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ABSTRACT 

This project investigates the evolving landscape of last-mile delivery (LMD) in 

India’s e-commerce sector, with a focus on identifying strategic, operational, and 

technological solutions to enhance delivery efficiency, customer satisfaction, and 

sustainability. Recognizing the last mile as the most complex and cost-intensive 

segment of the logistics chain, the study explores how rising consumer expectations, 

technological innovation, and regulatory developments are reshaping the delivery 

experience. The research is grounded in a review of industry practices, scholarly 

literature, and real-world case studies from companies such as Amazon, Flipkart, 

Delhivery, and BigBasket. Key dimensions such as urban congestion, rural 

infrastructure gaps, high delivery costs, and scalability challenges are examined 

through both theoretical and field-based lenses. 

The project highlights the transformative potential of Artificial Intelligence 

(AI), the Internet of Things (IoT), electric vehicles (EVs), micro-fulfillment centers, 

and gig workforce models in optimizing LMD operations. It also addresses socio-

geographic constraints like poor addressing systems, digital illiteracy, and uneven 

infrastructure that hinder consistent delivery performance in semi-urban and rural 

markets. Drawing insights from stakeholder interviews, the report proposes strategic 

interventions including hybrid delivery networks, smart lockers, region-specific digital 

tools, and regulatory support for green logistics. The findings underscore that 

successful last-mile execution requires not only technology adoption but also human 

capital development, public-private collaboration, and inclusive policy frameworks. 

Ultimately, the study concludes that a localized, scalable, and tech-enabled LMD 

strategy is crucial for unlocking the next phase of e-commerce growth in India.  
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Introduction 

explores the evolving landscape of the final stage in the e-commerce logistics chain—

delivering goods from local hubs to end consumers. With the surge in online shopping, 

last-mile delivery has become a critical focus due to its direct impact on customer 

satisfaction, cost efficiency, and environmental sustainability. This study investigates 

emerging technologies such as drones, autonomous vehicles, and AI-powered logistics, 

along with innovative business strategies and green practices. Through industry case 

studies and academic analysis, the project aims to highlight how companies are 

transforming last-mile operations to meet modern demands. 

 

1.1 Overview of Last-Mile Delivery 

Last-mile delivery refers to the final step of the delivery process, where goods are 

transported from a local distribution centre or transportation hub to the end customer. 

It is considered the most critical and complex segment of the supply chain, as it 

directly influences customer satisfaction and operational efficiency. This phase 

typically involves navigating urban congestion, addressing delivery time windows, 

and handling failed delivery attempts, all of which add to the cost and complexity of 

the process. 

Significance in E-Commerce 

In the context of e-commerce, last-mile delivery has become a focal point of 

innovation and investment. The exponential growth of online shopping has redefined 

consumer expectations, with fast, low-cost or free delivery becoming a standard 

demand. Studies show that last-mile logistics can account for over 50% of total 

shipping costs, primarily due to fragmented delivery routes and individualized drop-

offs. Consequently, companies are increasingly seeking advanced strategies to 

optimize this phase, including route planning technologies, autonomous vehicles, and 

micro-fulfilment centres. Efficient last-mile delivery not only enhances customer 

satisfaction but also provides a competitive edge in a saturated digital marketplace. 

Overview of the E-Commerce Supply Chain 

The e-commerce supply chain is a digitally enabled logistics network that connects 

sellers to consumers through a series of interconnected stages. The primary 

components of this supply chain include: 

• Procurement and Sourcing: Selection of products and materials from suppliers. 
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• Inbound Logistics: Transportation of goods to fulfilment centres or warehouses. 

• Inventory Management: Storage, tracking, and restocking of products based on 

demand. 

• Order Processing and Fulfilment: Picking, packing, and preparing goods for 

shipment after an order is placed. 

• Last-Mile Delivery: Final transportation leg from distribution centres to 

customers. 

• Returns Management (Reverse Logistics): Handling product returns, 

exchanges, and restocking. 

Unlike traditional retail supply chains, the e-commerce model is highly dynamic and 

consumer-driven, requiring real-time responsiveness, scalable fulfilment operations, 

and seamless integration between online platforms and physical logistics. The last-mile 

segment serves as the final interface between the retailer and the customer, making it a 

decisive factor in customer loyalty and brand perception. 

 

1.2 Evolution of Last-Mile Delivery 

The concept of last-mile delivery has existed since the early days of commerce, 

though it was not formally recognized as a logistics function until much later. 

Traditionally, last-mile delivery involved manual or animal-driven transportation to 

deliver goods from local merchants to consumers. With the rise of postal services in 

the 19th century, structured delivery networks began to emerge, enabling long-

distance parcel distribution to urban and rural households. 

Industrial and Retail Revolution (19th–20th Century) 

The industrial revolution brought about mass production and improved transportation 

infrastructure, such as railways and motor vehicles, which significantly enhanced the 

efficiency of delivery systems. The mid-20th century saw the rise of centralized retail 

supply chains, where goods were delivered to stores rather than directly to consumers. 

Home delivery remained limited to certain industries, such as newspapers and milk. 

Emergence of E-Commerce (1990s–2000s) 

The birth of e-commerce in the 1990s, with pioneers like Amazon and eBay, marked a 

major turning point. These platforms bypassed traditional retail stores, creating a need 

for robust home delivery systems. As consumer expectations shifted toward 

convenience and speed, logistics providers had to adapt to a decentralized model that 
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prioritized direct-to-consumer deliveries. Courier companies like FedEx, UPS, and 

DHL scaled their operations to meet this demand. 

Milestones in Technological Advancement 

• 2005: Amazon Prime launched, setting the standard for fast delivery with two-

day shipping, later pushing toward same-day delivery. 

• 2013: Amazon introduced the concept of drone-based delivery (Prime Air), 

signalling the shift toward autonomous solutions. 

• 2015–2020: Companies began piloting delivery robots, smart lockers, and 

crowdsourced delivery models. 

• 2020 Onwards: The COVID-19 pandemic accelerated demand for contactless 

and ultra-fast delivery, prompting innovations in automation, AI, and real-time 

tracking systems. 

Modern Technological Innovations 

Today, last-mile delivery is driven by a combination of cutting-edge technologies: 

• Autonomous Vehicles and Drones: Used for unmanned delivery, especially in 

suburban and rural areas. 

• Artificial Intelligence (AI): Enables predictive delivery, route optimization, and 

dynamic customer notifications. 

• Internet of Things (IoT): Facilitates real-time package tracking, smart sensors. 

• Micro-Fulfilment Centres: Compact, automated warehouses in urban areas that 

bring inventory closer to customers. 

• Crowdsourced Delivery Platforms: Utilize gig workers and real-time task 

assignment to increase flexibility and reduce delivery time. 

Year Milestone/Event Significance 

1800s Postal services established First organized last-mile networks 

1950s Retail chain logistics evolve Shift toward centralized supply systems 

1995 Amazon founded Beginning of modern e-commerce 

2005 Launch of Amazon Prime New standard for fast delivery 

2013 Drone delivery concept introduced Sparked autonomous delivery R&D 

2020 COVID-19 pandemic accelerates 

contactless delivery 

Boost to tech-driven last-mile models 

 

Table 1.1 Milestone and significance 
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The evolution of last-mile delivery has been shaped by shifts in consumer behaviour, 

technological breakthroughs, and logistical challenges. From manual deliveries to AI-

powered, autonomous logistics systems, the journey reflects an ongoing transformation 

aimed at increasing speed, reducing costs, and enhancing customer experience. As 

technology continues to advance, last-mile delivery will remain a dynamic and critical 

area of innovation in e-commerce logistics. 

 

1.3 Current Landscape of Last-Mile Delivery 

Overview 

The current landscape of last-mile delivery is shaped by rapid digitalization, evolving 

consumer behaviour, and increasing demand for convenience, speed, and flexibility. 

With the explosive growth of e-commerce across regions, last mile delivery has 

emerged as both a logistical challenge and a key competitive differentiator. Companies 

are adopting a mix of traditional logistics and emerging technologies to meet the 

complexities of delivering to diverse populations in varied geographic and 

infrastructural contexts. 

Major Industry Players 

India’s Last mile delivery market features both e-tailers with in-house logistics and 

specialized third-party carriers. Notable players include Amazon India (Amazon 

Logistics), Flipkart (with its Ekart arm), Delhivery, XpressBees, Blue Dart/DHL, 

DTDC/Gati, Instakart (BigBasket), and Shadowfax. Quick-commerce startups like 

Swiggy Instamart and Zomato Blinkit serve groceries in metros. (Hyperlocal pioneer 

Dunzo — once backed by Google — built a popular instant-delivery model but shut 

down in early 2025 due to the unsustainable costs of the quick-commerce model. 

International carriers (FedEx, UPS, Alibaba’s Cainiao, etc.) also operate in India, 

mainly handling express and cross-border e-commerce. Many of these firms leverage 

advanced technologies (AI route optimization, real-time tracking, robotics) and 

partnerships with local “kirana” shops to extend reach. 

 

Company Region 

Dominant 

Delivery Model Notable Features 

Amazon Global In-house and 

partner networks 

One-day, same-day 

delivery, drone testing 
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DHL Europe, Asia, 

Global 

Traditional 

logistics 

Urban micro-hubs, 

green delivery fleet 

FedEx North 

America 

Hub-and-spoke Predictive delivery tech, 

real-time tracking 

UPS Global Route optimization 

technologies 

Advanced analytics, 

drone delivery pilots 

Delhivery India Tech-enabled 

logistics 

AI-driven routing, tier 

2/3 city coverage 

Meituan/Dianping China On-demand local 

delivery 

Crowdsourced & 

scooter-based delivery 

Gojek & Grab Southeast 

Asia 

Gig-based delivery Super-app integration 

with real-time options 

Swiggy 

Genie/Dunzo 

India Hyperlocal last-

mile delivery 

Task-based urban 

logistics 

Table 1.2 Major players 

 

These companies are competing not only on delivery speed but also on sustainability, 

automation, and hyper-local reach. 

Geographical Factors Influencing last mile delivery 

Geography plays a crucial role in shaping last-mile logistics strategies: 

• Urban Areas: High population density and traffic congestion make delivery 

challenging but economically viable due to clustered demand. Solutions include 

electric bikes, autonomous robots, and micro-fulfilment centres. 

• Rural Areas: Sparse population and poor infrastructure result in higher delivery 

costs. Companies often rely on local courier networks or partner with regional 

players. 

• Topography & Climate: Hilly terrains, extreme weather, and lack of paved roads 

in certain areas can delay deliveries and increase operational risks. In such 

regions, drones and all-terrain vehicles are being tested to improve reach. 

 

Demographic Factors Influencing last mile delivery 

Demographic patterns directly influence consumer expectations and logistics design: 
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• Age Groups: Younger consumers (18–35) prioritize speed, app-based tracking, 

and flexibility. Older demographics may Favor reliability and in-person 

customer service. 

• Income Levels: High-income groups often opt for premium delivery (e.g., 

same-day), while cost-sensitive segments prefer standard or pickup point 

delivery. 

• Digital Literacy: Regions with higher smartphone and internet penetration see 

more adoption of advanced delivery methods like smart lockers, dynamic 

tracking, and digital payments. 

• Cultural Expectations: In some regions, delivery time preferences (e.g., 

avoiding weekends or holidays) are shaped by cultural norms, influencing 

delivery scheduling. 

 

The current last mile delivery landscape is highly dynamic and fragmented, adapting to 

technological change, regional infrastructure, and shifting demographics. Future 

progress in this space will depend on how well companies balance speed, cost, 

sustainability, and localized adaptability. 

1.4 Technological Innovations in Last-Mile Delivery 

The last-mile delivery (LMD) sector is undergoing a significant transformation, driven 

by technological advancements aimed at enhancing efficiency, reducing costs, and 

improving customer satisfaction. In India, these innovations are particularly impactful, 

addressing the unique challenges posed by diverse geographies and burgeoning e-

commerce demand. 

1. Artificial Intelligence (AI) and Machine Learning (ML) 

AI and ML are revolutionizing LMD by enabling predictive analytics, demand 

forecasting, and dynamic route optimization. These technologies help in anticipating 

delivery volumes, optimizing delivery routes in real-time, and reducing fuel 

consumption. For instance, companies like Delhivery and Shadowfax utilize AI-driven 

platforms to streamline their logistics operations, resulting in improved delivery times 

and customer satisfaction.  

2. Autonomous Delivery Vehicles and Drones 

The deployment of autonomous vehicles and drones is emerging as a game-changer in 

last mile. These technologies offer solutions to last-mile challenges, especially in 

congested urban areas and remote regions. In India, pilot projects are exploring the 
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feasibility of drone deliveries, aiming to expedite deliveries and reduce human 

dependency. However, regulatory hurdles and infrastructural limitations remain 

challenges to widespread adoption. 

3. Electric Vehicles (EVs) and Sustainable Practices 

Sustainability is a growing focus in last mile delivery, with companies adopting EVs to 

reduce carbon footprints. Flipkart, for example, has committed to transitioning its entire 

logistics fleet to electric by 2030, already deploying over 10,000 EVs across India. 

Additionally, the use of eco-friendly packaging and route optimization contributes to 

greener delivery practices. 

4. Smart Lockers and Pickup Points 

To enhance delivery efficiency and customer convenience, smart lockers and pickup 

points are being implemented in urban centres. These solutions allow customers to 

collect packages at their convenience, reducing failed delivery attempts and optimizing 

delivery routes. Companies like Amazon have introduced such systems in select Indian 

cities, improving the overall delivery experience.  

5. Real-Time Tracking and Customer Communication 

Real-time tracking systems provide customers with up-to-date information on their 

deliveries, enhancing transparency and trust. Mobile applications and SMS 

notifications keep customers informed, allowing for better coordination and 

satisfaction. Logistics firms are increasingly investing in such technologies to meet 

customer expectations in the digital age. 

6. Blockchain Technology 

Blockchain offers secure and transparent tracking of shipments, ensuring authenticity 

and reducing fraud. While still in nascent stages in India, the potential for blockchain 

to revolutionize supply chain management is significant, promising enhanced security 

and efficiency in last mile delivery operations. 

Comparative Overview of Key Technologies in Last-Mile Delivery 

Technology Use Case Benefits Indian Adoption 

Examples 

AI & ML Route optimization, 

demand forecasting 

Reduced costs, 

improved efficiency 

Delhivery, 

Shadowfax 

Autonomous 

Vehicles 

Urban and remote area 

deliveries 

Labor cost reduction, 

faster delivery 

Pilot projects in 

select regions 
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Smart Lockers Package collection 

points 

Increased convenience, 

reduced failures 

Amazon Locker in 

urban areas 

Real-Time 

Tracking 

Live delivery updates Enhanced 

transparency, customer 

trust 

Widely adopted 

across logistics firms 

Blockchain Secure shipment 

tracking 

Fraud reduction, 

improved security 

Emerging adoption 

in supply chains 

Table 1.3 Comparative Overview of Key Technologies in Last-Mile Delivery 

 

The integration of these technologies is reshaping the last mile delivery landscape in 

India, addressing challenges and setting new standards for efficiency and customer 

satisfaction. As the sector continues to evolve, embracing innovation will be crucial for 

logistics companies aiming to stay competitive in the dynamic e-commerce 

environment. 

 

1.5 Challenges in Last-Mile Delivery 

Last-mile delivery, the final and most customer-facing stage of the e-commerce supply 

chain, is fraught with numerous challenges. These span from infrastructure limitations 

and operational inefficiencies to environmental concerns and rising customer 

expectations. In India, the complexity is heightened by vast geographic diversity, 

regulatory variations, and socio-economic disparities. 

Logistical Constraints 

Urban areas in India face severe traffic congestion, limited parking spaces, and complex 

navigation scenarios. These issues delay deliveries and reduce delivery density 

efficiency. Conversely, in rural and semi-urban regions, poor road conditions and the 

absence of standardized address systems often lead to missed or delayed deliveries. 

Delivery personnel frequently rely on customer calls and local guidance to complete 

addresses, increasing delivery times. 

Operational and Infrastructure Challenges 

The high cost per delivery, especially for low-value orders, is a major operational 

barrier. E-commerce growth in Tier-2 and Tier-3 cities necessitates the rapid 

development of localized warehousing and distribution centres, but the required 

infrastructure is often underdeveloped or expensive. Additionally, managing delivery 
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agents, optimizing fleet usage, and ensuring timely deliveries during peak shopping 

periods add to the complexity. Handling reverse logistics—particularly high return 

rates in categories like apparel—also strains resources. 

Environmental Pressures 

The environmental impact of last-mile logistics is substantial, especially with 

conventional fuel-powered vehicles contributing to rising urban pollution levels. Indian 

cities already facing hazardous air quality conditions (such as Delhi) are further 

burdened by dense delivery traffic. While the shift to electric vehicles (EVs) is 

underway, it is slowed by high capital costs, limited charging infrastructure, and state-

wise policy variations. 

Regulatory Barriers 

Innovative technologies such as drones, delivery bots, and autonomous vehicles face 

legal and bureaucratic hurdles in India. Drone regulations under the Directorate General 

of Civil Aviation (DGCA) mandate strict licensing, altitude limits, and area restrictions, 

which limit their practical application. Similarly, EV adoption is shaped by varying 

state incentives and inconsistent infrastructure development, affecting nationwide 

implementation plans. 

