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Abstract 

Global retail and supply chain architecture have changed due to the explosive growth of e-commerce, which 

has made digital accessibility, speed, and convenience possible. However, environmental concerns have 

increased due to the expansion of online commerce, especially in logistics activities that involve packaging, 

warehousing, transportation, and reverse logistics. Sustainability is now a top concern for digital commerce 

ecosystems due to factors such rising carbon emissions, packaging waste, urban congestion, and energy-

intensive logistics facilities. In this regard, sustainable logistics and green e-commerce have become key 

strategies to reduce environmental effects while maintaining operational effectiveness and profitability. 

The main environmental, economic, and social concerns related to e-commerce logistics are examined in this 

article, along with the main implementation difficulties in the move to sustainable systems. The study creates 

a thorough conceptual framework connecting green practices, enabling technologies, implementation barriers 

and sustainability outcomes using a conceptual research design based on secondary data sources such as 

industry reports, academic literature, and sustainability disclosures. 

Keywords: Digital supply chain, Sustainable Development, reverse logistics, environmental sustainability, 

green e-commerce and sustainable logistics. 

Introduction: 

The rapid expansion of e-commerce over the past ten years has created serious environmental problems, 

especially in the logistics sector, which dramatically raises global carbon emissions. This study looks at green 

logistics strategies employed by online retailers and evaluates how well they strike a balance between 

sustainability and cost effectiveness. 

The rise of e-commerce, which has been fuelled by shifts in consumer behaviour, the adoption of mobile 

devices, and increased internet access, has significantly changed the global business landscape over the past 

ten years. This growth reflects both technological advancement and a shift in consumer behaviour, with 

consumers preferring online shopping over traditional retail methods. The growth of e-commerce is linked to 

significant environmental problems, particularly in logistics.  E-commerce logistics considerably raises carbon 

emissions due to increased shipment frequency, needless packing, and high product return rates. Hindrayani 
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(2019)(1). Approximately 25% of global The transportation sector is the source of greenhouse gases, with e-

commerce logistics playing a major part (Karpunina et al., 2021)(2). This highlights how urgently the e-

commerce sector needs to implement sustainable practices in order to lessen its environmental impact. Many 

businesses are implementing green logistics techniques in response to these issues in an effort to lessen their 

environmental effect without compromising productivity.  

These tactics include environmentally friendly packaging options, AI-based route optimization, and the use of 

electric vehicles for deliveries. According to research, these initiatives show promise, but it is unclear how 

well they will balance cost-effectiveness and environmental sustainability (Dong & Jia, 2022)(3). In order to 

achieve a more sustainable digital economy, e-commerce operations must incorporate sustainable practices. 

This is because doing so satisfies consumer demand for eco-friendly options as well as the urgent need to 

lower carbon emissions related to logistics (Şahin & Güler, 2022)(4).According to studies, adopting 

sustainable practices in e-commerce can result in notable improvements in environmental outcomes; however, 

this calls for an all-encompassing strategy that includes industry cooperation and policy support (Singh, 

2024)(5). 

The emphasis on sustainability will probably become a distinguishing feature of profitable business models 

in the digital economy as e-commerce develops further (Tang & Wang, 2020)(6).Many studies have addressed 

sustainability in e-commerce logistics, but few have explicitly examined how these strategies might be used 

without significantly raising operating costs. Additionally, implementing green logistics strategies in e-

commerce often faces a number of difficult obstacles. High starting costs, a conflict between the need to reduce 

carbon emissions and customer demands for speedy delivery, and unclear regulations controlling sustainability 

in supply chain norms are the main obstacles. 

