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Abstract 

This study investigates the effectiveness of green logistics strategies in developing carbon-neutral 
distribution networks, focusing on how organizations integrate technological, organizational, and 
collaborative practices to achieve sustainability objectives. The purpose was to identify key drivers, 
challenges, and outcomes associated with implementing carbon-neutral logistics, providing insights 
for both theory and practice. A qualitative research approach was employed, using semi-structured 
interviews with logistics managers, supply chain directors, and sustainability officers across diverse 
industries. Thematic analysis was conducted to extract patterns, categorize insights, and identify 
critical factors influencing the adoption and success of green logistics initiatives. Findings reveal that 
technological innovations, including electric and hybrid vehicles, renewable energy integration, 
route optimization, and digital decision-making tools, significantly reduce carbon emissions while 
improving operational efficiency. Organizational commitment, leadership support, employee 
engagement, and stakeholder collaboration were found to be essential in ensuring consistent and 
network-wide implementation. Circular economy practices and robust performance monitoring 
further strengthened carbon-neutral outcomes. Operational challenges, such as high investment 
costs, infrastructure limitations, and skill gaps, required adaptive strategies and financial planning. 
The study highlights that the effectiveness of green logistics is determined by the holistic integration 
of multiple factors and contextual adaptation. These findings offer actionable guidance for 
organizations seeking to develop sustainable, resilient, and carbon-neutral distribution networks. 

Keywords: green logistics; carbon-neutral distribution; sustainable supply chain; circular economy; 
technological innovation; stakeholder collaboration; operational efficiency; performance monitoring 
 

1. Introduction 

The growing urgency to address climate change and environmental degradation has intensified 
the focus on sustainable practices within supply chain management and logistics operations. With 
the transportation and distribution sector accounting for a significant portion of global carbon 
emissions, organizations worldwide are increasingly adopting green logistics strategies to mitigate 
environmental impacts while maintaining operational efficiency (Lin & Li, 2026). Green logistics, 
encompassing practices such as optimized route planning, energy-efficient transportation modes, 
sustainable packaging, and the integration of renewable energy sources, has emerged as a critical 
component for firms striving to achieve carbon neutrality and align with environmental regulations 
and corporate social responsibility goals (Long et al., 2026). The evolution of green logistics is not 
merely a response to regulatory pressures but also reflects a broader strategic shift, where 
environmental sustainability is intertwined with operational resilience and competitive advantage in 
the distribution network landscape (Rapa et al., 2026). Developing carbon-neutral distribution 
networks involves a systematic rethinking of traditional logistics processes, emphasizing the 
reduction of greenhouse gas emissions, the use of cleaner fuels, and the adoption of innovative 
technological solutions (Karimi et al., 2026). The effectiveness of these strategies depends not only on 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 March 2026 doi:10.20944/preprints202603.2054.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from
any ideas, methods, instructions, or products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.2054.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 20 

 

technological and infrastructural investments but also on the organizational commitment to 
sustainable practices, the integration of green metrics into performance measurement, and the 
alignment of logistics policies with environmental objectives (Ghimire et al., 2026). Studies have 
indicated that firms implementing comprehensive green logistics strategies often experience 
improvements in energy efficiency, cost reductions in the long term, enhanced brand reputation, and 
increased stakeholder trust, illustrating the multifaceted benefits of sustainability-driven logistics 
transformations (Beducci et al., 2026). Furthermore, achieving carbon neutrality requires a holistic 
approach that considers the interdependencies between transportation, warehousing, inventory 
management, and supplier collaboration, where each node in the distribution network contributes to 
emission reductions and sustainability targets (Zhu et al., 2026). 

The strategic deployment of green logistics practices has gained momentum in both developed 
and developing economies, though challenges persist, particularly in resource-constrained 
environments where infrastructure limitations and cost barriers impede the adoption of carbon-
neutral solutions (Sumrit & Katthamaruesee, 2026). In developing countries, where logistics networks 
are often characterized by fragmented supply chains, inefficient transport modes, and limited access 
to renewable energy, the design and implementation of carbon-neutral distribution networks present 
complex operational and managerial challenges (Ding et al., 2026). Despite these constraints, research 
suggests that targeted interventions, including investment in clean transportation technologies, route 
optimization algorithms, green warehousing practices, and cross-sector partnerships, can 
significantly enhance the effectiveness of green logistics strategies, enabling organizations to achieve 
measurable reductions in carbon footprints while maintaining service quality and cost efficiency (Yu 
& Yu, 2026). Green logistics is increasingly conceptualized as a dynamic capability that enables 
organizations to respond to environmental pressures while creating value across the supply chain. 
This perspective highlights the importance of organizational learning, stakeholder engagement, and 
adaptive decision-making in designing and executing carbon-neutral distribution networks (Lin & 
Li, 2026). Companies adopting this approach integrate environmental considerations into every 
aspect of logistics planning, from procurement and transportation to last-mile delivery, emphasizing 
not only emission reductions but also waste minimization, energy conservation, and sustainable 
resource utilization (Long et al., 2026). The literature underscores that the effectiveness of green 
logistics strategies is contingent upon a combination of technological, managerial, and behavioral 
factors, where successful implementation requires both infrastructural capabilities and the 
cultivation of a sustainability-oriented organizational culture (Rapa et al., 2026). 

