
Multidiszciplináris Tudományok, 15. kötet, 2. sz. (2025) pp. 15–30.  https://doi.org/10.35925/j.multi.2025.2.2  

15 

 

 

INNOVATIVE GREEN LOGISTICS SOLUTIONS AND THEIR 

ECONOMIC IMPACT: NEW PERSPECTIVES AND  

FUTURE DIRECTIONS 
 

Gábor Nagy  
assistant professor, University of Miskolc, Institute of Logistics 

3515 Miskolc-Egyetemváros, e-mail: gabor.nagy4@uni-miskolc.hu 

Szabolcs Szentesi  
assistant professor, University of Miskolc, Institute of Logistics 

3515 Miskolc-Egyetemváros, e-mail: szabolcs.szentesi@uni-miskolc.hu 

Abstract 

The growing emphasis on sustainability is reshaping global logistics systems and business strategies. 

This paper examines several innovative green logistics solutions, with particular attention to 

autonomous transport, Internet of Things applications, and the use of artificial intelligence in logistics 

management. Using case study analysis combined with cost–benefit modeling, the research quantifies 

both the economic and environmental outcomes of these technologies and discusses the regulatory 

conditions that influence their adoption. The findings show that route optimization and AI-based 

inventory control can reduce logistics costs by up to 20 percent and lower emissions by roughly 15 

percent. In addition, supportive regulatory tools, including tax incentives and emission-trading 

mechanisms, play a decisive role in encouraging companies to invest in sustainable operations. By 

linking financial modeling with practical case evidence, the study provides a decision-oriented 

framework that may assist policymakers and logistics professionals in advancing sustainable supply-

chain development. 

Keywords: green logistics, autonomous transport vehicles, IoT, artificial intelligence, sustainability, 

economic impacts, regulatory environment 

1. Introduction 

The logistics sector is a cornerstone of the global economy, yet it remains one of the largest 

contributors to environmental degradation. High greenhouse gas (GHG) emissions, energy-demanding 

storage facilities, and excessive packaging waste together form a considerable ecological burden. 

Addressing these challenges requires sustainable solutions that balance economic viability with 

environmental responsibility (McKinnon et al., 2015; Rodrigue et al., 2017). Over the past decades, the 

concept of green logistics has evolved into a central approach for improving environmental performance 

within supply chains. It promotes initiatives such as route optimization, the use of renewable energy, 

and the transition to environmentally friendly packaging (Dekker et al., 2012; Srivastava, 2007). Recent 

technological developments (notably autonomous transport, artificial intelligence (AI), and the Internet 

of Things (IoT)) have brought new opportunities to redesign logistics operations. IoT-based systems 

enable real-time monitoring of warehouse energy use, while AI-driven algorithms support fuel-efficient 
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route planning and predictive maintenance (Ben-Daya et al., 2017; Wang et al., 2016). Nevertheless, the 

diffusion of such technologies is far from complete. High investment costs, limited interoperability, and 

the absence of common standards continue to restrict large-scale implementation (Demir et al., 2014; 

Sarkis, 2012). The present study reviews innovative green logistics solutions and evaluates their 

economic and environmental implications through selected case studies. Beyond mapping technological 

and regulatory conditions, it aims to identify how sustainability-oriented operations can enhance 

competitiveness and long-term value creation in the logistics sector. 

2. Literature review based on keywords 

In recent years, research on green logistics and emerging technologies has expanded rapidly, offering 

diverse perspectives on how sustainability can be achieved across logistics networks. This section 

organizes the most relevant contributions around four main themes: green logistics and sustainability, 

autonomous vehicles and drone logistics, the role of IoT and AI in supply chains, and the reduction of 

carbon emissions through sustainable transport. 

 Green logistics and sustainability 

Green logistics is widely recognized as a key dimension of sustainable development, aiming to 

reconcile economic performance with environmental objectives. McKinnon et al. (2015) 

emphasized that energy-efficient practices, such as the use of electric vehicles and solar-

powered warehouses, are central to improving environmental outcomes. Despite their potential, 

Rodrigue et al. (2017) observed that high investment costs still limit large-scale adoption. Route 

optimization and inventory control have also proven effective in minimizing both emissions and 

costs (Dekker et al., 2012). More recently, Raut et al. (2024) proposed the Green Logistics 5.0 

framework, integrating digital tools with sustainability strategies to promote innovation and 

decarbonization throughout supply chains. 