Rising Customer Expectations 

Customer preferences are rapidly evolving. There is growing demand for same-day or 

next-day deliveries, precise delivery time slots, real-time tracking, and seamless return 

processes. Meeting these expectations consistently across varied geographic regions—

without inflating delivery costs—presents a critical challenge for logistics providers. 

Moreover, failed deliveries due to customer unavailability or incorrect addresses result 

in increased costs and diminished customer satisfaction. 

 

1.6 Impact of Last-Mile Delivery on E-Commerce Growth 

Last-mile delivery has emerged as a strategic driver in the growth and evolution of the 

e-commerce industry. As the final and most visible stage of the supply chain, it 

significantly influences customer satisfaction, brand perception, and overall operational 

performance. In the context of India’s rapidly expanding digital economy, efficient last-

mile logistics has enabled businesses to scale across urban, semi-urban, and rural 

landscapes. 

Influence on Customer Experience and Market Reach 
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A seamless and timely delivery experience is central to building consumer trust and 

loyalty. Customers today expect quick delivery, real-time tracking, and flexible options. 

Efficient LMD enables companies to meet these expectations, which directly 

contributes to higher retention rates and increased order frequency. In India, services 

like Amazon Prime and Flipkart Quick have set benchmarks for delivery standards, 

encouraging customer stickiness. 

At the same time, improvements in last-mile delivery have expanded the geographical 

footprint of e-commerce. Companies are now able to serve remote and rural regions 

through innovative distribution models and localized partnerships. Platforms like 

Meesho and JioMart have successfully used such approaches to tap into India’s vast 

non-metro markets, unlocking new demand and supporting inclusive digital 

participation. 

Operational Efficiency and Ecosystem Development 

While last-mile logistics is cost-intensive, advancements in technology and logistics 

infrastructure have led to greater efficiency. The use of route optimization, electric 

vehicles, AI-based dispatching, and micro-fulfilment centres have helped companies 

reduce delivery times and control expenses. These improvements not only support 

scalability but also contribute to long-term profitability. 

Moreover, the growing importance of last-mile delivery has accelerated the 

development of supporting logistics ecosystems. The rise of third-party logistics (3PL) 

providers like Delhivery, Ecom Express, and Shadowfax in India reflects how LMD is 

fostering innovation and investment in the sector. These partnerships allow e-

commerce firms to focus on core operations while ensuring specialized and reliable 

delivery services. 

 

1.7 Research Objectives 

This study aims to explore the evolving landscape of last-mile delivery (LMD) in the 

context of e-commerce, with a particular focus on technological advancements and 

sustainable solutions. The key objectives of the research are as follows: 

• To analyse current practices and strategies employed in last-mile delivery, with 

the aim of understanding how logistics providers are addressing the growing 

challenges in the e-commerce sector. 
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• To investigate emerging technologies and innovative models, including the use 

of drones, autonomous vehicles, robotics, artificial intelligence (AI), and other 

advanced systems that are transforming last-mile delivery. 

• To examine critical challenges faced by last-mile delivery operations, such as 

increasing costs, traffic congestion in urban areas, environmental concerns, and 

the rising consumer demand for faster and more flexible delivery options. 

• To recommend cost-effective, scalable, and sustainable solutions for last-mile 

delivery that enhance customer satisfaction while minimizing operational 

inefficiencies and environmental impact. 

 

1.8 Research Methodology 

The research methodology outlines the systematic approach undertaken to investigate 

the advancements, challenges, and emerging trends in last-mile delivery within the e-

commerce industry. This chapter defines the research design, data collection methods, 

tools of analysis, and the rationale behind the chosen approach to ensure the study’s 

validity and reliability. 

Research Design 

This study adopts a descriptive and exploratory research design. Descriptive elements 

help present the current landscape of last-mile delivery and related technological 

innovations, while exploratory aspects focus on investigating emerging models, future 

trends, and sustainable practices in last-mile logistics. 

Data Collection Methods 

The research utilizes both primary and secondary data sources: 

• Primary Data: Collected through structured interviews and questionnaires 

administered to logistics professionals, e-commerce delivery personnel, and 

supply chain experts. These insights helped gather real-world perspectives on 

current practices, technological adoption, and customer behaviour. 

• Secondary Data: Sourced from scholarly articles, industry reports, government 

publications, case studies, news papers, and credible websites. This helped in 

understanding global trends, past developments, and policy implications. 

Sampling Technique 
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A purposive sampling technique was used to select participants for primary data 

collection. Respondents were chosen based on their expertise or direct involvement in 

last-mile logistics, particularly within the Indian e-commerce industry. 

 

Tools and Techniques for Analysis 

The collected data were analysed using both qualitative and quantitative methods: 

• Qualitative data were thematically analysed to identify patterns, recurring 

issues, and expert insights related to operational, technological, and customer-

related aspects of last mile delivery. 

• Quantitative data from survey responses were interpreted using simple 

statistical tools (percentages, charts, and graphs) to present clear and concise 

findings. 

Limitations of the Study 

• The study is primarily focused on the Indian e-commerce market and may not 

fully reflect conditions in other geographical contexts. 

• Access to internal operational data from logistics firms was limited due to 

confidentiality concerns. 

• Technological adoption varies significantly across regions and companies, 

which may affect generalization of results. 

 

1.9 Scope of the Study 

This study primarily focuses on exploring the advancements, challenges, and 

innovations in last-mile delivery  within the context of the e-commerce industry. It aims 

to examine the technological developments transforming the last mile delivery process, 

the operational constraints faced by logistics providers, and the evolving expectations 

of consumers. 

Geographically, the study emphasizes the Indian e-commerce landscape, while also 

drawing insights from global practices and innovations to provide a comparative 

perspective. The research covers diverse delivery models, including traditional 

logistics, hyperlocal services, and emerging solutions such as drone delivery, electric 

vehicles, and autonomous systems. 

The study is relevant to stakeholders including e-commerce companies, logistics firms, 

technology providers, policymakers, and consumers. It seeks to provide practical 
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recommendations that can enhance delivery efficiency, cost-effectiveness, and 

customer satisfaction while ensuring environmental sustainability. 

The scope does not extend to other segments of the supply chain such as warehousing, 

long-haul transportation, or international shipping, except where they directly influence 

last-mile operations. 

 

1.10 Structure of the Report 
The project report is organized into five chapters, each designed to systematically 

explore various aspects of last-mile delivery in the e-commerce sector: 

• Chapter 1: Introduction 

This chapter introduces the research topic, defines key concepts, outlines the 

research objectives, methodology, and scope, and provides background on the 

significance of last-mile delivery in e-commerce. 

• Chapter 2: Literature Review 

This chapter presents a critical review of existing academic and industry 

literature related to last-mile delivery, including key theories, models, past 

studies, and gaps in current research. 

• Chapter 3: Research Design and Data Analysis 

This chapter details the research methodology used for data collection and 

analysis, presents findings from surveys/interviews, and interprets the data in 

the context of the research objectives. 

• Chapter 4: Discussion and Findings 

Based on the analysed data, this chapter discusses the major insights, 

compares them with existing literature, and evaluates the implications for e-

commerce and logistics stakeholders. 

• Chapter 5: Conclusion and Recommendations 

The final chapter summarizes the key findings, addresses the research 

objectives, and offers practical recommendations for improving last-mile 

delivery strategies. It also outlines limitations and suggests directions for 

future research. 
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Review of literature 

 

Introduction  

The rapid growth of e-commerce has intensified the demand for efficient and 

sustainable last-mile delivery (LMD) systems, positioning LMD as a pivotal 

component in the supply chain. As the final and often most complex stage in the 

delivery process, last-mile logistics directly impacts customer satisfaction, operational 

costs, and environmental sustainability. This review of literature explores the evolving 

landscape of last-mile delivery, emphasizing recent advancements, strategic 

adaptations, and pressing challenges faced by e-commerce stakeholders across diverse 

geographic and regulatory contexts. 

 

The review draws upon a range of scholarly sources, empirical studies, and industry-

focused analyses to provide a multidimensional perspective on the current state and 

future trajectory of LMD. It examines the integration of emerging technologies such as 

artificial intelligence (AI), the Internet of Things (IoT), autonomous vehicles, and 

drones, highlighting their role in optimizing routing, enhancing delivery speed, and 

reducing emissions. The review also evaluates sustainable logistics models and policy-

driven initiatives that aim to balance economic efficiency with environmental 

responsibility. 

 

Additionally, the literature captures regional disparities and operational barriers, 

especially in densely populated urban centers and underdeveloped rural zones. 

Attention is given to consumer-centric innovations, omnichannel strategies, and 

infrastructure readiness, all of which shape the effectiveness of LMD solutions. 

By synthesizing these diverse perspectives, this literature review lays a foundation for 

identifying key gaps and opportunities in the field. It informs the research focus of this 

study, which aims to critically assess advancements in last-mile delivery and propose 

context-specific strategies for enhanced e-commerce fulfillment. 
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2.1 Evolution and Importance of Last-Mile Delivery 

 

This study explores (Islam et al., 2024)1 how Artificial Intelligence (AI) can address 

the challenges of last-mile delivery (LMD) in e-commerce. It identifies high delivery 

costs, delays, and package mishandling as core issues that negatively affect customer 

satisfaction and operational efficiency. The research uses a cross-sectional survey from 

42 e-commerce users to analyse AI’s impact, revealing that AI adoption is influenced 

more by environmental and operational awareness than direct customer satisfaction. 

Technologies such as route optimization, demand prediction, and dynamic rerouting 

are highlighted as tools to improve delivery efficiency. 

The study also emphasizes the importance of increasing consumer awareness of AI's 

benefits to boost adoption. AI-based solutions, such as reinforcement learning and 

clustering algorithms, are suggested to resolve real time delivery issues and enhance 

sustainability. While the correlation between AI and customer satisfaction is weak, its 

potential to streamline logistics operations and reduce carbon footprints remains 

significant. Future research should investigate deeper integration of AI with green 

logistics initiatives. 

 

Figliozzi examines the environmental 2(Figliozzi, 2011) and operational implications 

of urban traffic congestion on freight distribution networks. Using a Portland-based 

case study and time dependent vehicle routing algorithms, the paper evaluates how 

congestion affects CO₂ emissions and delivery timing. The study demonstrates that 

while longer travel durations typically raise emissions, strategic depot placement and 

optimized routing can sometimes yield lower emissions, even when routes are 

extended. 

This paper suggests public policy must consider the trade-off between delivery 

efficiency and environmental impact. Congestion and depot location decisions can 

unintentionally increase carbon output, despite reducing travel time or distance. Thus, 

real-time traffic data and emissions modelling are essential to designing sustainable 

logistics operations. 

 
1(Islam et al., 2024)  “Last-Mile Delivery: Enhancing Customer Experience and Operational Efficiency 
in E-commerce”” Islam M, Fazlur S, Rahman A”“ (2024) 2617-7420” 
2 (Figliozzi, 2011)” The impacts of congestion on time-definitive urban freight distribution networks CO2 
emission levels: Results from a case study in Portland, Oregon”” Figliozzi M”” Transportation Research 
Part C: Emerging Technologies””  (2011) 19(5) 766-778” 
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Janjevic and Winkenbach (2020) present an integrated framework to analyse last-mile 

distribution strategies 3(Janjevic & Winkenbach, 2020) in mature versus emerging 

markets. They identify logistical elements such as customer density, transportation 

mode, warehousing structure, and regulatory environments that differ widely between 

regions. Emerging markets often face limited infrastructure, lower trust in online 

transactions, and fragmented delivery networks. 

The study proposes a comprehensive model incorporating variables such as urban 

density, socio-economic factors, and technology adoption. The analysis also highlights 

that while developed markets focus on efficiency and automation, emerging markets 

prioritize adaptability and cost-effective practices. This contrast underscores the need 

for context-specific LMD models. 

 

  He highlight logistics as a strategic enabler 4(Tang & Veelenturf, 2019) in the Industry 

4.0 era, emphasizing how technologies like drones, AI, blockchain, and IoT redefine 

supply chain functions. Logistics is portrayed as a creator of economic, environmental, 

and social value rather than a cost centre. The study discusses how these technologies 

facilitate personalized deliveries, predictive analytics, and greener operations. 

Furthermore, the paper discusses logistics' role in sustainability and consumer 

satisfaction. It suggests that companies adopting smart logistics systems stand to gain 

a competitive edge. However, the authors warn that over-reliance on technology 

without proper human oversight could lead to safety risks. The research calls for further 

exploration of governance and ethical issues in automated logistics. 

 

introduce the concept of "mobile warehouses" as an 5(Srivatsa Srinivas & Marathe, 

2021)  agile solution to last-mile delivery disruptions exacerbated by COVID-19. These 

mobile units trucks carrying inventories based on predicted regional demand minimize 

delivery time and reduce dependency on expensive urban real estate. The study uses an 

 
3 (Janjevic & Winkenbach, 2020) ”Characterizing urban last-mile distribution strategies in mature and 
emerging e-commerce markets” ”Janjevic M, Winkenbach M” ”Transportation Research Part A: Policy 
and Practice“ ” (2020) 133 164-196” 
4 (Tang & Veelenturf, 2019) “The strategic role of logistics in the industry 4.0 era” “Tang C, Veelenturf L” 
“Transportation Research Part E: Logistics and Transportation Review” “(2019) 129 1-11” 
5 (Srivatsa Srinivas & Marathe, 2021) “Moving towards “mobile warehouse”: Last-mile logistics during 
COVID-19 and beyond” “Srivatsa Srinivas S, Marathe R” “Transportation Research Interdisciplinary 
Perspectives“ “(2021) 10” 
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analytical model to evaluate the feasibility and profitability of this model in the post-

pandemic context. 

The findings emphasize that mobile warehouses can bridge the gap between static 

infrastructure and dynamic demand patterns, especially in congested cities. By placing 

inventory closer to the end consumer, companies reduce delivery windows and missed 

deliveries. The paper encourages broader adoption of flexible warehousing for resilient 

LMD. 

 

develop a model to examine how logistics 6(Sanchez-Rodrigues et al., 2010) 

uncertainties such as delivery constraints, variable demand, and poor integration affect 

transport sustainability. The study, based on UK freight operations, identifies delays 

and poor information flow as primary disruptors to transport efficiency. 

The research underscores the need for integrated ICT systems and collaborative 

planning among shippers, carriers, and customers. Uncertainty increases costs and 

emissions, diminishing supply chain resilience. The study calls for holistic strategies to 

manage both internal and external uncertainties to foster sustainable transport 

operations. 

 

provide a structured literature review of 75 7(Mangiaracina et al., 2019) scholarly works 

on innovative last-mile delivery models. The study categorizes innovations into two 

streams: traditional optimization (e.g., vehicle routing) and disruptive approaches (e.g., 

drones, lockers, crowdsourced delivery). It emphasizes parcel lockers, dynamic pricing, 

and consumer presence mapping as efficiency boosters. 

The research finds that automation, real-time data use, and decentralized logistics 

significantly improve service levels and cost-effectiveness. It calls for more empirical 

work to evaluate real-world performance of such models, especially regarding customer 

satisfaction and environmental impact. 

 

 
6 (Sanchez-Rodrigues et al., 2010) “The impact of logistics uncertainty on sustainable transport 
operations” “Sanchez-Rodrigues V, Potter A, Naim M” “International Journal of Physical Distribution 
and Logistics Management” “(2010) 40” 
7 (Mangiaracina et al., 2019) “Innovative solutions to increase last-mile delivery efficiency in B2C e-
commerce: a literature review” “Mangiaracina R, Perego A” “International Journal of Physical 
Distribution and Logistics Management” “2019” 
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analyse the rapid evolution of 8(Schröder et al., n.d.) last-mile delivery technology, 

highlighting the increasing demand for faster, cost-effective, and automated delivery 

solutions. The report notes that customer expectations are rising sharply, with a 

significant number favouring same-day or instant delivery—although most are 

unwilling to pay extra for it. The authors emphasize the emergence of technologies like 

autonomous delivery vehicles (ADVs), electric vans, drones, parcel lockers, and robotic 

couriers, all contributing to a dramatic reshaping of the logistics sector. Their 

"technology roadmap" reveals that adoption is accelerating faster than previously 

expected, pushing both logistics and commercial vehicle sectors to respond quickly. 

The integration of automation not only promises cost efficiency but is also reshaping 

competitive dynamics in the parcel delivery industry. This review highlights how LMD 

is transitioning from a traditional delivery process into a highly digitized, tech-driven 

ecosystem requiring urgent strategic transformation. 

 

provide a narrative literature review 9(Sorooshian et al., 2022) on how intelligent 

technologies are reshaping last-mile delivery, particularly through artificial intelligence 

(AI), robotics, and decision-support systems. The study classifies these tools into 

tangible (robots, drones, autonomous vehicles) and intangible (predictive analytics, 

operating systems), outlining their potential to enhance productivity and sustainability. 

