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Abstract—This manuscript focuses on the environmental, so-
cial, and individual sustainability dimensions within the modern
software development lifecycle, aiming to establish a holistic
approach termed Sustainable DevOps (SusDevOps). Moving be-
yond the already well-researched economic and technical aspects,
our approach to SusDevOps emphasizes the importance of
minimizing environmental impacts, fostering social inclusion, and
supporting individual well-being in software engineering prac-
tices. We highlight some key challenges in incorporating these
dimensions, such as reducing ecological footprints, promoting
workforce inclusion, and addressing the individual well-being of
developers. We plan to adopt a structured approach incorpo-
rating systematic literature reviews, surveys, and interviews to
deepen our understanding, identify gaps, and evolve actionable,
sustainable practices within the DevOps community. Collectively,
these initiatives can contribute to a more sustainable software
engineering ecosystem.

I. INTRODUCTION

Software engineering can be seen as the organized applica-
tion of scientific and technological expertise, techniques, and
experience in software design, implementation, testing, and
documentation, to improve production, support, and quality
[1]. It is a systematic, disciplined and measurable approach
to the development, operation, and maintenance of software,
effectively incorporating engineering principles into software
practices [2].

Within this field, DevOps has emerged as a transformative
approach that merges development (Dev) and operations (Ops)
practices. It brings together multiple disciplines to streamline
and automate the continuous delivery of software updates. This
effort emphasizes collaboration across teams to maintain high
standards of accuracy and reliability in each release [3].

In contrast, the United Nations defined sustainable devel-
opment as the process of fulfilling the needs of the current
generation while ensuring that future generations can also
meet their own needs [4]. Sustainability is often illustrated
through the three pillars of social, economic, and environ-
mental dimensions, typically depicted as intersecting circles
with sustainability at their core [5]. An examination of histor-
ical literature reveals that this three-pillar framework did not
emerge from a single source but developed gradually from
critiques of the economic status quo, influenced by social
and ecological perspectives. Additionally, the effort by the
UN to harmonize economic growth with social and ecological
challenges contributed to its formation. Despite the widespread
use of the three-pillar model, a rigorous theoretical foundation
remains elusive due to the diverse schools of thought within
the sustainability discourse. This lack of a solid theoretical

framework poses challenges for effectively operationalizing
the concept of sustainability.

II. SUSTAINABILITY IN SOFTWARE ENGINEERING

In the context of software engineering, researchers have
expanded the idea of sustainability to address the unique de-
mands of technology, introducing five distinct dimensions [6]:

« Environmental: addresses the long-term impacts of hu-
man activities on natural systems, covering aspects such
as ecosystems, resource use, climate change, food pro-
duction, water, pollution, and waste management.

o Social: focuses on societal communities and the factors
that diminish trust, encompassing equity, justice, employ-
ment, and democracy.

o Economic: centered on assets and capital, including
wealth generation, profitability, investment, and income.

o Technical: dealing with the durability of information,
systems, and infrastructure, emphasizing maintenance,
innovation, obsolescence, and data integrity in the context
of changing conditions.

o Individual: related to the well-being of individuals,
considering mental and physical health, education, self-
esteem, skills development, and mobility.

Economic sustainability has emerged as a paramount con-
cern for companies, reflecting the increasing recognition of
its critical role in long-term viability and competitiveness. For
almost a century, academic research has delved into various
facets of economic sustainability, exploring methodologies
that enable organizations to minimize operational costs while
maximizing profitability and efficiently managing resources.

Technical sustainability has emerged a significant concern
within the field of software engineering and has been the focus
of academic research for the past three decades. This area
of study addresses the need of software systems to remain
functional and relevant over time as they evolve and adapt
to changing requirements, advancements in technology, and
shifting user needs. Researchers have investigated various
strategies to ensure that software can be efficiently main-
tained, including methodologies for refactoring code, improv-
ing software architecture, and adopting agile practices that
facilitate iterative development and continuous feedback. Also,
the importance of documentation, version control, and robust
testing frameworks has been emphasized to enhance the long-
term viability of software systems. As digital transformation
accelerates across industries, the ongoing pursuit of technical
sustainability remains crucial, ensuring that software not only



meets current demands, but is also resilient enough to adapt
to future challenges and opportunities.

While economic and technical sustainability are well-
established, areas in software engineering, the dimensions
of social, environmental, and individual sustainability remain
relatively unexplored. Social sustainability focuses on ensuring
equity, inclusion within software design, development pro-
cesses, and the workforce, promoting accessibility for all users
and fostering diverse participation in technology creation.

