evaluation of Framework Artifacts in Cycle 6
Artifacts to be Vali-
dated

Participants Data Collected

Initial version of the
framework

Industry practitioners, Aca-
demic peers

Oral feedback, Qualitative
insights

The first version of the completed framework was formally presented to the industry super-
visor, who evaluated its components and provided detailed qualitative feedback. During
this review, the supervisor identified several areas requiring modification. At the same
time, practitioners offered oral observations that highlighted additional opportunities for
improvement. Academic peers were also engaged to conduct in-depth reviews and to offer
their perspectives through verbal commentary. A common critique from both practitioners
and academic reviewers was that, although the design intent was to keep the framework
lightweight, it remained relatively complex. Reviewers further noted that, even though the
framework targeted Scrum within agile software development and aimed to integrate with
minimal disruption, reliance on custom APIs and external plugins created unnecessary im-
plementation challenges. Another concern was the lengthy adoption timeline: a solution
meant to be simple and quick to adopt nonetheless required several years to deploy across
the organization.

Several framework components received positive validation and were recommended for
retention in their current form. Each component aligns directly with Scrum practices,
offering structured guidance during specific ceremonies:

1. Rotating Sustainability Champion Role: Assigning a different team member
to this role each sprint ensures that sustainability concerns remain visible to the
entire team. This rotation promotes shared ownership and encourages all members
to participate actively in sustainable decision making.

2. Sustainability Snapshot: A visual representation based on a two-by-two matrix
of likelihood and impact provides an at-a-glance summary of sustainability-related
decisions and their categorization. This snapshot clarifies which concerns have been
addressed and highlights areas requiring further attention.

3. Impact Retro: A structured retrospective focused on positive and negative effects,
derived from the Capture phase outputs, enables teams to prioritize actionable im-
provements and to refine the sustainability taxonomy as needed. This approach
reinforces continuous learning and iterative enhancement of sustainability practices.

The convergence of feedback from these stakeholder groups confirmed the framework’s
initial shortcomings and produced a prioritized list of refinements. These refinements
formed the basis for the next iteration, ensuring that the revised framework better aligned
with user constraints, reduced technical barriers, and accelerated adoption within agile
teams.
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4.7 Cycle 7 (Rigor and Design): Refinement of the Frame-
work and Templates

Based on the feedback from the evaluation of the initial version of the framework from the
last DSR cycle of relevance, this iteration focused on retaining the suggested components
and introducing new elements like Jira workspace customization and sustainability focused
Confluence templates. This allowed the framework to be at its most lightweight version
yet and the implementation also aimed at making minimal changes to the working style of
the software developers. In this iteration, a pre-backlog stage was established which would
ensure that a stable prototype is available before the sprint ceremonies begin. The priority
is placed on leveraging LCNC tools and approach if the solution provides the opportunity
to utilize it so.
Custom Jira Workspace is also made, introducing a field of labels named “Sustainability”
providing the option for 15 labels. The labels are a result of SLR and cross checking with
academic peers and industrial. The sustainability concerns confirmed for consideration are
as follows:

Environmental

1. Energy Consumption Reduction – Tracks efforts to lower CPU-hours or runtime
energy of features (1).

2. Carbon Footprint Monitoring – Flags work that quantifies CO2-equivalent emis-
sions to support life-cycle assessment (6).

3. Resource Efficiency – Denotes improvements in memory, storage, or bandwidth
use (18).

Social

4. Accessibility Compliance – Marks tasks ensuring WCAG or equivalent standards,
enhancing social inclusion (9).

5. User Privacy Protection – Indicates stories that implement or audit data-privacy
controls (8).

6. Community Impact – Identifies features whose design considers broader societal
effects, as in social LCA subcategories (3).

Technical

7. Maintainability – Tags refactorings or design changes that reduce technical debt
over the system’s lifetime (8).

8. Performance Efficiency – Covers tasks optimizing response times, throughput, or
resource utilization guided by IoT reference models (47).

9. Security Resilience – Flags work that strengthens defenses against threats, aligning
with sustainability principles of system robustness (41).
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Individual

10. Developer Wellbeing – Highlights practices (e.g., pair programming, ergonomic
tooling) that reduce burnout and cognitive strain (4).

11. Cognitive Load – Marks changes that simplify user interfaces or APIs to lower
mental effort for users and developers (4).

12. Usability Ergonomics – Denotes stories addressing UI/UX ergonomics, improving
individual user experience (8).

Economic

13. Cost Optimization – Flags features designed to reduce operational or capital ex-
penses, balancing TBL’s economic pillar (5).

14. Vendor Lock-In Risk – Identifies dependencies or architectural choices that could
increase future licensing or migration costs (18).

15. Return on Investment – Applies to work where estimated business value outweighs
development cost, ensuring sustainable resource allocation (7).