Despite these benefits, the authors caution that challenges like high implementation 

costs, infrastructure limitations, and delivery inefficiencies persist—especially in 

complex urban environments. They stress that LMD remains one of the most inefficient 

and cost-intensive stages of the logistics process, heavily impacted by traffic 

congestion, missed deliveries, and environmental concerns. Their findings underscore 

the importance of modernizing LMD with smart technology while also addressing the 

trade-offs between speed, cost, and sustainability. The study serves as a valuable 

resource for both practitioners and policymakers aiming to balance customer 

expectations with environmental and operational performance. 

 

 
8 (Schröder et al., n.d.) “Fast forwarding last-mile delivery-implications for the ecosystem” “Schröder J” 
“2018” 
9 (Sorooshian et al., 2022 “Toward a Modern Last-Mile Delivery: Consequences and Obstacles of 
Intelligent Technology” “Sorooshian S, Khademi Sharifabad S, Afshari A” “Applied System Innovation” 
“2022” 
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explores how innovations in supply 10(Sanni, 2024) chain and omnichannel strategies 

are enhancing last-mile delivery in the e-commerce sector. The paper emphasizes the 

importance of integrating various digital channels and logistics platforms to provide 

seamless delivery experiences. It highlights advancements such as warehouse 

automation, customer preference-driven logistics, and the adoption of smart 

technologies like AI, IoT, and blockchain to improve real-time visibility and inventory 

management. The study suggests that e-commerce firms can gain a competitive edge 

by merging last-mile logistics with omnichannel retail strategies to offer greater 

flexibility and speed. However, the research also notes that these innovations must be 

tailored to regional and infrastructural contexts, especially in developing economies 

where digital maturity varies. The review contributes to the understanding of how 

logistics evolution supports customer-centric delivery and supply chain resilience, both 

of which are central to future-ready e-commerce operations. 

 

investigates the relationship between 11(Criveanu, 2023) digital transformation, e-

commerce, and sustainable economic growth in EU countries. Using artificial neural 

networks and cluster analysis, the study demonstrates that digital intensity and 

widespread adoption of e-commerce significantly contribute to GDP growth and 

sustainable development. It argues that digital technologies offer competitive 

advantages by enabling better resource use, reducing waste, and enhancing 

transparency in economic systems. The findings show that countries investing in digital 

infrastructure not only experience increased productivity but are also better positioned 

to achieve Sustainable Development Goals (SDGs). E-commerce plays a pivotal role 

by offering efficient, low-cost access to products and services, which helps streamline 

supply chains. This research is especially relevant in the context of last-mile delivery, 

where digitization and smart logistics solutions can drive both profitability and 

environmental stewardship 

 

 

 

 
10 (Sanni, 2024) “E-Commerce-Driven Supply Chain Innovations: Last-Mile Delivery and Omnichannel 
Strategies” “Sanni B” “2024” 
11 (Criveanu, 2023) “Investigating Digital Intensity and E-Commerce as Drivers for Sustainability and 
Economic Growth in  the EU Countries” “Criveanu M” “Electronics (Switzerland)” “(2023) 12(10)” 
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2.2 Technological Interventions in LMD 

 

examine the transformative role of 12(Batan et al., 2020) Artificial Intelligence (AI) in 

optimizing last-mile delivery through dynamic routing, predictive analytics, and 

sustainable logistics practices. The study discusses how AI-powered systems can 

address key challenges such as delivery delays, high costs, and carbon emissions. 

Technologies like machine learning algorithms and real-time data analytics are shown 

to enhance routing decisions, anticipate demand surges, and streamline warehouse-to-

customer flows. The paper emphasizes that integrating AI with last-mile operations not 

only boosts speed and accuracy but also contributes to greener logistics by minimizing 

fuel consumption and delivery redundancy. However, the authors also highlight barriers 

including high implementation costs, cybersecurity risks, and lack of standardized 

frameworks for AI adoption. The review concludes that AI holds tremendous potential 

in redefining last-mile logistics but requires supportive infrastructure and collaborative 

frameworks between governments, logistics providers, and tech developers to be truly 

impactful. 

 

explore the impact of Internet of Things (IoT) 13(Kafile & Mbhele, 2023) technologies 

on the efficiency and quality of last-mile distribution in South Africa. Focusing on the 

integration of GPS tracking, RFID systems, and real-time analytics, the study finds that 

IoT enables more responsive and cost-effective logistics systems. Through a survey-

based analysis of distribution companies, the research demonstrates that IoT adoption 

leads to reduced delivery delays, better decision-making, and enhanced customer 

satisfaction. It also highlights that IoT enhances visibility across the supply chain, 

allowing businesses to proactively manage disruptions and monitor performance. 

Despite these benefits, the study notes challenges in infrastructure compatibility, data 

security, and cost of deployment, particularly in developing economies. Nonetheless, 

the paper concludes that with proper implementation, IoT can significantly elevate last-

mile logistics performance by increasing operational transparency and aligning delivery 

services more closely with consumer expectations. 

 
12 (Batan et al., 2020) “Last-Mile Delivery with Artificial Intelligence: Dynamic Routing, Predictive 
Analytics, and Sustainable Logistics Solutions in the E-Commerce Era” “Batan A, Al-Khatib A” 
“Eigenpub Review of Science and Technology” “(2020) 465-478”20 
13 (Kafile & Mbhele, 2023) “Improving last mile distribution systems through the Internet of Things: a 
South African case” “Kafile M, Mbhele T” “Acta Logistica” “(2023) 10(4) 597-603” 
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investigate how14(Segbenu Zosu 2024) last-mile delivery can balance cost-efficient 

with environmental sustainability, using data from logistics firms, couriers, and urban 

planners in Lagos, Nigeria. The study reveals that while traditional delivery models 

prioritize cost, they often compromise on environmental goals, leading to excessive 

emissions and traffic congestion. It presents optimization strategies such as electric 

vehicles, route management, and decentralized hubs to reduce both economic and 

ecological burdens. The paper stresses that successful implementation requires 

stakeholder collaboration and technological investment, particularly in urban areas 

facing infrastructural limitations. The findings underscore that last-mile logistics, 

which accounts for a significant share of delivery cost and carbon output, is central to 

building sustainable supply chains. Importantly, the study highlights that consumer 

demand for instant delivery must be balanced with environmental responsibility, 

advocating for hybrid models that merge efficiency with sustainability initiatives. 

 

 present a forward-looking perspective on  the 15(Andrei et al., 2024) integration of 

autonomous maritime and last-mile delivery systems in e-commerce logistics. The 

study proposes a GIS-based optimization model combining geospatial data, IoT 

sensors, and AI algorithms to improve delivery route planning and reduce fuel usage. 

It emphasizes that autonomous systems, from maritime cargo handling to urban 

delivery bots, can significantly enhance efficiency, flexibility, and sustainability. 

Through a case study on product movement from factory to consumer, the authors 

demonstrate how digital transformation in shipping and delivery systems can reshape 

global supply chains. However, the research also identifies challenges such as 

regulatory uncertainty, safety risks, and high infrastructure costs as barriers to adoption. 

Ultimately, the paper positions autonomous logistics as a vital component of future 

supply chains, particularly for companies aiming to reduce emissions and enhance last-

mile delivery accuracy in high-density environments. 

 

 
14 (Segbenu Zosu 2024) “Last-Mile Delivery Optimization: Balancing Cost Efficiency and Environmental 
Sustainability” “Segbenu Zosu” “International Journal of Emerging Trends in Engineering Research” 
“(2024) 12(11) 12-11” 
15(Andrei et al., 2024) “ Transforming E-Commerce Logistics: Sustainable Practices through 
Autonomous Maritime and Last-Mile Transportation Solutions” “Andrei N, Scarlat C, Ioanid A” 
“Logistics” “(2024) 8(3) 71” 
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Conduct a systematic literature review 16(He & Csiszár, 2021) on hybrid truck-drone 

delivery systems, offering insights into how combining ground and aerial transport can 

address last-mile delivery inefficiencies. The study identifies key benefits of such 

systems, including reduced delivery times, cost savings in sparsely populated areas, and 

lower emissions. It also categorizes existing models based on delivery structure, such 

as point-to-point vs. hub-spoke approaches. A major finding is that drone-truck 

integration is particularly effective for rural and suburban logistics, where traditional 

delivery vehicles are inefficient. However, challenges such as limited drone range, 

battery life, airspace regulation, and public acceptance are also highlighted. The authors 

suggest that while the concept holds strong potential for improving both operational 

performance and environmental impact, further real-world experimentation and 

regulatory alignment are essential before large-scale adoption becomes feasible.  

 

analyze how electric vehicle (EV) 17(Madani & Ndiaye, 2022)  integration and AI-

driven optimization contribute to sustainable last-mile delivery solutions. Their study 

examines case examples from European and Asian markets, showcasing how predictive 

analytics can manage energy consumption and fleet deployment effectively. The 

authors argue that while EVs reduce emissions, AI is crucial for maximizing efficiency, 

particularly in route planning and vehicle allocation. The combination of both 

technologies leads to substantial cost reductions, improved delivery timelines, and 

enhanced environmental performance. However, the paper notes that infrastructure 

limitations and lack of standardized frameworks for AI deployment pose barriers. The 

research concludes that an integrated approach—using EVs, smart analytics, and real-

time monitoring—offers the most promising path toward achieving sustainable and 

scalable last-mile logistics. The study emphasizes that governments and private sector 

players must work together to overcome adoption challenges and accelerate the 

transition to green logistics 

 

 

 
16 (He & Csiszár, 2021) “Model for crowdsourced parcel delivery embedded into mobility as a service 
based on autonomous electric vehicles” “He Y, Csiszár C” “Energies” “(2021) 14(11)” 
17 (Madani & Ndiaye, 2022) “Hybrid Truck-Drone Delivery Systems: A Systematic Literature Review” 
“Madani B, Ndiaye M” “IEEE Access” 
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It analyses the multifaceted 18(Viu-Roig & Alvarez-Palau, 2020) impacts of e-

commerce-related last-mile logistics on urban environments. By applying a quadruple 

impact framework—economic, social, environmental, and technological—the study 

offers a holistic perspective. The rapid expansion of e-commerce has intensified last-

mile deliveries, affecting urban traffic congestion, pollution, land use, and social equity. 

Findings indicate that while economic and environmental impacts have been more 

studied, technological and social dimensions remain underexplored. The paper calls for 

better policy coordination to mitigate negative externalities and ensure sustainable 

urban logistics. By highlighting knowledge gaps, the study lays a foundation for future 

interdisciplinary research and more comprehensive policy interventions. 

conduct a technical review 19(Rajabi et al., n.d.) of drone delivery systems, emphasizing 

energy efficiency and sustainability. The study covers hybrid propulsion systems, 

energy management architectures, and algorithmic planning for optimal routing. It 

identifies key challenges such as limited battery life, payload constraints, and regulatory 

barriers. 

The review also discusses how UAVs, supported by AI and real-time data, could 

revolutionize last-mile logistics by reducing emissions and delivery time. However, it 

calls for robust frameworks for energy optimization and safety protocols before large-

scale deployment can be achieved. 

 

2.3 Sustainability and Operational Challenges 

 This study presents a 20(Raghunatha et al., 2023) comparative systems analysis of 

electric drones, diesel trucks, and electric trucks for last-mile parcel delivery in both 

urban and rural contexts. Focusing on environmental emissions, life-cycle costs, and 

delivery times, the research analysis four delivery scenarios using a consistent 

functional unit. The findings show that while electric trucks outperform in 

environmental performance, drones are more cost-effective and time-efficient due to 

automation and lack of driver needs. However, drones have higher emissions in city 

deliveries due to energy-intensive take offs and landings. 

 
18 (Viu-Roig & Alvarez-Palau, 2020) “The impact of E-Commerce-related last-mile logistics on cities” 
“Viu-Roig M, Alvarez-Palau E” “Sustainability (Switzerland)” 
19 (Rajabi et al., n.d.) “Drone Delivery Systems and Energy Management: A Review and Future Trend” “s 
Rajabi M, Beigi P, Aghakhani S” 
20 (Raghunatha et al., 2023) “Critical assessment of emissions, costs, and time for last-mile goods 
delivery by drones versus trucks” “Raghunatha A, Lindkvist E” “Scientific Reports” “(2023) 13(1)” 
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The study emphasizes that drones may complement rather than replace road 

transport, especially in time-sensitive or rural deliveries. While drones have potential 

in rapid electrification of logistics, regulatory and technological challenges remain. 

Sensitivity analysis underscores the importance of optimizing drone size and delivery 

distances. The paper provides actionable insights for transport planners and 

policymakers to integrate drones into multimodal logistics while advancing 

sustainability goals 

. 

This interdisciplinary review explores 21(Li et al., 2020)  the sustainability implications 

of online food delivery (FD) platforms by examining economic, social, and 

environmental impacts. The authors highlight how online FD offers job opportunities 

and sales growth for restaurants but also raises concerns over high commission fees, 

low job satisfaction among delivery workers, and shrinking profits for small businesses. 

Socially, FD alters the consumer-food relationship and influences urban traffic and 

public health, while environmentally, it significantly contributes to packaging waste 

and carbon emissions. 

The study emphasizes the importance of understanding diverse stakeholder 

perspectives—consumers, businesses, and policymakers—to mitigate negative 

consequences and enhance positive outcomes. Despite its benefits, FD services are 

under scrutiny for their long-term sustainability. The authors call for improved labour 

policies, public awareness campaigns, and sustainable packaging innovations. This 

review serves as a foundation for future research and practical interventions aimed at 

aligning the growing FD sector with the broader goals of sustainable development. 

 

This article systematically22(Klein & Popp, 2022)   examines sustainability in last-mile 

logistics, with a focus on consumer perceptions and urban logistics systems. It identifies 

key determinants such as environmental values, convenience, and the availability of 

alternative delivery methods. The review stresses the interdependence of environmental 

sustainability (e.g., emissions), economic viability (cost efficiency), and social welfare. 

 
21 (Li et al., 2020) “Review of online food delivery platforms and their impacts on sustainability” “Li C, 
Mirosa M, Bremer P” “Sustainability (Switzerland)” 
22 (Klein & Popp, 2022) “Last-Mile Delivery with Artificial Intelligence: Dynamic Routing, Predictive 
Analytics, and Sustainable Logistics Solutions in the E-Commerce Era” “Batan A, Al-Khatib A” “(2020) 
465-478” 
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Through a thematic analysis of past studies, the paper emphasizes the increasing role 

of consumers in shaping logistics sustainability, albeit with limited influence due to 

retailer-driven logistics models. It recommends improving transparency and offering 

green delivery options. Overall, the review underscores the need for a systemic and 

inclusive approach to designing sustainable last-mile ecosystems. 

 

This paper offers a comprehensive 23(Zhu et al., 2023)  systematic review of 

transportation methods used in last-mile delivery (LMD), analysing 150 academic 

articles. It identifies nine core LMD modes—ranging from traditional trucks to 

autonomous vehicles—and categorizes literature into three themes: value co-creation, 

delivery optimization, and environmental friendliness. The review uses PRISMA and 

text mining for content analysis. 

The study shows a shift from manual to automated methods like drones and 

delivery robots, spurred by Industry 4.0 and 5.0 developments. Despite growing 

technological innovations, challenges remain in sustainability, customer expectations, 

and cost management. The authors propose future research directions that integrate 

environmental, regulatory, and technological perspectives to optimize last-mile 

efficiency. 

 

examine logistics management 24(Gomes et al., 2023)   practices in the e-commerce 

sector, focusing on the Brazilian market. The study identifies core challenges such as 

inventory accuracy, delivery delays, and high operational costs. Opportunities include 

adopting transport management systems, route optimization, and emerging tech like 

drones and robots. 

The paper argues that investment in automation and digital infrastructure can 

significantly improve service quality and operational efficiency. It also highlights the 

growing need for reverse logistics and customer satisfaction as competitive 

differentiators in e-commerce logistics. 

 

 
23 (Zhu et al., 2023) “Evolution, Challenges, and Opportunities of Transportation Methods in the Last-
Mile Delivery Process” “Zhu X, Cai L” “Systems” “(2023) 11(10)” 
24 (Gomes et al., 2023) “Logistics management in e-commerce: challenges and opportunities” “Gomes 
A, De Lima Junior F, De Macêdo J”“Revista de Gestão e Secretariado (Management and Administrative 
Professional Review)” “(2023)14(5)” 
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Critical Dimensions in the Transformation of Last-Mile Delivery 

 

The transformation of last-mile delivery has become a central focus in the logistics and 

e-commerce sectors, as businesses strive to meet rising consumer expectations, reduce 

operational inefficiencies, and adopt sustainable practices. The last mile, being the most 

customer-facing and cost-intensive segment of the supply chain, is increasingly 

influenced by a combination of technological innovations, strategic delivery models, 

and evolving regional dynamics. In a country as diverse and fast-moving as India, the 

effectiveness of last-mile delivery has a direct impact on e-commerce growth, customer 

retention, and logistical scalability. 

This chapter explores the critical dimensions shaping the ongoing transformation of last 

mile delivery. It delves into the current state of infrastructure and policy in India, 

identifies prevailing challenges, highlights technological advancements, and evaluates 

the economic, strategic, and environmental implications of new delivery models. The 

chapter also includes global best practices and case studies from major players like 

Amazon and Flipkart, drawing comparisons and identifying areas for localized 

improvement. By analysing these dimensions thematically, the chapter presents a 

comprehensive understanding of how last-mile delivery is evolving—and what it means 

for the future of e-commerce logistics. 

