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ABSTRACT 

This study systematically investigates the core dilemmas and resolution paths for software project management 

under sustainability constraints. Drawing on a comprehensive systematic literature review of recent peer-

reviewed articles, international standards, and authoritative industry and policy reports, this research identifies 

and analyzes the lifecycle-wide challenges faced by software projects in integrating sustainability. The findings 

reveal a series of critical dilemmas, including the initial conflict between sustainability and business goals, the 

gap in standardized sustainability metrics, the dual constraints of technology and team capabilities during 

development, stakeholder coordination and acceptance issues at delivery, the trade-off between low-carbon 

operations and service quality, and the lack of effective evaluation and experience capitalization at project 

closure. In response to these dilemmas, this paper proposes a multi-dimensional, scenario-adaptive solution 

system, offering specific, actionable paths for different stages of the project lifecycle. Furthermore, it constructs 

a three-dimensional adaptation framework that considers enterprise scale—encompassing large, medium, and 

start-up organizations—and project management models such as Agile and Waterfall, providing targeted 

guidance for global software project managers and organizations. This research enriches the theoretical 

framework for sustainable software engineering and offers a practical roadmap for the industry to navigate the 

complexities of integrating sustainability into software project management, ultimately contributing to the 

broader goals of digital and global sustainability. 

Keywords: Sustainable Software Engineering, Software Project Management, Sustainability Constraints, 

Dilemma Analysis, Solution Path 

INTRODUCTION 

The global imperative for sustainable development, epitomized by the United Nations’ Sustainable Development 

Goals, has catalyzed a paradigm shift across virtually every economic sector (United Nations, 2015). The 

Information and Communication Technology (ICT) sector, and by extension the software industry, occupies a 

pivotal yet paradoxical role in this transition. Software and digital services act as powerful enablers of 

sustainability through innovation and efficiency gains, while simultaneously being significant consumers of 

energy and physical resources (International Telecommunication Union, 2022; Verdecchia et al., 2023). The 

global data center industry alone accounts for approximately 1% to 2% of worldwide electricity consumption, a 

figure projected to rise substantially as demand for cloud services and artificial intelligence intensifies 

(International Energy Agency [IEA], 2024). Consequently, the software industry faces mounting pressure from 

regulators, investors, and clients to align its development practices with sustainability principles. 

This pressure entails a fundamental evolution in how software projects are conceived, planned, and executed. 

For decades, software project management has been governed by the so-called “iron triangle” of time, cost, and 

scope, a framework that is increasingly recognized as insufficient for navigating contemporary complexities 

(Project Management Institute [PMI], 2025a; Silvius et al., 2017). Moving beyond this triumvirate requires 
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integrating Environmental, Social, and Governance (ESG) criteria as a cornerstone of project success, 

transforming sustainability from a peripheral compliance concern into a strategic driver of value creation (Soares 

et al., 2024). The emergence of frameworks such as the Green Software Foundation’s [GSF] Software Carbon 

Intensity specification and the growing adoption of ISO 14001 environmental management standards reflect the 

industry’s gradual recognition of this imperative (GSF, 2024a; International Organization for Standardization 

[ISO], 2015). 

However, the practical integration of sustainability into software project management remains fraught with 

multifaceted challenges. Project teams often find themselves navigating a landscape of conflicting priorities, 

where immediate budgetary pressures and aggressive delivery timelines overshadow longer-term sustainability 

objectives (Condori-Fernandez & Lago, 2018; Mehra et al., 2022). This situation is compounded by a notable 

absence of standardized frameworks and metrics specifically designed to guide the implementation and 

measurement of sustainability within the software project context (Calero & Piattini, 2017). While research has 

addressed sustainable software engineering and project management as independent domains, a significant gap 

persists in understanding the specific dilemmas that emerge at their confluence. These challenges are far from 

uniform, as they vary considerably with organizational scale and the project management methodology 

employed (Khalifeh et al., 2023; König et al., 2025). 

This paper aims to bridge this critical gap by systematically identifying and analyzing the core dilemmas 

encountered throughout the software project lifecycle when operating under sustainability constraints. Drawing 

upon a comprehensive review of recent academic literature, authoritative industry reports, and prevailing global 

standards, this research moves beyond a superficial enumeration of challenges to conduct a deep causal analysis. 

The study further proposes a system of actionable, scenario-adaptive solution paths designed to effectively 

address the identified dilemmas, tailored to the distinct needs of large tech enterprises, medium-sized companies, 

and start-ups, as well as to the dominant project management methodologies of Agile and Waterfall. This 

practical guidance is intended to empower project managers and organizations to more adeptly navigate the 

complexities of sustainable software project management. 

RESEARCH METHODOLOGY 

This study employs a systematic literature review as its core research method, systematically collecting, 

synthesizing, and analyzing existing literature and data from a diverse range of authoritative sources. The 

objective is to build a holistic understanding of the integration of sustainability into software project 

management, identify the principal dilemmas, and derive actionable resolution paths. This approach transcends 

a conventional literature review by performing in-depth analysis and interpretation of secondary data to generate 

novel insights and a coherent conceptual framework, which is particularly suited to exploring a complex, multi-

faceted topic in a global context (Snyder, 2019; Xiao & Watson, 2019). 

To ensure methodological transparency, replicability, and rigor, a structured protocol was established prior to 

the review, with explicit inclusion and exclusion criteria governing source selection. 