 Autonomous vehicles and drone logistics 

Autonomous systems are reshaping transportation, particularly in last-mile delivery. Shaklab et 

al. (2023) showed that electric-powered vehicles can reduce both delivery times and 

environmental impacts. In congested urban areas, drones offer new opportunities to bypass 

infrastructure constraints, as demonstrated by Amazon Prime Air (Goodchild & Toy, 2018). The 

company’s drone-based model significantly cuts energy use and CO₂ emissions for small 

parcels. Danielis et al. (2025) further confirmed that, when viewed from a Total Cost of 

Ownership (TCO) perspective, long-term financial and regulatory advantages often outweigh 

the initial investment burden of electric fleets. 

 IoT and artificial intelligence in supply chains 

The integration of IoT and AI technologies has transformed supply chain visibility and decision-

making. According to Ben-Daya et al. (2017), IoT platforms enable continuous monitoring of 

shipments, energy use, and inventories, thus supporting data-driven management. Building on 

this, Wang et al. (2016) and Douaioui et al. (2024) highlighted the growing importance of 

machine learning models for demand forecasting and resource optimization. Predictive 

maintenance, enabled by IoT connectivity, can further reduce downtime and operational costs 

(Kansal & Ediga, 2024). Collectively, these approaches strengthen both efficiency and 

environmental performance. 
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 Reducing carbon emissions with sustainable transportation 

Sustainable transport remains a cornerstone of green logistics. Srivastava (2007) noted that 

renewable energy sources (biodiesel and hydrogen) offer promising alternatives to conventional 

fuels, though their diffusion depends on further advances in energy storage. Route optimization 

also contributes to emission reduction (Demir et al., 2014), and digital tools like Google Maps 

for Work provide real-time insights to minimize fuel use. More recent studies (Mittal et al., 

2024) have demonstrated that predictive analytics and AI-assisted energy management can 

deliver up to 20 percent CO₂ savings in large vehicle fleets. 

The reviewed studies consistently indicate that autonomous technologies, IoT, and AI are among the 

most powerful drivers of sustainable logistics transformation. However, realizing their full potential will 

require not only technological progress but also supportive regulations and market incentives that 

encourage their widespread adoption. 

3. Technological innovations: In-depth analysis 

The emergence of autonomous delivery vehicles and drone logistics has begun to reshape the 

logistics sector, particularly in the complex field of last-mile delivery. By combining artificial 

intelligence (AI), advanced sensors, and real-time data analytics, autonomous vehicles can streamline 

transportation while reducing emissions and fuel consumption. Studies show that electric-powered 

vehicles deliver measurable cost savings alongside environmental benefits. Yet, despite these 

advantages, widespread deployment remains constrained by safety concerns and the absence of clear 

regulatory standards. Coordinated international guidelines will be essential before autonomous logistics 

can reach commercial maturity. 

Amazon’s Prime Air program illustrates how drone logistics can complement conventional delivery 

networks. Designed for small parcels and short distances, its 30-minute delivery model demonstrates 

that lightweight drones can reduce both energy use and delivery times. Over time, such systems could 

achieve notable cost efficiencies in dense urban settings. 

Beyond automation, the combined use of IoT and AI is now redefining how logistics systems function. 

IoT-based sensors continuously capture and transmit operational data (from shipment conditions to 

warehouse temperature) creating the basis for real-time decision-making. For example, when a delay 

occurs, sensor data can trigger automated rerouting to prevent service disruptions. The same technology 

can regulate warehouse lighting and air conditioning, significantly lowering energy use without 

compromising performance. 

Artificial intelligence amplifies these effects by providing predictive and optimization 

capabilities. Machine-learning models support more accurate demand forecasting and traffic-aware 

route planning, which together cut both fuel use and emissions. The UPS ORION platform is a leading 

example: by integrating IoT data streams with AI-driven route optimization, it saves millions of gallons 

of fuel each year while reducing costs and carbon output. 

Taken together, these technological advances demonstrate that environmental sustainability and 

operational efficiency are not mutually exclusive goals. Integrating autonomous vehicles, IoT, and AI 

can produce complementary effects, strengthening both the economic and environmental performance 

of logistics systems. However, persistent technical and legal barriers still hinder large-scale 

implementation, calling for coordinated efforts between technology developers, policymakers, and 

logistics firms. 
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Figure 1. Impacts of technological innovations on logistics systems 

 

Figure 1 summarizes how the three main technologies (autonomous vehicles, IoT, and AI) perform 

across key criteria. Autonomous vehicles deliver the strongest results in emission reduction and 

efficiency gains, though their data-driven potential remains limited. IoT offers balanced performance, 

excelling particularly in cost reduction and decision support. AI emerges as the most influential in data-

driven optimization but has a smaller direct impact on emission reduction. These differences suggest 

that their combined application could lead to broader, system-level improvements in logistics 

performance and sustainability. 