 

3.1 Current State of Last-Mile Delivery in India 

India's last-mile delivery (LMD) landscape has rapidly evolved over the past decade, 

driven by the explosive growth of e-commerce, widespread smartphone usage, and 

improved internet penetration. With over 700 million internet users and a growing 

preference for online shopping across Tier-2 and Tier-3 cities, the pressure on logistics 

providers to optimize the final leg of delivery has intensified. Major players like 

Amazon, Flipkart, Delhivery, and Ecom Express have built expansive networks capable 

of reaching more than 95% of serviceable PIN codes across the country. Despite these 

advancements, last-mile operations remain fragmented, especially in rural and semi-

urban areas, where inconsistent infrastructure, poor road connectivity, and lack of 

formal addressing systems hinder efficiency and delivery reliability. 

Urban India, on the other hand, presents a different set of challenges and opportunities. 

Congestion, limited parking, and narrow delivery windows in metropolitan areas have 

led to increased investments in electric vehicles, micro-fulfilment centres, and gig 
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economy models. Meanwhile, regulatory support under initiatives like Digital India and 

National Logistics Policy has encouraged logistics digitization and local innovation. 

However, the sector still faces logistical gaps, workforce shortages, and significant 

variability in service quality across regions. The current state of LMD in India thus 

reflects both impressive growth and persistent structural challenges, making it a critical 

area for strategic intervention and technological integration. 

 

3.1.1 Infrastructure and Logistics Development 

India’s physical infrastructure serves as the backbone of its logistics network, and its 

status greatly influences the efficiency of last-mile delivery systems. 

a) Growth of Road and Transport Infrastructure 

India has the second-largest road network in the world, but its quality varies greatly 

across states and districts. While major cities have relatively good access through 

national highways and ring roads, rural areas often lack all weather roads, delaying or 

complicating deliveries. Additionally, last-yard delivery reaching interior locations 

from nearby delivery hubs is hampered by poor lane access, lack of signage, and 

unstructured address systems. 

 

b) Expansion of Warehousing and Fulfilment Hubs 

To meet the surge in demand, companies are expanding their warehousing footprint. E-

commerce players such as Amazon, Flipkart, and BigBasket have established urban and 

semi-urban fulfilment centres that function as relay points for regional deliveries. In 

Tier-2 and Tier-3 cities, micro-fulfilment centres and dark stores are being used to 

increase delivery speed while optimizing space and cost. 

 

c) Challenges in Urban vs. Rural Logistics 

Urban logistics face congestion, parking limitations, and strict delivery time windows 

imposed by gated societies and office parks. In contrast, rural logistics face delivery 

density issues leading to higher costs per order. The lack of reliable transport vehicles 

and organized courier networks further complicates rural delivery operations. 

 

3.1.2 Regional Diversity and Digital Reach 

India’s socio-economic and digital landscape is highly diverse, directly affecting the 

penetration and efficiency of last-mile logistics. 
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a) Urban vs. Rural Digital Divide 

Urban India has seen near-saturation in smartphone usage and internet penetration, 

making digital order management and tracking seamless. However, rural areas still face 

issues such as low smartphone literacy, inconsistent network access, and limited 

awareness of online purchasing. This creates logistical disconnects in delivery 

instructions, payment processing, and failed deliveries. 

 

b) Growth of Tier-2 and Tier-3 Markets 

With urban e-commerce markets maturing, the focus is shifting toward semi-urban and 

small-town India. According to industry estimates, over 60% of new online shoppers 

in India now come from these emerging regions. This shift demands region-specific 

delivery models involving local partners, vernacular apps, and regionally optimized 

vehicle fleets such as two-wheelers and e-rickshaws. 

 

c) Technological Adaptation for Diverse Regions 

Many logistics companies are customizing their last-mile tech stack for rural use. Apps 

now feature voice instructions, location sharing via WhatsApp, and GPS mapping 

based on landmarks rather than pin codes. Cash-on-delivery (COD) also remains 

critical in many regions where digital payments are not yet fully trusted or adopted. 

 

3.1.3 Government Support and Policy Landscape 

The Indian government has initiated several policies to modernize logistics, improve 

infrastructure, and promote inclusive digital access—all of which indirectly support 

last-mile delivery advancement. 

 

a) National Logistics Policy and PM Gati Shakti 

The National Logistics Policy (2022) aims to lower logistics costs from the current 

~13–14% of GDP to 8% by 2030. It promotes digitization, multimodal integration, and 

private sector participation in logistics infrastructure. Complementing this is the “PM 

Gati Shakti Yojana”, a master plan that integrates transport and logistics planning 

across ministries to avoid duplication and inefficiency. 

 

 

b) Digital India and BharatNet 
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Under the Digital India program, the government has expanded high-speed internet 

access across over 250,000 Gram Panchayats through “BharatNet”, laying the 

foundation for rural digital commerce. This has indirectly enabled e-commerce 

deliveries by expanding the digital customer base and encouraging digital payment 

adoption. 

c) Policy Gaps and Regulatory Challenges 

Despite positive strides, policy clarity on cutting-edge last-mile solutions like drones, 

autonomous vehicles, and electric delivery fleets remains limited. Drone deliveries are 

currently under pilot stages, governed by strict permissions from the Directorate 

General of Civil Aviation (DGCA). Similarly, while the FAME-II policy offers 

subsidies on electric vehicles, lack of charging infrastructure and standardization 

hampers scale. 

 

3.2 Understanding the Current Challenges in Last-Mile Delivery 

Last-mile delivery (LMD) remains one of the most complex and cost-intensive stages 

in the logistics chain, despite the significant advancements in infrastructure, 

digitalization, and supply chain technology. While urban India benefits from better 

connectivity and digital integration, large parts of the country continue to struggle with 

delivery delays, operational inefficiencies, and unmet customer expectations. These 

issues directly affect the sustainability, scalability, and profitability of e-commerce 

operations. 

In the Indian context, last mile delivery challenges are shaped by a unique combination 

of: 

• Socio-economic diversity: which influences consumer behaviour and delivery 

expectations. 

• Geographical variability: including urban congestion and rural inaccessibility. 

• Infrastructure gaps: particularly in remote and peri-urban regions. 

• High service-level expectations: driven by the rapid adoption of quick-

commerce and real-time tracking. 
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3.2.1 High Costs and Inefficiencies 

 

Rising Operational Costs in E-Commerce Logistics 

The last-mile phase often incurs the highest share of total logistics costs up to 

50% in some models due to the granular nature of individual deliveries. Fuel 

consumption, vehicle maintenance, manpower, and packaging materials all 

contribute to elevated delivery costs. Unlike centralized warehousing and bulk 

transportation stages, last-mile delivery requires multiple handovers and 

discrete delivery efforts, especially in low-density or hard-to-reach areas. 

 

Cost Drivers: Reverse Logistics and Delivery Failures 

Failed deliveries and returns further inflate costs. India, with its high preference 

for cash-on-delivery (COD), experiences significant reverse logistics activity, 

increasing transportation duplication and labour requirements. Each failed 

delivery also results in rescheduling, customer service handling, and restocking 

leading to revenue loss and reduced logistical efficiency. 

 

Lack of Route Optimization and Load Consolidation 

Many logistics networks lack sophisticated route optimization systems, leading 

to inefficient paths, idle time, and partial truckloads. Without proper integration 

of data-driven logistics tools, delivery agents often take suboptimal routes, 

increasing travel time and fuel expenses. Load consolidation, crucial for cost 

efficiency, is difficult in areas with scattered demand and fragmented 

infrastructure. 

 

3.2.2 Urban Congestion and Rural Limitations 

 

Traffic Density and Urban Infrastructure Gaps 

In metropolitan cities like Delhi, Mumbai, and Bengaluru, delivery person face 

congestion, poor parking facilities, and frequent traffic jams. These not only 

delay deliveries but also increase vehicle idle time, fuel usage, and per-drop 

costs. Gated societies, office complexes, and high-rise buildings introduce 

additional delays due to restricted access, security clearances, and complex 

internal navigation. 
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Challenges in Semi-Urban and Rural Distribution 

Rural regions face the opposite challenge lack of basic transport infrastructure. 

Unpaved roads, absence of street naming systems, and low delivery density 

make last-mile operations economically unviable unless subsidized. Delivery 

agents in these areas often rely on mobile communication or local guides to 

locate recipients, increasing operational overhead and time. 

 

Digital Mapping and Addressing Issues 

India’s address systems are highly inconsistent, especially in rural and peri-

urban regions. Many locations are identified by landmarks rather than 

standardized postal formats. Even GPS systems often struggle to pinpoint exact 

locations. As a result, manual intervention, calls to customers, or trial-and-error 

delivery attempts remain common, slowing down the process significantly. 

 

3.2.3 Rising Customer Expectations and Failed Deliveries 

 

Evolving Consumer Behaviour and Delivery Preferences 

With the success of services like Amazon Prime and Flipkart Quick, consumers 

now expect ultra-fast delivery, real-time tracking, flexible slots, and seamless 

return options. However, such high service levels are difficult to sustain in areas 

where operational constraints persist. Consumers are also increasingly 

intolerant of delays or missed deliveries, resulting in reputational and financial 

damage to e-commerce platforms. 

 

Complexity of Delivery Windows and Real-Time Coordination 

Customers demand specific delivery times and expect the ability to modify them 

at short notice. Coordinating real-time preferences requires sophisticated 

backend systems, responsive customer service, and flexible staffing all of which 

increase delivery complexity. Any breakdown in this coordination can lead to a 

poor delivery experience and increased failure rates. 

 

Return Management and Customer Dissatisfaction 

Returns especially in fashion and electronics are common in e-commerce and 

significantly complicate last mile delivery. Poor product fit, mismatch with 
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description, or failed delivery attempts can result in returns that double the 

logistics effort. If not managed efficiently, high return rates result in lost trust, 

negative reviews, and increased cost per order. 

 

3.3 Operational Barriers and Execution Gaps 

Beyond infrastructure and technology, the success of last-mile delivery  

depends heavily on consistent operational execution. However, many logistics 

providers face persistent execution-related bottlenecks that hinder service 

reliability and cost-effectiveness. This section focuses on three core operational 

barriers: workforce challenges, inventory and fulfilment misalignments, and 

last-yard delivery complexities. 

These operational gaps are particularly evident in rapidly expanding 

markets like India, where logistical complexity is amplified by demographic 

diversity, unstructured urban planning, and fluctuating demand. Unlike 

infrastructure bottlenecks that can be addressed through long-term investment, 

operational inefficiencies are often rooted in human resource limitations, 

process misalignments, and technological underutilization. Workforce 

shortages, uneven skill levels, and high attrition among delivery personnel 

contribute to inconsistency in service quality. Likewise, inventory management 

failures especially during peak demand cycles lead to late or incorrect 

deliveries. 

This section explores three major dimensions of operational failure in detail: 

• Workforce limitations and skill gaps 

• Inventory distribution and fulfilment hurdles 

• Last-yard complexity and its impact on delivery success rates 

Each of these presents unique challenges and opportunities for logistics 

providers aiming to enhance last-mile performance in competitive e-commerce 

environments. 

 

3.3.1 Workforce Limitations and Skills Gaps 

 

a) Dependence on Gig Workers: 

Many logistics providers in India rely heavily on gig economy workers or temporary 
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delivery personnel. While flexible, this model often lacks consistency, with workers 

frequently changing jobs or lacking long-term commitment. 

 

b) Lack of Training and Digital Proficiency: 

A considerable number of delivery agents lack formal training in areas such as 

customer service, package handling, or use of route optimization apps. This results in 

inefficiencies, longer delivery times, and a greater likelihood of failed deliveries. 

 

c) Retention and Motivation Challenges: 

Poor working conditions, low wages, and lack of benefits contribute to high attrition 

rates, making workforce continuity difficult and service levels inconsistent. 

 

3.3.2 Inventory Distribution and Fulfillment Hurdles 

 

a) Centralized Warehousing Limitations: 

Many logistics operations continue to rely on centralized warehouses, which increases 

lead times for deliveries in remote or rural locations. 

 

b) Poor Inventory Forecasting: 

A lack of real-time inventory analytics often leads to stockouts, delayed dispatch, or 

incorrect order fulfillment, especially during peak seasons. 

 

c) Limited Micro-Fulfillment Integration: 

While micro-fulfillment centres can improve local responsiveness, their limited 

adoption in Tier-2 and Tier-3 regions hampers scalability and delivery speed. 

 

3.3.3 Last-Yard Complexity and Delivery Success Rates 

 

a) Inconsistent Addressing and Access Barriers: 

The final leg often just 100 to 300 meters is where many deliveries fail due to 

unstructured addresses, gated communities, and restricted access in high-rise 

apartments. 
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b) Recipient Availability and Communication Gaps: 

Missed deliveries frequently occur due to customer unavailability or poor 

communication between the agent and recipient, especially where digital literacy is 

low. 

c) Reattempts and Cost Inflation: 

Each failed delivery leads to reattempts, longer delivery cycles, and added cost 

making last-yard challenges a critical pressure point in last mile delivery execution. 

 

3.4 Technological Innovations and Advancements 

Technological advancement is redefining the landscape of last-mile delivery (LMD), 

enabling e-commerce companies to meet growing consumer expectations while 

improving operational efficiency. Innovations in artificial intelligence (AI), the 

Internet of Things (IoT), autonomous systems, and sustainable transportation are 

transforming how goods are moved from fulfillment centres to consumers. This 

section focuses on three major categories of technological innovation, beginning with 

digital tools that power real-time decision-making and logistics optimization. 

 

Technology Application Area Benefits 

AI Route optimization, 

forecasting 

Reduced delays, better 

efficiency 

IoT Real-time tracking, fleet 

monitoring 

Delivery transparency, asset 

visibility 

Drones Remote delivery, urgent 

goods 

Fast delivery, reduced road 

dependence 

Autonomous 

Bots 

Urban delivery in short range Contactless, efficient in gated 

spaces 

EVs Urban/rural delivery fleets Reduced emissions, fuel cost 

savings 

Table 3.1 Technologies in Enhancing Last-Mile Delivery 

 

 

 

 



47 
 

3.4.1 AI, IoT, and Real-Time Logistics 

 

a) Role of Artificial Intelligence in Predictive Logistics 

AI has emerged as a game-changer in last-mile delivery by enabling predictive analytics 

and intelligent decision-making. AI algorithms process massive amounts of historical 

and real-time data to forecast demand patterns, optimize delivery routes, and allocate 

resources efficiently. This is particularly useful for dynamic route planning, where AI 

adjusts delivery paths based on traffic conditions, weather, or package priority. 

Companies like Delhivery and Shadowfax in India are using AI-based tools to 

streamline dispatch operations, reduce idle time, and increase delivery density per trip. 

 

b) IoT Devices for Asset and Fleet Tracking 

The Internet of Things (IoT) plays a critical role in providing real-time visibility into 

logistics networks. GPS-enabled sensors embedded in delivery vehicles, handheld 

devices, and even packages help monitor movement, detect delays, and provide 

constant updates to both logistics coordinators and customers. IoT-based fleet 

management systems also track vehicle performance, fuel consumption, and 

maintenance needs allowing for proactive problem-solving and operational cost 

savings. In India, companies like Ecom Express and Blue Dart use IoT systems to 

ensure better accountability and to reduce risks associated with lost or delayed 

shipments. 

 

c) Integration of AI and IoT for Real-Time Monitoring 

When combined, AI and IoT create a powerful feedback loop that enhances last-mile 

performance. AI interprets the vast data collected from IoT devices and translates it into 

actionable insights. For example, real-time traffic data from IoT sensors can be fed into 

AI models that reassign delivery routes in real time, improving punctuality and reducing 

emissions. Additionally, predictive maintenance powered by AI helps reduce vehicle 

downtime, which is crucial for high-frequency, high-volume last-mile operations. 

 

d) Customer Experience and Delivery Transparency 

AI and IoT also enhance customer-facing functions. Real-time tracking, ETA 

notifications, and digital proof of delivery (e.g., OTP, photos, e-signatures) improve 

transparency and trust. AI chatbots and voice assistants are increasingly used for 



48 
 

customer queries, while backend AI tools optimize delivery slot availability based on 

buyer preferences. These innovations contribute to a seamless and reliable delivery 

experience, which is becoming a key differentiator in a competitive e-commerce 

environment. 

 

3.4.2 Autonomous Delivery Systems and Drones 

Autonomous delivery systems are emerging as a transformative solution to the growing 

demand for fast, contactless, and efficient last-mile delivery. Technologies such as 

ground-based delivery robots and aerial drones are being developed and piloted to 

reduce dependence on human labour and to overcome physical barriers in congested or 

remote areas. These systems can operate on pre-programmed routes, avoid obstacles 

using sensors, and deliver parcels with minimal human intervention. 

 

Drones, in particular, are gaining traction in last-mile scenarios where conventional 

vehicles are inefficient—such as hilly terrain, islands, or rural zones. In India, pilot 

projects led by firms like Skye Air and Redwing Labs have tested drone deliveries for 

medical supplies and essential goods. However, regulatory hurdles related to airspace 

permissions, safety, and privacy remain significant challenges. 