Inclusion Criteria: 

1. Peer-reviewed academic articles published between 2018 and 2026, focusing on sustainable software 

engineering or sustainable project management, to capture the latest research trends; 

2. Seminal theoretical works published before 2018 that form the foundational backbone of the field; 

3. Authoritative industry reports, white papers, and standard documents from globally recognized institutions 

and leading technology enterprises; 

4. Sources covering diverse organizational scales (large enterprises, SMEs, start-ups) and regional contexts (both 

developed and developing economies) to ensure global representativeness. 
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Exclusion Criteria: 

1. Non-English publications due to language constraints; 

2. Abstract-only submissions or grey literature lacking sufficient empirical or practical evidence; 

3. Studies unrelated to software project management or sustainability dimensions. 

The selection of data sources was carefully curated to ensure authoritativeness, relevance, and a strong 

representation of contemporary practices. While the research places a primary emphasis on English-language 

publications from 2023 to 2026 to capture the most recent industry trends and research advances, the literature 

search was not strictly limited to this narrow window. In line with the inclusion criteria, we also incorporated 

peer-reviewed articles from the 2018–2022 period to ensure a comprehensive coverage of the field’s recent 

evolution, as well as seminal theoretical works published before 2018 that form the foundational backbone of 

the field. Academic literature was retrieved from core digital libraries, including the ACM Digital Library, IEEE 

Xplore, and Scopus, using search keywords such as “Sustainable Software Engineering,” “Green IT,” “Software 

Project Management,” “Sustainability Constraints,” and “ESG in technology.” The selection was restricted to 

peer-reviewed journal articles and high-impact international conference papers. 

Industry reports and standards were sourced from leading international institutions, including the IEEE, the 

Project Management Institute (PMI), and various technology industry outlooks. To ground the analysis in real-

world practices, sustainability reports and white papers were reviewed from global technology leaders such as 

Amazon Web Services (AWS), Microsoft, and Google. Furthermore, policy and standard documents were 

incorporated from key international bodies, including the United Nations Conference on Trade and Development 

(UNCTAD), the International Organization for Standardization (ISO), the Organization for Economic Co-

operation and Development (OECD), and the Green Software Foundation (GSF). 

Data analysis proceeded through a rigorous, step-by-step structured approach: 

1. Concept Combing: Unifying definitions of core concepts such as “sustainability constraints” and “green 

software” across different sources to eliminate terminological ambiguity; 

2. Theory Integration: Synthesizing existing theoretical lenses including Sustainable Software Engineering, 

Stakeholder Theory, and the Resource-Based View to build the research's theoretical backbone; 

3. Practice Summarization: Analyzing global practical cases from both developed and developing economies to 

extract real-world challenges and solutions; 

4. Dilemma Extraction: Systematically identifying recurring core challenges across the project lifecycle; 

5. Causal Analysis: Exploring the root causes behind each identified dilemma, distinguishing between cognitive, 

institutional, and technological factors. 

To ensure reliability and validity, triangulation was used to cross-reference findings across academic, industry, 

and policy sources (Denzin, 2017). To facilitate systematic analysis, a structured data coding process was 

implemented, following established systematic review protocols (Kitchenham & Charters, 2007). Two 

independent researchers coded the included sources against a pre-defined coding framework, extracting key 

information including: (1) identified sustainability-related dilemmas in software projects; (2) proposed or 

implemented solutions; (3) contextual factors such as organizational scale, project methodology, and regional 

context. Inter-coder consistency was high, with discrepancies resolved through consensus discussion.  

LITERATURE REVIEW 

The conceptual landscape of sustainable software project management has grown considerably more nuanced. 

It is now understood as a lifecycle-wide approach that integrates the traditional project constraints of scope, time, 

and cost with the imperatives of environmental stewardship, social value, and transparent governance (Soares et 
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al., 2024). This holistic framing extends far beyond green coding practices to encompass the entire project 

ecosystem, aiming to produce software that is not merely efficient but also responsible (PMI & GPM Global, 

2024). The concept has been extended to include a fourth dimension of technical sustainability, acknowledging 

that software systems must remain maintainable, evolvable, and resilient to avoid creating technical debt that 

undermines long-term sustainability objectives (Andrikopoulos et al., 2022; Moreira et al., 2025). 

Sustainability constraints, as a distinct category, refer to the objective restrictions and subjective requirements 

imposed by a project's sustainability goals (Ebbesen & Hope, 2013). These constraints introduce new layers of 

complexity and create intricate trade-offs with traditional project objectives, a tension documented in empirical 

studies across multiple sectors (Kocabıyıkoğlu et al., 2025). 

Several theoretical traditions provide the analytical lens for this study. Sustainable Software Engineering (SSE) 

theory offers the technical underpinnings (Penzenstadler et al., 2014), with recent research converging on tools 

and techniques for creating greener software, such as sustainable architectures (Matthew et al., 2024) and AI-

driven optimization (Verdecchia et al., 2023). Software Project Management theory, particularly the evolution 

from Waterfall to Agile methodologies, provides the procedural context (Leong et al., 2023). Recent studies 

suggest hybrid models may be particularly effective for managing dynamic sustainability goals (Piwowar-Sulej 

& Iqbal, 2024). Stakeholder Theory is vital for understanding the social dimension of sustainability (Parmar et 

al., 2010), while the Resource-Based View (RBV) of the firm provides a strategic lens, suggesting that 

capabilities in sustainable project management can be a source of competitive advantage (Barney, 1991; 

Bhandari et al., 2022). More recently, the concept of planetary boundaries has been introduced, arguing that 

responsible software development must be cognizant of broader biophysical limits (König et al., 2025). 

Global practices in adopting sustainability vary significantly by organizational context. Large technology 

enterprises such as Microsoft and Google are typically at the vanguard, investing heavily in strategic initiatives 

(Google, 2025; Microsoft, 2025a). However, even for these leaders, translating high-level commitments into 

project-level practices remains inconsistent (Boston Consulting Group, 2022). Medium-sized enterprises tend to 

adopt a more fragmented approach, often lacking the resources for a comprehensive strategy (Organization for 

Economic Co-operation and Development [OECD], 2024a). Start-ups face the highest barriers, with practices 

frequently driven by external pressure rather than strategic intent. This stratification of sustainability maturity is 

a critical factor shaping the dilemmas explored in this paper. 

The choice of project management methodology also profoundly shapes sustainability integration. Agile 

methodologies, with their iterative cycles and adaptive planning, align well with the evolving nature of 

sustainability goals (Zakrzewska et al., 2022). The Waterfall model offers greater upfront rigor but lacks 

flexibility. Emerging research on “DevGreenOps” suggests that sustainability can be effectively embedded as a 

cross-cutting concern in continuous integration pipelines (Moyle, 2023). Despite a growing body of scholarship, 

a unified, systematic framework to analyze lifecycle-wide dilemmas and provide actionable, scenario-adaptive 

solutions remains a critical research gap this paper aims to address. 