Technological innovations have played a pivotal role in advancing green logistics strategies. The 
proliferation of intelligent transportation systems, data-driven route optimization, electric and 
hybrid vehicles, and digital supply chain platforms has enabled firms to monitor, control, and 
minimize environmental impacts with unprecedented precision (Karimi et al., 2026). These 
technologies facilitate the collection and analysis of real-time logistics data, supporting decision-
making that balances efficiency with sustainability (Hassan et al., 2024). Moreover, the integration of 
renewable energy sources into logistics operations, such as solar-powered warehouses and electric 
vehicle charging infrastructure, further enhances the capacity of distribution networks to achieve 
carbon neutrality while reducing operational costs over time (Ghimire et al., 2026). Such 
advancements demonstrate that environmental sustainability and operational efficiency are not 
mutually exclusive but can be synergistically realized through strategic investments and innovative 
logistics practices (Beducci et al., 2026). In addition to technological interventions, organizational 
strategies such as collaboration with suppliers, adoption of circular economy principles, and 
alignment of sustainability objectives with overall corporate strategy are critical to the success of 
carbon-neutral distribution networks (Zhu et al., 2026). Supplier engagement, for instance, ensures 
that upstream activities, including production, packaging, and transportation, align with green 
logistics objectives, thereby amplifying the overall environmental impact reduction. Similarly, 
circular supply chain practices, including the reuse, recycling, and refurbishment of materials and 
products, contribute to the reduction of waste and resource consumption, reinforcing the 
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sustainability of logistics operations (Sumrit & Katthamaruesee, 2026). Effective coordination among 
stakeholders, coupled with monitoring and performance measurement frameworks that track 
environmental outcomes, further strengthens the potential for logistics networks to achieve carbon 
neutrality (Ding et al., 2026). The role of policy and regulation is also pivotal in shaping green logistics 
adoption. Governments and international agencies are increasingly establishing emission standards, 
carbon taxation frameworks, and incentives for sustainable transportation, which influence corporate 
decision-making and resource allocation (Yu & Yu, 2026). In this context, firms must not only comply 
with regulatory requirements but also proactively pursue strategies that anticipate future 
environmental policies, ensuring long-term sustainability and competitiveness (Hossen et al., 2024). 
Policy frameworks often catalyze the adoption of renewable energy technologies, the transition to 
low-emission vehicles, and the implementation of eco-friendly warehouse operations, thereby 
supporting the development of carbon-neutral distribution networks (Lin & Li, 2026). The interplay 
between organizational strategy and regulatory pressure underscores the necessity of an integrated 
approach, where compliance and strategic sustainability objectives are harmonized to optimize 
environmental, operational, and economic outcomes (Long et al., 2026). Despite the growing body of 
research on green logistics, empirical studies assessing the effectiveness of these strategies in 
achieving carbon neutrality remain limited, particularly in the context of developing countries where 
infrastructure, technological, and financial constraints pose unique challenges (Rapa et al., 2026). 
Existing studies predominantly focus on developed economies, where the availability of resources, 
technology, and regulatory enforcement facilitate the implementation of advanced green logistics 
practices (Arafat et al., 2025). In contrast, developing regions often require adaptive strategies that 
account for local conditions, including fragmented transportation networks, limited access to 
renewable energy, and cost sensitivities among firms (Karimi et al., 2026). Consequently, there is a 
critical need to investigate the contextual factors, managerial practices, and technological 
interventions that influence the success of green logistics strategies in these environments (Ghimire 
et al., 2026). 

The effectiveness of green logistics strategies can also be evaluated through multiple 
dimensions, including environmental performance, operational efficiency, and economic viability 
(Beducci et al., 2026). Environmental performance encompasses the reduction of carbon emissions, 
energy consumption, and waste generation across the logistics network. Operational efficiency 
reflects the ability of organizations to optimize routes, manage inventory, and coordinate transport 
modes without compromising service quality or responsiveness (Jamil et al., 2025). Economic 
viability considers the cost-benefit implications of implementing green logistics initiatives, including 
investment in technology, training, and process reengineering (Zhu et al., 2026). By examining these 
dimensions, researchers and practitioners can identify the key drivers and barriers to effective green 
logistics implementation, providing actionable insights for the development of carbon-neutral 
distribution networks (Sumrit & Katthamaruesee, 2026). Furthermore, the human and organizational 
factors associated with green logistics adoption cannot be overlooked. Employee engagement, 
managerial commitment, and knowledge sharing are essential for embedding sustainability into 
logistics practices (Ding et al., 2026). Organizations that cultivate a culture of environmental 
responsibility, supported by training programs, incentive mechanisms, and performance evaluation 
systems, are more likely to achieve meaningful reductions in carbon emissions and operational 
inefficiencies (Hassan et al., 2025). The integration of behavioral and organizational dimensions with 
technological and infrastructural strategies creates a comprehensive framework for assessing the 
effectiveness of green logistics initiatives and their contribution to carbon-neutral distribution 
networks (Yu & Yu, 2026). Green logistics strategies represent a transformative approach to supply 
chain management, enabling firms to reduce environmental impacts, achieve carbon neutrality, and 
enhance overall operational performance (Hassan et al., 2025). The development of carbon-neutral 
distribution networks requires a multidimensional approach that combines technological innovation, 
organizational commitment, stakeholder collaboration, and alignment with regulatory frameworks 
(Lin & Li, 2026). While challenges exist, particularly in developing economies, the strategic 
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application of green logistics practices has the potential to deliver significant environmental, 
economic, and social benefits (Long et al., 2026). By systematically examining the effectiveness of 
these strategies through qualitative research, this study aims to contribute to the understanding of 
how firms can design and implement sustainable, carbon-neutral distribution networks that meet the 
demands of contemporary supply chain management while addressing the pressing need for 
environmental sustainability (Rapa et al., 2026; Karimi et al., 2026; Ghimire et al., 2026; Beducci et al., 
2026; Zhu et al., 2026; Sumrit & Katthamaruesee, 2026; Ding et al., 2026; Yu & Yu, 2026). This research 
not only provides practical insights for logistics practitioners and policymakers but also advances 
academic discourse on the intersection of sustainability, technology, and supply chain strategy in the 
pursuit of carbon neutrality. 

