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Introduction/Importance of Study: Sustainability must be integrated into Software
Requirements Engineering due to the environmental implications of software systems.
Novelty Statement: This research addresses the current gap in sustainable Software
Requirements Engineering (SRE) by providing guidelines for integrating sustainable practices
into software development.
Material and Method: An online survey was conducted using self-developed questionnaires
designed to gather information on current sustainability practices in Software Requirements
Engineering (SRE) among software professionals. The questionnaires, distributed via Google
Forms, aimed to capture respondents' perspectives on the relevance of sustainable practices in
the field.
Result and Discussion: The findings indicate that active stakeholder engagement, the use of
energy-efficient algorithms, and the establishment of continuous improvement procedures are
crucial for sustainable Software Requirements Engineering (SRE). Additionally, financial
incentives and well-defined criteria for evaluating environmental impact emerged as significant
factors. Among the successful practices recommended for integration into software
development are audits, training programs, and the adoption of renewable energy practices.
Concluding Remarks: Incorporating sustainability into Software Requirements Engineering
(SRE) enhances environmental sustainability and supports organizations' Corporate Social
Responsibility (CSR) objectives, positioning them as key contributors to sustainable software
engineering,.
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Introduction:

In light of global environmental challenges and the growing emphasis on corporate
responsibility, various sectors worldwide are increasingly prioritizing sustainability as a core
value [1]. This paradigm shift is not limited to established areas of the business economy; it has
also extended into the innovative realm of software engineering, where sustainability principles
aim to mitigate environmental costs while fostering long-term socio-economic benefits.
Particularly within the Software Requirements Engineering (SRE) domain, integrating
sustainability considerations is emerging as a significant focus for further research and
innovation [2].

Software Requirements Engineering is a fundamental process in development that
establishes, evaluates, and defines all requirements for project advancement to subsequent
phases [3]. Traditionally, primary concerns in SRE have centered on system functionality,
performance, and usability. However, the environmental impact of software products—
stemming from factors such as energy consumption and the generation of electronic waste—
has become increasingly evident [4]. This realization has prompted a reevaluation of SRE
practices to better incorporate sustainability from the outset.

Several key concepts relate to sustainable SRE and serve as essential dimensions. First,
this transition involves establishing requirements that focus on energy conservation and the
efficient use of resources [5]. This entails developing applications that maximize functionality
while minimizing computational resource use and are adaptable to various system architectures.
Second, sustainable SRE emphasizes minimizing software's environmental impact through
effective lifecycle management, and employing energy-efficient processes for testing and
deployment [6].

Despite the growing recognition of sustainable SRE practices within contemporary
organizations, several barriers hinder their effective implementation. These barriers include a
lack of guidelines for assessing the environmental implications of software, the misalighment of
sustainability criteria with existing SRE frameworks, and the need for training software engineers
in sustainable development practices [3].

This paper seeks to examine the current state of sustainable SRE practices, identify
opportunities for enhancing their implementation, and present a conceptual model for
integrating sustainability into SRE development. Drawing on a literature review and analysis of
case studies, this research offers propositions and recommendations to assist organizations in
advancing toward more sustainable software development methodologies.

Obijectives:

. To investigate the incorporation of sustainability principles into Software Requirements
Engineering (SRE).

. To evaluate current sustainability practices in software development among
professionals.

. To identify key factors and effective practices for implementing sustainable SRE.
Literature Review:

The principle of sustainable software development has increasingly become a crucial
element of Software Requirement Engineering (SRE) activities, given the environmental and
socio-economic implications of creating eco-friendly software products. This literature review
emphasizes the essential features and strategies relevant to various aspects of sustainable SRE.
Environmental Impact Considerations:

Power and energy consumption, along with carbon footprint, are critical factors
influencing the environmental impact of software systems. The usage of hardware, primarily
through data centers and computing devices, plays a significant role in analyzing software's
effects on the environment. Servers that support the operation of application programs are
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among the most power-hungry components of infrastructure. According to the International
Energy Agency (IEA), data centers consumed approximately 200 TWh of electricity in 2020,
accounting for 1% of the world's total electricity consumption (IEA, 2020). This energy
consumption is anticipated to rise alongside increasing data demands, underscoring the need for
energy-efficient software solutions.

The authors [7] emphasize that specific energy efficiency criteria should be integrated
into the SRE process from the outset to reduce operational energy consumption. This involves
selecting energy-efficient algorithms and ensuring that software only computes when necessary.
The authors [8] indicate that incorporating features like Dynamic Voltage and Frequency Scaling
(DVES) in green computing can reduce energy consumption by at least 30% in data-intensive
applications, thereby lowering the software's carbon footprint.