The identified sustainability concerns were then converted into custom labels for tagging
within the development team’s backlog system. Each label follows a consistent prefix
convention and is accompanied by a definition and example application so that it is easily
understandable by someone who is unfamiliar to them.
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Figure 4.2: The sustainability metrics transformed into labels to be used through the frame-
work

Environmental Labels

1. env-energy (Energy Consumption Reduction)
Meaning: Tracks work aimed at reducing the runtime energy draw of application
components.
Application: When a developer notices a background job scanning a large dataset
every minute, they apply env-energy and refactor the job to run on demand or in
less frequent batches. They may measure CPU usage before and after to confirm the
reduction in consumption.

2. env-co2 (Carbon Footprint Monitoring)
Meaning: Marks tasks that quantify or report estimated CO2-equivalent emissions
of CI builds, cloud instances, or data transfers.
Application: A DevOps engineer adds env-co2 to a ticket to integrate a profiling
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tool (e.g., CodeCarbon) into the CI pipeline so that each build publishes an emission
estimate to the team dashboard.

3. env-eff (Resource Efficiency)
Meaning: Flags efforts to optimize memory, storage, or network bandwidth usage.
Application: When reviewing large JSON payloads, a backend developer tags the
optimization story with env-eff, implements API pagination and gzip compression,
and verifies the reduction in payload size and network cost.

Social Labels

4. soc-access (Accessibility Compliance)
Meaning: Denotes work ensuring UI or API changes meet accessibility standards
(WCAG, ARIA roles).
Application: A front-end developer applies soc-access when adding form field la-
bels, testing keyboard navigation, and verifying color-contrast ratios, then documents
the test results in the ticket.

5. soc-privacy (User Privacy Protection)
Meaning: Identifies features that implement or audit data-privacy controls such as
encryption and consent flows.
Application: A backend developer tags a story to encrypt user email addresses
at rest, updates the database schema, and writes unit tests confirming only hashed
values are stored.

6. soc-community (Community Impact)
Meaning: Highlights features whose design considers broader societal effects (e.g.,
open-source contributions, digital inclusion).
Application: A team decides to publish a new plugin as open source, tags it with
soc-community, prepares contributing guidelines, and schedules a public release to
benefit the developer community.

Technical Labels

7. tech-mtble (Maintainability)
Meaning: Marks refactorings or design-pattern updates intended to reduce techni-
cal debt and code complexity.
Application: A developer applies tech-mtble when extracting shared utility func-
tions from duplicated code blocks so that future features can reuse them without
rewriting.

8. tech-perf (Performance Efficiency)
Meaning: Flags work that improves response times, throughput, or overall system
scalability.
Application: When reports run slowly, the team tags the ticket with tech-perf,
adds database indexing, and measures query times before and after to confirm a
performance increase.
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9. tech-secure (Security Resilience)
Meaning: Tracks tasks that strengthen defenses against threats, such as authenti-
cation, authorization, and vulnerability fixes.
Application: A security engineer tags tech-secure when implementing rate limit-
ing on login attempts and integrating a vulnerability scanner into the CI workflow.

Individual Labels

10. ind-well (Developer Wellbeing)
Meaning: Highlights process improvements or tooling changes that reduce stress
and context switching for developers.
Application: A developer adds ind-well when introducing a shared coding-standards
linter so that the team spends less time debating formatting in pull requests.

11. ind-cog (Cognitive Load)
Meaning: Marks tasks simplifying complex workflows or interfaces to lower mental
effort for users and maintainers.
Application: UX and development collaborate on an ind-cog ticket to redesign a
multi-step form into a wizard pattern, reducing user errors and support requests.

12. ind-usab (Usability Ergonomics)
Meaning: Tags work improving the intuitiveness and ergonomics of UI components
or developer APIs.
Application: A story to redesign dashboard filters is tagged ind-usab; the team
conducts quick hallway usability tests and adjusts button placement to match user
expectations.

Economic Labels

13. eco-cost (Cost Optimization)
Meaning: Flags changes that reduce operational or licensing expenses (for example,
switching to cheaper cloud tiers).
Application: A DevOps ticket tagged eco-cost leads the team to analyze seldom-
used services and move them from on-demand instances to reserved capacity, cutting
monthly bills.

14. eco-vlock (Vendor Lock-In Risk)
Meaning: Identifies architectural choices that could increase future dependency or
migration costs.
Application: When integrating a proprietary SDK, an architect tags the story with
eco-vlock and creates a spike to explore open-source alternatives before committing.

15. eco-roi (Return on Investment)
Meaning: Highlights features for which expected business value significantly ex-
ceeds development cost.
Application: The Product Owner tags eco-roi on a report automation story, esti-
mates manual-versus-automated time savings, and prioritizes it to maximize overall
ROI.
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At this stage of iteration, a streamlined and comprehensive version of the framework is
introduced, accompanied by custom templates for Confluence and the Jira workspace. A
holistic view of FISC can be seen in Figure 4.3. The framework’s design remains lightweight
to facilitate rapid adoption in an industrial setting. The Confluence templates are linked so
that the Sustainability Snapshot generated during the Sprint Review can be used directly
in the Impact Retro conducted in the Sprint Retrospective.