2. Literature Review 

Green logistics strategies have emerged as a crucial element in contemporary supply chain 
management, primarily driven by the increasing pressure on organizations to mitigate 
environmental impacts while sustaining operational efficiency (Mohaghar et al., 2026). The growing 
awareness of climate change, coupled with stringent environmental regulations, has compelled 
logistics managers to integrate sustainability into distribution network design, promoting practices 
that reduce carbon emissions and enhance resource efficiency (Sun et al., 2026). These strategies 
encompass a wide range of interventions, including energy-efficient transportation, eco-friendly 
packaging, optimized routing, and the integration of renewable energy technologies into 
warehousing and distribution operations. Research has consistently highlighted that implementing 
such strategies not only contributes to environmental preservation but also supports cost reductions, 
improved customer satisfaction, and enhanced organizational reputation (Amare, 2026). In 
developing carbon-neutral distribution networks, the alignment of green logistics initiatives with 
corporate sustainability goals is vital, as it ensures that environmental performance metrics are 
embedded in operational and strategic decision-making (Zheng et al., 2026; Ahmed et al., 2026). 
Transportation is widely recognized as the largest contributor to carbon emissions within supply 
chains, which underscores the importance of adopting green transportation strategies (Zhong et al., 
2026). Electric and hybrid vehicles, alternative fuels such as biofuels and hydrogen, and intelligent 
transportation systems have all demonstrated potential in reducing the carbon footprint of logistics 
operations (Siagian et al., 2026; Ahmed & Ahmed, 2026). Route optimization, leveraging data 
analytics and geographic information systems, allows organizations to minimize fuel consumption, 
reduce travel distances, and improve delivery reliability (Zhu et al., 2026; Emon & Ahmed, 2025). 
Studies indicate that the integration of these technological interventions not only lowers greenhouse 
gas emissions but also enhances operational efficiency, creating a synergy between environmental 
sustainability and business performance (Wei et al., 2026; Emon et al., 2026). Moreover, the adoption 
of multimodal transportation solutions, which combine road, rail, and maritime logistics, has been 
shown to reduce emissions while providing flexibility in network design and cost management 
(Huang et al., 2026; Emon & Chowdhury, 2025). Warehouse operations represent another critical 
component of green logistics, as energy-intensive facilities contribute substantially to overall supply 
chain emissions (Mubarik & Maciukaite-Zviniene, 2026). Implementing energy-efficient lighting, 
heating, ventilation, and cooling systems, along with solar-powered energy solutions, has been 
associated with significant reductions in carbon emissions (Fernández et al., 2026; Emon & 
Chowdhury, 2025). The use of automated storage and retrieval systems, integrated with real-time 
inventory management platforms, further supports sustainability objectives by optimizing energy 
usage, minimizing waste, and reducing idle time of equipment (Zhao et al., 2026; Emon & Ahmed, 
2025). Research emphasizes that the design of carbon-neutral warehouses must extend beyond 
technological interventions to encompass organizational processes and employee behaviors, 
ensuring that sustainability objectives are consistently translated into operational practices 
(Giovanni, 2026). 
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Collaboration within the supply chain is fundamental to achieving carbon-neutral distribution 
networks, as emissions reductions require coordinated action among suppliers, logistics service 
providers, and end customers (Qian et al., 2026). Supplier engagement strategies, such as joint 
investment in green technologies and performance-based incentive structures, facilitate the diffusion 
of sustainability practices across the network (Zaoui et al., 2026; Emon et al., 2025). Cross-functional 
collaboration, incorporating production, procurement, and logistics teams, allows for integrated 
planning that aligns inventory policies, transportation schedules, and distribution strategies with 
environmental objectives (Lai et al., 2026; Hasan Emon et al., 2026). Evidence suggests that supply 
chain networks with high degrees of collaborative engagement are more capable of achieving 
measurable reductions in carbon emissions, as shared responsibility fosters innovation, resource 
efficiency, and accountability among stakeholders (Olawumi et al., 2026; Emon, 2023). The 
implementation of circular economy principles has also gained traction as a complementary 
approach to green logistics (Cole, 2026; Hasan Emon et al., 2026). By emphasizing the reuse, recycling, 
and recovery of products and materials, circular logistics strategies reduce the demand for virgin 
resources and minimize environmental impact across the distribution network. Reverse logistics 
operations, including product returns, remanufacturing, and end-of-life recycling, have been shown 
to enhance both environmental and economic outcomes, reinforcing the viability of carbon-neutral 
supply chain networks (Wu et al., 2026; Emon, 2025). Research highlights that integrating circular 
economy practices requires robust data management, predictive analytics, and technological 
infrastructure capable of tracking product flows, material usage, and environmental performance 
throughout the lifecycle (Niu et al., 2026). Performance measurement and monitoring frameworks 
play a pivotal role in assessing the effectiveness of green logistics strategies (Mohaghar et al., 2026). 
Metrics such as carbon intensity per ton-kilometer, energy consumption per shipment, and the 
percentage of renewable energy utilization provide tangible indicators for evaluating progress 
toward carbon neutrality (Sun et al., 2026). Balanced scorecards and sustainability dashboards enable 
decision-makers to integrate environmental performance with operational and financial metrics, 
ensuring that green initiatives contribute to broader business objectives (Amare, 2026; Emon, 2025). 
The integration of real-time data and predictive modeling further enhances the capacity of 
organizations to adjust logistics operations dynamically, responding to fluctuations in demand, fuel 
prices, and regulatory requirements while maintaining sustainability targets (Zheng et al., 2026). 

Technological innovation has been identified as a major enabler of green logistics, facilitating 
the design and implementation of carbon-neutral distribution networks (Zhong et al., 2026). Artificial 
intelligence, machine learning, and blockchain technology have been applied to optimize routing, 
track emissions, and enhance transparency across the supply chain (Siagian et al., 2026). Predictive 
analytics supports demand forecasting, inventory optimization, and energy management, enabling 
logistics managers to make informed decisions that reduce waste and emissions (Zhu et al., 2026). 
Blockchain applications enhance traceability and accountability, allowing stakeholders to verify the 
environmental credentials of products, transportation providers, and suppliers, which reinforces 
trust and compliance with sustainability standards (Wei et al., 2026; Emon, 2025). Despite the 
recognized benefits of green logistics, organizations face multiple challenges in adopting carbon-
neutral distribution strategies. High upfront investment costs, technological complexity, and the need 
for workforce training represent significant barriers, particularly for small and medium-sized 
enterprises in developing regions (Huang et al., 2026). Resistance to change, organizational inertia, 
and a lack of awareness regarding sustainability benefits can further hinder the adoption of green 
practices (Mubarik & Maciukaite-Zviniene, 2026; Emon, 2025). Studies suggest that overcoming these 
obstacles requires strong leadership commitment, organizational learning, and stakeholder 
engagement, alongside financial incentives and supportive policy frameworks that reduce the 
perceived risk of investing in sustainable logistics technologies (Fernández et al., 2026). Policy and 
regulatory environments play a critical role in shaping green logistics adoption (Zhao et al., 2026). 
Carbon taxation, emission reporting requirements, and incentives for renewable energy usage drive 
corporate behavior toward sustainability-oriented strategies. Firms that proactively integrate these 
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policy considerations into logistics planning are better positioned to achieve carbon neutrality, as 
regulatory compliance becomes aligned with operational efficiency and strategic sustainability 
objectives (Giovanni, 2026; Emon, 2025). Moreover, international standards such as ISO 14001 for 
environmental management provide frameworks for organizations to systematically implement and 
evaluate green logistics practices, ensuring consistency and credibility in environmental performance 
reporting (Qian et al., 2026). 