Stakeholders in Environmental Discussions:

To effectively capture the values that promote environmental conservation within a
given society, stakeholders from that society must be involved in software development
priorities. Key stakeholders include environmentalists, government departments, residents, and
customers. The authors [9] and [10] concur that all participants in software development should
engage in roundtable discussions about the meaning and implications of sustainability. Involving
external stakeholders, such as environmental organizations and regulatory agencies, can enhance
the assessment of the sustainability of developed software requirements and improve
organizations’ transparency regarding the environmental impacts of their activities.

The authors [11] advocate for a collaborative model of sustainability in software
development to improve the systemic achievement of sustainability targets. Engaging with
diverse stakeholders is beneficial for assessing potential environmental impacts during software
setup and ensuring that sustainability aspects are considered in the requirements.
Prioritization of Energy-Efficient Algorithms and Technologies:

The management of energy and power is recognized as a critical component of
sustainable Software Requirement Engineering (SRE). This involves selecting and implementing
efficient algorithms and technologies during the requirements gathering and design phases. The
authors [12] and [5] emphasize that incorporating energy efficiency criteria into the prioritization
of requirements can lead to reduced operating costs and positively impact environmental factors.
Specifically, selecting algorithms that require minimal computational power and optimizing code
for lower energy consumption can significantly decrease the overall energy usage of software
systems.

Criteria for Minimizing Resource Consumption:

Efficiency in memory and processor usage should be one of the fundamental principles
of sustainable Software Requirement Engineering (SRE). The authors [13] have presented
metrics and guidelines to help identify resource consumption in software requirements, enabling
the development of better solutions. When developing virtual software, developers can prioritize
resource efficiency, enhancing the overall performance of the final product while minimizing
negative environmental impacts associated with resource depletion.

Reducing resource consumption also entails creating software that operates effectively
across various hardware platforms, thereby extending the life of older devices and reducing
electronic waste. This approach aligns with sustainable development goals by optimizing
resource utilization and mitigating the environmental impact of software systems.

Integration of Sustainability into Requirement Prioritization:

Incorporating sustainability criteria into the ranking process ensures that software
requirements align with broader environmental objectives. This integration involves applying
sustainable measures, such as carbon emissions and resource efficiency. The authors [14] noted
that frameworks incorporating these measures can assist developers in selecting requirements
that minimize environmental impacts. This approach not only addresses immediate sustainability
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concerns but also fosters the principles of sustainable management within the software
development processes of projects.
Innovative and Efficient Software Solutions:

Emphasizing sustainability principles in software design and development fosters
creativity and leads to improved outcomes. The authors [15] and [16] highlighted that addressing
sustainability issues can inspire innovative solutions while ensuring that developed software
meets environmental standards, resulting in useful and eco-friendly products. For instance,
developing algorithms that promote efficient resource and energy usage can significantly reduce
costs and environmental impact. Additionally, prioritizing renewable energy sources over non-
renewable ones is crucial in software development. [12] have guided sourcing sustainable energy
for data centers and software operations to minimize environmental effects, underscoring the
need to enhance sustainability practices within software systems.

Guidelines and Standards for Evaluating Environmental Impact:

The authors [9] asserted that for sustainable Software Requirement Engineering (SRE),
it is essential to establish clear guidelines for evaluating environmental impact, with adherence
to these standards being mandatory. Established frameworks, such as ISO 14001, provide
guidelines for conducting environmental audits and improving an organization's environmental
performance. These standards emphasize the importance of systematically evaluating and
minimizing an organization's environmental effects, enabling the development of sustainable
practices in software development. By adhering to these guidelines, developers can align their
practices with globally accepted environmental management principles, thereby enhancing their
sustainability efforts.

Corporate Social Responsibility (CSR) Goals:

Integrating sustainable software requirements supports Corporate Social Responsibility
(CSR) goals, particularly in the realm of environmental responsibility. Research conducted by
[16] indicates that aligning the software development process with CSR objectives enhances
corporate image and boosts shareholder confidence.

Audits and Reviews for Sustainability Alignment:

Conducting routine audits and reviews of each aspect of the software can help assess its
alignment with established sustainability criteria. A study by [17], along with [18], emphasizes
the importance of continuous evaluation and refinement processes to enhance the
environmental performance of software throughout all stages of development.