Figure 4.3: Holistic view of the Framework after the 7th Cycle of DSR

Input from the Previous Cycle: Oral feedback and qualitative feedback from the
industry practitioners and academic experts.
Artifact Worked On: The Templates and Framework based on expert feedback.
Output of the Cycle: Final version of the Framework, Jira and Confluence Templates.
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4.8 Cycle 8 (Relevance): Evaluation of the Framework, Tem-
plates and Workflow

Table 4.6: Evaluation of Framework Artifacts in Cycle 8
Artifacts to be Vali-
dated

Participants Data Collected

Final version of the
framework, Jira and
Confluence Templates

Industry practitioners, Aca-
demic peers

Oral feedback, Qualitative
insights

The refined framework was presented to the industrial supervisor, an experienced practi-
tioner, and to a panel of academic peers who specialize in sustainable software engineering.
Overall reactions were positive, particularly from the industry expert who stressed the im-
portance of keeping the framework as lightweight as possible. He noted that integrating
tools in a way that fits existing workflows greatly improves the likelihood of practical
adoption. As he stated:

"Education and training needs to go into the constant reminder of sustainabil-
ity. The sustainability champion is a very good example of the kind of role
that is needed to keep it in the forefront."

Reviewers also pointed out that not all software organizations rely on cloud-based man-
agement tools; some continue to use locally hosted or on-premises solutions. By main-
taining adaptability and simplicity, the framework can be applied across these different
environments without extensive reconfiguration.

In the case study with the telecommunications company, practitioners reported that
their teams typically blend Scrum with Kanban practices rather than following a single
methodology. To validate the framework under these conditions, it was implemented in a
Jira workspace configured in Kanban mode. The framework workflows integrated smoothly,
requiring no adjustments to accommodate the Kanban board structure.

These findings indicate that the refined framework satisfies key practitioner requirements
for minimal overhead, broad tool compatibility, and methodological flexibility. By aligning
with real-world constraints and usage patterns, it offers a practical path for integrating
sustainability concerns into diverse agile development contexts.

The individual components of the framework were systematically aligned with the var-
ious Scrum events to demonstrate how each element supports agile software development
principles. By mapping components to activities such as backlog refinement, sprint plan-
ning, in-sprint gating, sprint review, and sprint retrospective, the framework provides clear
guidance on where and when sustainability considerations should be introduced. This
alignment makes it easier for teams to integrate the new processes without disrupting
established practices.
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Moreover, placing each component within a familiar Scrum context enhances under-
standing and adoption, as practitioners can see exactly how sustainability tasks fit into
their existing workflows.

As seen in the Figure 4.4, situating the different components of FISC within the SCRUM
framework gives a clear overview of FISC’s role in integrating sustainability concerns
throughout all the steps.

Figure 4.4: FISC components placed on top of the traditional SCRUM framework.

The completed framework successfully resolves the six knowledge gaps identified in earlier
DSR cycles. Each gap was systematically addressed through targeted design elements,
ensuring that the framework provides comprehensive support where previous approaches
were lacking.
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It is imperative that the workflow followed by maintaining the SCRUM way is configured
lightly and followed consistently throughout the number of sprints required to complete
the project. As a first step, the Jira workspace is modified to include an additional custom
field, which can be done easily irrespective of cloud-based or local implementation. This
custom field also provides the necessary labels which helps to tag according to the sustain-
ability concerns that are to be addressed in the particular field. As seen in the Figure 4.5,

Figure 4.5: Custom Sustainability field in Jira with labels indicating the sustainability
concerns

other than the usual fields like “Sprint” and “Priority”, the Sustainability field is labeled
with the tags that denote the focus of the sample sprint (in this case, the creation of a
dashboard for a project).

The templates made to fit the workflow are interconnected in Confluence and Jira so that
the steps taken can be followed through while using both platforms and manage necessary
actions. As seen in the Figure 4.6, it is part of a Sprint Planning Template tweaked to
include sustainability concerns and also includes the necessary resources that would be
frequently used (and that includes boards from Confluence as well).
Figure 4.7 presents the 2x2 matrix styled Sustainability Snapshot which would first appear
in the sprint review and then be referred to and reused as the sprints progress with the
lessons learned and a visual representative of the targets set in the beginning and how
much of them have been addressed, their impacts and shortcomings, if there are any.
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Figure 4.6: Part of the Confluence Template for sprint planning (Tying in the other resources
within Confluence)

Figure 4.7: Part of the Confluence Template for Sprint Planning (Tying in the other resources
within Confluence)
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The Sustainability Snapshot from the sprint reviews provide a visualization of the im-
pacts and help the users to track the likelihood and impact of their actions regarding
sustainability. However, once the review is done, the Snapshot still plays a role in the next
stage of sprint retrospective.

The Snapshot (which is a custom Confluence board), is then referred into the Impact
Retro template where the users observe, reflect and plan using it as a reference of their
efforts laid out in a visual form. As seen in the Figure 4.8The questions are directed to
rethink and take the best decisions learning from the current sprint and carrying it out
to the next while also avoiding any mistakes and addressing the obstacles and challenges
faced.