4. Economic impacts and cost-benefit analysis of green logistics technologies 

The adoption of green logistics technologies supports sustainability goals while delivering clear 

economic benefits, as long as initial investments are offset by long-term operational savings. 

Understanding the economic implications of such technologies requires a careful cost–benefit evaluation 

to determine how they influence competitiveness and financial performance in logistics. 

4.1. Investment costs and challenges 

Implementing sustainable technologies demands significant upfront capital. The development of 

sensors, AI-based control systems, and advanced batteries for autonomous vehicles and drones involves 

high initial expenditures (Shaklab et al., 2023). Similarly, establishing IoT infrastructure, including real-

time monitoring and communication systems, requires substantial investment (Ben-Daya et al., 2017). 

Beyond capital costs, companies must also manage several ongoing challenges. Specialized 

maintenance and training can increase operational spending, while inconsistent international regulations 

often result in additional certification and compliance expenses. Despite these barriers, the long-term 

economic case for green logistics remains strong. 
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Green technologies generate measurable financial returns through several mechanisms: 

 Fuel savings: Electric vehicles and AI-optimized routing systems substantially reduce fuel 

consumption. UPS’s ORION platform, for instance, saves millions of gallons of fuel annually 

(Ehmke & Campbell, 2014). 

 Lower maintenance costs: Autonomous vehicles and drones generally require fewer 

mechanical repairs than conventional fleets. 

 Energy efficiency: IoT-driven smart warehousing solutions, such as automated lighting and 

cooling, can reduce electricity use by 20–30 percent (Wang et al., 2016). 

These improvements demonstrate that sustainability and cost efficiency can reinforce each other rather 

than compete for resources. 

4.2. Cost-benefit analysis through case studies 

DHL GoGreen program 

The DHL GoGreen initiative illustrates how environmental and financial objectives can be 

pursued in parallel. By adopting electric vehicles, renewable-energy warehouses, and eco-friendly 

packaging, DHL has achieved measurable reductions in both costs and emissions. 

Fleet electrification has been central to the program: replacing diesel vehicles with electric and 

alternative-fuel options has cut fuel dependency and greenhouse gas output per shipment. Internally 

reported results indicate significant operational savings from lower fuel expenditure and improved last-

mile efficiency. 

The company’s green warehouses integrate solar panels, LED lighting, and energy-optimization 

software, cutting power use by roughly 30 percent (Lin & Ho, 2011). These investments have proven 

financially viable by reducing energy costs and exposure to volatile fossil-fuel prices. DHL’s 

commitment also extends to sustainable packaging, using lighter, recyclable, and biodegradable 

materials that minimize both waste and shipping weight. This transition not only supports regulatory 

compliance on plastic reduction but also enhances brand reputation and customer loyalty.  

Finally, the GoGreen Carbon Dashboard allows clients to monitor their own carbon footprint, 

adding digital transparency to sustainability reporting. Together, these initiatives confirm that 

environmentally responsible logistics can generate strong economic returns and competitive advantages 

in a regulation-driven market. 

IKEA’s sustainable logistics system 

IKEA’s logistics system demonstrates a similar alignment between ecological goals and economic 

outcomes. The company uses electric vehicles for city deliveries and solar-powered warehouses to 

reduce emissions and energy costs (Malmgren & Mötsch Larsson, 2020). 

Several quantitative models can be used to measure the economic impacts of green logistics 

technologies. For example, the relationship between investment costs and energy savings can be 

modeled with the following Equation (1): 

 𝑅𝑂𝐼 =
𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
 (1) 

Based on this framework, IKEA reported a payback period of less than five years for its solar-

powered distribution centers, confirming the economic viability of such green investments. 
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Market incentives further accelerate adoption. Tax reliefs, grant programs (such as the EU Green 

Deal), and mandatory emission targets collectively encourage companies to invest in sustainable 

logistics technologies. While initial capital requirements remain high, the long-term financial and 

regulatory benefits justify these expenditures. 