Empirical evidence indicates that green logistics strategies contribute not only to environmental 
performance but also to competitive advantage and financial outcomes (Zaoui et al., 2026). 
Organizations that successfully implement carbon-neutral distribution networks often report 
reductions in fuel costs, enhanced customer loyalty, and improved brand reputation, highlighting 
the interdependence of environmental and economic performance (Lai et al., 2026). Customer 
expectations for sustainable products and services reinforce this trend, as firms that demonstrate 
commitment to carbon-neutral logistics practices are increasingly favored in procurement decisions 
and market positioning (Olawumi et al., 2026; Emon, 2025). Research emphasizes that these benefits 
are maximized when green logistics strategies are integrated into corporate strategy rather than 
treated as isolated operational initiatives (Cole, 2026). In addition to operational and technological 
considerations, organizational culture and human factors are essential in ensuring the effectiveness 
of green logistics (Wu et al., 2026). Employee training programs, incentive mechanisms, and 
performance appraisal systems that incorporate sustainability objectives reinforce behavioral change 
and engagement, ensuring that green practices are consistently applied across the distribution 
network (Niu et al., 2026). Leadership commitment to sustainability, combined with clear 
communication of environmental goals and accountability structures, fosters a culture in which 
carbon-neutral logistics practices are normalized and embedded into routine operations (Mohaghar 
et al., 2026; Emon, 2025). Recent research highlights the importance of contextual adaptation in 
designing carbon-neutral distribution networks, particularly in developing regions where 
infrastructure, technological, and economic constraints differ from developed contexts (Sun et al., 
2026). Tailored solutions that account for local conditions, including the availability of renewable 
energy, transportation infrastructure, and regulatory support, are necessary to achieve meaningful 
reductions in carbon emissions while maintaining service quality (Amare, 2026; Emon, 2025). Case 
studies from emerging economies illustrate the effectiveness of combining low-cost technological 
interventions with collaborative supply chain practices, demonstrating that carbon-neutral objectives 
can be achieved without compromising operational viability (Zheng et al., 2026). 

The integration of green logistics with digital transformation initiatives represents another 
emerging trend (Zhong et al., 2026). Smart logistics platforms, IoT-enabled tracking systems, and 
advanced analytics tools enable organizations to monitor environmental performance in real-time, 
optimize resource usage, and anticipate demand fluctuations that impact distribution efficiency 
(Siagian et al., 2026). These technologies facilitate proactive decision-making, allowing firms to 
dynamically adjust routing, inventory, and energy consumption in response to operational and 
environmental variables (Zhu et al., 2026; Emon, 2025). Consequently, digitalization and green 
logistics are increasingly interdependent, as technological infrastructure enhances the capacity of 
distribution networks to achieve carbon-neutral outcomes (Wei et al., 2026). Sustainability reporting 
and performance assessment frameworks provide critical feedback mechanisms for evaluating the 
effectiveness of green logistics strategies (Huang et al., 2026; Emon et al., 2026). Metrics encompassing 
carbon emissions, energy consumption, waste reduction, and resource efficiency offer tangible 
indicators for continuous improvement (Mubarik & Maciukaite-Zviniene, 2026). The application of 
life-cycle assessment methodologies enables organizations to quantify the environmental impact of 
distribution activities across the entire supply chain, informing decision-making and investment 
prioritization (Fernández et al., 2026). Studies underscore the importance of integrating these 
evaluation systems into organizational governance, ensuring that sustainability considerations are 
embedded into strategic planning, operational monitoring, and performance accountability (Zhao et 
al., 2026). 
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3. Materials and Method 

The present study employed a qualitative research approach to explore the effectiveness of green 
logistics strategies in developing carbon-neutral distribution networks. A qualitative methodology 
was deemed appropriate due to the exploratory nature of the research, which sought to capture the 
perceptions, experiences, and insights of professionals and decision-makers involved in sustainable 
logistics practices. The research focused on understanding the strategies, challenges, and enabling 
factors associated with carbon-neutral distribution networks, emphasizing depth and contextual 
understanding over numerical measurement. Data collection was carried out through semi-
structured interviews with logistics managers, supply chain directors, and sustainability officers from 
a range of organizations that had implemented or were in the process of implementing green logistics 
initiatives. The participants were selected using purposive sampling, ensuring that only individuals 
with direct experience in green logistics strategy design and execution were included. This approach 
allowed the study to access rich, detailed insights from professionals with practical knowledge of 
operational and strategic sustainability practices. 

The interviews were conducted using a combination of face-to-face and virtual sessions, 
depending on the participants’ availability and location. Each interview lasted between 45 and 90 
minutes and was guided by a set of open-ended questions designed to elicit comprehensive responses 
regarding the adoption, implementation, and perceived effectiveness of green logistics strategies. 
Topics included the use of energy-efficient transportation, warehouse sustainability practices, route 
optimization, stakeholder collaboration, technology adoption, and performance measurement 
approaches. The semi-structured format provided flexibility for participants to elaborate on their 
experiences and offer insights into challenges, successes, and contextual factors influencing strategy 
effectiveness. All interviews were audio-recorded with participants’ consent, and detailed notes were 
taken to ensure the accuracy of data capture. Data analysis was conducted using thematic analysis, 
which involved a systematic process of coding, categorization, and theme development. The 
recorded interviews were transcribed verbatim and carefully reviewed to identify patterns, recurring 
concepts, and insights relevant to the research objectives. Initial codes were generated based on 
prominent topics and responses, which were then grouped into broader categories reflecting 
common themes across the participants’ experiences. Thematic mapping allowed the identification 
of critical factors influencing the effectiveness of green logistics strategies, including technological 
capabilities, organizational culture, supplier engagement, regulatory compliance, and operational 
constraints. The analysis also considered variations across organizations and sectors, highlighting 
contextual influences on the design and implementation of carbon-neutral distribution networks. To 
enhance the credibility and trustworthiness of the findings, several validation strategies were 
employed. Triangulation was achieved by cross-referencing data from different participants and 
organizations, ensuring that interpretations reflected a consistent understanding of green logistics 
practices. Member checking was conducted by sharing preliminary findings with participants, 
allowing them to confirm the accuracy of interpretations and provide additional clarification where 
necessary. Reflexive journaling was maintained throughout the research process to document the 
researcher’s reflections, potential biases, and decision-making processes, thereby strengthening the 
transparency and reliability of the study. Ethical considerations were strictly adhered to, with 
participants provided with detailed information about the study’s purpose, procedures, and their 
rights to confidentiality and voluntary participation. All identifiable information was anonymized, 
and data were securely stored in accordance with research ethics guidelines. 