Figure 4.8: Part of the Impact Retro combining the Sustainability Snapshot from the Sprint
Review
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5

Discussion

This section presents an analysis of the study’s outcomes by revisiting each research ques-
tion and summarizing how the findings address them. It then evaluates these results in
light of the original study objectives, highlighting the most significant insights. Finally, it
examines threats to external, construct, and conclusion validity and describes the strategies
implemented to mitigate each of these risks.

5.1 Findings Interpretation

The aim of this study was to analyze existing state-of-the-art sustainability approaches
for sustainability in the context of agile software development and to identify knowledge
gaps. These gaps informed the creation of a new framework (FISC) designed to facilitate
consideration of sustainability concerns in agile practices, particularly Scrum. To achieve
this, the study addressed the research questions and sub research questions accordingly:

1. How can sustainability be effectively integrated into Agile Software Development, par-
ticularly within the Scrum framework?

1.1. What approaches for integrating sustainability into Agile Software Development are
proposed in the literature?

1.2. What sustainability metrics are currently used in Agile Software Development, and
how are they applied in Scrum contexts?

2. What is the impact of applying a Sustainability Framework on integrating sustainability
concerns into Scrum-based Agile Software Development?

The following subsections discuss these research questions, the gaps they reveal, and how
the study’s findings address them.

RQ1: How can sustainability be effectively integrated into Agile Software
Development, particularly within the Scrum framework?

Addressing RQ1 show that effective integration is less about inventing new ceremonies and
more about embedding lightweight sustainability checks into the ceremonies teams already
run. The resulting FISC workflow maps concrete activities to every Scrum event: tagging
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PBIs with sustainability labels during backlog refinement, extending the Definition
of Ready and planning for LCNC-first prototyping in sprint planning, enforcing tag
presence and capturing proxy metrics via CI gates during the sprint, surfacing a two-
by-two Sustainability Snapshot in the sprint review, and closing the loop with an
Impact Retro that prioritizes mitigations and reusable positives in the retrospective.
This end-to-end mapping is what keeps sustainability “in the room,” sprint after sprint.

Three design elements were retained after practitioner and academic evaluation because
they reliably drove engagement with minimal overhead: (1) a rotating Sustainability
Champion to keep attention high without creating a single point of failure; (2) the visual
Sustainability Snapshot that makes trade-offs legible at a glance; and (3) the Impact
Retro that turns captured effects into action items and taxonomy refinements. Reviewers
also pushed to remove dependencies on custom plugins and long adoption timelines, which
led to a streamlined toolchain (standard Jira/Confluence plus simple CI hooks).

The integration is concretized in the toolchain: a custom Sustainability field in Jira
exposes 15 labels covering all five dimensions; Confluence templates stitch planning, review,
and retro materials together; and CI hooks warn on untagged work and export simple
build/run proxies (e.g., estimated CO2e, CPU-hours).

Finally, while reactions were positive, one notably mentioning: “The sustainability cham-
pion is a very good example of the kind of role that is needed to keep it in the forefront”
we note the limitations: short pilot duration, a motivated partner context, and possible
mono-method bias if tag counts are read without triangulation. These caveats underscore
the need for longer, multi-team validations and mixed-method assessment alongside the
lightweight mechanics. The limitations are further discussed in the section 5.2.

RQ1.1: What approaches for integrating sustainability into Agile Soft-
ware Development are proposed in the literature?

Our synthesis of eight prominent approaches found valuable but partial solutions: mani-
festos (e.g., Karlskrona, TBL) excel at scope but lack implementable tooling; prescriptive
models (e.g., GreenStar, UNEP LCA, PDCA) provide metrics and processes yet either
narrow their focus (mostly environmental) or remain too abstract for day-to-day agile
use; domain standards (ISO/IEC 30141) bring rigor but limited portability. Across
lifecycle coverage, tool support, ease of adoption, and stakeholder involvement, no single
approach spans all Scrum events while balancing environmental, social, economic, tech-
nical, and individual dimensions. This gap justified developing FISC as an agile-native,
tool-integrated synthesis.

Interview and cycle data mirrored the literature’s imbalances: teams (and papers) tend
to over-attend to environmental metrics and lack integrated mechanisms for the
other four dimensions and for iterating findings sprint-to-sprint. FISC responds by op-
erationalizing a five-dimension taxonomy, making it visible at backlog level, and wiring
it into ceremonies and CI so that multi-dimensional concerns are inspected and adapted
continuously, not in one-off workshops.
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5.1 Findings Interpretation

RQ1.2: What sustainability metrics are currently used in Agile Software
Development, and how are they applied in Scrum contexts?

From the review we consolidated 15 metrics (three per dimension). These were trans-
formed into actionable labels (e.g., env-energy, soc-privacy, tech-perf, ind-well,
eco-cost) with clear meanings and examples so teams can tag PBIs consistently dur-
ing refinement and planning. The same taxonomy flows through development (CI gates),
review (Snapshot), and retro (Impact Retro), turning abstract goals into trackable work.

In practice, teams used a custom Jira field to apply these labels, and a minimal metrics
layer to make them useful: tag coverage by dimension, estimated vs. actual CO2e
and developer-hour savings, and a way to visualize positives and risks. These measures
are lightweight proxies good enough to steer sprint-level decisions while creating a path
to deeper instrumentation later. This design directly addressed practitioners’ requests for
low overhead, immediate visibility, and compatibility with both cloud and on-prem
ALM stacks.