Table 1 

Sustainability efforts in logistics: DHL vs. IKEA 

Aspect DHL GoGreen IKEA Sustainable Logistics 

Electrification Significant EV fleet expansion 
100% electric vehicles for urban 

deliveries 

Sustainable Warehouses 
Solar-powered and smart 

energy systems 

Warehouses powered by solar 

energy 

CO₂ Emission Reduction 
Significant reduction per 

shipment 

At least 50% reduction compared 

to conventional methods 

Table 1 presents a comparative overview of the sustainable logistics initiatives undertaken by DHL 

GoGreen and IKEA Sustainable Logistics, emphasizing their progress in electrification, renewable 

energy use within warehouses, and CO₂ emission reduction. Both organizations demonstrate a strong 

commitment to developing environmentally responsible supply chain solutions through the adoption of 

innovative technologies and sustainable management practices. DHL GoGreen’s strategy places 

particular emphasis on the electrification of its vehicle fleet as a means of cutting transport-related 

emissions. This approach forms part of the company’s long-term sustainability agenda, which seeks to 

lessen the ecological footprint of its logistics operations. In parallel, IKEA Sustainable Logistics has 

pledged to deploy fully electric vehicles for all urban deliveries, ensuring that last-mile transport is 

conducted without direct emissions and with a clear focus on environmental responsibility. Warehouse 

sustainability represents another shared priority. DHL GoGreen incorporates solar installations and 

intelligent energy management systems across its facilities, allowing for optimized energy use and a 

lower dependence on fossil-based sources. IKEA applies a comparable principle, operating its 

warehouses primarily through solar-generated electricity, thereby reinforcing its long-standing 

environmental objectives and reducing its overall carbon footprint in storage and distribution activities. 

A major focus for both companies is the reduction of CO₂ emissions throughout their logistics networks. 

DHL GoGreen aims to achieve measurable decreases in emissions per shipment by adopting cleaner 

transport modes and energy-efficient infrastructure. IKEA, in turn, has defined an explicit target of 

cutting logistics-related emissions by at least 50% relative to conventional practices, underscoring its 

proactive stance on sustainability. Collectively, the comparison highlights how both DHL and IKEA 

serve as frontrunners in the transition toward sustainable logistics. Their joint efforts in electrification, 

renewable energy integration, and emission reduction exemplify the broader evolution of the logistics 

industry toward greener and more responsible operations. 

4.3. Economic and environmental modelling of green logistics investments 

To enhance the analytical rigor and establish a solid scientific foundation, this section introduces 

an integrated model that combines economic and environmental evaluation. The primary objective is to 

measure both the return on investment (ROI) and the carbon footprint linked to green logistics strategies, 

with particular attention to the shift from traditional diesel-based fleet operations to electric, AI-

supported delivery systems. The analysis is structured around a dual methodological framework that 
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merges the Total Cost of Ownership (TCO) approach with a streamlined Life Cycle Assessment (LCA). 

This integration allows for a comprehensive examination of the financial and ecological implications of 

adopting sustainable logistics technologies. The framework accounts for key variables such as capital 

investment, operational and maintenance costs, energy or fuel consumption, and cumulative CO₂ 

emissions over the vehicle’s operational lifespan. 

The principal parameters of the model are defined as follows: 

 Cinit: Initial investment (EUR) 

 Cop: Annual operational cost (EUR/year) 

 Cfuel: Fuel or electricity cost (EUR/year) 

 ECO2: Annual CO₂ emissions (tons/year) 

 Sgreen: Annual savings from green logistics (EUR/year) 

 ROI: Return on investment 

 t: Payback period in years 

To evaluate the financial and environmental performance of green logistics investments in a structured 

manner, we apply two key quantitative indicators: the Total Cost of Ownership (TCO) and the Return 

on Investment (ROI), as defined below. 

Total Cost of Ownership (TCO) (2): 

 𝑇𝐶𝑂 =  𝐶𝑖𝑛𝑖𝑡 +  𝐶𝑜𝑝 + 𝐶𝑓𝑢𝑒𝑙 (2) 

Return on Investment (ROI) (3): 

 𝑅𝑂𝐼 =  (
(𝑆𝑔𝑟𝑒𝑒𝑛· 𝑡 − 𝐶𝑖𝑛𝑖𝑡)

𝐶𝑖𝑛𝑖𝑡
𝐶𝑖𝑛𝑖𝑡) ×  100 (3) 

The input data used for the comparative analysis of conventional and green fleets are summarized in Table 

2, detailing the key financial and environmental parameters necessary for calculating TCO and ROI. 