Core Dilemmas and Deep-Seated Causes of Software Project Management under Sustainability Constraints 

The integration of sustainability introduces a series of interconnected dilemmas that permeate the entire project 

lifecycle. This section dissects six core dilemmas and investigates their root causes. 

Initiation Stage: The Sustainability–Business Goal Conflict 

A foundational dilemma emerges during project initiation from the perceived conflict between sustainability 

objectives and conventional business goals. Sustainability initiatives are frequently characterized by decision-

makers as activities that inflate initial costs and extend delivery timelines, clashing with near-term imperatives 

of profitability and market positioning (Soares et al., 2024). This characterization carries real organizational 

weight, as many CIOs are strategically reining in costs even as IT operations drive up carbon emissions 

(Computer Weekly, 2025).  
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This dilemma is particularly pronounced in emerging markets, where short-term survival often overrides long-

term strategic investments. A 2024 industry survey of Indian SMEs found that 42% of firms perceive the payback 

period of sustainability investments as too lengthy, while 78% cite cost reduction as the primary driver for 

adoption, highlighting the tension between long-term sustainability goals and short-term financial pressures 

(SIDBI & Dun & Bradstreet, 2024). For example, the Indian conglomerate Ashapura Group overcame this 

barrier by partnering with Datamatics to implement a cloud migration project, which delivered a 40% 

improvement in overall performance and ROI over a six-year period. This case exemplifies how overcoming 

short-term IT infrastructure constraints can unlock significant business performance gains in resource-

constrained contexts, enabling improved operational agility, reduced system downtime, and consolidated data 

environments that facilitate real-time decision-making (Datamatics, 2024). 

The root causes of this dilemma are multilayered. At the cognitive level, there is frequently an organizational 

failure to recognize and quantify the long-term financial value of sustainability investments, such as enhanced 

brand equity, improved customer loyalty, and reduced regulatory risk (Lyneis & Sterman, 2016; Hmaittane et 

al., 2022). At the institutional level, most project evaluation and portfolio management frameworks continue to 

prioritize short-term financial metrics and lack formal mechanisms for assessing sustainability-related value 

creation (Silvius et al., 2017). Resource constraints compound this issue, particularly for SMEs. 

Planning Stage: The Sustainability Standard Gap and Indicator Design Challenge 

In the planning stage, project teams encounter the dilemma arising from the absence of unified, industry-specific 

standards for sustainable software development. Without such standards, it is exceedingly difficult to formulate 

sustainability indicators that are simultaneously quantifiable, operationally tractable, and meaningfully aligned 

with project objectives (Calero & Piattini, 2017; Reis et al., 2025). The resulting metrics are often either too 

generic to guide project decisions or too idiosyncratic to be comparable across projects. The IEEE Standards 

Association (2025) has highlighted this gap. The GSF’s (2024a) SCI specification is a key effort to address this, 

but its adoption remains uneven and it primarily covers carbon metrics, not full ESG needs. Furthermore, most 

project managers lack formal training in sustainability metric design, and a lack of user-friendly design tools 

further hinders effective sustainability project management (Silvius & Schipper, 2014; Oyedeji et al., 2018). 

Development Stage: The Dual Constraint of Technology and Team Capability 

During development, a dual-constraint dilemma emerges at the intersection of technological immaturity and 

human capability gaps. The adoption of sustainable development practices is frequently impeded by the relative 

immaturity, performance overhead, or architectural incompatibility of available green tools with existing 

systems (Atadoga et al., 2024; Reis et al., 2025). Developers working with legacy systems face particular 

challenges, as retrofitting sustainability often requires substantial refactoring. At the same time, a significant 

skills gap persists within development teams. Formal training in sustainable software engineering remains rare 

in both academic programs and corporate initiatives, and the pace of tooling evolution means even motivated 

developers struggle to maintain currency (Verdecchia et al., 2023; Moreira et al., 2025). From an institutional 

perspective, this dilemma reflects a broader disconnection between academic curricula and industry needs, as 

well as a tendency to treat sustainability training as discretionary rather than essential (König et al., 2025). 

Delivery Stage: Insufficient Stakeholder Coordination and Absent Acceptance Standards 

At the delivery stage, projects frequently encounter the dilemma of misaligned stakeholder expectations and the 

absence of formal sustainability acceptance criteria. Key stakeholders often hold divergent expectations 

regarding sustainability performance, and without an effective early engagement mechanism, these differences 

surface only during acceptance testing, when the cost of addressing them is highest (Moreira et al., 2025). 

Deloitte (2023) has observed that the vast majority of software project acceptance processes currently lack any 

sustainability-related criteria, meaning sustainability performance carries no formal weight in determining 

project success.  

This gap is even wider in developing countries. In Nigeria, government data reveals that over half of public 

sector IT projects—56 percent—have failed to meet their intended objectives, with many projects lacking 
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dedicated design phases, user needs analysis, or integration plans with existing systems before implementation 

(NITDA, 2025). Similarly, a case study of a major IT services vendor in South Africa found that sustainability 

was rarely considered in project planning, with barriers including the absence of formal green IT policies, 

unclearly defined governance frameworks, and a lack of sustainability performance management in project 

delivery processes (Muranganwa & Naidoo, 2023).  

This institutional vacuum has cognitive roots as well. Many client organizations continue to define project value 

predominantly in terms of functional features, viewing sustainability as a desirable but non-essential 

enhancement (Soares et al., 2024). The absence of sustainability criteria from standard contract templates 

perpetuates this dynamic. 