Training Programs for Software Engineers:

SRE practices greatly benefit from educational programs that enhance software
engineers' knowledge and skills regarding sustainability integration [19]. Training initiatives
provided by organizations such as IEEE have offered clear guidelines and frameworks for
effectively incorporating ecological assessments into software development processes.
Continuous Improvement Processes:

The application of such systems ensures that the requirements incorporated into the
software support sustainability strategies, aligning with emerging trends and technologies.
Authors such as [20] and [21] advocate for the use of agile methodologies, which facilitate
iterative development, enabling organizations to adapt to evolving environmental standards.
Financial Incentives for Sustainable Requirements Adoption:

Therefore, offering financial incentives encourages organizations to prioritize
sustainable software requirements. The authors [22] conclude that adoption is more likely when
incentive programs lower initial costs and provide long-term environmental benefits.
Lifecycle Environmental Impacts:

In addition to waste disposal and recycling, assessing the life cycle environmental impact
offers a comprehensive approach to evaluation. Research by [23] and [6] introduces methods
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known as life cycle analysis, which evaluates the environmental impact associated with the
various phases of product manufacturing and disposal.
Regulatory Compliance and Energy Efficiency Metrics:

Legal compliance, including adherence to environmental legislation and efficiency
standards such as Energy Star ratings, serves as a tool for demonstrating compliance with
regulations and comparing organizational sustainability performance. Research by [24] and [25]
provides key insights into energy regulation and metrics for assessing software energy efficiency.
Materials and Methods:

A questionnaire-based survey was conducted to identify various sustainability practices
integrated into the software requirement engineering process. The questionnaire was developed
using Google Forms and consisted of two sections. The first section collected demographic
information from respondents, including their names, company names, company locations,
company sizes, job roles, and major services provided by their companies. The second section
contained 20 questions regarding the incorporation of sustainability practices in the software
requirement engineering process. Topics included considerations for environmental impact,
stakeholder inclusion, the use of energy-efficient algorithms, audits and reviews for
sustainability, training programs to educate employees, financial incentives for sustainability
performance, compliance with regulatory standards, and performance metrics for efficient
energy utilization. Participants rated their opinions on a 5-point Likert scale (1 = Strongly
Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree) regarding the importance
of integrating different sustainability practices into the software requirement engineering
process. Purposive sampling was employed to gather data specifically from individuals
associated with the software industry. A total of 108 responses were received, and further details
about the respondents are provided in the next section.

Introduction to
Sustainability in SRE

Literature Review

Research Design

Data Collection

Data Analysis

Discussion

Recommendation

Conclusion

Figure 1. Flow of Study for Integrating Sustainability into Software Requirement Engineering
(SRE)
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Results:

The data were collected from software firms operating in various regions of Pakistan.
Respondents came from a diverse array of backgrounds, including requirements engineers,
technical architects, software developers, quality assurance engineers, and project managers.
Details regarding the respondents' roles, along with the number of responses from each role,
are provided below:

Table 1. Respondent Designation

Designation No. of Responses
Requirement Engineer 6
Technical Architect 5
Software Developer 41
Quality Assurance Engineer 28
Project Manager 8
Others 20

The respondents were inquired about their relevant industry experience, which, as
illustrated in the table below, varies from 1 year to over 10 years. Additionally, participants were
asked to provide information about their companies and the types of services they offer. The
results indicate that company sizes, in terms of the number of employees, range from micro
(fewer than 10 employees) to large (more than 250 employees). Furthermore, the services
provided by these companies include web development, mobile application development, cloud-
based solutions, embedded system design, and API development.

Table 2. Respondent Experience

Experience No. of Responses
Less than 1 year 52
1 to 5 years 36
5 to 10 years 16
More than 10 years 4
Table 3. Company size
Company Size No. of Responses
Micro (<10 employees) 24
Small (10 to 50 employees) 23
Medium (50 to 250 employees) 26
Large (> 250 employees) 35
Table 4. Services provided by company
Web development

Mobile application development
Cloud application development
Embedded system development
API development
Section 2 of the questionnaire focused on gathering respondents' perspectives regarding
the integration of sustainability principles into the software requirement engineering process.
Participants were asked to rank various practices based on their importance for sustainability.
The top 10 practices recommended for incorporation into the software engineering process are
presented in the table below:
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Table 5. Sustainability practices in software requirement engineering process

Sustainability Practices Rank
Stakeholders should be actively involved in discussions regarding the 1
environmental benefits of proposed software requirements.
Energy-efficient algorithms and technologies should be prioritized when 2
designing software requirements.
Continuous improvement processes should be implemented to enhance the 3
sustainability aspects of software requirements over time
Financial incentives (e.g., cost savings from energy-efficient software) should 4
be provided to encourage the adoption of sustainable software requirements
There should be clear guidelines and standards in place for evaluating the 5
environmental impact of software requirements.
Software requirements should include criteria to minimize resource 6
consumption such as memory and processing power.
Regular audits and reviews should be conducted to assess how well software 7
requirements align with sustainability goals.
Training programs should be implemented to educate software engineers and 8
developers about integrating sustainability into their requirement engineering
practices.
Software requirements should prioritize the use of renewable energy sources 9

and minimize reliance on non-renewable resources.