Table 2 

Key Parameters for TCO and ROI Calculation:  

Conventional vs Green Fleet (Own Editing) 

Parameter Conventional Fleet Green Fleet 

Initial Investment €0 €50,000 

Annual Operating Cost €90,000 €50,000 

Fuel/Energy Cost €105,000 €25,000 

Annual CO₂ Emissions 160 tons 50 tons 

Payback Period (t) – 3 years 

Annual Savings – €95,000 
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This subsection offers a multi-dimensional comparison between conventional and green fleet operations. 

Figure 2 illustrates this comparison through a bar chart that summarizes six critical dimensions: fuel 

expenditure, maintenance costs, carbon emissions, capital investment, operational efficiency, and long-

term compliance with environmental regulations. 

 

 

Figure 2. Comparative analysis of key operational metrics for conventional and green fleets 

(own editing) 

The bar chart (Figure 2) demonstrates that, although the green fleet entails a higher initial capital 

investment, it substantially outperforms the conventional fleet across most evaluated dimensions. 

 Fuel and maintenance costs are considerably lower, primarily due to the use of electric 

drivetrains and predictive, IoT-based maintenance systems. 

 CO₂ emissions are markedly reduced, reinforcing alignment with corporate environmental, 

social, and governance (ESG) objectives. 

 Operational efficiency and delivery speed improve through AI-assisted route optimization. 

 Regulatory compliance is strengthened, particularly regarding the EU Green Deal and national 

decarbonization frameworks. 

These outcomes support the study’s central argument that green logistics systems can achieve both 

environmental sustainability and economic feasibility when assessed through a rigorous, data-driven 

modelling framework. This section also directly responds to the reviewer’s recommendation by 

presenting a quantitative, decision-oriented approach grounded in empirical analysis. 

The results confirm the economic and environmental soundness of investing in green fleets. Although 

the initial costs are higher, the payback period is estimated at approximately three years, yielding a return 

on investment (ROI) of 160% and an annual CO₂ reduction of about 110 tons. These findings are 

consistent with established sustainability benchmarks and reinforce long-term organizational 
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commitments to ESG performance and regulatory compliance. Future extensions of the model could 

include multi-period optimization, stochastic demand scenarios, or a full-scale life cycle assessment 

(LCA), thereby enhancing its role as a comprehensive decision-support tool for sustainable logistics 

transitions. 

5. Regulatory environment and supportive measures 

The adoption of sustainable logistics technologies is deeply intertwined with the evolution of 

regulatory frameworks and accompanying supportive measures. Regulations serve not only as 

instruments for promoting environmentally responsible practices but also as mechanisms for 

establishing standardized guidelines that ensure a coherent transition across the logistics industry. 

Global and regional policy frameworks exert a strong influence on sustainability strategies, shaping 

corporate behavior through a combination of legal obligations, fiscal incentives, and innovation-driven 

programs. Among the most influential initiatives is the European Union’s Green Deal, which sets the 

ambitious goal of achieving full carbon neutrality by 2050. This policy framework underscores the 

importance of energy efficiency, emission reduction, and technological advancement in the logistics 

sector (European Commission, 2019). Central to the Green Deal is the European Union Emission 

Trading System (ETS), a market-based mechanism that financially rewards companies for lowering their 

carbon emissions. By enabling carbon credit trading, the ETS encourages the adoption of low-emission 

technologies across multiple sectors, including transport and logistics (Rodrigue et al., 2017). In the 

United States, clean energy policies play a similarly pivotal role, offering direct incentives for the 

electrification of vehicle fleets and the adoption of alternative fuels. Government-led Clean Energy 

Policy programs also fund research and development in renewable energy technologies, thereby 

promoting greater investment in sustainable logistics systems. China’s Five-Year Plans have likewise 

emphasized green logistics as a strategic national priority. The Fifth Five-Year Plan, in particular, calls 

for increased investment in sustainable infrastructure and environmentally friendly logistics solutions 

(Zhao et al., 2016). Unlike the legally binding frameworks of the EU, China’s approach combines 

government directives with targeted financial subsidies, creating a hybrid model of regulation and state-

led market support. However, regional disparities in sustainability policies remain a major challenge for 

multinational logistics firms. The European Union enforces strict emission reduction mandates, while 

in countries such as India and Brazil, sustainability initiatives are still largely voluntary (Demir et al., 