Overall, the results indicate that a tag-first, ceremony-embedded approach to met-
rics is both feasible and acceptable to practitioners, provided the taxonomy is compact,
the dashboards are simple, and the feedback loop (CI→Review→Retro) is tight. Future
work should expand beyond proxies toward calibrated measures and multi-team baselines
to strengthen inference while retaining the day-to-day usability that made FISC adoptable.

Discussion RQ3: What is the impact of applying a Sustainability Frame-
work on integrating sustainability concerns into Scrum-based Agile Soft-
ware Development?

Applying FISC in the partner context shows that sustainability can be operationalized
as a first-class concern in Scrum without substantial process friction. Concretely, three
artifacts: the rotating Sustainability Champion, the Sustainability Snapshot, and the Im-
pact Retro created persistent prompts across ceremonies and improved traceability from
decision to effect. Practitioners and reviewers validated these components as both useful
and lightweight; the Snapshot’s likelihood-by-impact view made trade-offs visible at Sprint
Review, and its reuse in the Impact Retro supported learning and follow-through into the
next sprint.

From a tooling perspective, low-overhead changes adding a custom Sustainability field
in Jira and wiring Confluence templates embedded the framework directly into the team’s
existing ALM flow. This raised the salience of sustainability during backlog work without
introducing a parallel process. Teams could tag PBIs by concern and then carry those
tags through planning, review, and retro, with the Snapshot providing a compact evidence
trail. Reviewers emphasized keeping the framework lightweight and adaptable (e.g., cloud
or on-prem ALM), reinforcing that adoption hinges on fitting the grain of practice rather
than asking teams to switch tools.

On measurement and decision quality, the framework introduced a pragmatic suite:
PBI-level tags, CI/gate checks, and a small metrics set. While not exhaustive, this bundle
delivered timely signals at the point of work, enabling product and engineering roles to
make evidence-aware trade-offs within sprints rather than in post-hoc audits.

In terms of the research gaps the framework set out to address, the evaluation indicates
progress on six fronts: (1) embedding into Scrum artifacts/events via tagged PBIs, Snap-
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shot in Review, and Impact Retro; (2) clarifying roles through a rotating Champion; (3)
providing toolchain support with Jira/Confluence integration and CI hooks; (4) moving
beyond first-order effects by explicitly capturing positive/negative impacts and prioritizing
via likelihood-by-impact; (5) creating a path toward broader validation through an imple-
mentation roadmap; and (6) encouraging dimensional balance by design (multi-pillar tags
and dashboards).

5.2 Threats to Validity

To contextualize the empirical findings, we critically assess threats to validity that may
affect interpretation and generalizability. The following subsections address internal, ex-
ternal, construct, and conclusion validity in turn, noting study characteristics that could
bias results (e.g., practitioner involvement, single organization pilot, limited duration, and
toolchain assumptions) and the mitigation steps used or recommended (triangulation via
surveys and interviews, calibration workshops, and power analysis for future studies).
These reflections do not negate the contributions; rather, they delimit the scope within
which the results should be interpreted and indicate priorities for replication and extension.

Internal Validity

This study employed a combination of literature review and industry-informed feedback to
guide the design and iterative refinement of the proposed framework. While the involve-
ment of practitioners provided valuable practical insights, it also introduces a potential bias.
Specifically, the participants from the collaborating ICT company, such as Scrum Masters,
demonstrated prior awareness of sustainability in software engineering and expressed an
active interest in integrating sustainability-oriented practices into their workflows. As a
result, their interaction with the framework may have been more favorable and the learning
curve less steep compared to practitioners unfamiliar with sustainability principles. Con-
sequently, the perceived usability and effectiveness of the framework may not generalize
across broader software development contexts, particularly among teams with limited prior
exposure to sustainability or those less inclined toward process innovation.

External Validity

One external threat to validity concerns the potential for sampling bias. Pilot teams
involved in the study may have been self-selected “green champions,” whose heightened
commitment to sustainability, reflected in high tag coverage and proactive mitigation mea-
sures, may not be representative of the broader population of Scrum teams, particularly
those with lower intrinsic motivation toward sustainability practices (24). In addition, con-
textual differences shaped by regional regulations and cultural norms can influence which
sustainability dimensions are prioritized. For example, frameworks such as the General
Data Protection Regulation (GDPR) in Europe and the California Consumer Privacy Act
(CCPA) in the United States emphasize different social or environmental concerns, which
may result in differing views of what is considered critical (23). Moreover, the techni-
cal implementation of the framework, including its integration with Jira and Confluence
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macros, CI-hook scripts, and profiling tools, assumes compatibility with a specific applica-
tion lifecycle management (ALM) environment and technology stack. Teams that operate
on different platforms may require significant adaptation efforts, which could limit the gen-
eralizability and direct applicability of the sustainability outcomes observed in the pilot.