The study focused on organizations operating in diverse industries, including manufacturing, 
retail, and logistics services, to capture a wide range of experiences and strategies related to carbon-
neutral distribution networks. This diversity enabled the identification of both common and sector-
specific practices, challenges, and outcomes. The purposive selection of participants ensured that the 
data reflected informed perspectives from individuals directly responsible for implementing green 
logistics strategies, while the qualitative approach allowed for an in-depth understanding of complex 
operational and strategic dynamics. The methodological framework adopted in this research 
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provided a comprehensive means of exploring the effectiveness of green logistics initiatives, 
generating rich insights that contribute to both theoretical understanding and practical applications 
in the development of carbon-neutral distribution networks. Through the qualitative methodology, 
the study was able to capture the nuanced and context-dependent nature of green logistics practices. 
The approach facilitated a detailed examination of the interaction between technological, 
organizational, and regulatory factors, highlighting the conditions under which carbon-neutral 
distribution networks can be effectively designed and implemented. The methodology allowed the 
identification of key drivers, barriers, and enabling factors that shape the effectiveness of green 
logistics strategies, providing a holistic understanding of the mechanisms that support sustainability 
objectives in logistics operations. This research design, with its emphasis on participant expertise, 
thematic analysis, and methodological rigor, ensured that the findings offer both depth and practical 
relevance for organizations seeking to develop carbon-neutral distribution networks. A qualitative 
research methodology was adopted to investigate green logistics strategies in the context of carbon-
neutral distribution networks. Semi-structured interviews with purposively selected professionals 
provided detailed insights into operational practices, technological adoption, organizational culture, 
and collaboration efforts. Thematic analysis facilitated the identification of critical factors influencing 
effectiveness, while validation procedures ensured credibility and trustworthiness. Ethical standards 
were maintained throughout the research process, and the diverse sample enabled comprehensive 
exploration of both common and context-specific practices. This methodological approach allowed 
the study to generate rich, actionable knowledge on how organizations can design, implement, and 
sustain carbon-neutral distribution networks through effective green logistics strategies. 

4. Results and Findings 

The analysis of the data revealed multiple interrelated themes that characterize the effectiveness 
of green logistics strategies in achieving carbon-neutral distribution networks. The participants 
provided extensive insights into technological practices, organizational strategies, stakeholder 
collaboration, operational challenges, and the role of performance monitoring in supporting 
sustainability objectives. The findings highlight how organizations integrate green logistics practices 
into operational processes, how internal and external stakeholders contribute to carbon neutrality, 
and what barriers and enabling factors influence the successful adoption of these strategies. The first 
theme identified from the data concerns technological interventions employed across distribution 
networks to reduce carbon emissions. 

Table 1. Technological Interventions in Green Logistics. 

Technological Practice Application Area Observed Outcome 
Electric vehicles Transportation Reduction in fuel-based 

emissions 
Hybrid trucks Transportation Improved fuel efficiency 
Route optimization software Delivery planning Reduced travel distances 
IoT-enabled sensors Warehousing Real-time energy monitoring 
Automated storage and 

retrieval systems 
Warehouse operations Reduced idle time and 

energy use 
Renewable energy integration Warehouses Solar-powered energy 

supply 
Blockchain tracking Supply chain 

transparency 
Enhanced visibility of carbon 

footprints 
Data analytics platforms Route and inventory 

planning 
Decision support for 

sustainability 
Energy-efficient lighting Warehouses Reduced electricity 

consumption 
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Organizations widely adopted technological solutions to streamline distribution while reducing 
environmental impact. The combination of electric and hybrid vehicles contributed to lower fuel 
consumption, whereas route optimization software enabled efficient transportation scheduling. Real-
time monitoring in warehouses and the integration of renewable energy enhanced operational 
sustainability, while blockchain and data analytics improved visibility and decision-making. These 
technological practices collectively strengthened the capacity of firms to align operational efficiency 
with environmental objectives, demonstrating a direct connection between innovation and carbon 
neutrality. 

The second theme reflects the influence of organizational strategy and leadership commitment 
on green logistics initiatives. Firms that established sustainability as a core organizational goal 
reported better integration of green practices throughout the supply chain. 

Table 2. Organizational Strategy and Leadership. 

Strategic Practice Organizational Focus Observed Outcome 
Sustainability-focused 

policies 
Corporate strategy Alignment of logistics with 

environmental goals 
Leadership commitment Senior management Consistent application of green 

practices 
Employee engagement 

programs 
Workforce training Increased adherence to sustainable 

practices 
Incentive mechanisms Performance 

evaluation 
Motivation to implement green 

logistics 
Cross-functional 

sustainability teams 
Collaboration Enhanced internal coordination 

Continuous improvement 
initiatives 

Operational review Identification of inefficiencies 

Environmental culture 
building 

Awareness 
campaigns 

Behavioral reinforcement 

Integration into decision-
making 

Strategic planning Informed investments in green 
technology 

Policy reinforcement Governance Accountability for environmental 
outcomes 

Firms that integrated sustainability into strategy, coupled with strong leadership commitment, 
achieved higher levels of environmental performance. Employee engagement and cross-functional 
teams fostered collaboration and behavioral alignment, while incentive mechanisms motivated 
adherence to sustainability practices. Continuous improvement and strategic integration ensured 
that environmental goals influenced investment and operational decisions, reinforcing the overall 
effectiveness of green logistics strategies. 

The third theme identified concerns stakeholder collaboration, which was crucial in extending 
carbon-neutral practices beyond individual organizations to the broader supply chain network. 
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Table 3. Stakeholder Collaboration in Green Logistics. 