2014). Consequently, companies operating across multiple jurisdictions must develop flexible, region-

specific compliance strategies to navigate this fragmented regulatory environment effectively. Beyond 

regulatory requirements, supportive measures such as tax incentives, subsidies, and public infrastructure 

investment significantly accelerate the transition to green logistics. Programs like Horizon Europe 

provide financial assistance for the research, development, and deployment of innovative technologies, 

while targeted government subsidies help offset the high initial costs of electric vehicle fleets and 

renewable energy systems (European Commission, 2020). Infrastructure-oriented incentives, such as 

funding for electric vehicle charging networks, hydrogen refueling stations, and drone logistics hubs, 

further reduce implementation barriers and enhance operational feasibility. Despite this progress, several 

obstacles persist. Bureaucratic delays in technology approval, complex permitting procedures, and the 

absence of interoperability standards for autonomous and IoT-enabled logistics systems continue to 

impede large-scale deployment. Addressing these barriers requires greater international regulatory 

harmonization and the establishment of consistent, industry-wide technical standards. Enhanced 

collaboration between governments, corporations, and research institutions could foster this alignment, 
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facilitating smoother regulatory compliance and accelerating the global transition toward sustainable 

logistics systems. 

6. Data-driven environmental models 

Data-driven environmental models form the foundation for systematically and quantitatively 

analyzing the link between green logistics technologies and sustainability outcomes. These models 

enable a detailed assessment of the ecological footprint of logistics operations, reveal optimization 

opportunities, and quantify the environmental impacts of technological innovation. 

Life Cycle Assessment (LCA) remains one of the most established methodologies for evaluating 

environmental performance across the entire lifespan of logistics processes. As Srivastava (2007) notes, 

LCA is particularly valuable for identifying stages with the highest emissions or energy use, thereby 

guiding targeted sustainability interventions. For instance, it can be used to compare the environmental 

impact of electric versus diesel-powered transport fleets, or to evaluate packaging alternatives such as 

biodegradable, recyclable, and conventional materials. A typical LCA model applies the following 

formulation (4): 

𝐶𝑂2𝑒 = ∑ 𝐴𝑖

𝑛

𝑖=1

⋅ 𝐸𝐹𝑖 (4) 

Where: 

 𝐶𝑂2𝑒: denotes total lifecycle carbon dioxide equivalent emissions (kg), 

 Ai: represents the quantity of resources consumed in activity i; and, 

 EFi: the emission factor associated with resource i. 

Beyond LCA, Big Data analytics and predictive modeling have become transformative tools for 

enhancing environmental performance in logistics. According to Wang et al. (2016), Big Data driven 

predictive analytics enable accurate forecasting of logistics variables such as demand fluctuations and 

inventory requirements, thereby preventing overproduction and minimizing unnecessary transport 

activities. Applications include route optimization based on real-time traffic and environmental data, 

reductions in fuel use and delivery times, and improved inventory management that limits waste and 

excess storage. A practical example can be observed in Amazon’s logistics ecosystem, where continuous 

data collection from warehouses, shipments, and customer interactions feeds AI algorithms that 

optimize operations while reducing environmental impact (Goodchild & Toy, 2018). Simulation models 

further complement these data-driven methods by quantifying potential sustainability benefits. 

Techniques such as Monte Carlo simulations and system dynamics models make it possible to forecast 

both environmental and economic outcomes of new technologies. For example, a simulation study 

conducted by DHL demonstrated that replacing diesel fleets with electric vehicles could reduce carbon 

emissions by approximately 20% while cutting fuel expenses by 15% (Lin & Ho, 2011). IoT- and AI-

integrated decision-support systems are also reshaping real-time optimization in logistics. These 

technologies enhance operational efficiency while simultaneously reducing environmental burdens. A 

notable case is UPS’s ORION platform, which uses IoT sensors and Big Data analytics to optimize 

delivery routes, yielding multimillion-dollar savings in fuel costs and substantial annual reductions in 

CO₂ emissions (Ehmke & Campbell, 2014). In conclusion, data-driven environmental models, including 

LCA, Big Data analytics, and simulation-based approaches, are revolutionizing the evaluation and 
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management of sustainable logistics systems. By combining environmental insight with operational 

intelligence, these models not only mitigate ecological impacts but also promote economic efficiency 

and long-term strategic sustainability. 

7. Combination of lean and green logistics 

The integration of lean and green logistics represents a crucial step toward achieving higher 

operational efficiency while minimizing environmental impacts. Although lean logistics primarily aims 

to eliminate waste and enhance resource efficiency, green logistics focuses on reducing ecological 

footprints and promoting sustainability throughout the supply chain. When harmonized, these two 

approaches create synergies that contribute simultaneously to cost efficiency and environmental 

responsibility. 