Operation and Maintenance Stage: Low-Carbon Operations versus Service Quality 

In the operation and maintenance stage, a persistent trade-off emerges between minimizing energy consumption 

and maintaining service quality. Energy efficiency measures such as server consolidation and aggressive auto-

scaling can, if improperly calibrated, introduce latency or compromise system resilience under peak demand 

(Amazon Web Services [AWS], n.d.). This tension is particularly acute in high-concurrency environments where 

even marginal performance degradation carries significant commercial consequences (Wang et al., 2024). While 

green operational technology has advanced considerably, these solutions have not yet fully resolved the 

performance–efficiency trade-off. The absence of dual assessment systems that reward operations teams for both 

sustainability performance and service quality creates an institutional incentive structure that consistently favors 

performance over efficiency (Hanus et al., 2023). 

Closure Stage: Sustainability Evaluation and Experience Capitalization 

At project closure, the dilemma lies in the absence of effective mechanisms for evaluating sustainability impact 

and capturing lessons learned. Without quantifiable models for assessing sustainability outcomes, it is extremely 

difficult to determine if objectives were achieved, to calculate the return on sustainability investment, or to build 

the evidence base for future commitments (PMI, 2025b). This evaluation gap is compounded by a knowledge 

management failure; most organizations lack formal systems for capturing and disseminating sustainability-

related lessons, resulting in a “practice island” effect where valuable experiential knowledge is lost when teams 

disperse (Oyedeji et al., 2025). Without a cumulative body of documented practice, the field as a whole is 

impeded in its ability to develop evidence-based guidance (GSF, 2025a). 

A System Of Scenario-Adaptive Solution Paths 

To effectively address these dilemmas, a systematic and scenario-adaptive approach is essential. The paths 

proposed here are designed to be practical across different enterprise scales and project management 

methodologies. 

Initiation Stage: Reframing Sustainability as a Value Driver 

The central solution to the initiation-stage dilemma is to reframe sustainability from a cost center into a 

demonstrable value driver through structured business cases. Project managers should build robust, quantified 

arguments that capture the long-term financial benefits of sustainability, including enhanced brand equity, 

improved access to ESG-linked financing, and risk mitigation (Nasdaq, 2024; Ma et al., 2025). Operationally, 

this requires the formal incorporation of a “Sustainability Feasibility Analysis” into project initiation 

documentation and the adoption of industry-standard assessment tools like the PMI Sustainability Value 

framework (Weninger, 2012). For large enterprises, bespoke value models can be developed; for SMEs, 

accessible templates from open-source frameworks provide a practical starting point (GSF, 2025b). 

For organizations in developing countries, additional support mechanisms are critical. International development 

agencies and industry bodies can provide subsidized access to sustainability training and simplified business 

case templates, helping local SMEs overcome the information and resource barriers that prevent them from 

recognizing the long-term value of sustainability investments (Shukla & Gautam, 2025). 
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Planning Stage: Building a Standardized Yet Adaptive Sustainability Indicator System 

The solution here centers on developing a standardized, ESG-structured sustainability indicator system adapted 

to the software project context. Drawing on emerging standards like the GSF’s (2024a) SCI specification, such 

a system should provide indicators that are measurable, auditable, and meaningfully connected to sustainability 

outcomes. Environmental indicators might encompass energy consumption per feature and scope 3 emissions; 

social indicators could address digital inclusion and data privacy; and governance indicators might cover ethical 

AI practices (Microsoft, 2026; Socialsuite, 2025).  

To enhance practical usability, project teams can leverage ready-to-use tools such as the Green Software 

Foundation’s open-source SCI Calculator, which provides a standardized, no-cost template for measuring and 

tracking software carbon intensity. This tool requires minimal technical expertise, making it accessible even for 

small start-ups and teams in resource-constrained regions (GSF, 2024a). 

Agile projects can leverage sprints to progressively refine indicators, while Waterfall projects benefit from a 

comprehensive upfront indicator design integrated into requirements specification. 

Development Stage: Technology Empowerment and Capability Development 

Resolving the development stage’s dual constraints requires combining active technology empowerment with 

systematic capability development. The technology dimension involves establishing a curated sustainable 

technology library—a repository of vetted, low-overhead green tools, frameworks, and architectural patterns 

that teams can adopt with confidence, reducing experimentation costs (GSF, 2024b). The capability dimension 

requires investment in structured, blended learning programs to equip development teams with the skills needed 

for sustainable software engineering, drawing on resources from professional bodies (Microsoft, 2025b; GSF, 

2026). Embedding sustainability-oriented user stories and review checkpoints into Agile ceremonies offers a 

structural mechanism for capability development through practice. 

Delivery Stage: Stakeholder Coordination Mechanisms and Acceptance Standard Reform 

The delivery-stage dilemma requires establishing formal stakeholder coordination mechanisms and 

reconstructing project acceptance standards to include sustainability criteria. Convening all key stakeholders at 

the project’s outset to co-create a shared understanding of sustainability goals is a prerequisite for avoiding 

misalignment. The outputs of this process should be formalized in project contracts through a dedicated 

“Sustainability Acceptance” section, with weighted metrics that carry real contractual weight, providing the 

institutional legitimacy to sustain commitments under delivery pressure (FasterCapital, 2025). This can be 

implemented iteratively in Agile contexts or comprehensively upfront in Waterfall projects. 

Operation and Maintenance Stage: Dynamic Balancing Through Technology and Organizational Design 

Addressing the operation-stage trade-off requires a combination of advanced operational technology and 

organizational design innovation. On the technology side, adopting intelligent workload scheduling, AI-driven 

energy optimization, and real-time energy monitoring tools enables more sophisticated management of the 

performance–efficiency frontier (AWS, n.d.; Microsoft, 2025a). On the organizational side, redesigning 

operations team performance management frameworks to include dual KPIs covering both sustainability 

performance and service quality creates the institutional incentive structure needed to drive continuous 

improvement on both dimensions (Kaplan & Norton, 2005). 