Construct Validity

A notable concern regarding construct validity lies in the extent to which team members
actively recognize and engage with the various sustainability dimensions, namely envi-
ronmental, technical, economic, and social or individual, during backlog-related activities.
This issue gives rise to a mono-method bias, as reliance on tag counts from the custom
sustainability field in Jira may not accurately represent authentic awareness. In some
cases, tagging may be conducted in a superficial manner, primarily to comply with frame-
work expectations or to avoid CI gate warnings. To address this limitation, triangulation
through qualitative methods can be considered. For example, developer surveys adminis-
tered at the end of each sprint can solicit Likert-scale ratings on the level of engagement
with sustainability considerations during backlog refinement, accompanied by brief free-
text explanations to provide insight into the underlying rationale. This method offers a
more nuanced understanding than quantitative tag data alone (23). An additional method
involves conducting periodic one-on-one or small-group interviews to explore the reasoning
behind tagging decisions and to determine whether they reflect substantive trade-off dis-
cussions (24). Furthermore, training and calibration workshops can serve as a mechanism
to foster consistency in tagging practices. These exercises involve applying tags to sample
backlog items and comparing outcomes against expert judgments. Conducting such ses-
sions on a recurring basis supports a shared interpretation of what constitutes meaningful
sustainability awareness (18).

Conclusion Validity

The study’s small number of observations, covering only two or three sprints, may obscure
true effects. Random variations, such as an unusually light workload sprint or an anomalous
CI metric, can mask genuine improvements in tag coverage or CO2 savings. As a result,
even if the framework effectively enhances sustainability awareness or reduces emissions,
statistical tests may lack the power to detect significance and may yield a Type II error
(false negative). Conducting a formal power analysis can identify the required sample size
and ensure adequate sensitivity in future validations (25).
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Conclusion

This research set out to develop and validate a comprehensive framework for integrating
sustainability concerns into agile software development, with a particular focus on Scrum
ceremonies and artifacts. Beginning with a systematic literature review, the study iden-
tified fifteen sustainability metrics, three from each dimension and catalogued them most
commonly employed in practice. A gap analysis of eight leading sustainability approaches
evaluated across lifecycle coverage, tool support, ease of adoption, and stakeholder en-
gagement demonstrated that none provided end-to-end support for environmental, social,
economic, technical, and individual concerns within iterative development cycles.

Guided by the Design Science Research (DSR) methodology, the Framework was created
to address these deficiencies. Across three DSR cycles: relevance, rigor, and design, the
framework was prototyped, refined, and validated in collaboration with a Finnish ICT part-
ner and panels of academic experts. Key components include multi-dimensional tagging of
backlog items, a likelihood-by-impact prioritization matrix, CI-pipeline gate checks, and
bespoke dashboards in Jira and Confluence. These components map directly to Scrum
events like backlog refinement, sprint planning, in-sprint integration, sprint review, and
retrospective ensuring that sustainability considerations become a first-class concern with-
out imposing excessive overhead.

Qualitative feedback from practitioners and academic reviewers confirmed that the rotat-
ing Sustainability Champion role and the Sustainability Snapshot report were particularly
effective in maintaining engagement. At the same time, interviews highlighted the need
to minimize dependency on specialized plugins and to support both cloud-based and on-
premises ALM environments. These insights led to a streamlined toolchain integration and
adaptable template designs, further reducing the burden on agile teams.

Although initial results are encouraging, the study’s limited duration and sample size
present threats to statistical power and external validity. Future work can expand the
empirical evaluation to multiple teams and domains, employ formal power analysis to
determine optimal sprint counts, and incorporate longitudinal measures of code quality,
operational cost savings, and team well-being. In addition, the framework could be ex-
tended to other agile methodologies in depth such as Kanban and Lean and integrated
with organizational maturity models to guide progressive adoption.
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6. CONCLUSION

Overall, the framework contributes a theoretically grounded, empirically validated ap-
proach for embedding sustainability into day-to-day software development practices. By
leveraging lightweight, actionable artifacts and aligning them with established Scrum work-
flows, the framework offers practitioners a practical pathway to make informed, sustainable
decisions throughout the product lifecycle. In doing so, it bridges a critical gap between
high-level sustainability goals and concrete development activities, promoting more respon-
sible, resilient, and long-term value creation in software engineering.
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SYSTEMATIC LITERATURE
REVIEW (SLR) PROTOCOL

The objective of the SLR was to critically evaluate eight prominent sustainability ap-
proaches based on their dimensional coverage, lifecycle applicability, and methodological
orientation, thereby guiding the selection and adaptation of such approaches for sustain-
able software development. The SLR was guided by the objective of understanding how
existing sustainability approaches address the key dimensions of sustainable technology
development namely environmental, social, and economic concerns. Attention was given
to evaluating the comparative strengths and limitations of these frameworks, tools, stan-
dards and labels in achieving a balanced integration of these dimensions. The review also
considered the applicability of various frameworks across different stages of the technol-
ogy lifecycle, including design, development, and deployment, to determine their practical
utility throughout software projects. Additionally, the study explored how methodological
approaches particularly iterative models like Plan-Do-Check-Act (PDCA) and more pre-
scriptive ones such as the Karlskrona Manifesto support the embedding of sustainability
principles in dynamic and structured development environments.

