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Abstract

Organizations are increasingly required to implement environmentally responsible
practices, including in the management of information systems. However, many
organizations lack standardized tools to measure their current Green IT implementation
maturity or plan structured improvements. This study aims to develop a maturity model,
design a reliable and valid measurement instrument, and construct improvement
roadmaps to guide organizations toward sustainable IT practices. Using a mixed-
methods approach combining literature review, expert interviews, and survey-based
data analysis, this research identifies five key dimensions of Green IT maturity:
governance, policies and procedures, ICT asset management, integration into business
processes, and pro-environmental culture. The resulting measurement demonstrates
high reliability and construct validity and enables classification of organizations into
maturity levels. Practical roadmaps are provided to help organizations advance from
lower to higher maturity stages. The findings contribute to a robust tool for regular
assessment and strategic planning of Green IT practices.

Keywords
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Introduction

Environmental degradation and climate change have increased pressure on
organizations to adopt sustainable practices, including in information technology (IT).
Green IT promotes environmentally responsible practices throughout the IT lifecycle,
from procurement and operation to disposal [1], [2]. Regulatory bodies, customers, and
investors increasingly expect organizations to integrate sustainability into IT
governance and operations [3].
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However, many organizations lack structured methods to assess their current Green IT
maturity and identify systematic improvement steps [4]. Without clear measurement
tools and maturity benchmarks, Green IT initiatives often remain fragmented and
difficult to evaluate.

Previous studies have explored Green IT from various perspectives, including
conceptual frameworks, best practices, energy-efficient computing, green data centers,
and policy development [5]-[8]. While these studies provide valuable insights, most
focus on specific aspects and do not offer an integrated and empirically validated
maturity model [9]. Moreover, limited research translates maturity assessment into
actionable improvement roadmaps that support organizational progression [10].

To address this gap, this study develops and validates a comprehensive Green IT
implementation maturity model applicable across industries and organizational
contexts. The model integrates five dimensions: governance; policies and procedures;
ICT asset management; integration into business processes; and pro-environmental
culture. A measurement instrument was developed using a Likert scale and empirically
tested through Exploratory and Confirmatory Factor Analysis.

This study is designed to achieve three primary objectives. First, it seeks to develop and
empirically validate a comprehensive Green IT maturity model that captures the
essential dimensions of sustainable IT implementation. Second, the study constructs a
reliable and statistically tested assessment instrument that enables organizations to
measure their current level of Green IT maturity. Third, it formulates structured
improvement roadmaps tailored to different maturity levels, providing systematic
guidance for organizational progression. By offering a validated diagnostic framework
combined with practical implementation guidance, this research supports organizations
in embedding sustainability principles into their IT strategies in a structured and
measurable manner.

In terms of academic contribution, this study advances Green IT research by proposing
an integrated and multi-dimensional maturity model that combines governance,
operational, and cultural aspects within a unified framework. The study further
strengthens its contribution through empirical validation of the measurement
instrument using factor analysis techniques. In addition, it introduces a maturity
classification system that enables benchmarking and performance comparison across
organizations. Finally, it provides structured and actionable improvement roadmaps,
ensuring that the proposed model functions not only as an assessment tool but also as
a strategic guide for implementation. Compared to prior conceptual or sector-specific
models, this study offers a validated and operationalized framework that supports
cross-industry application and strategic decision-making.
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Method

This research adopts a mixed-methods approach to develop, validate, and apply a Green
IT implementation maturity model, along with a measurement instrument and practical
improvement roadmap. The methodology was designed to ensure both theoretical
grounding and empirical rigor, involving multiple stages of qualitative and quantitative
data collection and analysis. The research process was conducted in a sequential
manner as follows, as shown in Figure 1.
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Figure 1. Flowchart of the Green IT Maturity Model Development Process

Systematic literature review

The first stage involved a systematic literature review to identify the key dimensions and
indicators of Green IT implementation from previous studies. Academic journal articles,
conference papers, and review articles focusing on Green IT, sustainability in
information systems, IT governance, and organizational maturity models were
analyzed. The review aimed to extract common themes and conceptual frameworks
that could inform the development of the initial model.

Expert interviews

Following the literature review, semi-structured interviews were conducted with
selected experts in the areas of Green IT, IT governance, and sustainability
management. This phase aimed to validate and refine the initial set of Green IT
dimensions and indicators identified from the literature. In addition, the interviews
provided practical insights into implementation challenges, organizational constraints,
and best practices in Green IT adoption.