Closure Stage: Quantitative Evaluation and Institutional Knowledge Capitalization 

The closure-stage dilemma demands a dual response combining rigorous quantitative sustainability impact 

evaluation with institutional mechanisms for knowledge capitalization. The evaluation dimension involves 

applying structured, quantifiable assessment methodologies—such as multi-criteria analysis or adapted balanced 

scorecards—to generate defensible scores of project sustainability performance (Sarker et al., 2021). The 

knowledge capitalization dimension requires establishing corporate knowledge management systems to capture, 

curate, and disseminate sustainability lessons learned, creating a “sustainability practice case library” that 
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prevents the dissipation of experiential knowledge (Caricola & Grimaldi, 2011). This dual path enables 

organizations to build the evidence base and institutional memory for continuous improvement (Nicoletti Junior 

et al., 2022). 

DISCUSSION 

A central insight from this research is that sustainability in software project management must be embedded as 

a strategic imperative throughout the project lifecycle. The identified dilemmas are not superficial; they are 

deeply rooted in prevailing cognitive frameworks and institutional structures that have historically governed 

project management. This finding reinforces the contemporary push to move beyond the “iron triangle” toward 

a more holistic, value-driven conception of project success (Atkinson, 1999; Silvius & Schipper, 2014). It also 

adds analytical depth to the arguments of SSE scholars who have called for an integrated approach to technical 

and organizational sustainability (Venters et al., 2018; König et al., 2025). 

The highly contingent nature of the challenges and solutions identified also carries important theoretical 

implications. This research demonstrates that the viability of different solution paths varies significantly with 

organizational scale and project methodology. This finding challenges the tendency in normative frameworks to 

prescribe universal solutions and affirms the value of scenario-adaptive approaches (Fernandes & Araújo, 2019). 

It also underscores the need for sustainability capability to be conceptualized, within an RBV framework, as a 

dynamic capability that must be continuously adapted to evolving technological and stakeholder landscapes 

(Teece et al., 1997). 

For software project managers, this study provides a structured roadmap for evolving into sustainability 

champions. For software enterprises, the imperative is a strategic, top-down commitment to sustainability 

embedded in corporate governance and performance management. For industry associations and standard-setting 

bodies, the research highlights a critical role in accelerating industry-specific sustainability standards (Venters 

et al., 2023). For policymakers, the findings suggest that incentive structures can catalyze the adoption of 

sustainable practices (Pirozzi et al., 2023). 

Notably, for policymakers in developing countries, targeted subsidies for green technology adoption and 

simplified ESG reporting requirements for SMEs can significantly lower the barrier to entry, helping local 

software firms integrate sustainability without overburdening their limited resources (Durrani et al., 2024). 

To illustrate the viability of these solutions in emerging market contexts, leading IT services firms in Bangalore, 

India, have demonstrated that large organizations in developing countries can successfully embed sustainability 

into project management. These firms have integrated SCI metrics into their project delivery processes, 

established a centralized library of green software patterns, and trained over 100,000 employees in sustainable 

development practices, achieving a 34% reduction in the carbon intensity of their software delivery operations 

between 2020 and 2025 (Shukla, & Gautam, 2025). 

It is important to note that the current study is a conceptual paper, with the primary goal of establishing the 

theoretical framework and identifying the core dilemmas and solution paths. Empirical validation, including 

large-scale surveys with software project managers, in-depth case studies, and quantitative analysis of variable 

relationships using Partial Least Squares Structural Equation Modeling (PLS-SEM), is reserved for subsequent 

research. This sequential research design allows the current work to lay the conceptual foundation, while the 

follow-up study will systematically test the validity and practical applicability of the proposed framework in 

real-world settings. 

Furthermore, the research landscape also tends to over-represent the experience of organizations in advanced 

economies; to address this gap, the current study has explicitly incorporated case studies and evidence from 

emerging markets including India, Nigeria, and South Africa highlighting the unique challenges and 

opportunities for software organizations in developing countries and enhancing the global relevance of the 

findings. Nevertheless, the distinctive challenges facing software organizations in low-income developing 

countries merit further dedicated investigation. Additionally, the rapid pace of technological change means that 

aspects of this analysis will require updating. 
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CONCLUSION 

This study has systematically investigated the core dilemmas and resolution paths in software project 

management under sustainability constraints. By tracing the specific dilemmas that arise at each stage of the 

project lifecycle and probing their deep-seated causal roots, this research has constructed a structured and 

nuanced understanding of the challenges facing the field. The six core dilemmas identified are not isolated 

phenomena but form an interconnected system of challenges that demand an equally systematic and integrated 

response. 

The scenario-adaptive solution path system proposed in this paper offers practical, evidence-grounded guidance 

for navigating these challenges, tailored to the heterogeneous landscape of enterprise scales and project 

management methodologies. The framework advocates for an integrated approach in which sustainability is 

embedded as a driver of long-term value and innovation throughout the project management process. The path 

toward a truly sustainable software industry is neither simple nor linear. It demands simultaneous progress on 

technological, organizational, institutional, and cultural fronts. This research aims to support that coalition by 

providing a more complete and practically oriented map of the terrain—one that acknowledges the genuine 

complexity of the challenges ahead while affirming the tractability of meaningful progress. 

Conflict of Interest 

The authors declare no conflicts of interest regarding the publication of this manuscript. 

REFERENCES 

1. Amazon Web Services. (n.d.). Sustainability in the cloud. https://aws.amazon.com/sustainability/ 

2. Andrikopoulos, V., Boza, R.-D., Perales, C., & Lago, P. (2022). Sustainability in software architecture: 

A systematic mapping study. In 2022 48th Euromicro Conference on Software Engineering and 

Advanced Applications (SEAA) (pp. 426–433). IEEE. https://doi.org/10.1109/SEAA56994.2022.00073 

3. Atadoga, A., Umoga, U. J., Lottu, O. A., & Sodiy, E. O. (2024). Tools, techniques, and trends in 

sustainable software engineering: A critical review of current practices and future directions. World 

Journal of Advanced Engineering Technology and Sciences, 11(1), 231–239. 

https://doi.org/10.30574/wjaets.2024.11.1.0051 

4. Atkinson, R. (1999). Project management: Cost, time and quality, two best guesses and a phenomenon, 

its time to accept other success criteria. International Journal of Project Management, 17(6), 337–342. 

