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Abstract. Software-intensive businesses play a dual role in environmen-
tal sustainability by enabling efficiency and resource optimization while
contributing to environmental impact through energy use, software evo-
lution, and hardware dependence. This study examines how environmen-
tal sustainability is manifested in software-intensive organizations and
what factors hinder or motivate sustainable practices. Based on 22 semi-
structured interviews with 38 individual participants from two Finnish
Green ICT projects (2022–2025), thematic analysis identified practices
across organizational, process, product, and external aspects. Key barri-
ers include low prioritization, unclear roles, limited client influence, and
lack of expertise, while benefits relate to competitiveness, reputation, and
efficiency. The study emphasizes the need for shared understanding, in-
tegrated competencies, and measurable metrics to enhance sustainability
in the software industry.
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1 Introduction

Software-intensive businesses play a dual role in environmental sustainability.
Advanced software systems enable efficiency gains, resource optimization, and
process dematerialization, yet the energy demands of data centers, continuous
software updates, and hardware dependencies contribute significantly to grow-
ing carbon footprints. As digital transformation accelerates, understanding how
software-intensive business models align with environmental goals is essential
for sustainable development. Awareness of the ICT sector’s environmental im-
pact has grown globally, and in Finland, both policymakers and companies have
recognized its significance. Finland was the first country to publish an ICT Cli-
mate Strategy in 2021 [1], addressing environmental impacts across hardware,
software, resources, and emerging technologies. Despite this progress, environ-
mentally sustainable practices remain limited in software-intensive organizations,
revealing a persistent gap between research and practice [2], [3]. To address this
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gap, this study examines how sustainability is manifested in software-intensive
businesses, the challenges they face, and the drivers that support environmen-
tally sustainable practices. This research is guided by the following questions:

RQ1: How is environmental sustainability manifested in software-intensive or-
ganizations?

RQ2: What factors hinder or motivate software-intensive organizations to im-
plement environmentally sustainable practices?

2 Background

The modern concept of sustainability, introduced in the Brundtland Report,
defines sustainable development as meeting present needs without compromis-
ing the ability of future generations to meet theirs [4]. It emphasizes balancing
environmental, social, and economic dimensions within the limits of natural re-
sources [5], [6]. Contemporary sustainability science expands this view by recog-
nizing the interdependence and non-linear dynamics of Earth systems [7]. The
planetary boundaries framework identifies nine critical Earth system processes,
six of which have already been exceeded [8], [9], underscoring the urgency of
embedding sustainable practices across all sectors, including technology.

Software-intensive business (SiB) refers to organizations in which software
plays a central role in value creation, delivery, and operations. Schönhofen et
al. [10] describe this shift as a move from product-centric innovation to cross-
industry collaboration, encompassing both software producers and software-
dependent industries. The research field, grounded in software engineering, in-
formation systems, and economics, was formally consolidated at the Dagstuhl
Seminar 18182 [11], [12], identifying four core themes: software product man-
agement, software ecosystems, Continuous X and Agile practices, and software
startups. The domain focuses on sustainable value creation and delivery within
and across organizations, responding dynamically to technological, economic,
and environmental change [12].

In this context, environmental sustainability in SiB has emerged as both
a challenge and an opportunity. ICT sector accounts for approximately 2.1-
3.9% of global greenhouse gas emissions [13]. This includes not only operational
energy use but also emissions from hardware manufacturing, distribution, and
disposal. The software sector therefore plays a dual role: it enables “Green by IT”
solutions that enhance efficiency and eco-innovation, yet it also contributes to
environmental burdens through “Green IT” concerns such as energy consumption
and material waste [14], [15]. Despite growing awareness of ICT’s dual impact
[16], [17], the practical implementation of sustainable software practices remains
limited. Recent studies identify barriers such as the lack of standardized metrics,
insufficient training and governance, and weak alignment between sustainability
and corporate strategy [18], [19] and indicate that the benefits of sustainable
practices are largely business- and value-oriented [20].

Prior studies examine sustainability across both software processes and soft-
ware products [21]–[23]. They have also studied the environmental impacts of
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software in the corporate context [24], but have also identified the differentiation
of software companies from traditional industries because it produces intangi-
ble products, complicating the assessment of environmental impacts [25]. The
challenge of responsibility of software emissions and energy consumption is also
discovered in earlier studies [26] [27]. Effective organizational change, particu-
larly the deep integration of sustainability, requires a foundation of shared mental
models and clearly communicated goals across stakeholder groups [28].