 

Ground robots are being deployed in controlled urban environments abroad, but their 

Indian adoption is still in nascent stages due to infrastructure limitations. Despite these 

challenges, autonomous systems hold strong potential for cost reduction and improved 

delivery speed, especially in specialized applications. As technology matures and 

regulations evolve, autonomous LMD solutions could become a viable complement to 

traditional delivery methods in India's diverse logistics ecosystem. 

 

As the global logistics ecosystem evolves, the integration of autonomous systems with 

broader supply chain technologies is becoming more feasible. Combining drone and 

robot deliveries with AI-driven route planning, IoT-based tracking, and real-time data 

analytics can create a fully automated, responsive last-mile ecosystem. In India, while 

commercial-scale deployment remains limited, government bodies such as the 

Directorate General of Civil Aviation (DGCA) have initiated sandbox trials and policy 

frameworks to encourage safe drone operations under the "Drone Rules 2021." 

Moreover, advancements in 5G connectivity, sensor precision, and edge computing will 
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further enhance the reliability of autonomous systems. If adopted strategically, these 

technologies could significantly reduce delivery lead times, lower emissions in urban 

zones, and enable service access in disaster-hit or inaccessible regions—offering a 

promising future for both urban smart cities and rural outreach initiatives. 

 

 

Criteria Traditional 

Human-Based 

Delivery 

Drone Delivery Autonomous 

Ground Bots 

Delivery Speed Moderate to Fast 

(based on traffic) 

Very Fast (direct 

aerial path) 

Moderate (limited by 

ground conditions) 

Operational Cost High (labour, fuel, 

incentives) 

Medium (battery-

powered, low 

labour) 

Low to Medium 

(maintenance, setup 

cost) 

Delivery Range High (urban + 

rural coverage) 

Limited (approx. 

10–15 km range) 

Limited (short-

range, 2–5 km 

radius) 

Infrastructure 

Required 

Roads, personnel, 

parking spaces 

Drone stations, 

airspace clearance 

Sidewalks, urban 

terrain accessibility 

Limitations Human errors, 

fatigue, delays 

Regulatory 

hurdles, weather 

dependency 

Obstacle navigation, 

pedestrian conflicts 

Best Use Case All-purpose, rural 

and urban 

Remote areas, 

urgent deliveries 

Controlled urban 

settings, short trips 

Scalability High but costly High potential, 

pending 

regulations 

Medium, suitable for 

dense urban zones 

Environmental 

Impact 

Medium to High 

(fuel-based 

vehicles) 

Low (battery-

powered, eco-

friendly) 

Low (electric, low 

emission) 

Table 3.2 Comparison of Delivery Models 
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3.4.3 Electric Vehicles (EVs) and Green Delivery Practices 

Electric vehicles (EVs) are increasingly being adopted in last-mile logistics as part of a 

broader effort to reduce carbon emissions, lower fuel costs, and align with sustainability 

goals. EVs offer quiet operation, lower maintenance requirements, and substantial 

savings on fuel compared to traditional internal combustion engine (ICE) vehicles. For 

last-mile delivery companies operating in dense urban zones, EVs also help meet 

regulatory norms related to noise and pollution. 

In India, e-commerce giants like Amazon and Flipkart have committed to 

deploying thousands of EVs across their delivery fleets by 2030. This includes two-

wheelers, e-rickshaws, and light commercial EV vans suited for narrow streets and 

frequent stops. Government incentives under the FAME-II policy have accelerated EV 

adoption by offering subsidies and support for infrastructure development. 

 

However, the lack of widespread charging stations, range limitations, and upfront 

vehicle costs remain constraints. To overcome these, companies are exploring battery 

swapping models and building captive charging infrastructure near fulfillment centres. 

In the long run, the integration of EVs into last-mile delivery is not just an 

environmental imperative but also a strategic investment in cost-efficient and future-

ready logistics. 

 

 
Figure 3.1 Indian EV market 
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3.5 Strategic Solutions for Last-Mile Delivery 

 

In response to growing operational inefficiencies, high costs, and rising customer 

expectations, e-commerce and logistics companies are adopting a variety of strategic 

models to improve the efficiency of last-mile delivery (LMD). These approaches are 

designed to enhance delivery speed, reduce cost per order, and increase customer 

convenience. This section outlines three key strategies reshaping last-mile logistics: 

crowdsourced delivery models, micro-fulfillment infrastructure, and hybrid delivery 

networks involving smart lockers and flexible routing. 

 

3.5.1 Crowdsourced Delivery and Gig Workforce 

 

a) The Gig Model in Last-Mile Delivery 

Crowdsourced delivery involves leveraging freelance or part-time delivery personnel 

(gig workers) to fulfil local deliveries on demand. Platforms such as Dunzo, Swiggy 

Genie, and Shadowfax in India have successfully adopted this model to scale operations 

quickly and cost-effectively in urban markets. 

 

b) Benefits and Flexibility 

This approach allows companies to respond dynamically to demand fluctuations, 

especially during peak seasons or regional festivals. It reduces fixed labour costs and 

enables flexible routing based on real-time traffic and order clusters. 

 

c) Challenges in Standardization 

However, the model is not without drawbacks. Inconsistent training, high turnover, and 

limited control over service quality can impact the customer experience. To mitigate 

this, companies are investing in digital onboarding platforms, performance tracking 

apps, and incentive-based engagement to build a more reliable gig workforce. 

 

3.5.2 Micro-Fulfillment Centres and Smart Hubs 

 

a) Decentralizing Inventory for Faster Response 

Micro-fulfillment centres (MFCs) are compact, tech-enabled storage facilities located 

close to end customers. These centres support rapid order picking and dispatch within 
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smaller delivery radii, significantly reducing the time and distance required for last-

mile fulfillment. 

 

b) Operational Advantages 

MFCs improve order accuracy, reduce last-mile transportation costs, and enable same-

day or even one-hour deliveries. Companies like Blinkit (formerly Grofers) and 

BigBasket have adopted this model to meet hyperlocal grocery demands efficiently. 

 

c) Integration with Urban Infrastructure 

Many MFCs are being integrated into existing retail spaces or converted urban 

buildings to reduce real estate costs. Combined with demand forecasting tools, these 

centres enhance delivery reliability while minimizing warehousing overhead. 

 

3.5.3 Smart Lockers and Hybrid Delivery Networks 

 

a) Reducing Delivery Failure Rates 

Smart lockers are secure, self-service units installed in high-footfall areas like 

residential complexes, metro stations, or offices. Customers can retrieve packages at 

their convenience using a secure code, reducing missed deliveries and the need for re-

attempts. 

 

b) Supporting Hybrid Delivery Ecosystems 

When combined with traditional home delivery and click-and-collect models, smart 

lockers form a hybrid delivery network. This reduces pressure on last-mile agents, 

improves delivery density, and allows logistics firms to serve more customers in less 

time. 

c) Adoption in India and Global Trends 

While still nascent in India, smart locker systems are gaining traction in urban zones. 

Amazon has piloted smart locker programs in select cities, and future expansion is 

expected as urban infrastructure and digital literacy improve. 
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3.6 Economic and Environmental Impacts 

As last-mile delivery (LMD) evolves through technological innovations and strategic 

restructuring, its economic and environmental implications have become increasingly 

significant. These impacts go beyond operational performance, influencing business 

profitability, job creation, community development, and ecological sustainability. The 

rising scale of e-commerce has brought last-mile logistics into the spotlight not just as 

a functional necessity but as a critical factor in shaping long-term economic outcomes 

and environmental footprints. 

This section explores the dual impact of LMD from two key perspectives: its influence 

on business economics, including cost optimization and employment generation, and 

its contribution both positive and negative to environmental sustainability. 

 

3.6.1 Cost Optimization and Profitability 

 

a) Cost as a Central Challenge in LMD 

Last-mile delivery often represents the most expensive component of the entire logistics 

chain, sometimes accounting for up to 50% of total fulfillment costs. Fuel expenses, 

manpower, packaging, failed delivery attempts, and reverse logistics contribute 

significantly to the cost burden. In price-sensitive markets like India, where delivery 

charges are often waived to attract customers, companies must absorb or offset these 

costs to remain competitive. 

 

b) Innovations Driving Down Costs 

Technology is playing a major role in reducing delivery costs. Artificial Intelligence 

(AI) and Machine Learning (ML) are increasingly used for dynamic route optimization, 

vehicle allocation, and real-time demand prediction. IoT-based vehicle tracking 

improves fleet utilization, while robotic process automation (RPA) reduces manual 

workload in sorting and dispatch operations. 

Startups like Delhivery and Shadowfax have reported improved profit margins after 

implementing data-driven tools for order clustering and delivery scheduling. Flipkart's 

integration of micro-fulfillment centres and AI-powered demand forecasting has also 

helped reduce logistics cost per unit by minimizing warehouse-to-doorstep distance. 
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c) Profitability Through Service Innovation 

Beyond reducing costs, LMD contributes to profitability by enhancing customer 

experience. Same-day delivery, real-time tracking, flexible delivery slots, and reliable 

return mechanisms increase customer loyalty and conversion rates. For example, 

Amazon Prime customers in India are significantly more likely to place repeat orders 

due to their trust in delivery reliability, translating into higher revenue and lower 

customer acquisition costs. 

 

3.6.2 Job Creation and Local Partnerships 

 

a) Gig Economy and Employment Generation 

The LMD boom has created thousands of employment opportunities across India, 

particularly in urban and semi-urban areas. The rise of gig platforms such as Swiggy 

Genie, Dunzo, and UrbanClap has enabled flexible, location-based work for delivery 

agents. This gig model offers entry-level employment to those with limited formal 

education and provides earning opportunities for students, migrants, and part-time 

workers. 

According to NITI Aayog’s 2022 report, India’s gig workforce could reach 23.5 million 

by 2030, with a large share attributed to logistics and last-mile delivery. This makes 

LMD not just a functional enabler of commerce but a contributor to socio-economic 

mobility. 

b) Localized Partnerships and MSME Involvement 

To enhance regional reach, many logistics providers are partnering with local courier 

companies, small vendors, and even kirana stores. These partnerships create new 

income streams for micro-enterprises and improve service reliability in remote areas. 

Amazon’s “I Have Space” program is a notable example, wherein small shop owners 

are enlisted to store and deliver parcels within their neighbourhoods. 

This model not only supports decentralized employment but also strengthens the trust 

and familiarity between delivery agents and end-users particularly in Tier-2 and Tier-3 

towns. 

c) Social Inclusion and Gender Participation 

Several LMD companies are piloting inclusive hiring programs aimed at empowering 

women and underrepresented communities. Organizations like eKart and India Post 

have initiated women-led delivery hubs in selected districts. Though still emerging, 
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such programs hold potential for increasing female workforce participation in logistics, 

historically a male-dominated sector. 

 

3.6.3 Emission Reduction and Green Compliance 

 

a) Environmental Costs of Traditional Delivery Models 

The traditional LMD model, dominated by diesel-powered two-wheelers and vans, has 

contributed significantly to urban air pollution and carbon emissions. Multiple short-

distance trips, especially in congested urban areas, result in higher fuel usage and 

particulate matter emissions. Additionally, inefficient packaging and increased return 

rates contribute to excess waste generation. 

In India’s metropolitan cities, where the Air Quality Index (AQI) often crosses 

hazardous levels, the environmental impact of e-commerce logistics cannot be ignored. 

Sustainable last-mile practices are therefore becoming essential not optional for 

responsible logistics providers. 

 

b) Transition to Green Delivery Practices 

In response, many logistics firms are transitioning to eco-friendly delivery methods. 

Electric Vehicles (EVs), e-cargo bikes, and cycle couriers are being deployed for short-

range delivery, especially in cities like Delhi, Bengaluru, and Pune. Flipkart has 

committed to transitioning its entire last-mile fleet to EVs by 2030, and Amazon India 

is actively expanding its EV delivery network across 400 cities. 

Smart route planning using AI also helps reduce fuel consumption by minimizing 

detours and idle engine time. Additionally, carbon offsetting programs and recyclable 

packaging initiatives are being adopted to reduce the broader environmental footprint 

of last mile delivery. 

 

c) Policy and Compliance Frameworks 

India’s FAME-II (Faster Adoption and Manufacturing of Electric Vehicles) scheme 

supports the adoption of EVs through subsidies and tax rebates. Many state 

governments are also introducing green mobility policies, mandating the use of clean-

energy vehicles for last-mile services in polluted urban zones. 

Moreover, global ESG (Environmental, Social, and Governance) reporting standards 

are pushing companies to measure and disclose their environmental impact, including 
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logistics emissions. Companies that align their last-mile strategies with sustainability 

metrics are more likely to attract investment and consumer loyalty in the long run. 

 

Conclusion: Economic-Environmental Balance as a Strategic Priority 

The evolution of last-mile delivery is not merely a logistical concern it has far-reaching 

implications for economic development, employment generation, and environmental 

sustainability. Strategic investment in cost optimization tools, local employment 

models, and clean delivery technologies can help companies build resilient, future-

ready logistics systems. As consumer awareness grows and regulatory scrutiny tightens, 

the integration of economic efficiency with green compliance will become a defining 

factor for success in the last-mile space 

 

Feature Traditional Delivery Green Delivery(EVs,Bikes) 

Fuel Type Diesel/Petrol Electric/Cycling 

Carbon Emissions High Low to Zero 

Operating Cost/ km ₹6–8 ₹1.5–3 

MaintenanceFrequency Medium to High Low 

Ideal Range Long-distance, heavy load Short-distance, urban 

Noise Pollution High Minimal 

Government Subsidy None Available under FAME-II 

Table 3.3 Comparison of Traditional vs. Green Delivery Models 

 

 

3.7 Global Best Practices 

Globally, last-mile delivery (LMD) systems are undergoing rapid transformation as 

countries adapt to rising consumer expectations, environmental mandates, and digital 

disruption. Leading economies have introduced innovative logistics practices tailored 

to their geographic, economic, and policy environments. By studying global best 

practices, emerging markets like India can draw valuable insights for improving 

delivery speed, cost-efficiency, and sustainability. This section explores notable 

approaches from Europe, North America, and China. 
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3.7.1 Europe’s Sustainable City Logistics 

 

a) Urban Consolidation Centres (UCCs) 

European cities such as Amsterdam, Paris, and Hamburg have adopted urban 

consolidation centres (UCCs), these are logistics hubs or mini-warehouses located on 

the outskirts of a city. Instead of every delivery company sending its own trucks into 

the city centre, they send all parcels to the UCC first. From there, smaller, cleaner, and 

more efficient vehicles—often electric vans or cargo bikes deliver the packages within 

the city. 

 

b) Low-Emission Zones and Green Regulations 

Cities across the EU have implemented low-emission zones (LEZs) and vehicle access 

restrictions to control pollution. As a result, companies are increasingly using electric 

vans, cargo bikes, and micro-distribution hubs to comply with regulations. 

 

c) Public-Private Partnerships 

Local governments actively collaborate with logistics firms and startups to pilot 

innovations such as automated parcel lockers and night-time delivery zones, balancing 

efficiency with community welfare. These models promote sustainability while 

improving urban liability. 

 

3.7.2 North America’s Automation and Scale 

 

a) Advanced Warehouse Automation 

Major U.S. and Canadian e-commerce firms leverage robotics and AI in large-scale 

fulfillment centres. Amazon’s use of Kiva robots for automated picking and sorting has 

reduced order-to-ship time significantly. 

 

b) Autonomous Vehicle and Drone Pilots 

Companies like FedEx, UPS, and Walmart are testing drone delivery and autonomous 

ground vehicles for short-range fulfillment. Zipline and Wing are piloting medical and 

retail deliveries with FAA approval in select U.S. states. 
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c) Tech-Driven Customer Interfaces 

North America also leads in integrating technology at the consumer end offering real-

time tracking, flexible delivery windows, voice-enabled order changes, and smart door 

drop systems. These tools enhance convenience and reduce failed deliveries. 

 

3.7.3 China’s AI Integration and Innovation Ecosystems 

 

a) AI-Powered Delivery Networks 

Chinese logistics giants like JD Logistics and Cainiao (Alibaba) operate fully AI-driven 

warehouses and routing systems. Machine learning optimizes delivery routes, assigns 

workforce tasks, and predicts peak demand to allocate resources efficiently. 

 

b) Smart Infrastructure and Last-Yard Robotics 

In urban zones, China has rapidly deployed autonomous delivery bots and drone 

systems for campus, community, and commercial park deliveries. These are integrated 

with facial recognition and QR-code-based verification. 

 

c) Ecosystem Approach and Platform Synergy 

China’s LMD success stems from its integrated digital ecosystems where e-commerce 

platforms, payments, logistics, and communication tools (like WeChat) work 

seamlessly. This end-to-end integration enables faster response times, improved 

customer experience, and lower delivery costs. 