https://doi.org/10.1016/s0263-7863(98)00069-6 

5. Barney, J. (1991). Firm resources and sustained competitive advantage. Journal of Management, 17(1), 

99–120. https://doi.org/10.1177/014920639101700108 

6. Bhandari, K. R., Ranta, M., & Salo, J. (2022). The resource-based view, stakeholder capitalism, ESG, 

and sustainable competitive advantage. Business Strategy and the Environment, 31(4), 1525–1537. 

https://doi.org/10.1002/bse.2967 

7. Boston Consulting Group. (2022, April 11). Six pitfalls to avoid when mobilizing for sustainability. 

https://www.bcg.com/publications/2022/six-pitfalls-to-avoid-when-mobilizing-for-sustainability 

8. Calero, C., & Piattini, M. (2017). Puzzling out software sustainability. Sustainable Computing: 

Informatics and Systems, 16, 117–124. https://doi.org/10.1016/j.suscom.2017.10.011 

9. Caricola, R., & Grimaldi, M. (2011). Knowledge and human capital management tools: a case study. 

International Journal of Services Sciences, 4(1), 100–115. https://doi.org/10.1504/ijssci.2011.038462 

10. Computer Weekly. (2025, November 11). Simplify IT, save money and carbon: The rise of the minimalist 

CIO. https://www.computerweekly.com/opinion/Simplify-IT-save-money-and-carbon-The-rise-of-the-

minimalist-CIO 

11. Condori-Fernandez, N., & Lago, P. (2018). Characterizing the contribution of quality requirements to 

software sustainability. Journal of Systems and Software, 137, 289–305. 

https://doi.org/10.1016/j.jss.2017.12.005 

12. Datamatics. (2024). Ashapura: Boosting ROI by 40% with Datamatics Cloud Migration. 

https://www.datamatics.com/resources/case-studies/ashapura-gets-its-overall-roi-improved-by-40-after-

moving-to-cloud 

http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue III March 2026 
 

Page 4760 

www.rsisinternational.org 

 
  

 

 

13. Deloitte. (2023). Sustainable requirements: Is your software eco-friendly? 

https://www.deloitte.com/content/dam/assets-zone2/uk/en/docs/services/consulting/2023/deloitte-uk-

sustainable-requirements-engineering-whitepaper.pdf 

14. Denzin, N. K. (2017). The research act: A theoretical introduction to sociological methods (4th ed.). 

Routledge. 

15. Durrani, N., Raziq, A., Mahmood, T., & Khan, M. R. (2024). Barriers to adaptation of environmental 

sustainability in SMEs: A qualitative study. PLoS ONE, 19(5), e0298580. 

https://doi.org/10.1371/journal.pone.0298580  

16. Ebbesen, J. B., & Hope, A. J. (2013). Re-imagining the Iron Triangle: Embedding sustainability into 

project constraints. PM World Journal, 2(3), 1–13. 

17. FasterCapital. (2025, December 22). Contract negotiation for sustainability. 

https://fastercapital.com/services/Contract-Negotiation-for-Sustainability.html 

18. Fernandes, G., & Araújo, M. (2019). Improving and embedding project management practice: Generic 

or context dependent? International Journal of Information Systems and Project Management, 7(1), 47–

66. https://doi.org/10.12821/ijispm070103 

19. Google. (2025). Google 2025 environmental report. https://sustainability.google/google-2025-

environmental-report/ 

20. Green Software Foundation. (2024a). Software Carbon Intensity (SCI) specification (Version 1.1.0). 

https://github.com/Green-Software-Foundation/sci/blob/main/SPEC.md 

21. Green Software Foundation. (2024b). Green software patterns. https://github.com/Green-Software-

Foundation/patterns/ 

22. Green Software Foundation. (2025a). Green software engineering principles and patterns. 

https://principles.green/ 

23. Green Software Foundation. (2025b). Sustainable Organisational Framework for Technology (SOFT). 

https://greensoftware.foundation/articles/celebrating-the-ratification-of-sustainable-organizational-

framework-for-technolo/ 

24. Green Software Foundation. (2026, February 13). Green software practitioner course. 

https://learn.greensoftware.foundation/ 

25. Hanus, N., Newkirk, A., & Stratton, H. (2023). Organizational and psychological measures for data 

center energy efficiency: Barriers and mitigation strategies. Energy Efficiency, 16(1), 1. 

https://doi.org/10.1007/s12053-022-10078-1 

26. Hmaittane, A., Bouslah, K., M’Zali, B., & Ibariouen, I. (2022). Corporate sustainability and cost of equity 

capital: Do managerial abilities matter? Sustainability, 14(18), 11363. 

https://doi.org/10.3390/su141811363 

27. International Energy Agency. (2024). What the data centre and AI boom could mean for the energy 

sector. https://www.iea.org/commentaries/what-the-data-centre-and-ai-boom-could-mean-for-the-

energy-sector 

28. International Organization for Standardization. (2015). ISO 14001:2015—Environmental management 

systems: Requirements with guidance for use. https://www.iso.org/standard/60857.html 

29. International Telecommunication Union. (2022). ITU-T Recommendation L.1480: Enabling the net zero 

transition. https://www.itu.int/rec/T-REC-L.1480-202212-I/en 

30. IEEE Standards Association. (2025). Global standards for a sustainable digital future. 

https://itu.int/net4/wsis/forum/2025/es/Files/View/DOC/8d5295d61363f01188b8005056a84dbd/outco

medocument_session_350_ieee.pdf 

31. Kaplan, R. S., & Norton, D. P. (2005). The balanced scorecard: Measures that drive performance. 

Harvard Business Review, 83(7/8), 134–147. 

32. Khalifeh, A., Al-Adwan, A. S., Alrousan, M. K., Yaseen, H., Mathani, B., & Wahsheh, F. R. (2023). 

Exploring the nexus of sustainability and project success: A proposed framework for the software sector. 

Sustainability, 15(22), 15957. https://doi.org/10.3390/su152215957 

33. Kitchenham, B., & Charters, S. (2007). Guidelines for performing systematic literature reviews in 

software engineering (Technical Report EBSE 2007-001). Keele University and Durham University. 