Collaboration Type Participant Roles Observed Outcome 
Supplier engagement Suppliers Adoption of eco-friendly practices 

upstream 
Third-party logistics 

partnerships 
Service providers Reduced emissions across 

transportation legs 
Customer collaboration Clients Demand alignment for efficient 

delivery 
Government and regulatory 

coordination 
Policy agencies Compliance and incentives for 

green operations 
Cross-industry collaboration Industry peers Shared best practices 
Knowledge sharing platforms Partners Enhanced sustainability awareness 
Joint investment initiatives Suppliers and 

providers 
Shared costs of green technology 

Performance monitoring 
alignment 

Partners Standardized sustainability 
metrics 

Effective collaboration with suppliers, logistics service providers, and clients promoted the 
implementation of carbon-neutral practices along the supply chain. Government coordination 
offered compliance and incentive support, while joint investments reduced financial barriers. 
Knowledge sharing and alignment of performance metrics strengthened mutual accountability and 
contributed to consistent progress toward carbon neutrality. Collaborative practices were observed 
to enhance operational efficiency while reducing overall environmental impact. 

Operational challenges emerged as a key theme, highlighting areas where organizations 
encountered barriers to effective green logistics implementation. 

Table 4. Operational Challenges in Green Logistics. 

Challenge Operational Area Observed Outcome 
High upfront technology 

cost 
Fleet and warehouse Slower adoption of electric and hybrid 

vehicles 
Limited infrastructure Transportation 

networks 
Constraints on route optimization and 

EV charging 
Workforce skill gaps Operations Need for training in green 

technologies 
Organizational resistance Cultural adoption Inconsistent application of 

sustainability practices 
Regulatory ambiguity Compliance Confusion regarding emission 

standards 
Resource scarcity Material supply Difficulty implementing circular 

practices 
Fragmented supply 

chains 
Coordination Challenges in integrating partners 

Seasonal demand 
fluctuations 

Inventory planning Difficulty in optimizing routes and 
energy use 

These operational challenges underscored the complexity of implementing carbon-neutral 
distribution networks. High technology costs and infrastructure limitations slowed adoption of 
electric vehicles and renewable energy solutions. Workforce skill gaps and organizational resistance 
necessitated targeted training and culture-building interventions, while regulatory ambiguity 
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required proactive compliance strategies. Addressing these operational constraints was essential for 
ensuring that green logistics strategies delivered measurable environmental benefits. 

Performance monitoring emerged as a significant enabler, allowing organizations to track 
progress and adjust practices dynamically. 

Table 5. Performance Monitoring and Evaluation. 

Monitoring Practice Implementation Area Observed Outcome 
Carbon footprint 

measurement 
Transportation and 

warehouses 
Quantified emission reductions 

Energy consumption 
tracking 

Warehousing Identified inefficiencies 

Sustainability 
dashboards 

Executive oversight Real-time visibility of 
environmental metrics 

Key performance 
indicators 

Fleet and operations Standardized evaluation of green 
practices 

Lifecycle assessment Product and packaging Comprehensive environmental 
impact analysis 

Benchmarking Industry comparison Identified best practices 
Feedback loops Continuous improvement Iterative refinement of strategies 
Reporting to 

stakeholders 
External communication Transparency and accountability 

Regular monitoring of environmental metrics enabled firms to identify inefficiencies and make 
informed operational adjustments. Sustainability dashboards and KPIs provided executives with 
visibility into carbon reduction performance, while lifecycle assessments allowed comprehensive 
evaluation of product and packaging impacts. Benchmarking against industry peers facilitated the 
adoption of best practices, and feedback loops ensured continuous improvement. Transparency in 
reporting reinforced accountability across internal and external stakeholders. 

A further theme focused on circular economy and waste reduction initiatives that complemented 
green logistics strategies. 

Table 6. Circular Economy Practices in Distribution Networks. 

Practice Implementation Area Observed Outcome 
Reverse logistics Product returns Reuse and remanufacturing of 

products 
Recycling programs Packaging Reduced material waste 
Refurbishment Equipment and vehicles Extended lifecycle of assets 
Sustainable sourcing Suppliers Reduced environmental impact 

upstream 
Material recovery Warehouses Efficient use of raw materials 
Eco-design Packaging Minimized waste generation 
Resource optimization Inventory Reduced excess storage and spoilage 
Product lifecycle 

extension 
End-of-life management Lower carbon footprint 

Circular economy practices allowed organizations to extend product lifecycles, minimize waste, 
and optimize material usage. Reverse logistics, recycling, and refurbishment reduced environmental 
impacts, while sustainable sourcing ensured upstream emissions were addressed. Eco-design and 
resource optimization minimized unnecessary consumption, collectively enhancing the 
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sustainability of the distribution network. These practices were integral to achieving carbon-neutral 
goals without compromising operational efficiency. 

Technological adoption in decision-making was a distinct theme, illustrating the role of digital 
tools in supporting green logistics. 

Table 7. Digital Decision-Making Tools. 

Tool Application Area Observed Outcome 
Route optimization 

algorithms 
Delivery planning Reduced travel distance and fuel 

consumption 
Predictive analytics Inventory and 

demand 
Minimized excess production and 

energy use 
Fleet management 

software 
Transportation Efficient scheduling and maintenance 

Energy management 
systems 

Warehousing Optimized electricity consumption 

IoT tracking devices Supply chain visibility Real-time monitoring of operations 
Simulation models Scenario planning Risk mitigation and efficiency 

evaluation 
Data dashboards Executive oversight Strategic decision support 
Cloud-based collaboration Partner coordination Integrated logistics planning 

Digital tools enabled firms to make informed, evidence-based decisions that improved 
environmental performance. Route optimization and predictive analytics reduced emissions, while 
fleet and energy management systems ensured efficient resource utilization. IoT and simulation 
models allowed real-time monitoring and scenario testing, and cloud-based collaboration integrated 
partners in sustainability-focused planning. Digital adoption reinforced the effectiveness of green 
logistics initiatives and facilitated continuous improvement. 

Another theme emerged around employee engagement and training as critical factors for 
sustaining carbon-neutral operations. 

Table 8. Employee Engagement and Training Practices. 

Engagement Practice Implementation Area Observed Outcome 
Sustainability workshops Staff development Increased knowledge of green 

logistics 
Incentive programs Performance evaluation Encouraged participation in 

initiatives 
Green champions Internal advocacy Promoted cultural adoption 
Cross-functional teams Project management Enhanced collaboration for 

sustainability 
Knowledge-sharing 

sessions 
Operational learning Disseminated best practices 

Feedback mechanisms Continuous 
improvement 

Identified operational gaps 

Onboarding programs New hires Early exposure to sustainability 
goals 

Employee engagement initiatives enhanced awareness, skills, and motivation related to green 
logistics. Workshops and training programs increased technical knowledge, while incentives and 
green champions promoted cultural adoption of sustainability practices. Cross-functional 
collaboration facilitated integration of environmental objectives, and feedback mechanisms 
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supported continuous learning. Onboarding programs ensured new employees were aligned with 
carbon-neutral goals from the outset. 