A total of five experts participated in this stage. The participants were selected using
purposive sampling to ensure relevant expertise and experience. The selection criteria
included: (1) a minimum of five years of professional experience in IT governance or
sustainability management; (2) direct involvement in organizational policy development
or IT strategic planning; and (3) demonstrated knowledge or practical engagement in
Green IT or environmental management systems. This selection strategy strengthened
both the conceptual robustness and the practical relevance of the proposed maturity
dimensions.
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Questionnaire development

Based on the validated dimensions and indicators, a questionnaire was developed to
assess the maturity level of Green IT practices within organizations. The questionnaire
employed a 5-point Likert scale to measure the level of implementation, integration, and
policy existence for each indicator. Items were designed to be simple, clear, and
applicable across both public and private sector organizations.

Data collection

The finalized questionnaire was distributed to organizations across multiple sectors,
including government agencies, educational institutions, and private companies. The
survey targeted respondents who were directly involved in IT management or
sustainability initiatives, such as IT managers, sustainability officers, and organizational
decision-makers with comprehensive knowledge of IT operations.

Purposive sampling was employed to ensure that participants possessed relevant
experience and insight into Green IT implementation within their organizations. Data
were collected through both online and offline channels over a defined period to
maximize coverage and enhance response diversity. A total of 150 valid responses were
obtained and included in the analysis.

The sample size meets commonly accepted methodological standards for factor
analysis. Established guidelines recommend a minimum ratio of 5-10 respondents per
measurement item to achieve statistical adequacy and stable factor structures.
Considering the number of indicators developed in this study, the final sample exceeds
this threshold, thereby supporting the robustness and reliability of the Exploratory
Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) procedures.

Data analysis

Data analysis was conducted in two main phases to ensure the validity and reliability of
the proposed measurement instrument. First, Exploratory Factor Analysis (EFA) was
performed to identify the underlying factor structure of the questionnaire and to
examine whether the measurement indicators clustered into coherent dimensions as
initially hypothesized. This step aimed to explore the dimensionality of the construct
and refine the grouping of items based on empirical evidence.

Subsequently, Confirmatory Factor Analysis (CFA) was conducted to validate the
proposed factor structure and to assess the construct validity of the measurement
model. The CFA procedure included evaluation of overall model fit, examination of
factor loadings, and assessment of internal consistency using reliability indicators such
as Cronbach’s alpha.

Both analyses were performed using standard statistical software. Only items that met
acceptable thresholds for reliability and validity were retained in the final version of the
measurement instrument, ensuring the robustness and empirical soundness of the
model.
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Development of the improvement roadmap

Based on the maturity levels identified from the survey results, a structured
improvement roadmap was formulated. This roadmap provides step-by-step guidance
for organizations to progress from one maturity level to the next. The roadmap was
designed by synthesizing input from the expert interviews, literature findings, and real-
world organizational practices.

This structured and integrative methodology ensures that the resulting maturity model
and instrument are not only theoretically sound but also practical, applicable, and
capable of guiding organizations in the systematic implementation and improvement of
Green IT practices.

Results

This study produced three main outputs: a Green IT maturity model, a validated
measurement instrument, and structured improvement roadmaps. Each result aligns
chronologically with the stages outlined in the methodology section.

Green IT maturity dimensions identified
Based on literature review and expert validation, the study successfully identified five
key dimensions of Green IT maturity that represent the core components required for
organizational sustainability in IT operations:

1. Governance: Establishment of clear Green IT roles and structures.

2. Policies & procedures: Existence of formal regulations on energy saving and
procurement.

3. Green ICT asset management: Responsible lifecycle management of IT assets.

4. Integration into business processes: Embedding Green IT into operations and
planning.

5. Pro environmental culture & behavior: Employee awareness and behavior toward
sustainability.

Measurement instrument validation
A Likert-scale questionnaire was developed to measure the maturity of each dimension.
After distribution to multiple organizations, statistical analysis was conducted:

1. Exploratory Factor Analysis (EFA) showed that all items clustered into their intended
dimensions.

2. Confirmatory Factor Analysis (CFA) confirmed the structural validity of the model,
with goodness-of-fit indices within acceptable thresholds.

3. Reliability tests (e.g., Cronbach’s Alpha > 0.7) confirm internal consistency across all
dimensions.
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Maturity level classification

Using the instrument, organizations were classified into five maturity levels (Initial,
Developing, Defined, Managed, and Optimized). Each level reflected a progressive
integration of Green IT, from awareness to full strategic alignment.