34. Kocabıyıkoğlu, A., Göğüş, C. I., Duygulu, O., & Tüzün, K. B. (2025). Sustainability logic and goals in 

operations: An experimental study. Journal of Business Research, 201, 115736. 

https://doi.org/10.1016/j.jbusres.2025.115736 

http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue III March 2026 
 

Page 4761 

www.rsisinternational.org 

 
  

 

 

35. König, C., Lang, D. J., & Schaefer, I. (2025). Sustainable software engineering: Concepts, challenges, 

and vision. ACM Transactions on Software Engineering and Methodology, 34(5), 1–28. 

https://doi.org/10.1145/3709352 

36. Leong, J., May Yee, K., Baitsegi, O., Palanisamy, L., & Ramasamy, R. K. (2023). Hybrid project 

management between traditional software development lifecycle and agile based product development 

for future sustainability. Sustainability, 15(2), 1121. https://doi.org/10.3390/su15021121 

37. Lyneis, J., & Sterman, J. (2016). How to save a leaky ship: Capability traps and the failure of win-win 

investments in sustainability and social responsibility. Academy of Management Discoveries, 2(1), 7–

32. https://doi.org/10.5465/amd.2015.0006 

38. Ma, A. K. F., Chen, Y., & Chen, Y. (2025). Sustainability in the technology industry: board attributes, 

ESG and corporate financial performance in an emerging market. International Journal of Business 

Governance and Ethics, 19(2), 198–225. https://doi.org/10.1504/ijbge.2023.10059239 

39. Matthew, U. O., Asuni, O., & Fatai, L. O. (2024). Green software engineering development paradigm: 

An approach to a sustainable renewable energy future. In Advancing Software Engineering Through AI, 

Federated Learning, and Large Language Models (pp. 281–294). IGI Global. 

https://doi.org/10.4018/979-8-3693-3502-4.ch018 

40. Mehra, R., Sharma, V. S., Kaulgud, V., Podder, S., & Burden, A. P. (2022, May). Towards a green 

quotient for software projects. In Proceedings of the 44th International Conference on Software 

Engineering: Software Engineering in Practice (pp. 295–296). Association for Computing Machinery. 

41. Microsoft. (2025a). 2025 environmental sustainability report. https://cdn-dynmedia-

1.microsoft.com/is/content/microsoftcorp/microsoft/msc/documents/presentations/CSR/2025-

Microsoft-Environmental-Sustainability-Report.pdf 

42. Microsoft. (2025b, December 30). this.Just.in // What’s new in Green & Sustainable Software. 

https://developer.microsoft.com/en-us/reactor/events/14597/ 

43. Microsoft. (2026, February 16). ESG value chain solution. Microsoft Learn. 

https://learn.microsoft.com/en-us/industry/sustainability/sustainability-manager-esg-value-chain-

solution 

44. Moreira, A., Lago, P., Heldal, R., Betz, S., Brooks, I., Capilla, R., Coroamă, V. C., Duboc, L., Fernandes, 

J. P., Leifler, O., Nguyen, N.-T., Oyedeji, S., Penzenstadler, B., Peters, A.-K., Porras, J., & Venters, C. 

C. (2025). A roadmap for integrating sustainability into software engineering education. ACM 

Transactions on Software Engineering and Methodology, 34(5), Article 139. 

https://doi.org/10.1145/3708526 

45. Moyle, E. (2023). Advancing sustainability goals with DevOps. ISACA Journal, 3, 9–11. 

https://www.isaca.org/resources/isaca-journal/issues/2023/volume-3/advancing-sustainability-goals-

with-devops 

46. Muranganwa, I., & Naidoo, R. (2023). Assessing organisations’ readiness to adopt green information 

technology: the case of a south african information technology services vendor. South African Journal of 

Industrial Engineering, 34(2), 79-91. 10.7166/34-2-2881 

47. Nasdaq. (2024). 2024 executive report: The ROI of ESG & sustainability software. 

https://nd.nasdaq.com/rs/303-QKM-463/images/Nasdaq-2024-Executive-Report-The-ROI-of-ESG-

and-Sustainability-Software.pdf 

48. Nicoletti Junior, A., Oliveira, M. C. D., Helleno, A. L., Campos, L. M. D. S., & Alliprandini, D. H. 

(2022). The organization performance framework considering competitiveness and sustainability. 

Production Planning & Control, 33(13), 1215–1230. https://doi.org/10.1080/09537287.2020.1857873 

49. NITDA. (2025, May 29). On NITDA’s war against waste and weak systems. Vanguard News. 

https://www.vanguardngr.com/2025/05/on-nitdas-war-against-waste-and-weak-systems/ 

50. Organisation for Economic Co-operation and Development. (2024a). OECD digital economy outlook 

2024 (Volume 2). OECD iLibrary. https://doi.org/10.1787/3adf705b-en 

51. Oyedeji, S., Khan, M. A., Puhtila, P., Weerakoon, O., Mäkilä, T., Adisa, M. O., Naqvi, B., & Auvinen, 

S. (2025). Green coding: State of practice. In 2025 11th International Conference on ICT for 

Sustainability (ICT4S) (pp. 91–99). IEEE. https://doi.org/10.1109/ICT4S68164.2025.00018 

52. Oyedeji, S., Seffah, A., & Penzenstadler, B. (2018). A catalogue supporting software sustainability 

design. Sustainability, 10(7), 2296. https://doi.org/10.3390/su10072296 

http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue III March 2026 
 

Page 4762 

www.rsisinternational.org 

 
  

 

 

53. Parmar, B. L., Freeman, R. E., Harrison, J. S., Wicks, A. C., Purnell, L., & De Colle, S. (2010). 

Stakeholder theory: The state of the art. Academy of Management Annals, 4(1), 403–445. 

https://doi.org/10.5465/19416520.2010.495581 

54. Penzenstadler, B., Raturi, A., Richardson, D., Calero, C., Femmer, H., & Franch, X. (2014, May). 

Systematic mapping study on software engineering for sustainability (SE4S). In Proceedings of the 18th 

International Conference on Evaluation and Assessment in Software Engineering (pp. 1–14). Association 

for Computing Machinery. https://doi.org/10.1145/2601248.2601256 

55. Pirozzi, M., Quagliarini, A., Apponi, F., Brusciotti, F., Buzzi, C., Mendicino, A., Milani, C., & Raguso, 

D. (2023, June). Sustainable project management: A multidimensional value-based approach. PM World 

Journal, XII(VI). 