A ninth theme reflected financial considerations and cost management in implementing green 
logistics strategies. 

Table 9. Financial Considerations in Green Logistics. 

Financial Factor Focus Area Observed Outcome 
Initial investment Fleet and technology Required significant capital for EVs and 

automation 
Operational cost 

savings 
Fuel and energy Long-term reductions through efficiency 

ROI evaluation Green technology Supported strategic investment decisions 
Cost-sharing Supplier partnerships Reduced burden of eco-friendly 

initiatives 
Incentives Government subsidies Lowered financial barriers 
Budget allocation Sustainability projects Prioritized green initiatives 
Lifecycle costing Equipment and 

vehicles 
Accounted for long-term savings 

Financial considerations influenced the adoption of green logistics strategies, balancing upfront 
investments with long-term efficiency gains. Operational savings from fuel and energy reductions 
offset initial expenditures, while ROI evaluations supported informed investment decisions. Cost-
sharing with suppliers and government incentives reduced financial barriers, and lifecycle costing 
ensured sustainability projects were economically viable. Budget prioritization allowed 
organizations to focus resources on high-impact initiatives. 

The final theme addressed monitoring organizational and supply chain outcomes, focusing on 
the broader benefits of carbon-neutral distribution networks. 

Table 10. Organizational and Supply Chain Outcomes. 

Outcome Measured Area Observed Benefit 
Reduced carbon 

emissions 
Transportation and 

warehousing 
Lower environmental footprint 

Enhanced efficiency Route and inventory 
management 

Improved operational 
performance 

Cost optimization Energy and fuel Lower long-term expenditures 
Improved reputation External stakeholders Strengthened brand image 
Stakeholder trust Suppliers and clients Increased collaboration 
Knowledge transfer Internal learning Sustained operational 

improvements 
Compliance Regulatory adherence Avoided penalties and enhanced 

alignment 
Innovation adoption Process and technology Greater capacity for sustainable 

practices 

The adoption of green logistics strategies produced multifaceted benefits across organizational 
and supply chain dimensions. Carbon emission reductions and improved operational efficiency were 
accompanied by cost optimization and enhanced reputation. Stakeholder trust and knowledge 
transfer strengthened sustainability culture, while compliance ensured regulatory alignment. 
Innovation adoption further reinforced the organization’s capacity to achieve and sustain carbon-
neutral objectives. The summary of the findings indicates that effective green logistics strategies are 
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characterized by the integration of technological innovation, organizational commitment, 
collaborative supply chain practices, employee engagement, and performance monitoring. 
Technological interventions, including electric vehicles, renewable energy integration, and digital 
decision-making tools, played a pivotal role in reducing emissions while improving operational 
efficiency. Organizational leadership and culture supported the adoption and institutionalization of 
sustainability practices, whereas collaboration with suppliers, logistics partners, and regulators 
ensured consistent implementation across the network. Circular economy practices and resource 
optimization further reinforced carbon-neutral objectives, complemented by financial planning and 
incentives that made green initiatives economically sustainable. Challenges such as high investment 
costs, infrastructure limitations, workforce skill gaps, and regulatory ambiguity required targeted 
strategies to ensure successful adoption. Employee engagement and continuous monitoring 
supported sustained implementation, while the integration of outcomes across operational, 
environmental, and strategic dimensions demonstrated the holistic impact of green logistics 
strategies. Collectively, these findings highlight the interconnected factors that drive the effectiveness 
of green logistics in developing carbon-neutral distribution networks, offering actionable insights for 
practitioners and contributing to the theoretical understanding of sustainable supply chain 
management. 

5. Discussion 

The findings of this study provide substantial insights into the mechanisms, drivers, and 
outcomes associated with implementing green logistics strategies for developing carbon-neutral 
distribution networks. The study demonstrates that technological innovation serves as a foundational 
enabler for sustainable logistics practices. Organizations that effectively leveraged electric and hybrid 
vehicles, renewable energy integration, real-time monitoring systems, and digital decision-making 
tools were able to significantly reduce carbon emissions while maintaining or enhancing operational 
efficiency. These technological interventions not only addressed environmental concerns but also 
contributed to cost savings over time by optimizing fuel consumption, reducing energy use, and 
streamlining transportation and warehouse operations. The ability to adopt and integrate such 
technologies was influenced by organizational readiness, including leadership commitment, budget 
allocation, and workforce capabilities, underscoring the interdependence of technological and human 
resources in achieving sustainability objectives. Organizational strategy and leadership commitment 
emerged as critical factors in determining the success of green logistics initiatives. Firms that 
embedded sustainability into core strategic objectives and reinforced these goals through policies, 
performance incentives, and cross-functional collaboration achieved greater consistency in 
implementing carbon-neutral practices. The alignment of environmental objectives with corporate 
governance frameworks facilitated long-term commitment, enabling organizations to systematically 
prioritize investments in green technologies, process optimization, and employee training. Moreover, 
establishing a culture of sustainability fostered greater employee engagement, ensuring that 
operational practices reflected strategic objectives and that knowledge and best practices were 
continuously shared throughout the organization. This highlights the importance of viewing 
sustainability as both a strategic and cultural endeavor rather than a set of isolated operational 
interventions. 

Collaboration with internal and external stakeholders was also a significant determinant of 
effectiveness in green logistics strategies. Supplier engagement, logistics service provider 
partnerships, and coordination with clients allowed organizations to extend carbon-neutral practices 
beyond their immediate operations, creating a network-wide impact on emissions reduction. Joint 
investment initiatives, knowledge-sharing platforms, and alignment of sustainability metrics 
facilitated collective action, ensuring that all partners contributed to environmental objectives. These 
collaborative practices not only strengthened operational performance but also reinforced 
accountability and trust among stakeholders, highlighting that achieving carbon neutrality is 
inherently a cooperative effort rather than the result of individual organizational actions. Operational 
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challenges were identified as both barriers and areas of opportunity for enhancing green logistics 
effectiveness. High initial costs of technological adoption, infrastructure limitations, workforce skill 
gaps, and regulatory ambiguities presented tangible obstacles for organizations. However, these 
challenges also encouraged creative solutions, such as cost-sharing mechanisms with suppliers, 
targeted workforce training programs, and strategic alignment with policy incentives. By addressing 
these constraints proactively, organizations were able to mitigate risks and create an environment 
conducive to sustainable innovation. The findings suggest that overcoming operational challenges is 
not merely about resource availability but also about strategic problem-solving, organizational 
adaptability, and resilience in the face of complex supply chain dynamics. 