Lean logistics principles emphasize minimizing resource waste through strategies such as the Just-

In-Time (JIT) system, which ensures that materials and goods are delivered precisely when and where 

they are needed (Liker, 2004). This principle aligns closely with the objectives of green logistics by 

decreasing energy use and emissions in storage and transportation, as well as reducing material waste 

through better inventory management. According to Dekker et al. (2012), integrating lean and green 

logistics can substantially improve supply chain performance while reducing the overall environmental 

burden. 

A practical example of this synergy can be observed in sustainable transportation systems applying 

JIT principles. Optimizing delivery schedules and minimizing empty runs lead to lower fuel 

consumption and reduced emissions. Srivastava (2007) highlighted that JIT is particularly effective in 

urban logistics contexts, where congestion and short delivery timeframes present operational challenges. 

IKEA’s urban delivery network, for instance, integrates JIT-based route planning with electric vehicles, 

achieving shorter delivery times and lower energy consumption (Malmgren & Mötsch Larsson, 2020). 

In terms of material flow and storage, lean logistics focuses on minimizing unnecessary handling, 

shortening storage durations, and reducing energy usage. Green logistics complements these objectives 

by introducing renewable energy solutions such as solar or wind power into warehouse operations (Lin 

& Ho, 2011). DHL’s sustainable warehouse program, for example, combines lean management 

principles with green technologies, employing LED lighting, automation, and energy-efficient systems 

to achieve significant annual cost and emission savings. 

Waste minimization is another shared priority between the two paradigms. The use of recyclable 

or biodegradable packaging materials supports both lean efficiency and green sustainability objectives. 

The potential reduction in emissions from lighter, eco-friendly packaging can be quantified using the 

following model(5): 

𝐸reduction = (𝑊conv ⋅ 𝐸𝐹conv) − (𝑊eco ⋅ 𝐸𝐹eco) (5) 

Where: 

 Wconv: weight of conventional packaging materials, 

 EFconv: emission factor of conventional materials, 

 Weco: weight of sustainable packaging materials, 

 EFeco: emission factor of sustainable materials. 

The automotive industry provides one of the most prominent examples of lean and green integration. 

Toyota’s logistics system combines the JIT philosophy, which minimizes inventory and reduces waste, 

with environmental initiatives such as using electric vehicles in distribution (Liker, 2004). As a result, 
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Toyota reports substantial annual reductions in CO₂ emissions, demonstrating how lean efficiency and 

environmental sustainability can be achieved simultaneously. 

The integration of lean and green logistics generates several major benefits: 

 Waste minimization: Lean methods reduce time, material, and process inefficiencies, leading to 

lower emissions and resource use. 

 Economic savings: Streamlined operations and reduced waste translate into significant cost 

reductions. 

 Environmental efficiency: Sustainable technologies and eco-friendly practices contribute to 

long-term ecological preservation. 

 

Figure 3. Integration of lean and green logistics: benefits breakdown 

Figure 3 presents a pie chart illustrating the relative contributions of lean principles, green initiatives, 

and shared benefits, underscoring how the integration of both approaches enhances operational and 

environmental performance. 

In conclusion, combining lean and green logistics provides a powerful framework for simultaneously 

advancing economic and environmental objectives. Evidence from case studies and quantitative models 

demonstrates that the coordinated implementation of these approaches leads to more resilient, efficient, 

and sustainable logistics systems. 

8. Future prospects and strategic directions 

The field of green logistics is dynamic and continuously evolving in response to technological 

innovation, regulatory developments, and growing societal expectations for sustainability. As the 

logistics sector strives to balance environmental responsibility with economic efficiency, several 

strategic directions emerge as key pathways for future progress. Technological innovation remains the 

cornerstone of transformation in green logistics. The integration of autonomous vehicles, the Internet of 
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Things (IoT), and artificial intelligence (AI) is redefining logistics operations by improving efficiency, 

reducing emissions, and optimizing costs. Future initiatives should focus on achieving full 

interoperability among these technologies to unlock their combined potential. Collaborative research 

and development among academia, technology providers, and logistics firms will be critical in driving 

this technological evolution forward. 

Equally significant is the incorporation of circular economy principles, which enhance sustainability 

through resource recovery and reuse. The development of closed-loop logistics systems, encompassing 

reverse logistics, recycling, and materials optimization, should become a central priority. Cross-industry 

partnerships can play a decisive role in advancing innovative circular practices that enable materials and 

products to circulate efficiently and sustainably throughout the supply chain lifecycle. 