 

 

 

 

 

 

 

Depleting natural resources is incompatible with sustainability, or taking steps to keep the planet's ecology in 

a state of long-term balance. Due to the expectation of same-day delivery, the fast expansion of online 

shopping has disrupted industrial transportation networks and the global supply chain. The goal of e-

commerce is to reduce the negative environmental effects of delivering goods to customers by using "green 

logistics." The term "sustainable transportation" describes modes of transportation that are low-cost, energy-

efficient, and emit few or no emissions. Sustainable e-commerce logistics are essential to achieving the goal 

of coordinating the growth of online shopping with environmental protection initiatives. 
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Businesses can lessen their environmental impact without sacrificing productivity or customer satisfaction by 

implementing green transportation, eco-friendly packaging, energy-efficient warehousing, efficient reverse 

logistics, and cooperative strategies. Sustainable logistics will become more crucial to effective supply chain 

management in the e-commerce industry as consumer awareness and regulatory pressures increase. 

The goal of this study is to identify the most efficient ways to use green logistics strategies in e-commerce 

while balancing sustainability and cost effectiveness. This study looks at various green logistics strategies 

employed by e-commerce companies and evaluates how well they reduce their adverse environmental effects. 

In the increasingly digital age, many companies are starting to integrate eco-friendly practices into their supply 

chains.  These activities may consist of the use of electric vehicles, bio-degradable packaging, and technology-

based delivery routing. That’s because it’s important to know how much these tactics actually reduce carbon 

emissions and operational waste. 

NEED AND SIGNIFICANCE OF STUDY 

1. Traditional transport and logistics emit a significant amount of greenhouse gases, which contribute to 

global warming. While air pollution isn’t the only factor harming the environment, it remains a major 

issue—just consider cities like Delhi, which often ranks among the most polluted in the world. The 

main goal of sustainable mobility is to reduce this harm. This involves promoting electric vehicles, 

improving public transportation, and encouraging more walking and cycling. In logistics, green 

logistics seeks to minimize the supply chain’s carbon footprint by optimizing routes and reducing 

waste. 

2. Sustainable transportation and green logistics optimize the use of resources such as energy and 

materials. They benefit the environment and support business growth by reducing waste and increasing 

production efficiency.  

3. Regulatory compliance is also important. As India imposes stricter emission and environmental 

protection standards, companies prioritizing sustainability can avoid penalties and gain a competitive 

advantage.  

4. here are significant financial benefits as well. Efficient transportation and logistics lower company 

expenses. Reduced fuel use and streamlined operations help keep costs down. Moreover, companies 

recognized for their green practices attract environmentally conscious customers, which positively 

impacts profitability. 

2. Literature Review:  

Green logistics seeks to integrate supply chain efficiency with environmental responsibility. The main goal is 

to reduce the industry’s significant environmental footprint—primarily by utilizing low-emission 

transportation and more sustainable storage solutions. Recently, researchers have highlighted that green 

logistics not only benefits the environment but also offers business advantages. For instance, Lee and Wu 

(7)discovered that incorporating measures such as electric vehicle fleets can decrease operating costs by 12% 

and streamline supply chain operations. Patel(8)took this further, demonstrating that improved routing and 

adopting renewable energy sources can cut emissions by 25%, thereby enhancing overall business 
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sustainability. However, challenges remain. Khan and Liu(9) note that while AI-driven logistics can increase 

efficiency, the environmental benefits vary significantly depending on the sector, indicating a need for models 

tailored to specific contexts. Smaller enterprises also encounter real obstacles. Gomez and Singh(9) report that 

financial limitations often prevent them from fully implementing green practices, resulting in inconsistent 

adoption across the industry. Earlier studies, such as McKinnon’s(10), established the foundation for green 

logistics, but more recent research is shifting the emphasis. The current focus is increasingly on frameworks 

that simultaneously address both efficiency and sustainability, rather than treating them separately. This study 

aligns with this trend by building upon existing research and presenting a new framework to evaluate the 

impact of green logistics on both supply chain performance and environmental outcomes. Green logistics is 

rapidly gaining traction. This review examines how practices such as sustainable transportation, storage, and 

packaging (Srivastava)(12)are related to both supply chain efficiency and environmental sustainability (Carter 

and Rogers, 2011 

3. Study Objectives 

 1. Examine the definitions of sustainable logistics and green e-commerce.  

2. Review existing research on enhancing the sustainability of digital supply chains.  

3. Identify obstacles companies face when implementing green practices.  

4. Develop a framework that integrates findings, challenges, and key drivers of sustainability. 

4. Methodology  

This research adopts a systematic review method. Information was collected from peer-reviewed journals, 

industry reports, case studies, and recognized sustainability frameworks. Databases such as Scopus, Web of 

Science, and Google Scholar were searched using keywords like "green e-commerce," "sustainable logistics," 

"carbon footprint," "eco-packaging," and "last-mile delivery." 