Search String Development

The development of search strings followed an iterative and methodical process that com-
bined top-down and bottom-up strategies. The top-down approach began by identifying
broad terms such as “sustainability assessment” and “green software engineering,” then
progressively narrowed the focus to include keywords specific to development practices
like “sustainable design thinking” and “sustainability in SDLC.” Simultaneously, a bottom-
up strategy was used to incorporate concrete methodological terms such as “framework,”
“model,” or “approach,” thereby ensuring that literature offering structured sustainability
solutions would be retrieved. Boolean operators (AND, OR) were strategically used to
create flexible yet precise search queries. This refinement process ensured that the final
search strings captured studies addressing both sustainability concepts and software devel-
opment practices, without being restricted to any specific framework. The final inclusion
and exclusion criteria used to screen the retrieved literature are outlined in Table 2, which
guided the selection of peer-reviewed, relevant, and accessible publications.
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Table 1: Databases and Search Strings
Database Search String
IEEE Xplore, Springer-
Link, ScienceDirect

(“Sustainability assessment” OR “Green software engineer-
ing” OR “Sustainable software development” OR “Sustain-
able technology practices” OR “Lifecycle sustainability mod-
els” OR “Environmental impact of software” OR “Sustainable
design thinking” OR “Sustainability in SDLC”) AND (“Soft-
ware engineering” OR “Software development” OR “Technol-
ogy development”) AND (“Framework” OR “Model” OR “Ap-
proach” OR “Methodology”)

Google Scholar (“Sustainable software” OR “Sustainable technology” OR
“Green IT” OR “Software lifecycle sustainability”) AND
(“Framework” OR “Methodology” OR “Model”) AND (“Soft-
ware development” OR “Technology project”)

Table 2: Inclusion and Exclusion Criteria for Literature Selection
ID Inclusion Criteria (IC) ID Exclusion Criteria (EC)
IC1 Paper written in English EC1 Duplicate content
IC2 Paper accessible in full text EC2 Irrelevant topics
IC3 Peer-reviewed literature EC3 Non peer-reviewed sources
IC4 Relevance to sustainability frame-

works
EC4 Paper not written in English

IC5 Relevance to agile software develop-
ment

EC5 Paper not accessible in full text
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INTERVIEW PROTOCOL

Topic: Agile Practices and Sustainability in the Industry

Aim: The interview revolved around questions, follow-up questions and collecting data on
the following themes:

• Sustainability Concerns

• Measuring Sustainability Concerns

• From the Concerns to Impacts

• Sustainability in Agile Practices

• Across Different Dimensions of Sustainability

1. Do you consider sustainability concerns during the planning process before the Agile
development begins?

2. How do you identify and prioritize sustainability concerns—such as potential envi-
ronmental risks—during your Agile planning and backlog refinement sessions?

(a) What specific challenges do you face in identifying these concerns early?

3. Which sustainability metrics do you currently monitor in Agile development, and
how do these metrics help you detect sustainability concerns early in the project
lifecycle?

(a) Do you use a formal checklist for these concerns?

4. What additional metrics (e.g., for energy efficiency or carbon footprint) would provide
actionable insights for Agile teams?

5. Do you currently have any way to measure the possible impacts of the concerns that
you consider?

6. What tools or frameworks do you use to integrate sustainability measurement into
Agile development, and how do these solutions differentiate between addressing con-
cerns versus capturing impacts?

7. During sprint planning, is sustainability incorporated into the product vision? If so,
how?
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(a) How do you account for sustainability concerns without compromising Agile-
styled fast delivery environments?

(b) How can these concerns be integrated into sprint reviews or retrospectives?

(c) How frequently are these metrics updated and what data sources are used?

8. Explain how sustainability concerns influence the design of your Agile prototypes, es-
pecially when using Low-Code/No-Code tools—and what impacts you aim to achieve
through early prototyping.

(a) How do you see LCNC tools aiding in capturing these concerns more systemat-
ically?

9. In your Agile process, what role do direct integration methods—such as embedding
sustainability criteria in the product vision or sprint retrospectives—play in managing
sustainability concerns and realizing measurable impacts?

10. What roles within the team take decisions regarding sustainability concerns?

(a) Would having a dedicated sustainability champion within Agile teams be ben-
eficial?

(b) How could decision-making be structured to better support sustainability ef-
forts?

11. In your Agile ceremonies, how are sustainability concerns related to resource usage
or energy efficiency documented and tracked over time?

(a) How could this tracking be improved?

12. How does your team address individual and social sustainability concerns during
Agile development, and what impacts have you seen on team well-being or stakeholder
satisfaction?

13. For technical concerns, do you consider:
(i) Code quality?, (ii) Defect density?, (iii) Energy efficiency?
How might Agile teams be incentivized to improve these technical sustainability
factors? What additional concerns could help measure technical sustainability more
effectively?