 

3.8 Case Study: Amazon and Flipkart in India 

India’s two largest e-commerce players, Amazon and Flipkart, have invested heavily in 

developing advanced last-mile delivery (LMD) systems tailored to the country’s 

diverse logistics landscape. These case studies offer practical insights into how 

technological innovation, regional strategy, and hybrid delivery models can overcome 

India’s infrastructure limitations and rising consumer expectations. This section 

examines their approaches and evaluates their wider applicability. 
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3.8.1 Amazon’s Tech-Driven LMD and Lockers 

Amazon India has adopted a highly technology-centric approach to LMD. Its core 

strength lies in advanced route optimization, predictive analytics, and real-time delivery 

tracking powered by machine learning. Amazon’s logistics arm, Amazon 

Transportation Services (ATS), works in tandem with its delivery network, which 

includes Delivery Service Partners (DSPs), Flex (gig-based drivers), and Amazon-

owned vehicles. 

One standout innovation is the rollout of Amazon Lockers, piloted in metro 

cities such as Bengaluru, Delhi, and Mumbai. These self-service delivery lockers allow 

customers to collect parcels at their convenience, reducing failed deliveries and re-

attempts. Customers receive a unique pickup code and can retrieve their package from 

a locker in high-footfall areas like malls, metro stations, or offices. 

 

Additionally, Amazon uses “local shops as delivery hubs” under its “I Have 

Space” program, partnering with small retailers for hyperlocal drop-offs. Combined, 

these systems offer speed, flexibility, and scalability, especially in dense urban zones. 

 

3.8.2 Flipkart’s Ekart and Tiered City Expansion 

Flipkart’s last-mile delivery is powered by Ekart Logistics, its in-house supply chain 

arm. Unlike Amazon’s tech-heavy global model, Flipkart has focused on geographic 

expansion and local adaptation to cater to India’s fragmented logistics terrain. Ekart 

operates with a tiered approach, customizing delivery models based on city 

classifications (Tier 1, 2, and 3 cities). 

 

In Tier 1 metros, Ekart uses warehouse-to-doorstep delivery via a combination 

of fixed-route vans and delivery associates. In smaller towns, Flipkart has leveraged 

“hub-and-spoke models”, local franchise partners, and gig workers to expand its reach. 

Importantly, Flipkart’s “Same-Day and Next-Day Guarantee” services are backed by 

decentralized fulfillment centres in high-demand regions. 

 

The company has also piloted electric vehicle (EV) delivery fleets and crowdsourced 

delivery during high-volume events like Big Billion Days. Additionally, Flipkart 

integrates AI tools for demand prediction and uses delivery slot selection for customer 
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flexibility. Its expansion into remote areas through rural delivery partners sets a 

benchmark for inclusive logistics development. 

 

3.8.3 Comparative Lessons and Applicability 

The LMD strategies of Amazon and Flipkart offer complementary strengths. Amazon’s 

strength lies in its tech ecosystem, including AI-driven route management, smart 

lockers, and robust tracking systems. These features ensure operational precision and 

cater well to digital-savvy urban consumers. Flipkart, in contrast, excels in regional 

outreach, having built a vast hybrid network using local franchises, gig workers, and 

scalable infrastructure suited for India’s Tier 2 and Tier 3 cities. 

Together, these models highlight several applicable lessons: 

• Digital tools (tracking, lockers, AI) improve urban efficiency and reduce failed 

deliveries. 

• Localized partnerships and flexible workforces enhance rural and semi-urban 

coverage. 

• Micro-fulfillment hubs and decentralized inventory are essential for service 

speed and scale. 

• EVs and gig models support cost reduction and sustainable operations. 

For new logistics players or policy planners, the blend of technology, regional 

customization, and inclusivity shown by Amazon and Flipkart represents a replicable 

framework for strengthening last-mile delivery in diverse and dynamic markets like 

India. 

 

3.9 Data Collection and Observations 

To better understand the practical dimensions of last-mile delivery (LMD) in India, 

primary data was collected through in-depth interviews with key stakeholders in the e-

commerce logistics chain. Participants included logistics professionals, e-commerce 

operations managers, and last-mile delivery agents. These interviews offered valuable, 

ground-level insights into operational strategies, technological adoption, workforce 

challenges, and customer service dynamics. Thematic analysis of their responses has 

been categorized into three major focus areas: observed patterns and trends, 

stakeholder-specific insights, and integration with secondary data. 
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3.9.1 Interview Findings 

Interviews revealed several recurring challenges across different respondent groups. 

High operational costs were a common concern among logistics professionals, with fuel 

prices, reverse logistics, and delivery failures cited as the main contributors. Urban 

congestion and parking issues were major roadblocks for city-based deliveries, while 

infrastructure gaps and address inconsistencies complicated rural fulfillment. 

 

3.9.2 Thematic insights from stakeholder responses 

 

a) High Costs and Inefficiencies 

The last mile typically accounts for over 40% of total logistics costs in e-commerce. It 

involves individual drop-offs, vehicle wear and tear, fuel consumption, reattempts due 

to delivery failures, and the complexity of managing real-time operations. These costs 

are difficult to optimize due to the highly fragmented nature of last-mile tasks. 

 

v Key Cost Drivers: 

• Labor Costs: Delivery personnel represent a large portion of recurring expenses. 

• Fuel and Maintenance: High fuel consumption, especially in traffic-heavy urban 

areas. 

• Return Logistics: Items returned due to non-availability, dissatisfaction, or 

damaged goods increase reverse logistics costs. 

• Low Delivery Density: In rural or low-order-density areas, delivery trips yield 

lower output per kilometre, increasing per-package cost. 

• Packaging and Last-Yard Handling: Costs incurred in repackaging or handling 

deliveries in inaccessible locations (e.g., 4th floor walk-ups, gated 

communities). 

 

b) Urban Congestion and Rural Limitations 

India’s contrasting urban and rural logistics environments both pose distinct 

delivery challenges. While metros suffer from traffic congestion, parking issues, 

and delivery time restrictions, rural areas struggle with basic infrastructure such as 

paved roads and address standardization. 
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v Urban Delivery Challenges: 

• Traffic Congestion: Delays due to narrow roads, poor traffic management, and 

vehicle restrictions. 

• Parking Restrictions: Limited space for delivery vans and two-wheelers in high-

density areas. 

• Time-Windows for Entry: Commercial complexes and gated societies restrict 

access during specific hours. 

• Building Access: Navigating through elevators, security clearances, and 

locating specific apartments delays fulfillment. 

 

v Rural and Remote Delivery Challenges: 

• Poor Infrastructure: Unpaved or damaged roads increase wear and tear and slow 

down travel. 

• Inaccurate or Non-Standardized Addresses: Many rural deliveries require 

calling the customer for directions due to unclear landmarks. 

• Limited Digital Tools: GPS and mapping tools often lack detail for remote 

areas. 

 

c) Rising Customer Expectations and Service Pressures 

Consumers today expect fast, affordable, and trackable deliveries, driven by 

services like Amazon Prime, Flipkart Quick, and BigBasket. However, logistics 

firms often lack the capacity or flexibility to match these expectations, especially in 

cost-sensitive or infrastructure-challenged regions. 

 

v Key Consumer Expectations: 

• Same-Day or Next-Day Delivery: Fast delivery promises are now the norm in 

competitive markets. 

• Real-Time Tracking: Consumers expect to see where their package is at any 

time. 

• Delivery Time Flexibility: Customers want options like “deliver between 5–7 

PM” or rescheduling on demand. 
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• Seamless Returns and Replacements: Quick pickup and processing of return 

orders is a key loyalty factor. 

 

v Delivery Failures and Reattempts: 

Failed delivery attempts significantly impact profitability and consumer 

satisfaction. Common causes include: 

• Recipient not available at the delivery location. 

• Wrong address or poor location tagging. 

• Gated buildings or security protocols preventing entry. 

• Unresponsive customers despite confirmed orders. 

Each reattempt adds labour and fuel costs, affects delivery agent productivity, and 

disrupts route schedules. 

 

d) Reverse Logistics Complexity 

Returns are an unavoidable part of e-commerce and significantly affect last-mile 

cost structures. 

 

v Reasons for Returns: 

• Wrong item delivered. 

• Product damaged in transit. 

• Customer dissatisfaction with quality or fit. 

v Cost Impact: 

• Double handling (pick-up + return transport). 

• Repackaging and reprocessing. 

• Reduced resale value or product wastage. 

Reverse logistics often requires separate agent deployment or alternate routing, 

adding to fuel and labour costs. 

 

3.9.3 Integration of Primary and Secondary Data 

The interview findings align closely with trends identified in the literature review. 

For example: 

• The issue of urban congestion mirrors observations in European and North 

American cities. 
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• The reliance on gig economy models and crowdsourced delivery echoes 

strategic approaches noted in global best practices. 

• The adoption of electric vehicles and smart delivery hubs, though still emerging 

in India, reflect broader environmental and economic goals. 

This integration of primary insights with secondary research confirms that while 

India’s LMD landscape is evolving rapidly, it is still contending with significant 

operational and structural challenges. The qualitative data gathered strengthens the 

case for region-specific solutions, technology investment, and workforce 

development as essential levers for improving last-mile delivery. 

 

3.10 Chapter Summary 

This chapter provided a comprehensive thematic exploration of the critical elements 

shaping the evolution of last-mile delivery (LMD) in the Indian e-commerce 

ecosystem. Drawing from both primary interviews and secondary sources, it 

dissected the operational, technological, strategic, economic, and environmental 

dimensions influencing LMD. 

The analysis began by outlining the current state of last-mile delivery in India, 

highlighting the rapid expansion in urban zones and the infrastructural gaps in rural 

regions. This was followed by a deep dive into persistent challenges, including high 

delivery costs, urban congestion, address ambiguities, last-yard complications, and 

workforce limitations. 

Technological innovations—such as AI-driven routing, IoT tracking, autonomous 

systems, and electric vehicles—were examined for their role in reducing 

inefficiencies and supporting sustainable logistics. Strategic solutions like 

crowdsourced delivery models, micro-fulfillment centers, and smart lockers were 

also presented as emerging tools for improving flexibility, reducing costs, and 

enhancing consumer experience. 

The chapter also evaluated the economic impact of LMD, noting increased job 

opportunities through gig work and regional partnerships, while the environmental 

impact focused on emission reduction through green mobility initiatives. Case 

studies of Amazon and Flipkart demonstrated how India’s top e-commerce players 

are implementing diverse LMD strategies to improve reach and efficiency. 
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Finally, insights from interviews with logistics professionals, delivery agents, and 

e-commerce operators validated the thematic findings and reinforced the need for 

localized, tech-enabled, and customer-focused delivery systems. 

 

3.10.1 Conclusion and Key Findings 

The transformation of last-mile delivery in India is being driven by a combination 

of rising e-commerce demand, consumer expectations for faster service, and 

advancements in logistics technology. However, as this chapter demonstrates, the 

sector is still grappling with fundamental operational, infrastructural, and 

workforce-related challenges. The study's findings reveal that while progress is 

evident particularly in urban centers and among larger e-commerce platforms the 

uneven pace of development, especially in rural and semi-urban regions, remains a 

major constraint. 

Technology has emerged as a critical enabler, with innovations such as AI, IoT, and 

electric vehicles showing potential to reduce inefficiencies and environmental 

impact. Strategic models such as gig-based delivery, micro-fulfillment centers, and 

smart lockers have proven useful, particularly for improving reach and flexibility. 

At the same time, the integration of local partnerships and the creation of 

employment opportunities highlight the socio-economic role that last-mile logistics 

can play in India. 

The perspectives gathered from stakeholders including logistics professionals, e-

commerce managers, and delivery agents provided practical insights into ground-

level realities. Their experiences validated the literature and emphasized the need 

for region-specific, tech-enabled, and scalable LMD strategies. 

 

Key Findings: 

• Cost and congestion remain the top operational hurdles, particularly in urban 

zones. 

• Address ambiguity and infrastructure gaps in rural areas significantly hinder 

delivery efficiency. 

• AI and IoT technologies improve route optimization and visibility but are 

unevenly adopted. 

• Gig workforce models offer flexibility but suffer from training and consistency 

issues. 
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• Smart delivery infrastructure (lockers, local hubs) reduces re-attempts and 

increases first-attempt success rates. 

• EV adoption and policy support are growing but need faster scale-up and 

infrastructure investment. 

• Global best practices in consolidation, automation, and AI offer valuable 

guidance for India’s evolving logistics sector. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



67 
 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 4 

 

 

 

 

 

 

 

 

 

 
 



68 
 

Current State of Last-Mile Delivery in E-Commerce 

 

The last-mile delivery (LMD) segment has become a pivotal component of the e-

commerce value chain. As online shopping continues to grow exponentially worldwide, 

logistics providers and e-retailers face increased pressure to deliver products faster, 

more cost-effectively, and sustainably. The last mile, being the final leg from the 

distribution hub to the customer’s doorstep, directly influences customer satisfaction, 

brand perception, and operational profitability. 

This chapter presents a comprehensive analysis of the current state of last-mile delivery, 

examining its operational landscape, complexities, and cost structures. It compares 

global best practices with regional realities especially in emerging markets like India 

highlighting differences in infrastructure readiness, consumer behaviour, and 

technological adoption. The goal is to provide a clear picture of where last-mile 

logistics stands today and what factors are shaping its present dynamics. 

 

4.1 Overview of Last-Mile Delivery in E-Commerce 

Last-mile delivery refers to the final step in the logistics process, where goods move 

from a warehouse or distribution centre to the end customer. While it may represent the 

shortest distance in the supply chain, it is the most resource-intensive and complex 

segment. 

 

Why Last-Mile Delivery is Complex 

Last-mile delivery is inherently complex due to a range of operational, geographic, and 

behavioural factors. Unlike bulk transportation, LMD involves multiple destinations, 

real-time coordination, and varying consumer expectations all within a short delivery 

window. 

! Key Complexity Drivers: 

• High degree of variability in delivery addresses, time preferences, and order 

volumes. 

• Urban congestion and traffic delays in metropolitan regions. 

• Rural inaccessibility, where poor road networks delay fulfillment. 

• Failed delivery attempts due to customer unavailability or inaccurate addresses. 

• Last-yard issues like gated communities, high-rises, and informal settlements. 

Service Expectations: 
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• Same-day and next-day delivery demands. 

• Real-time package tracking and delivery status updates. 

• Flexible delivery slots and free returns. 

 

Cost Components of Last-Mile Delivery 

The last mile contributes significantly to logistics costs. It is estimated to account for 

40% to 50% of the total cost of fulfillment in e-commerce. 

! Major Cost Categories: 

• Labor Costs: Salaries for delivery personnel, gig workers, and customer service 

support. 

• Fuel and Vehicle Maintenance: Particularly high in low-density or rural areas. 

• Failed Delivery Costs: Re-attempts and return processing. 

• Packaging and Handling: Secure and sometimes custom packaging for last-mile 

handling. 

• Technology Infrastructure: Investment in apps, tracking systems, and handheld 

devices. 

 

Global and Regional Landscape of Last-Mile Delivery 

The current state of LMD varies significantly between developed and developing 

markets, depending on infrastructure, technology penetration, and logistics maturity. 

 

Global Trends: 

• Developed markets (e.g., USA, Germany, Japan): 

o High penetration of automation, drones, and smart lockers. 

o Use of autonomous vehicles and real-time AI routing. 

o Focus on sustainability through EV adoption and urban micro-hubs. 

• Developing markets (e.g., India, Brazil, Southeast Asia): 

o Heavily dependent on manual labour and gig workers. 

o Regional disparities in infrastructure and address standardization. 

o Growing adoption of digital tools in Tier-1 cities, slower in remote 

areas. 
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Aspect Developed Markets Developing Markets (e.g., 

India) 

Delivery Time Same-day, 1-hour delivery 

common 

2–4 days average; same-day in 

metros 

Technology Use AI, drones, autonomous 

vehicles 

Mobile apps, GPS, manual 

routing 

Workforce Automated + trained 

delivery teams 

Gig workers, semi-skilled 

agents 

Address Quality Structured, geo-tagged Inconsistent, landmark-based 

Vehicle Type EVs, autonomous bots, 

delivery vans 

Bikes, scooters, limited EV 

penetration 

Sustainability 

Focus 

High (EVs, lockers, green 

routes) 

Growing (pilot projects, policy 

incentives) 

Table 4.1 Developed vs. Developing Markets 

 

Regional Focus – India’s Evolving LMD Landscape 

India represents a unique and rapidly growing LMD environment. Driven by mobile-

first consumers, rising digital penetration, and government support for logistics 

infrastructure, the Indian LMD sector has grown aggressively. However, challenges 

such as address ambiguity, traffic congestion, and workforce training persist. 

! Highlights: 

• Amazon and Flipkart cover 95%+ serviceable PIN codes in India. 

• Urban areas see innovations like smart lockers, micro-fulfillment centers, and 

EV fleets. 

• Tier-2 and Tier-3 cities rely on local courier partnerships and crowdsourced 

delivery. 

• Government policies like the National Logistics Policy and FAME-II are 

encouraging digital transformation and sustainability in logistics. 

 

 

 

Summary of Key Observations 
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• Last-mile delivery is a high-cost, high-impact component of the e-commerce 

value chain. 

• Complexity arises from variable geography, infrastructure inconsistency, and 

customer-driven expectations. 

• While developed countries lead in automation, developing nations are 

advancing through digital and local innovation. 

• India presents a hybrid model balancing urban tech adoption with rural 

operational resilience. 