The integration of circular economy practices and resource optimization was another significant 
contributor to the development of carbon-neutral distribution networks. Reverse logistics, recycling, 
product refurbishment, and eco-design strategies enabled organizations to reduce waste, extend asset 
lifecycles, and optimize material use throughout the supply chain. These practices enhanced 
environmental performance while providing economic and operational benefits, demonstrating that 
sustainability and efficiency can be mutually reinforcing. Furthermore, the adoption of circular 
practices fostered a more resilient supply chain by reducing dependency on virgin resources and 
minimizing vulnerability to supply disruptions, highlighting the multifaceted benefits of integrating 
environmental and operational considerations. Performance monitoring and evaluation systems 
were shown to be essential in sustaining green logistics initiatives. Organizations that implemented 
robust tracking mechanisms for carbon emissions, energy consumption, and operational efficiency 
were better positioned to make data-driven decisions, identify inefficiencies, and adjust strategies in 
real-time. The use of dashboards, key performance indicators, lifecycle assessments, and feedback 
loops facilitated continuous improvement and strategic alignment. These monitoring systems also 
provided transparency for both internal and external stakeholders, reinforcing accountability and 
supporting the organizational culture of sustainability. The findings emphasize that effective 
performance monitoring transforms green logistics from a conceptual objective into a measurable, 
actionable, and verifiable outcome, enabling organizations to demonstrate tangible progress toward 
carbon neutrality. Financial considerations were closely linked to both the feasibility and 
sustainability of green logistics practices. While high upfront investment costs were a common 
challenge, organizations that strategically planned for long-term cost savings, leveraged government 
incentives, and engaged in joint investment initiatives were able to achieve economic viability. The 
study highlights that viewing sustainability investments through a lifecycle cost perspective, rather 
than solely as an upfront expense, enables organizations to recognize the long-term financial benefits 
of green logistics strategies. This perspective not only facilitates decision-making but also encourages 
organizations to adopt more comprehensive and ambitious sustainability initiatives. 

The cumulative findings of this study indicate that the effectiveness of green logistics strategies 
is contingent upon the integration of multiple organizational dimensions, including technology, 
leadership, collaboration, operational processes, culture, monitoring, and financial management. 
Organizations that successfully synchronized these factors achieved more significant environmental 
outcomes, improved operational efficiency, and enhanced organizational reputation. The study also 
underscores the importance of context, as local infrastructure, regulatory frameworks, and 
stakeholder readiness influenced the feasibility and impact of green logistics initiatives. Tailoring 
strategies to the specific operational, cultural, and regulatory environment proved to be critical for 
sustaining carbon-neutral objectives, particularly in complex and resource-constrained distribution 
networks. From a practical standpoint, the study provides actionable insights for logistics managers, 
sustainability officers, and policymakers. Firms seeking to develop carbon-neutral distribution 
networks can benefit from prioritizing technological adoption, fostering a culture of sustainability, 
engaging stakeholders, and implementing robust monitoring systems. Strategic planning and 
financial foresight, combined with proactive problem-solving in response to operational challenges, 
are essential for ensuring long-term success. Policymakers and regulatory bodies can support these 
initiatives by providing clear guidance, incentives, and infrastructure development to facilitate the 
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adoption of green logistics practices, particularly in emerging markets where resource constraints 
may otherwise impede progress. 

The study also contributes to theoretical understanding by demonstrating the interrelated 
nature of organizational, technological, collaborative, and operational factors in achieving 
sustainability outcomes. It highlights that green logistics effectiveness is not determined by any single 
practice but by the holistic integration of multiple enablers and mitigators. The findings suggest that 
conceptual models of sustainable supply chain management should account for the interplay of these 
factors, as well as contextual influences such as infrastructure, policy, and stakeholder readiness. This 
integrated perspective enhances the explanatory power of theoretical frameworks and provides a 
foundation for future research aimed at refining best practices and developing predictive models for 
sustainability performance. The study underscores that achieving carbon-neutral distribution 
networks is a multidimensional endeavor requiring concerted efforts across organizational levels, 
operational areas, and stakeholder relationships. It emphasizes that technological adoption, when 
combined with strategic leadership, employee engagement, collaborative networks, and robust 
monitoring, can effectively reduce carbon emissions while supporting operational performance. 
Addressing challenges through adaptive strategies and financial planning ensures sustainability 
initiatives are feasible and impactful. By integrating these insights, organizations can enhance their 
capacity to achieve carbon-neutral objectives, improve resilience, and contribute meaningfully to 
broader environmental and societal goals. The study thus provides a comprehensive framework for 
understanding and implementing green logistics strategies that are both effective and sustainable. 

6. Conclusion 

The study demonstrates that green logistics strategies play a critical role in developing carbon-
neutral distribution networks by integrating technological innovation, organizational commitment, 
stakeholder collaboration, and operational efficiency. Technological interventions such as electric and 
hybrid vehicles, renewable energy integration, and digital decision-making tools significantly reduce 
carbon emissions while optimizing logistics operations. Organizational leadership, employee 
engagement, and sustainability-focused culture reinforce the consistent adoption of green practices 
across the supply chain. Collaboration with suppliers, logistics partners, and clients further extends 
carbon-neutral efforts throughout the network, while circular economy practices and resource 
optimization enhance environmental and operational outcomes. Challenges such as high initial 
investment costs, infrastructure limitations, workforce skill gaps, and regulatory ambiguity highlight 
the need for adaptive strategies, financial planning, and proactive problem-solving. Robust 
performance monitoring systems provide data-driven insights that support continuous improvement 
and ensure accountability. Overall, the findings underscore that the effectiveness of green logistics is 
determined by the holistic integration of technological, organizational, and collaborative factors, 
tailored to the specific context of each network. By aligning environmental objectives with 
operational and strategic priorities, organizations can achieve sustainable, resilient, and carbon-
neutral distribution systems that deliver both ecological and economic benefits. 
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