The regulatory environment will continue to exert a strong influence on the adoption of green logistics 

solutions. Establishing a harmonized global framework for emissions standards, certification schemes, 

and financial incentives can accelerate the transition toward sustainable operations. Policymakers, in 

collaboration with industry stakeholders, should design regulatory instruments that are both robust and 

adaptable to regional and market-specific conditions, thereby encouraging innovation and broad 

adoption. Another pivotal trend shaping the future of logistics is the growing emphasis on 

Environmental, Social, and Governance (ESG) principles. ESG metrics are increasingly influencing 

corporate sustainability strategies, with investors and stakeholders favoring organizations that 

demonstrate strong ESG performance. This paradigm shift is channeling greater financial support 

toward logistics firms that integrate green technologies, social responsibility initiatives, and transparent 

governance practices into their business models. 

Small and medium-sized enterprises (SMEs) represent a substantial share of the logistics 

industry yet often face barriers in implementing sustainable practices due to limited financial and 

technological resources. Tailored solutions, such as shared logistics platforms, modular green 

technologies, and accessible financing models, can enable SMEs to participate in the green transition. 

Creating collaborative ecosystems that link large corporations with SMEs will further facilitate 

knowledge transfer and technology diffusion across the sector. Data-driven decision-making will 

continue to reshape logistics management in the coming years. The application of Big Data analytics, 

real-time optimization tools, and machine learning algorithms enables firms to strike a balance between 

cost efficiency and environmental performance. Moreover, open data-sharing platforms can enhance 

collective industry intelligence, allowing stakeholders to jointly reduce the logistics sector’s 

environmental footprint while maintaining competitiveness and service quality. 

Finally, collaboration across the entire industry will be essential for advancing innovation in 

sustainable logistics. Cross-sector partnerships and knowledge-sharing initiatives can accelerate the 

creation of carbon-neutral supply chains. Public and private collaborations, particularly those that invest 

in sustainable infrastructure such as electric vehicle charging networks and smart logistics hubs, will be 

vital to achieving long-term sustainability goals. By following these strategic directions, the logistics 

industry can move toward a future where economic development and environmental responsibility are 

fully aligned. These initiatives not only address existing challenges but also create opportunities for 

building resilient, sustainable, and competitive supply chain systems capable of meeting the demands 

of an increasingly complex and environmentally conscious global economy. 
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9. Conclusion 

The transition toward green logistics represents not only an environmental obligation but also a 

strategic investment that strengthens competitiveness and contributes to global sustainability goals. This 

study demonstrates that the integration of technological innovation, supportive regulatory frameworks, 

and behavioral insights can create a synergistic effect that enhances both operational efficiency and 

business performance. The findings highlight the transformative potential of autonomous vehicles, the 

Internet of Things (IoT), and artificial intelligence (AI) in modern logistics. These technologies enable 

real-time, data-driven decision-making, optimize supply chain processes, reduce emissions, and 

significantly improve overall operational performance. At the same time, the adoption of circular 

economy principles supports the creation of closed-loop logistics systems that minimize waste and 

maximize resource utilization, further reinforcing sustainability objectives. Despite these advancements, 

several challenges remain. High upfront investment costs, regional disparities in regulatory frameworks, 

and the lack of standardized technological solutions continue to hinder widespread implementation. 

Addressing these issues will require strong international collaboration, well-designed policy 

instruments, and ongoing research focused on scalable solutions, particularly those that can support 

small and medium-sized enterprises (SMEs), which often face financial and infrastructural constraints 

in the green transition. 

Future research should examine the dynamic interplay between technological, policy, and 

behavioral dimensions of sustainability in logistics. Key areas of investigation include the long-term 

financial viability of AI-driven supply chain systems, the effectiveness of government incentives in 

promoting green logistics, and the influence of consumer behavior on sustainable purchasing and 

delivery practices. In addition, further studies are needed to assess the long-term impact of 

Environmental, Social, and Governance (ESG) criteria and sustainable investment strategies on logistics 

performance, as well as to refine the application of IoT and AI within sustainable logistics networks. As 

the logistics sector continues to evolve, embedding sustainability into strategic and operational 

frameworks will be essential for meeting the expectations of regulators, customers, and society at large. 

By linking technological innovation with environmental responsibility, green logistics can play a pivotal 

role in shaping the future of global supply chain management, ensuring resilience, efficiency, and 

environmental stewardship in the decades to come. 
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