14. For economic concerns, do you consider: (i) Cost efficiency?, (ii) Cycle time?
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Defining Search Strategies and Selecting Research Sources

To ensure comprehensive coverage of existing literature on sustainability metrics within
software engineering, a deliberate and structured search strategy was designed. The ob-
jective was to capture a broad spectrum of studies that explore how sustainability is mea-
sured, operationalized, or assessed through concrete concerns or indicators across various
domains. To accomplish this, a series of search trials were conducted across key digital
libraries including IEEE Xplore, SpringerLink, ScienceDirect, and Google Scholar.

Through iterative refinement of keywords, themes such as energy efficiency, lifecycle
impact, developer well-being, and cost optimization emerged as dominant areas of focus.
These themes directly aligned with the five core sustainability dimensions (environmental,
social, technical, individual, and economic) and were used to guide the database querying
process. The final set of search strings and their sources are summarized in a tabular
format.

Search String Development

Search string construction was performed using a hybrid strategy that combined both top-
down and bottom-up approaches. The top-down approach began with broad thematic
queries such as “sustainable software development” and “software sustainability metrics,”
which were gradually refined by narrowing the scope to lifecycle stages or domain-specific
applications. In parallel, a bottom-up approach started from known sustainability-related
concepts such as “energy consumption,” “carbon footprint,” and “developer wellbeing,” and
iteratively expanded to incorporate synonyms and related terminology. Boolean logic and
grouped keyword sets were employed to balance specificity and inclusivity.

This approach ensured that key metrics could be retrieved even if not directly labeled
under the term “framework.” The finalized search strings were tested to verify that they
retrieved literature relevant to all five sustainability dimensions while minimizing irrelevant
results.
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Table 3: Environmental Sustainability Metrics
Metric Description
Energy Consumption Reduc-
tion

Tracks efforts to lower CPU-hours or runtime
energy usage (1)

Carbon Footprint Monitoring Quantifies CO2-equivalent emissions to support
life-cycle assessments (6)

Resource Efficiency Improves use of memory, storage, or bandwidth
(18)

Table 4: Social Sustainability Metrics
Metric Description
Accessibility Compliance Ensures WCAG or equivalent standards for so-

cial inclusion (9)
User Privacy Protection Implements or audits data-privacy controls (8)
Community Impact Considers broader societal effects, e.g., through

social LCA (3)

Table 5: Technical Sustainability Metrics
Metric Description
Maintainability Refactors to reduce technical debt over the sys-

tem’s lifetime (8)
Performance Efficiency Optimizes response times and resource usage

(47)
Security Resilience Improves defenses against system threats (41)

Table 6: Individual Sustainability Metrics
Metric Description
Developer Wellbeing Promotes practices that reduce burnout or cog-

nitive strain (4)
Cognitive Load Simplifies UIs/APIs to reduce user and devel-

oper mental effort (4)
Usability Ergonomics Enhances UX/UI ergonomics (8)

Table 7: Economic Sustainability Metrics
Metric Description
Cost Optimization Reduces operational or capital expenditure (5)
Vendor Lock-In Risk Assesses long-term cost risks due to platform de-

pendencies (18)
Return on Investment Evaluates business value vs. development cost

(7)

82


	ABSTRACT
	DECLARATION OF AI USAGE
	ACKNOWLEDGMENTS
	ABBREVIATIONS
	List of Figures
	List of Tables
	1 Introduction
	1.1 Scope and Delimitation
	1.2 Thesis Sections

	2 Related works and Background
	2.1 Challenges in Considering Sustainability in ASD
	2.2 State-of-the-Art in Approaching Sustainability in ASD
	2.3 Sustainability Metrics in ASD
	2.4 Identified Gaps in Knowledge to be Addressed
	2.4.1 Embedding into Scrum Artifacts and Events
	2.4.2 Clarifying Roles and Responsibilities
	2.4.3 Providing Toolchain Support
	2.4.4 Addressing Only First-Order Effects
	2.4.5 Enabling Empirical Validation at Scale
	2.4.6 Ensuring Dimensional Balance


	3 Research Methodology
	3.1 Research Design
	3.1.1 DSR
	3.1.2 DELPHI Method
	3.1.3 Interview Strategy


	4 Results
	4.1 Cycle 1 (Relevance): Problem Identification
	4.2 Cycle 2 (Relevance): Systematic Literature Review
	4.3 Cycle 3 (Rigor and Design): Interview and Survey Data Collection and Analysis
	4.4 Cycle 4 (Relevance): Evaluation of the Metrics and Sustainability Concerns in Practice 
	4.5 Cycle 5 (Design): Initial Development of the Framework
	4.5.1 Core Principles
	4.5.2 Roles & Responsibilities

	4.6 Cycle 6 (Relevance): Evaluation of the Framework
	4.7 Cycle 7 (Rigor and Design): Refinement of the Framework and Templates
	4.8 Cycle 8 (Relevance): Evaluation of the Framework, Templates and Workflow

	5 Discussion
	5.1 Findings Interpretation
	5.2 Threats to Validity

	6 Conclusion
	References
	APPENDICES
	SYSTEMATIC LITERATURE REVIEW (SLR) PROTOCOL
	INTERVIEW PROTOCOL
	SLR PART 2 PROTOCOL