Performance metrics related to energy efficiency and environmental impact 10
should be regularly monitored and reported for software requirements
Discussion:

The sustainability of software requirements engineering practices, which encompass the
elicitation, documentation, analysis, and management of software requirements, has gained
significant attention in recent years. This practice ensures that software development and the
resulting products enhance environmental sustainability, social welfare, and economic
development. Engaging stakeholders in discussions about environmental benefits makes
software development more responsive to the core principles of sustainability [26]. Identifying
features that minimize adverse environmental impacts while meeting stakeholders’ expectations
during the requirement’s engineering stage is more effective. Such an approach fosters trust
among stakeholders, increasing the likelihood of adopting and implementing sustainable
software solutions.

Energy consumption of algorithms and technologies is a critical factor that should be
prioritized to enhance the operational efficiency and environmental impact of software systems
[27]]28]. During the requirements engineering phase, energy efficiency must be prioritized, as
reducing environmental harm enables organizations to achieve better efficiency and lower costs.
It is essential to apply various strategic improvement initiatives to drive the progressive
development of requirements, thereby consistently enhancing the sustainability of software
solutions. By conducting cyclical assessments of environmental performance indicators,
organizations can effectively manage emerging threats, optimize resource usage, and
demonstrate corporate social responsibility aligned with standard sustainability goals.

The use of incentives encourages changes that align with socially responsible standards,
motivating organizations to adopt sustainable software requirements to qualify for these
incentives. Effectively presenting the economic benefits of utilizing energy-saving software
solutions, such as through cost-effectiveness and ROI, can help organizations justify sustainable
measures while improving efficiency and environmental management [29]. Standard procedures
guide the assessment of the environmental effects associated with creating sustainable software
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products. ISO standards systematically identify energy use, carbon emissions, and resource
consumption throughout the software's lifecycle, from conception and design to
implementation, testing, maintenance, and disposal. This structured approach simplifies
compliance with statutory regulations and guidelines, builds stakeholder trust, and facilitates
informed decision-making.

Incorporating criteria for resource conservation within the software requirements
supports sustainable software development and operation. By establishing well-defined
objectives for the efficient use of available resources, organizations can control implementation
costs, enhance equipment longevity, and mitigate environmental strain [30]. Consequently, the
implementation of sustainable software requirements should be periodically audited and
reviewed to assess its effectiveness and alignment with the organization's sustainability policies.
Evaluating environmental performance indicators and the organization’s adherence to
sustainability benchmarks enables the identification of improvement opportunities, risk
management, and resource usage optimization [31].

Implementing training programs equips software engineers and developers with the
necessary knowledge to incorporate sustainability into requirements engineering. By investing in
employee education, organizations cultivate a culture of innovation, teamwork, and lifelong
learning, leading to sustained returns in software development initiatives [32]. According to [33],
prioritizing renewable energy sources when establishing software development goals ensures
alignment between technological and environmental timelines. Incorporating renewable energy
specifications into software development and data center architecture reduces greenhouse gas
emissions, enhances energy security, and demonstrates corporate social responsibility through
the delivery of green technological solutions [33].

Regular assessment and communication of performance indicators related to energy
conservation and environmental impacts are essential for evaluating compliance with sustainable
software requirements. This enables clear visibility into achieved gains, identifies areas for
improvement, and facilitates reporting results to stakeholders through well-defined KPIs and
measurement methodologies [34].

Conclusion:

Incorporating sustainability principles into software requirement engineering represents
a significant advancement in addressing environmental, social, and economic issues within the
digital realm. By fostering engagement, emphasizing technologies that minimize energy
consumption, promoting continuous improvements, and prioritizing stakeholder involvement
alongside financial incentives, the sustainability aspects of software requirements can be
significantly enhanced. These practices encompass the clear specification of guidelines, resource
consumption criteria, periodic audits, and staff training, all of which bolster sustainability
initiatives throughout every stage of software development.

Additionally, focusing on renewable energy sources and continuously monitoring the
effectiveness of various parameters demonstrates a company's commitment to environmental
conservation and the promotion of sustainable technologies. As the reliance on software grows
within modern economies and societies, adhering to such practices not only ensures compliance
with relevant legislation and market standards but also signifies an organization's readiness to
operate responsibly and sustainably while producing high-quality software. Therefore, it is
essential to build on this knowledge and emphasize cross-disciplinary collaboration to extend
and mainstream sustainable software requirement engineering, ultimately contributing to shared
climate goals in our increasingly interconnected world.
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