 

4.2 Technological and Operational Assessment 

The ongoing digital revolution is transforming last-mile delivery (LMD) through 

the integration of emerging technologies and refined operational strategies. From 

AI-powered route planning to autonomous delivery vehicles and drone logistics, e-

commerce companies and logistics providers are investing in tools that improve 

speed, efficiency, and customer satisfaction while reducing costs and environmental 

impact. This section explores the key technologies currently shaping LMD, along 

with operational models that enhance flexibility, scalability, and regional 

adaptability. 

 

Artificial Intelligence and Predictive Logistics 

Artificial Intelligence (AI) plays a central role in optimizing LMD by improving 

route efficiency, delivery timing, and inventory management. Through machine 

learning algorithms, logistics providers can forecast order volumes, assign tasks 

dynamically, and avoid high-traffic zones in real time. 

 

Applications: 

• Dynamic Route Optimization: AI recalibrates delivery paths based on 

weather, traffic, or cancellations. 

• Demand Forecasting: Helps determine when and where to stock micro-

fulfillment centers. 

• Delivery Time Prediction: Enhances customer communication and 

satisfaction. 
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Example: 

Flipkart uses AI tools for real-time delivery slot allocation, reducing delivery delays 

during peak sales events. 

 

Drone Delivery and Aerial Logistics 

Drones offer a compelling solution for urgent or remote deliveries, particularly in 

areas with poor road infrastructure. They reduce delivery times and bypass ground-

level congestion. 

 

Key Features: 

• Fast and contactless delivery 

• Ideal for remote or disaster-hit regions 

• Low emissions and fuel cost 

 

Challenges: 

• Regulatory restrictions in airspace usage 

• Payload limitations (typically under 5 kg) 

• Battery range constraints 

 

Real-World Example: 

Skye Air and Redwing Labs in India have conducted successful pilot projects 

delivering medical supplies and vaccines in rural districts under government-

approved programs. 

 

Autonomous Ground Vehicles and Delivery Robots 

Autonomous ground vehicles (AGVs) and sidewalk delivery robots are being 

explored in urban zones with high order volumes and structured infrastructure. 

 

Advantages: 

• Labor cost reduction 

• 24/7 delivery capability 

• No human error 

Limitations: 
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• Limited to geofenced or low-speed environments 

• Risk of theft or vandalism 

• High initial investment and regulatory gaps 

 

Use Cases: 

In the U.S., Amazon’s Scout and Starship Technologies’ robots are being used for 

food and parcel deliveries in university campuses and gated communities. 

 

Internet of Things (IoT) and Real-Time Tracking 

IoT is transforming delivery visibility and transparency. GPS-enabled sensors, 

RFID tags, and connected mobile devices allow real-time tracking and fleet 

coordination. 

 

Benefits: 

• Live package tracking for customers 

• Real-time fleet monitoring for logistics managers 

• Automatic alerts on delays or route changes 

 

India Example: 

Blue Dart and Ecom Express have implemented IoT-based dashboards to monitor 

vehicle location, temperature (for sensitive parcels), and fuel usage in real time. 

 

Electric Vehicles (EVs) and Green Delivery Fleets 

Electric vehicles are increasingly replacing petrol/diesel delivery fleets to reduce 

carbon emissions, especially in cities with emission zones and sustainability goals. 

 

Key Features: 

• Low operational cost per km 

• Noise reduction and lower emissions 

• Eligibility for government incentives (e.g., FAME-II in India) 

 

 

Current Status: 
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• Flipkart has pledged to transition to 100% EVs by 2030. 

• Amazon India has deployed EVs across 400 cities. 

 

Challenges: 

• Lack of widespread charging infrastructure 

• Range anxiety in semi-urban areas 

 

 
Figure 4.1 Increasing demand for LMD 

Mobile Apps and Last-Mile Delivery Platforms 

Delivery apps are crucial for real-time communication, navigation, and feedback 

collection. Apps also facilitate crowd-based models like Dunzo and Swiggy Genie. 

 

Features: 

• GPS-based route assistance 

• Customer updates (ETA, OTP, e-signature) 

• Payment integration and issue resolution 

 

 

Operational Benefits: 
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• Higher first-attempt delivery success 

• Reduced return rates due to better coordination 

• Scalable and user-friendly interface for gig workers 

 

Micro-Fulfillment Centers and Hyperlocal Hubs 

Micro-fulfillment centers (MFCs) are small storage units located near demand 

zones to reduce delivery time and improve order accuracy. 

Functions: 

• Serve densely populated urban areas 

• Enable express delivery (within 1–2 hours) 

• Lower transportation costs per parcel 

 

Case: 

BigBasket, Blinkit, and Zepto operate dark stores and MFCs in metros to support 

high-frequency grocery orders. 

 

Hybrid Delivery Networks and Smart Lockers 

Hybrid models combine home delivery, click-and-collect, and smart locker access 

to reduce failed attempts and customer wait time. 

 

Benefits: 

• Flexibility for customers to pick up packages at their convenience 

• Lower cost per delivery drop 

• Less pressure on delivery staff during peak hours 

 

India Example: 

Amazon India has piloted smart lockers in Bengaluru and Mumbai for tech-savvy 

urban customers. 

 

A Shifting Landscape of Innovation 

The integration of advanced technologies and adaptive operational strategies is 

rapidly redefining last-mile delivery. While AI, EVs, drones, and MFCs are 

becoming standard in Tier-1 cities and global markets, their penetration into semi-
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urban and rural logistics in India remains limited. Nonetheless, the momentum is 

clear: companies that combine automation, local partnerships, and flexible delivery 

models are better positioned to deliver faster, greener, and more customer-centric 

services. 

The next stage in LMD development will depend on how effectively these 

technologies are scaled, localized, and supported through regulatory alignment and 

infrastructure development. 

 

4.3 Challenges and Barriers in Last-Mile Delivery 

Despite rapid technological advancement and strategic innovations in e-commerce 

logistics, last-mile delivery (LMD) continues to face significant operational, financial, 

and human resource-related challenges. These barriers affect not only service efficiency 

but also scalability, profitability, and customer satisfaction. In the context of a diverse 

and complex geography like India, these challenges are further magnified due to 

infrastructure gaps, informal address systems, and urban-rural logistics disparity. 

This section outlines the key challenges impeding the growth and effectiveness of last-

mile delivery, particularly in the Indian e-commerce context. 

 

High Delivery Cost and Economic Inefficiency 

The last mile is the most cost-intensive segment of the supply chain, accounting for 40–

50% of the total logistics cost. 

! Factors Contributing to High Costs: 

• Low drop density in rural and peri-urban areas. 

• Rising fuel prices and vehicle maintenance expenses. 

• High labour costs due to dependence on gig and contract workers. 

• Failed deliveries leading to costly re-attempts. 

• Return logistics involving repackaging and reverse transport. 

! Impact: 

• Direct reduction in margins for e-commerce firms. 

• High logistics cost-to-revenue ratio, especially in COD orders. 

• Difficulty offering “free delivery” without cost absorption. 

 

Scalability Issues Across Geographies 
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As e-commerce expands beyond Tier-1 cities into Tier-2, Tier-3, and rural markets, 

scalability becomes a critical concern. 

! Key Scalability Barriers: 

• Limited local infrastructure, such as poor road conditions or lack of fulfillment 

hubs. 

• Inconsistent digital connectivity, affecting tracking and communication. 

• Scarcity of trained delivery personnel in semi-urban areas. 

• Inability to deploy uniform tech platforms due to language, literacy, and 

regional variation. 

! Result: 

• Slower delivery times in remote regions. 

• Difficulty maintaining service consistency across different states or cities. 

 

Human Resource and Delivery Agent Challenges 

Delivery agents play a crucial role in last-mile operations, yet they face numerous daily 

hurdles that affect their efficiency and morale. 

! Challenges Faced by Delivery Personnel: 

• Long working hours, especially during peak seasons and flash sales. 

• Low and unstable pay, particularly in gig-based models. 

• Lack of formal training in customer service, technology use, and navigation. 

• Safety issues, including theft, road accidents, and weather exposure. 

• Unrealistic delivery expectations, leading to stress and burnout. 

 

! Quotes from Field Interviews: 

“Sometimes we travel 10 kilometres for a single delivery, and the customer is not even 

available. It’s a waste of time and money.” – Delivery Agent, Kochi 

“We use GPS, but in rural areas we still need to call customers multiple times.” – 

Delivery Associate, Tamil Nadu 

 

Addressing and Communication Barriers 

India lacks a standardized address system, especially in rural zones and informal 

settlements, creating a fundamental delivery barrier. 

! Common Issues: 

• Ambiguous or incomplete addresses based on landmarks. 
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• Unmapped regions or misaligned pin codes. 

• Difficulty contacting customers due to poor mobile connectivity or 

unresponsiveness. 

! Consequences: 

• Increased dependency on delivery agent’s local knowledge. 

• Higher probability of failed deliveries or delays. 

• Extra time spent per delivery, reducing overall efficiency. 

 

Return Logistics and Reverse Supply Chain Challenges 

Handling returns is costly, time-consuming, and logistically complex, especially when 

customer expectations for refunds or replacements are high. 

! Key Return Challenges: 

• High volume of returns in apparel and electronics. 

• Additional vehicle trips needed for pickup. 

• Inspection, repackaging, and warehousing costs. 

• Fraudulent returns or damaged items. 

! Impact: 

• Increased operational strain. 

• Higher cost per order. 

• Reduced profitability for sellers and platforms. 

 

Environmental and Regulatory Constraints 

Though sustainable practices are gaining momentum, logistical operations still face 

barriers to adopting eco-friendly practices. 

! Barriers to Green LMD: 

• Lack of EV charging infrastructure in many cities. 

• Limited EV availability for long-distance or high-volume deliveries. 

• Slow policy implementation at the state and municipal levels. 

 

Customer-Related Challenges 

Customers themselves can pose logistical obstacles, knowingly or unknowingly, due to 

behaviour and expectations. 

! Key Examples: 

• Last-minute cancellation or unavailability at the time of delivery. 
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• Refusal to accept delivery after dispatch. 

• Incorrect contact information or addresses. 

 

Category Key Challenges 

Economic High delivery cost, returns, fuel expenses 

Infrastructure Rural inaccessibility, traffic, lack of hubs 

Human Resources Delivery agent burnout, poor training, attrition 

Communication Inaccurate addresses, unresponsive customers 

Technology Access Low tech adoption in rural areas, lack of standard systems 

Environmental Barriers to EVs, limited sustainable infrastructure 

Table 4.2 Summary of Core Barriers 

 

Addressing the challenges and barriers in last-mile delivery requires a coordinated 

approach that involves technological innovation, human-cantered policy design, and 

infrastructure development. While urban areas are showing progress through EV trials 

and route optimization tools, rural and semi-urban regions need more inclusive 

strategies involving training, localized delivery networks, and supportive regulatory 

frameworks. Ensuring the well-being of delivery agents and optimizing return logistics 

will also be essential for creating a scalable and sustainable last-mile delivery system. 

 

4.4 Best Practices from Industry Leaders 

Leading e-commerce companies across the globe have developed and implemented 

innovative models to address the complexities of last-mile delivery (LMD). These 

companies continuously experiment with technologies, micro-logistics strategies, and 

customer-centric innovations to improve delivery speed, reduce costs, and enhance the 

overall consumer experience. This section explores the LMD best practices adopted by 

major players such as Amazon, Flipkart, Alibaba, JD Logistics, and Meesho, 

emphasizing their relevance to emerging markets like India. 

 

Amazon: Technology-First Delivery Ecosystem 

Amazon has set global benchmarks in LMD through a highly integrated logistics 

ecosystem backed by advanced technology and data analytics. 

! Key Practices: 
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• Amazon Flex: A gig-based model that recruits part-time delivery partners using 

a smartphone app. 

• Smart Lockers: Secure parcel drop-off points in urban zones to reduce re-

attempts. 

• Delivery Service Partner (DSP) Program: Local entrepreneurs manage 

delivery operations under Amazon’s standards. 

• Route Optimization Software: Uses AI and real-time data to improve delivery 

efficiency. 

 

! Impact: 

• Reduced failed delivery rates. 

• Expanded service to over 95% of India’s PIN codes. 

• Faster delivery speeds, especially in metros and Tier-1 cities. 

 

Flipkart: Regional Customization and Ekart Integration 

Flipkart’s approach focuses on adaptability to India’s geographic and socio-economic 

diversity. Its logistics arm, Ekart, supports flexible and scalable last-mile solutions. 

 

! Key Practices: 

• Tiered City Strategy: Different delivery models for Tier-1, Tier-2, and rural 

regions. 

• Crowdsourced Delivery: Temporary workforce ramp-up during festive seasons. 

• Hyperlocal Partnerships: Collaborations with local delivery agents and kirana 

stores. 

• AI-Driven Demand Forecasting: Predicts delivery demand and resource 

allocation. 

! Impact: 

• Expanded rural reach without heavy infrastructure investment. 

• Consistent customer experience across geographies. 

• Reduced last-mile cost by optimizing hub locations. 

 

Alibaba: Smart Logistics through Cainiao 

Alibaba’s logistics subsidiary, Cainiao Network, is a pioneer in real-time logistics 

coordination and AI-powered delivery. 
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! Key Practices: 

• IoT-Connected Warehouses: Robots and automated sorting reduce delivery 

time. 

• Data-Driven Delivery: Smart routing based on weather, geography, and 

delivery density. 

• Last-Mile Drones and Bots: Used in pilot areas to reduce urban congestion. 

• Cainiao Post Stations: Self-pickup lockers and community service points. 

! Impact: 

• Drastic reduction in delivery time across urban China. 

• Ability to handle millions of packages per day with precision. 

• Scalable, low-cost model for semi-urban logistics. 

 

JD Logistics: Fully Integrated Smart Delivery 

JD.com’s logistics wing is known for its end-to-end in-house delivery model and 

robotics-based operations. 

 

! Key Practices: 

• Autonomous Delivery Vehicles: Used in smart campuses and gated societies. 

• 24-Hour Delivery Promise: Fulfilled through dense warehousing and drone 

corridors. 

• Real-Time Monitoring Systems: Tracks packages, traffic, and fleet activity 

centrally. 

! Impact: 

• Improved delivery consistency and transparency. 

• Higher first-attempt delivery rates. 

• Enhanced control over last-mile quality. 

 

Meesho: Affordable Hyperlocal Logistics 

Meesho, a social commerce platform in India, excels in low-cost last-mile delivery 

models suited for small towns and micro-entrepreneurs. 

 

! Key Practices: 

• Integration with Local Courier Services: Minimizes delivery time and cost. 
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• Cash-on-Delivery (COD) Optimization: Streamlined processes for payment 

collection and refunds. 

• Seller Pickup Points: Reduces logistics pressure on centralized warehouses. 

! Impact: 

• Strong penetration in Tier-2 and Tier-3 cities. 

• Cost-efficient LMD model tailored for price-sensitive consumers. 

 

Company Key LMD Innovations Impact 

Amazon Smart lockers, DSP model, 

Amazon Flex 

Faster delivery, reduced 

reattempts 

Flipkart Ekart network, local partnerships, 

AI prediction 

High coverage in Tier 2/3 cities 

Alibaba Cainiao platform, smart lockers, 

drone delivery 

High-volume scalability and 

automation 

JD 

Logistics 

In-house delivery, autonomous 

vehicles 

24-hour delivery and strong 

quality control 

Meesho Hyperlocal courier tie-ups, COD 

optimization 

Affordable logistics for small 

businesses 

Table 4.3 Summary of Best Practices 

 

The strategies implemented by these industry leaders highlight the importance of 

combining technology, human capital, and infrastructure in building robust last-mile 

delivery networks. While each company tailors its approach to its target market, 

common elements such as route optimization, localized partnerships, smart 

warehousing, and alternative delivery models emerge as successful themes. These 

best practices serve as valuable models for both established players and emerging 

logistics startups seeking to enhance LMD in diverse, high-growth markets like India. 
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Strategic Recommendation and Future Outlook 

In today’s increasingly interconnected and digitally driven marketplace, the supply 

chain has transformed from a background function into a strategic pillar for 

competitive advantage. Among its many components, Last Mile Delivery (LMD) has 

emerged as a critical focal point. The rise of e-commerce, rapid urbanization, and 

evolving consumer expectations for faster and more flexible deliveries have placed 
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unprecedented pressure on logistics networks to innovate. In response, businesses, 

governments, and logistics providers are reevaluating and reinventing how goods are 

moved from distribution hubs to final destinations be they homes, businesses, or 

remote locations. 

Strategically, the last mile represents both the most expensive and the most complex 

segment of the delivery chain. It accounts for more than 50% of the total delivery 

cost, yet it is essential for customer satisfaction and retention. Companies that master 

last mile logistics gain a significant edge through improved service quality, 

operational efficiency, and brand loyalty. Moreover, the success of smart cities, green 

logistics, and digital transformation initiatives hinges largely on optimizing the last 

mile. 

The challenges associated with LMD such as high costs, traffic congestion, lack of 

infrastructure in remote or rural areas, and environmental concerns demand targeted 

strategies and robust infrastructure development. In particular, regions like island 

territories, rural hinterlands, and emerging economies experience unique constraints 

that must be addressed with localized and innovative solutions. 