5.Key Contents:  

5.1. Green Logistics:  

Green logistics focuses on making supply chains more environmentally friendly. It’s not just about 

transporting goods from one place to another—it’s about doing it in a way that reduces pollution, saves energy, 

and uses resources efficiently. Companies work on lowering their carbon footprint, choosing energy-efficient 

transportation, and finding better ways to package and deliver products. By using less fuel, switching to 

renewable energy, and minimizing waste, they support the planet and cut costs at the same time. It’s not just 

about good public image. Green logistics encourages businesses to take real responsibility for their 

environmental impact and has a significant positive effect on the future. It’s about balancing profit with 

protecting the environment.  
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5.2. Supply Chain Efficiency:  

Supply chain efficiency is about maximizing the use of resources. The aim is to reduce waste, lower expenses, 

and boost customer satisfaction. This involves streamlined operations, faster deliveries, and improved 

inventory management. To achieve this, companies implement lean management, continuous process 

improvements, and adopt technologies like automation and real-time data tracking. The most effective supply 

chains don’t just cut corners—they become smarter and adapt smoothly to market changes. This is how 

businesses maintain their edge: by combining cost savings with high performance, they ensure long-term 

success.  

5.3. Environmental Sustainability:  

Sustainability in logistics means safeguarding natural resources and considering the environment at every 

stage. It’s not just about preventing harm; it’s about making a positive impact—using green vehicles, 

renewable energy, and recycling where possible. With these approaches, companies reduce their carbon 

footprint and save money, while building more efficient operations. The broader impact is that greener supply 

chains help preserve resources, maintain ecosystem balance, and support global sustainability objectives. 

When businesses prioritize this, they set a strong example, increase resilience, and contribute to a better world 

for future generations. 

5.4. Carbon Footprint in Logistics: 

A logistics carbon footprint accounts for all the greenhouse gases generated during the storage, transportation, 

and delivery of goods. Reducing these emissions relies on smart strategies: optimizing delivery routes, using 

fuel-efficient vehicles, and powering warehouses with renewable energy. These actions not only benefit the 

environment—they also make logistics operations more sustainable and lead to a cleaner overall supply chain.  

5.6. Reverse Logistics: 

 Reverse logistics addresses everything that moves backward in the supply chain—returns, recycling, 

remanufacturing, and proper disposal. Efficiently managing these processes means less waste goes to landfills, 

and valuable resources are reused. When companies handle reverse logistics effectively, they lower their 

carbon footprint and demonstrate genuine environmental responsibility. Not only does the planet gain, but 

companies also save money and improve their operations. Reverse logistics delivers both environmental and 

economic benefits. 

6. Core Issues in Green E-Commerce Logistics  

6.1. Transportation Emissions: E-commerce relies heavily on trucks, vans, and planes. As fast shipping 

becomes the standard, companies consume more fuel and generate more emissions. Last-mile delivery—the 

stage where packages are delivered from a local hub to the customer’s door—consumes significant resources 

because the stops are widely distributed. 

 A large amount of CO₂ is produced by gasoline and diesel vehicles.  

 Delivery routes are often inefficient, leading to numerous empty trips. 
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 Urban traffic congestion increases, negatively impacting air quality. 

6.2. Packaging Waste Most e-commerce packaging focuses on product protection rather than environmental 

friendliness, resulting in wasted space and materials. - Companies frequently use excessive packaging, such 

as large boxes for small items.  

 Many packages utilize plastic films or composite materials that are not recyclable.  