3 Methodology

3.1 Data collection

To address our research questions, we conducted semi-structured interviews be-
tween 2022 and 2025 within two national Green ICT projects, with total number
of 22 of interviews. During the first project, 31 participants from 15 organiza-
tions were interviewed during 06/2022–02/2023, all with experience in software
procurement and environmental sustainability. During the second project 8 par-
ticipants from seven organizations were interviewed in 03–05/2025 for this ongo-
ing project. One organization and participant was interviewed twice (P9), once
in both projects, resulting in total 21 different organizations and 38 individual
participants. Table 1 presents the interviewee IDs, industry categorization of the
interviews, organization headcount, and the role of the interviewee.

Table 1. Interview organizations and participants. P9 was interviewed twice, once in
year 2022, once in year 2025.

ID Industry category
Org. 
headcount

Sample 
size Role of the participants in the company

P1 Education 250-999 2 IT Manager, Lead IT Designer
P2 Public Procurement 250-999 2 Legal Expert
P3 Public Procurement 250-999 3 Legal Expert, Lead Product Manager, Senior Management Specialist
P4 City over 1000 3 Project Manager, ICT Project Manager, Senior ICT Specialist
P5 Education over 1000 4 IT Service Manager (n=2), Systems Architect, Digital Architect
P6 City over 1000 2 Project Manager, Development Manager

P7
Software Services and 
Consulting 50-249 1 Executive Leadership

P8 Software Consulting 250-999 1 Sustainability Manager
P9 Software Consulting 50-249 1 Executive Leadership
P10 Consulting over 1000 5 Executive Leadership, Senior Software Expert, Service Designer, 

Procurement Expert, Service Architect
P11 Software Consulting 50-249 1 Account Manager
P12 Software Consulting 10-49 1 Lead Architect
P13 Consulting 10-49 2 Design lead, Software Developer
P14 Software Consulting 10-49 2 Executive Leadership, Expert
P15 Software Services 10-49 1 Senior Developer
P16 Software Consulting 1-9 1 Executive Leadership
P17 Software Consulting over 1000 2 Business Development Manager, Senior Consultant
P18 Software Consulting 50-249 1 Sustainability and Operations Leader
P19 Software Consulting 50-249 1 Executive Leadership
P20 Software Consulting 1-9 1 Technical Team Lead
P21 Software Consulting 10-49 1 Executive Leadership

38
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3.2 Thematic analysis process

After the transcription of the interviews, we reviewed the data following Braun
& Clarke’s thematic analysis process [29]. In the analysis phase, we did not
use seed codes, but the codes were derived from the data guided by the research
questions. We reviewed the transcripts, coded them, and built initial themes (see
Figure 1, upper boxes). After further analysis and review of the initial themes,
we identified six final themes: organization, software process, software product,
external factors, barriers, and benefits. The first four themes address RQ1, while
the last two address RQ2.
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RQ1: How is environmental sustainability manifested in software-intensive organizations?

RQ2: What factors hinder or motivate 
software-intensive organizations to implement 
environmentally sustainable practices?

Fig. 1. Initial and final themes and the research questions.

4 Results

4.1 Environmental sustainability in software-intensive businesses

We found that the practice of environmental sustainability takes diverse forms
and operates from multiple aspects within ICT organizations. Environmental
sustainability is observed across four primary aspects: organization, software de-
velopment process, software product, and external factors. In the organization
aspect, sustainability is fundamentally a strategic concern, evidenced by orga-
nizations incorporating it into their goals (P10, P12, P15) and calculating or
preparing to calculate their carbon footprint (P8, P10, P13, P12, P14). While
its importance is widely acknowledged, the maturity of implementation varies.
Common practices include managing business travel, event food, office energy
use, and energy sourcing (P4, P8, P9, P14, P16). Efforts such as extending com-
puter lifetimes (P18) and using digital tools to reduce travel and paper use (P4)
are common, though some organizations only minimally address the topic (P7).
The software process focuses on ways of working and human choices, adding a
sustainability perspective to service design and early development phases (P8,
P9, P10). Sustainability is linked to individual choices (P11, P16, P18), such
as selecting carbon-neutral hosting (P9) or writing energy-efficient code (P7),
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with organizational values indirectly guiding these practices (P11). The software
product aspect highlights technical attributes such as green code and architec-
tural simplicity. Sustainability is associated with creating simple, maintainable,
adaptable, and modular architectures (P9, P16). Practical measures focus on
data efficiency, including minimizing transferred bytes through deferred media
loading and using content delivery networks (P8), aiming for lean software with
minimal waste (P9). Finally, external factors include cloud infrastructure, hard-
ware, and the software’s usage phase. The environmental impact of cloud services
is a frequent discussion point (P4, P12), and hardware and infrastructure are
seen as major sources of emissions, though organizations have limited influence
over user device replacement cycles (P8).