56. Piwowar-Sulej, K., & Iqbal, Q. (2024). The nexus of project management approaches in sustainable 

development. International Journal of Managing Projects in Business, 17(2), 338–359. 

https://doi.org/10.1108/ijmpb-09-2023-0219 

57. PMI & GPM Global. (2024). Sustainable project management: The PMI-GPM practice guide (3rd ed.). 

Project Management Institute. https://www.gpm.org/standards-and-publications/sustainable-project-

management-the-gpm-practice-guide 

58. Project Management Institute. (2025a). A guide to the project management body of knowledge 

(PMBOK® guide) (8th ed.). https://www.pmi.org/standards/pmbok 

59. Project Management Institute. (2025b). Your guide to sustainability in project management. 

https://www.pmi.org/blog/guide-to-sustainability-in-project-management 

60. Reis, T., Araújo, A., Gusmão, R., Farias, A., Silva, J., & Silva, A. (2025). Are we building sustainable 

software? Adoption, challenges, and early-stage strategies. In Proceedings of the 21st International 

Conference on Web Information Systems and Technologies - WEBIST (pp. 113–120). SciTePress. 

https://doi.org/10.5220/0013656100003985 

61. Sarker, M. R., Ali, S. M., Paul, S. K., & Munim, Z. H. (2021). Measuring sustainability performance 

using an integrated model. Measurement, 184, 109931. 

https://doi.org/10.1016/j.measurement.2021.109931 

62. Shukla, S., & Gautam, M. H. (2025). A Case Study on Green Software Development Practices in the 

Industries and Organizations in Bangalore Region. International Journal of Research and Innovation in 

Applied Science, 10(6), 1289-1306. 

63. SIDBI & Dun & Bradstreet. (2024). Lengthy timeframe and uncertain returns constrain sustainability 

adoption: SIDBI - D&B SPeX. PR Newswire. https://www.prnewswire.com/in/news-releases/lengthy-

timeframe-and-uncertain-returns-constrain-sustainability-adoption-sidbi--db-spex-302160440.html 

64. Silvius, A. G., Kampinga, M., Paniagua, S., & Mooi, H. (2017). Considering sustainability in project 

management decision making; An investigation using Q-methodology. International Journal of Project 

Management, 35(6), 1133–1150. https://doi.org/10.1016/j.ijproman.2017.01.011 

65. Silvius, A. G., & Schipper, R. P. (2014). Sustainability in project management competencies: Analyzing 

the competence gap of project managers. Journal of Human Resource and Sustainability Studies, 2(2), 

40–58. https://doi.org/10.4236/jhrss.2014.22005 

66. Snyder, H. (2019). Literature review as a research methodology: An overview and guidelines. Journal of 

Business Research, 104, 333–339. https://doi.org/10.1016/j.jbusres.2019.07.039 

67. Soares, I., Fernandes, G., & Santos, J. M. (2024). Sustainability in project management practices. 

Sustainability, 16(10), 4275. https://doi.org/10.3390/su16104275 

68. Socialsuite. (2025). Materiality software for technology companies. 

https://www.socialsuitehq.com/technology 

69. Teece, D. J., Pisano, G., & Shuen, A. (1997). Dynamic capabilities and strategic management. Strategic 

Management Journal, 18(7), 509–533. https://doi.org/10.1002/(sici)1097-0266(199708)18:7<509::aid-

smj882>3.0.co;2-z 

70. United Nations. (2015). The 17 goals. Department of Economic and Social Affairs. 

https://sdgs.un.org/goals 

71. Venters, C. C., Capilla, R., Betz, S., Penzenstadler, B., Crick, T., Crouch, S., Nakagawa, E. Y., Becker, 

C., & Carrillo, C. (2018). Software sustainability: Research and practice from a software architecture 

viewpoint. Journal of Systems and Software, 138, 174–188. https://doi.org/10.1016/j.jss.2017.12.026 

http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue III March 2026 
 

Page 4763 

www.rsisinternational.org 

 
  

 

 

72. Venters, C. C., Capilla, R., Nakagawa, E. Y., Betz, S., Penzenstadler, B., Crick, T., & Brooks, I. (2023). 

Sustainable software engineering: Reflections on advances in research and practice. Information and 

Software Technology, 164, 107316. https://doi.org/10.1016/j.infsof.2023.107316 

73. Verdecchia, R., Sallou, J., & Cruz, L. (2023). A systematic review of Green AI. Wiley Interdisciplinary 

Reviews: Data Mining and Knowledge Discovery, 13(4), e1507. https://doi.org/10.1002/widm.1507 

74. Wang, Q., Gu, X., & Pu, C. (2024, October). A study of response time instability of microservices at 

high resource utilization in the cloud. In 2024 IEEE 6th International Conference on Cognitive Machine 

Intelligence (CogMI) (pp. 111–116). IEEE. 

75. Weninger, C. (2012, July 15-18). Project initiation and sustainability principles [Paper presentation]. 

PMI® Research and Education Conference, Limerick, Munster, Ireland. Project Management Institute. 

76. Xiao, Y., & Watson, M. (2019). Guidance on conducting a systematic literature review. Journal of 

Planning Education and Research, 39(1), 93–112. https://doi.org/10.1177/0739456X17723971 

77. Zakrzewska, M., Piwowar‐Sulej, K., Jarosz, S., Sagan, A., & Sołtysik, M. (2022). The linkage between 

Agile project management and sustainable development: A theoretical and empirical view. Sustainable 

Development, 30(5), 855–869. https://doi.org/10.1002/sd.2285 

 

 

http://www.rsisinternational.org/