Development of improvement roadmaps
Customized roadmaps were formulated to help organizations progress from one
maturity level to the next. For example:

1. From initial to developing: Establish governance and formalize Green IT policies.

2. From developing to defined: Integrate Green IT metrics into business planning.

3. From defined to optimized: Implement green innovations such as virtualization and
green cloud services.

These roadmaps provide practical, actionable steps for different organizational
contexts.

Discussion

The findings of this study confirm that a structured approach to Green IT
implementation is both measurable and actionable [11]. The five identified dimensions
are consistent with established theories in organizational change, sustainability
management, and IT governance. However, this study extends prior work by providing
an empirically validated measurement instrument and structured implementation
guidance [12], [13].

Compared to earlier studies that primarily offered conceptual models or focused on
isolated aspects such as energy efficiency or asset disposal, this research proposes a
more holistic and empirically supported framework [14]. While some existing
frameworks emphasize policy development, they often overlook behavioral dimensions
or lack validated assessment tools [15]. The inclusion of pro-environmental culture as a
core dimension represents an important advancement, underscoring the role of human
and organizational factors in achieving sustainable IT practices [16].

The classification of organizations into distinct maturity levels enables benchmarking
and systematic progress tracking features that are frequently absent in previous
approaches [17]. Furthermore, the development of structured improvement roadmaps
enhances the practical value of the model, ensuring that it serves not only as a
diagnostic tool but also as a prescriptive guide for organizational transformation [18].

The results also indicate that many organizations remain at early stages of Green IT
maturity. This condition may be influenced by limited sustainability awareness, weak
regulatory enforcement, resource constraints, or the absence of structured assessment
mechanisms [19]. By offering measurement clarity and strategic direction, the proposed
model helps decision-makers implement Green IT initiatives in a more systematic and
coordinated manner.
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Nevertheless, several limitations should be acknowledged. Although the sample
included organizations from multiple sectors, certain industries were more represented
than others, which may introduce sectoral bias. In addition, data were collected within
a limited geographic scope, potentially affecting the generalizability of the findings to
organizations operating under different regulatory, economic, or cultural
environments. Variations in environmental regulations, government incentives, and
sustainability culture across countries may influence the trajectory of Green IT maturity
development.

The practical application of the model may also encounter contextual challenges.
Organizations operating in environments with weak environmental governance may
lack sufficient regulatory pressure to formalize Green IT initiatives. Cultural differences
in leadership style, organizational hierarchy, and employee engagement can affect the
effectiveness of governance mechanisms. Moreover, industries heavily dependent on
legacy systems or with low digital readiness may face technical and financial barriers
whenimplementing advanced green innovations such as virtualization, cloud migration,
or carbon-aware IT operations.

Future research should therefore conduct cross-country validation, sector-specific
adaptation, and integration with established sustainability and IT governance standards
to enhance external validity and practical scalability [20].

In conclusion, this study offers a scientifically grounded and practically applicable
framework for the systematic implementation of Green IT. By bridging theoretical
constructs with actionable guidance, it contributes to the advancement of sustainable
information systems and supports organizations in achieving measurable and long-term
IT sustainability.

Conclusion

This study addresses the growing need for a structured and measurable approach to
Green IT implementation within organizational information systems. In line with the
research objectives, the study successfully develops a comprehensive Green IT maturity
model, a reliable measurement instrument, and practical improvement roadmaps that
support systematic and sustainable IT management [21].

The findings demonstrate that Green IT implementation can be meaningfully assessed
through five interrelated dimensions: governance, policies and procedures, ICT asset
management, integration into business processes, and pro-environmental culture and
behavior. The validated measurement instrument enables organizations to identify their
current maturity level and understand the key areas requiring improvement [22]. More
importantly, the proposed maturity levels and corresponding roadmaps translate
assessment outcomes into actionable strategies, bridging the gap between evaluation
and implementation.
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From a broader perspective, this research contributes to the field of information
systems and sustainability by providing an empirically grounded framework that
integrates technical, organizational, and behavioral aspects of Green IT[23]. Unlike prior
approaches that emphasize isolated practices or conceptual discussions, this work
advances current knowledge by offering a unified and applicable model that supports
continuous improvement and strategic decision-making [24].

Future research may extend this study by applying the model across different countries
and industrial sectors to enhance its generalizability. Further integration with
established sustainability and IT governance standards may also strengthen its practical
adoption and impact. Through these extensions, the proposed model can continue to
evolve as a valuable reference for advancing sustainable information systems practices

[25].
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