This encompasses ethical considerations, human values,
and the broader societal implications of software systems,
which can significantly influence user experiences and societal
norms [7].

Environmental sustainability addresses the ecological im-
pact of software systems, from development processes to
deployment and software usage, while considering the en-
ergy consumption, environmental impact measurements, and
resource utilization.

Souza et al. [7] reviewed 19 studies, highlighting the im-
portance of considering social factors, such as accessibility,
inclusion, diversity, equity, and ethical values in creating
sustainable software that positively impacts society. Although
sustainable software development emphasizes environmental,
economic, and social dimensions, there is a shortage of clear
methods to address social factors specifically.

Penzenstadler [8] defines individual sustainability in soft-
ware engineering as the upkeep of personal human capi-
tal, which includes aspects such as health, education, skills,
knowledge, leadership, and access to services. Moreover, it
emphasizes the necessity of a strong, connected movement
of citizens to create a sustainable, equitable, and democratic
society. It advocates for empowering individuals, particularly
software engineers, to maintain their physical, mental, and
emotional health through proven methods that align with
precautionary principles by addressing the risk of unsustain-
able practices among software developers. The goal is to
reduce stress and the prevalence of depression and anxiety in
the profession. It also highlights the importance of self-care
practices, such as breathing and movement exercises, to help
software professionals care for themselves and others.

III. TowARDS SUSDEVOPS

Our research group focuses on the promotion of Sustainable
DevOps (SusDevOps) as a forward-looking approach in soft-
ware engineering. Inspired by previous work both within and
outside our group [3], [6] we define: SusDevOps integrates
sustainability into the DevOps process, automating reliable
software delivery while considering environmental impact,
individual well-being, social responsibility, economic viability,
and technical efficiency. SusDevOps aims to balance contin-
uous delivery with long-term sustainability across all these
dimensions.

Despite the efforts, the community faces significant research
challenges: the absence of a common understanding of the
concept of sustainability and how it relates to software de-
velopment; the lack of metrics to evaluate the sustainability

of software in distinct domains; and the need to evaluate the
methods that aim to resolve the sustainability problems as well
as their impacts over the years [9], [10].

Atadoga et al. [11] note that the software industry is
increasingly concerned with minimizing its environmental
footprint, focusing on energy use, resource efficiency and
carbon emissions. However, we believe that most of this trend
is due to its positive economic impact and, in a much smaller
extent, to ESG practices that benefit the company’s image in
the market.

A much stronger approach towards environmental sustain-
ability is needed if we want to avoid the growing negative
impact of the IT industry on the planet. The way to achieve this
is not clear. Improved regulation, mandatory laws, and novel
sustainability-aware development methodologies and tools are
potential solutions.

Academics can employ a range of research methods to
address these challenges. In particular, our research group has
started to gather information on the topic to build a basic body
of knowledge that can help us tackle these challenges.

Systematic literature reviews of existing research related to
environmental sustainability in software engineering can help
us understand what is the current body of knowledge in this
area, helping to synthesize insights, identify gaps, and establish
a theoretical framework for understanding the intersections of
these challenges.

Conducting surveys and questionnaires with industry ex-
perts can be effective in gathering data on software engineers’
awareness, attitudes, and behaviors regarding sustainability
practices. This can provide qualitative insights into common
barriers and motivations among practitioners and help to assess
the level of awareness of sustainable practices. Interviews
with software engineers will help to capture their personal
experience and expectations with regard to sustainability.

Then, as a consequence, the scientific community should fo-
cus on developing theories, conceptual frameworks, methods,
guidelines, and techniques to improve the sustainability of the
development and operation of our software systems. Finally,
both academics and the industry should work towards the
development of automated tools to incorporate sustainability
principles in all stages of the DevOps lifecycle.

IV. CONCLUSION

There is an urgent need for incorporating sustainability
into software engineering, by shifting the focus from the
economic and technical dimensions to include environmental,
social, and individual dimensions. As software development
continues to evolve, the integration of sustainability into
DevOps through SusDevOps can bring a holistic approach that
balances efficient software delivery with sustainable practices
across all dimensions. The key challenges in this integration
involve mitigating environmental impacts, promoting social
inclusion, and improving individual well-being. Collectively,
these efforts aim to transform the industry towards greater
sustainability.
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