4.2 Barriers and benefits of implementing sustainable practices

Our analysis revealed both clear barriers and distinct benefits in implementing
environmental sustainability. Among the barriers, the most significant challenges
are prioritization and unclear responsibilities (P7, P9, P11). Environmental con-
siderations often remain secondary to cost, quality, or safety in corporate plan-
ning (P21). Implementation is further limited by a lack of knowledge, specialized
skills, and a sustainability-oriented mindset (P18), with success depending on
the availability of such expertise (P6). This shortage is linked to the topic’s
novelty (P21) and developers’ limited time to acquire new competencies (P19).
In contrast, the benefits of prioritizing sustainability are substantial, including
commercial and reputational gains. Sustainable criteria are increasingly required
for public procurement and tender eligibility (P5, P18), expanding business op-
portunities and client bases. Digital transformation initiatives, such as paperless
operations and remote work, offer dual advantages of environmental improve-
ments and cost savings (P4, P17, P20). Commitment to sustainability strength-
ens branding and reputation (P17, P11), helping attract both employees and
clients (P11). Sustainability is also seen as a component of software quality, em-
phasizing simple and efficient solutions that minimize resource use (P9). Many
organizations additionally focus on projects with measurable environmental im-
pact, such as those achieving concrete resource savings (P11).

5 Discussion

Our first RQ examined how sustainability is manifested in software-intensive
businesses. We identified four main aspects through which environmental sus-
tainability appears: organization, software process, software product, and exter-
nal factors. In practice, these aspects are deeply interconnected. For example,
ways of working manifest at the software process level but are influenced by the
organization and further shape the software product. Or organizational strate-
gies and structures shape software processes that, in turn, influence the result-
ing products, while external conditions such as clients and market expectations
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affect how software is developed and used. Indirect links also exist, as organi-
zational choices can determine product characteristics and external factors can
drive process-level decisions. These interdependencies illustrate the complex and
context-dependent nature of sustainability in software-intensive businesses. De-
spite years of discussion within software context, sustainability still lacks shared
definitions, practices, and metrics. Our findings contribute by providing an em-
pirically grounded and more holistic understanding of how environmental sus-
tainability manifests within software-intensive businesses.

Our second RQ examined the barriers and benefits of implementing sustain-
able practices. The main barriers involve low prioritization and unclear roles and
responsibilities. Environmental considerations often fall on individual developers
or, in some cases, on customers. Consultants especially reported limited influence
over sustainability when clients were unwilling to modify existing technologies.
Another major barrier is the lack of knowledge and of a sustainability-oriented
mindset. As the IT industry evolves rapidly, sustainability skills are rarely pri-
oritized, and a fragmented understanding of sustainability further hinders skill
development. The identified benefits of sustainable practices are mainly business-
and value-driven, including cost savings, contract opportunities, enhanced repu-
tation, and elegant solutions. These findings align with previous studies. While
barriers appear across all four aspects, the benefits are primarily concentrated at
the organizational and external levels. However, as some themes extend across
multiple aspects, further research is needed to clarify where the benefits most
strongly emerge within software processes and products.

Overall, our findings highlight the need for a stronger shared organizational
commitment, integrated sustainability competencies, and measurable metrics
within software-intensive businesses. The observed challenges related to prior-
itization and limited sustainability awareness reflect the absence of a shared
mental model of environmental goals across organizations, which is essential for
achieving lasting systemic change [28]. As a final analysis, we propose a three-
step roadmap to address these challenges in software-intensive businesses. First,
organizations should build a shared understanding of environmental sustainabil-
ity and define what it means within their specific contexts. Second, this under-
standing should be integrated into everyday practices. Third, measurable metrics
should be established and monitored. These steps should be implemented in this
specific order.

6 Conclusion

We studied and identified how environmental sustainability is manifested in
software-intensive organizations and how related challenges and benefits appear
at different aspects. We identified four aspects (organization, software process,
software product, and external stakeholders) where practices, constraints, and
responsibilities differ, creating diversity in the maturity. We also identified con-
flicts between roles (clients vs. consultants, management vs. teams). We suggest
a joint understanding of environmental sustainability within the organization
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at every level. This further enables shared practices together with measurable
metrics.
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