 Most packing materials are single-use and are simply discarded. 

6.3. Returns are a routine aspect of online shopping, especially for clothing and electronics. - Shipping returned 

items incurs additional costs and emissions.  

 The process of sorting and handling returns creates delays.  

 There are limited effective systems for reusing, refurbishing, or recycling returned goods. 

6.4. Energy Consumption in Warehouses Modern warehouses—particularly those equipped with automation 

and technology—consume substantial electricity for lighting, climate control, and equipment operation. 

 Energy consumption rises significantly during peak periods. 

 Many warehouses still rely on non-renewable energy sources. 

 There is a lack of regulations or standards promoting energy efficiency. 

7.  Implementation Strategies  

7.1. Green Transportation Solutions  

Begin replacing diesel trucks with electric vehicles, hydrogen fuel cell vehicles, or hybrids. This action 

immediately reduces greenhouse gas emissions. Machine learning and GPS can optimize route planning, 

cutting unnecessary mileage, fuel consumption, and idling. For short-distance deliveries, establish small 

warehouses within urban areas-micro fulfilment centers are effective for this. 

7.2. Sustainable Packaging 

 When developing packaging, keep it straightforward-use recyclable materials, limit it to the essentials, and 

still ensure safe delivery. Introduce reusable packaging, such as returnable totes or modular containers, to 

reduce waste. Plant-based plastics, molded pulp, and other compostable materials also help-these decompose 

naturally and leave less residue. 

7.3. Reverse Logistics Redesign  

Create regional centers for efficient collection and sorting of returns. Implement systems for refurbishing and 

redistributing products-this diverts more goods from landfills. Digital return systems with automated tracking 

streamline operations and reduce the number of return trips. 
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7.4. Renewable Energy Adoption  

Install solar panels on warehouses or purchase renewable energy credits to supply power to these facilities and 

last-mile delivery locations. More advanced energy management and upgraded grids increase overall 

efficiency. 

8. Case Insights and Best Practices  

8.1. Large Retailers  

Amazon’s Shipment Zero Initiative aims for half of its shipments to achieve net-zero carbon by 2030. They 

are deploying electric vans in major cities and exploring ways to pack items more efficiently to reduce material 

use and space.  

8.2. Collaborative Logistics  

Models When multiple companies share delivery networks, they reduce unnecessary trips and increase the 

efficiency of their truck usage.  

8.3. Technology-Enabled Governance  

Managers use carbon monitoring systems to track logistics emissions in real time, enabling them to 

immediately observe and manage their environmental impact. 

9. Challenges and Limitations:  

 Even with all the clear upsides, some big hurdles remain.  

 Cost is a major one. EV fleets and greener materials just cost more at the start.  

 Rules are all over the place, too. There’s no single set of global standards  for sustainability, which 

makes it messy for companies working across borders.  

 Then there’s us—people want their stuff fast, and that push for speed drives emissions up.  

 And let’s be real, the tech isn’t quite there yet. We still don’t have solid tracking  or carbon accounting 

systems that everyone uses. 

CONCLUSION: 

The research on green logistics shows that supply chain efficiency works against environmental sustainability 

while creating opportunities to achieve positive results. The implementation of green logistics practices 

through transit route optimization and eco-friendly packing material usage together with warehouse energy 

optimization results in decreased carbon emissions and waste production which supports sustainable 

development. The approaches create environmental advantages while delivering cost savings and better supply 

chain performance. The implementation of green logistics methods leads to better risk management and 

enhanced corporate social responsibility (CSR) practices for businesses. Sustainable businesses create a 

competitive advantage because they attract environmentally-conscious consumers and investors which helps 

them succeed in a market that values sustainability. The transition to environmentally friendly practices 



© 2026 IJRAR March 2026, Volume 13, Issue 1                   www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138) 

IJRAR1EQP016 International Journal of Research and Analytical Reviews (IJRAR) 102 
 

requires two main obstacles to be overcome which involve high initial costs and the development of new 

technological solutions. 
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