The future of LMD is therefore not only about technology but also about integrated 

strategic planning, regulatory frameworks, public-private partnerships, and adaptive 

infrastructure. This chapter delves into these crucial areas by proposing strategic 

recommendations and outlining the roadmap for building sustainable, efficient, and 

customer-centric last mile delivery systems. The following section, 5.1, focuses 

specifically on strategic development approaches and the foundational infrastructure 

needed to support these initiatives. 

 

5.1 Strategic Development for Last Mile Delivery Strategies and Infrastructure 

Development 

Introduction to Last Mile Delivery Challenges 

The last mile problem involves multiple operational, economic, and infrastructural 

bottlenecks. These include: 
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• High per-unit delivery costs due to dispersed delivery points. 

• Lack of standardized logistics hubs in semi-urban and rural areas. 

• Limited transport options in congested urban centers or remote regions. 

• Technological gaps, particularly in real-time tracking and routing systems. 

• Environmental concerns stemming from emissions and traffic congestion. 

Addressing these challenges requires a multifaceted strategy that integrates policy 

reform, infrastructure modernization, smart technology adoption, and collaboration 

among key stakeholders. 

Strategic Recommendations for LMD 

a) Hub-and-Spoke Network Optimization 

Implementing a decentralized hub-and-spoke logistics model can dramatically enhance 

delivery efficiency. Local micro-fulfillment centers (MFCs) reduce travel time and 

allow for faster service. These hubs can be: 

• Strategically placed in suburban or peri-urban areas. 

• Operated through public-private partnerships. 

• Linked to urban consolidation centers to ease inner-city congestion. 

b) Digitalization and Smart Technology Integration 

Leveraging digital solutions can optimize route planning, enhance transparency, and 

reduce operational costs. Key technologies include: 

• GPS and AI-based dynamic routing systems. 

• IoT-enabled parcel lockers for secure, contactless delivery. 

• Real-time tracking and customer interface apps. 

• Autonomous delivery solutions (e.g., drones, self-driving vans) in pilot zones. 

c) Green and Sustainable Delivery Models 

Environmental sustainability must be embedded into LMD strategies. This can be 

achieved by: 
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• Promoting electric vehicles (EVs) and cargo bikes for urban deliveries. 

• Integrating carbon-neutral practices like offsetting and green packaging. 

• Establishing clean energy charging stations at delivery hubs. 

d) Policy and Regulatory Support 

Governments and regulatory agencies must facilitate LMD efficiency through: 

• Zoning laws that support logistics hubs within urban boundaries. 

• Subsidies or incentives for green vehicles and technologies. 

• Regulatory sandboxes for testing new delivery models like drones or robot 

couriers. 

• Simplified compliance for small logistics providers in rural areas. 

e) Workforce Development and Gig Economy Integration  

As the gig economy plays a growing role in LMD, policies must ensure quality, safety, 

and sustainability of employment: 

• Skill development programs for delivery workers. 

• Health and safety regulations adapted to freelance and gig roles. 

• Incentive structures for consistent service levels. 

Infrastructure Development for Effective LMD 

a) Physical Infrastructure 

To support scalable and efficient LMD, investment is needed in: 

• Urban Logistics Hubs (ULHs): Dedicated spaces for sorting, staging, and 

dispatching goods. 

• Road and ferry connectivity improvements in remote areas like islands. 

• Intermodal transport links to facilitate seamless first-to-last mile transitions. 

• Smart parking and loading/unloading zones in dense urban settings. 

b. Digital Infrastructure 
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Digital foundations are as critical as physical ones. This includes: 

• 5G and broadband internet connectivity for real-time logistics data. 

• National digital logistics platforms to coordinate across stakeholders. 

• Interoperable data standards for carriers, shippers, and marketplaces. 

c. Inclusive Infrastructure for Remote and Underserved Areas 

Special attention must be paid to underserved geographies: 

• Modular mobile delivery units or boats for islands. 

• Drone ports and EV charging in rural zones. 

• Government-funded pilot programs to test innovative logistics in difficult 

terrains. 

Case Example: Island and Rural Last Mile Strategy 

For isolated regions like the Lakshadweep islands, an effective LMD strategy would 

combine: 

• Small ferries or hybrid vessels for inter-island cargo movement. 

• Solar-powered e-cargo bikes for final delivery on land. 

• AI-based inventory management to anticipate demand and optimize shipping 

frequency. 

• Warehousing and cold chain infrastructure suited for perishable goods. 

Such an integrated solution would bridge the infrastructural gap while preserving the 

ecological sensitivity of the location. 

Future Outlook and Strategic Priorities 

The future of LMD will likely revolve around: 

• Hyperlocal delivery systems powered by predictive analytics. 

• Widespread use of robotics and drone technology. 

• National logistics policies that encourage innovation while ensuring equity. 
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• Circular logistics—where returns, recycling, and reuse are built into the last 

mile system. 

To ensure sustainable growth, stakeholders must collaborate across sectors—

technology, transportation, urban planning, and governance. Strategic visioning, 

backed by robust infrastructure and agile policymaking, will be the cornerstone of 

successful LMD evolution. 

5.2 Policy and Regulatory Considerations 

Last Mile Delivery (LMD) is increasingly becoming a critical element in modern 

supply chain management due to the exponential growth in e-commerce, urbanization, 

and evolving consumer expectations. However, the seamless execution of LMD 

operations is heavily influenced by a complex landscape of policies, regulations, and 

governance frameworks. These encompass local zoning laws, transportation 

regulations, labour standards, environmental guidelines, and increasingly, data privacy 

and cybersecurity protocols. 

To facilitate smoother, more efficient, and future-proof LMD systems, it is imperative 

that policymakers, regulatory bodies, and logistics stakeholders collaborate on a 

coherent framework that addresses legal, infrastructural, and technological challenges. 

The aim is to ensure not only operational efficiency but also fairness, sustainability, and 

consumer trust. 

Regulatory Factors Affecting Last Mile Delivery Operations 

Several regulatory and policy-driven elements significantly affect the efficiency and 

viability of LMD operations: 

a. Urban Zoning and Land Use Regulations 

• Many urban centers restrict logistics activities within city cores due to traffic 

congestion and pollution concerns. 

• Warehousing and delivery hubs are often pushed to peripheral zones, increasing 

delivery time and costs. 
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• Lack of designated parking and loading zones for delivery vehicles further 

complicates operations. 

b. Transportation and Vehicle Regulation 

• Different states and cities have varied rules on vehicle types, emission 

standards, road access timings, and driver licensing. 

• Restrictions on diesel or heavy commercial vehicles in green zones or during 

peak hours impact delivery schedules. 

• Regulations regarding EV deployment are inconsistent, affecting the transition 

to greener fleets. 

c. Labor and Employment Laws 

• With the rise of gig workers in LMD (delivery drivers, riders), legal ambiguity 

exists over worker classification (contract vs. employee). 

• Minimum wage laws, insurance, health benefits, and work-hour limitations are 

poorly enforced or undefined. 

• Regulatory clarity is essential for ensuring both worker welfare and business 

flexibility. 

d. Customs and Local Taxation 

• Inter-state movement in countries like India faces delays due to variable GST 

structures or local levies, even after reforms. 

• For global LMD operations, import duties, customs clearance delays, and 

paperwork further complicate last mile execution. 

e. Environmental and Sustainability Regulations 

• Noise, air pollution, and waste generation are major concerns in urban logistics. 

• Regulations often mandate limits on emission levels, delivery hours in 

residential zones, and packaging materials. 

• Failure to comply leads to fines and reputational damage. 

f. Digital and Data Protection Laws 
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• Increasing use of digital platforms in LMD necessitates adherence to data 

privacy regulations (e.g., GDPR, India’s DPDP Act). 

• Regulations require informed consent, secure data storage, anonymization, and 

cross-border data transfer protocols. 

Strategic Policy Recommendations to Facilitate Smoother LMD Operations 

To overcome the regulatory hurdles and build a more conducive ecosystem for last mile 

logistics, a multi-pronged strategic approach is essential: 

a. Integrated Urban Logistics Planning 

• Policy Action: Municipalities should incorporate urban logistics into city master 

plans. 

• Implementation: Designate urban logistics zones (ULZs), promote underground 

or multi-use logistics infrastructure. 

• Impact: Reduces congestion, facilitates faster deliveries, and optimizes land 

usage. 

b. Standardization of Regulations Across Jurisdictions 

• Policy Action: Harmonize traffic and transport rules at national and state levels. 

• Implementation: National LMD policy frameworks with adaptable local codes. 

• Impact: Prevents regulatory fragmentation and speeds up inter-state or inter-city 

logistics. 

c. Incentivizing Green and Smart Mobility 

• Policy Action: Subsidies and tax exemptions for electric and alternative fuel 

vehicles. 

• Implementation: Create green lanes for eco-friendly deliveries, fast-track EV 

permits. 

• Impact: Reduces carbon footprint and ensures compliance with sustainability 

mandates. 

d. Regulation for Gig Workforce Protection 
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• Policy Action: Introduce a dedicated regulatory framework for gig workers in 

logistics. 

• Implementation: Define employment terms, social benefits, insurance cover, 

and grievance redress mechanisms. 

• Impact: Improves workforce stability and lowers attrition. 

e. Simplification of Taxation and Customs for SMEs 

• Policy Action: Simplify GST, octroi, or customs clearance rules for last mile 

logistics firms and MSMEs. 

• Implementation: Unified tax portal and clearance system. 

• Impact: Encourages smaller players, enhances competition, and reduces 

delivery time. 

f. Infrastructure Regulation Reform 

• Policy Action: Liberalize use of public spaces for logistics operations (e.g., 

parks, transit stations). 

• Implementation: Night-time delivery licenses, shared logistics infrastructure. 

• Impact: Maximizes urban asset utility and decongests peak-hour traffic. 

Data Privacy, Security, and Technology Deployment in LMD 

The growing integration of technology into LMD has brought forth serious concerns 

around cybersecurity, data protection, and ethical use of information. Technologies 

such as GPS tracking, AI-driven route optimization, customer apps, and drone 

deliveries collect vast amounts of data—ranging from personal addresses to 

behavioural patterns. 

a. Key Data Risks in LMD 

• Data Breaches: Unauthorized access to customer or delivery personnel data. 

• Surveillance Concerns: Continuous monitoring of gig workers or customers via 

GPS or cameras. 

• Profiling: Use of consumer purchase/delivery behavior without explicit consent. 
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• Cross-border Data Transfer: Risk in cloud storage or platform sharing across 

countries. 

b. Regulatory Frameworks Governing Data in LMD 

• General Data Protection Regulation (GDPR): Requires consent-based data 

collection, right to erasure, and transparency. 

• India’s Digital Personal Data Protection Act (DPDP 2023): Emphasizes purpose 

limitation, data minimization, and user rights. 

• California Consumer Privacy Act (CCPA): Provides opt-out and “do not sell 

my data” provisions. 

c. Strategies for Ensuring Data Privacy and Cybersecurity 

1. Privacy-by-Design Architecture 

o Build systems that collect minimal personal data by default. 

o Use anonymized IDs for tracking rather than names or addresses. 

2. Secure Data Storage and Transmission 

o End-to-end encryption of sensitive data. 

o Secure APIs and access management protocols for third-party platforms. 

3. Consent and Transparency 

o Clear opt-ins and privacy policies on delivery apps. 

o Customer control over data usage (e.g., whether to save location 

history). 

4. Employee and Vendor Data Protection 

o Background-checked device access. 

o Secure handling of delivery logs and route maps. 

5. Periodic Data Audits and Compliance Checks 

o Regular vulnerability assessments. 

o Compliance officers or data protection officers (DPOs) for logistics 

firms. 

6. Ethical AI Governance 

o Avoid algorithmic bias in delivery scheduling or resource allocation. 

o Ensure transparency and explainability in AI decision-making. 
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Case Insight: Policy Innovation in Urban India 

Several Indian cities are exploring innovative policies to manage last mile logistics 

efficiently: 

• Bangalore has proposed "Urban Freight Zones" in its Comprehensive Mobility 

Plan. 

• Delhi launched the EV policy with e-commerce firms encouraged to convert 

50% of fleets to electric by 2025. 

• Mumbai allows shared micro-warehousing spaces in railway stations and bus 

depots. 

These examples highlight how adaptive regulations can enhance LMD 

functionality while aligning with sustainability and digital goals. 

Conclusion 

As LMD continues to reshape supply chains and urban landscapes, the role of robust, 

adaptive, and inclusive policy and regulatory frameworks becomes central. Regulatory 

clarity and standardization, combined with environmental, labour, and technological 

governance, can create a resilient last mile ecosystem that balances efficiency with 

social and ecological responsibility. 

Data security and privacy concerns, if left unchecked, could erode consumer trust—

making it essential for LMD operators to embed digital ethics and compliance in their 

core strategy. Future-forward regulation must be anticipatory, tech-savvy, and flexible, 

ensuring that innovation in logistics is not only feasible but also fair, secure, and 

sustainable. 

 

5.3 Future Trends and Innovations from the Perspective of the Consumer 

In the evolving landscape of Last Mile Delivery (LMD), the role of the consumer has 

shifted from being a passive recipient to an active participant in shaping service 

expectations and innovations. As digital commerce expands and competition 

intensifies, consumer preferences increasingly drive changes in delivery models, 
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technological adoption, and service customization. The future of LMD will not be 

defined solely by logistical efficiency but by the ability to meet the rising expectations 

of consumers for speed, convenience, transparency, personalization, and sustainability. 

Understanding these consumer-centric trends is essential for logistics providers, 

retailers, and policymakers alike. From ultra-fast deliveries to eco-conscious packaging 

and seamless digital interfaces, future innovations will largely pivot around improving 

the consumer experience. This subchapter explores the major consumer-driven trends 

and innovations shaping the future of LMD. 

Shift Towards On-Demand and Instant Delivery 

a. Rising Expectations for Speed 

Today’s consumers, accustomed to the immediacy of digital interactions, increasingly 

expect real-world deliveries to match virtual speeds. A growing number of consumers 

now demand same-day, 2-hour, or even 15-minute delivery options for groceries, 

medicines, and essential goods. 

b. Key Innovations Supporting On-Demand Delivery 

• Micro-fulfillment centers (MFCs): Small, tech-enabled warehouses located 

close to consumers that reduce delivery windows. 

• Dark stores: Retail spaces repurposed for order picking and fast delivery rather 

than in-person shopping. 

• Crowdsourced delivery models: Utilizing freelance or part-time drivers to fulfill 

time-sensitive orders. 

 

c. Consumer Perspective 

• Pros: Enhanced convenience, greater satisfaction, and increased frequency of 

purchases. 

• Concerns: Cost of express delivery, environmental impact, and quality 

assurance in rush orders. 



95 
 

Personalization and Flexible Delivery Options 

a. Customization as a Competitive Differentiator 

Consumers increasingly value brands that offer flexible and personalized delivery 

experiences. This includes: 

• Selecting preferred delivery windows. 

• Choosing drop-off locations (home, locker, office, neighbour). 

• Real-time rescheduling and tracking. 

b. Technological Enablers 

• AI and ML: Analyze consumer behaviour to recommend optimal delivery 

windows or subscription models. 

• Geo-fencing and smart notifications: Enable precise ETA updates and dynamic 

rerouting. 

• Custom delivery instructions: Integration of voice notes or map pins for hard-

to-locate addresses. 

c. Consumer Perspective 

• Pros: Higher satisfaction and control over delivery experience. 

• Concerns: Data sharing and privacy risks due to continuous location monitoring 

and behavioural profiling. 

Sustainability and Eco-Conscious Delivery Practices 

a. Rise of the Green Consumer 

Environmental awareness among consumers is reshaping LMD. A significant number 

of consumers now prefer brands that offer sustainable delivery options, even if they 

come at a higher cost or slower speed. 

b. Eco-Friendly Innovations in LMD 

• Electric delivery vehicles (EVs) and e-bikes for zero-emission transportation. 
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• Carbon-offset options at checkout, allowing consumers to fund green projects. 

• Sustainable packaging using recyclable or biodegradable materials. 

• Eco-slot scheduling: Delivery windows optimized for lower carbon emissions. 

c. Consumer Perspective 

• Pros: Alignment with ethical values, positive brand perception. 

• Concerns: Limited availability of green options in all regions, lack of 

transparency in carbon offset programs. 

Autonomous and Contactless Deliveries 

a. Automation as the Future of Convenience 

The pandemic accelerated demand for contactless and automated delivery solutions. As 

a result, consumers have become more open to adopting non-human interfaces for 

delivery fulfillment. 

b. Emerging Technologies 

• Delivery Drones: Airborne solutions for remote and emergency deliveries. 

• Autonomous Ground Vehicles: Small robots for sidewalk or gated-community 

deliveries. 

• Smart Lockers and Drop Boxes: Secure, accessible alternatives for unattended 

deliveries. 

c. Consumer Perspective 

• Pros: Enhanced safety, convenience during non-availability, novelty appeal. 

• Concerns: Limited service in rural areas, security risks (parcel theft), and 

regulatory readiness. 

Hyperlocal and Community-Based Delivery Models 

a. Rise of the Local Consumer 



97 
 

Post-COVID, consumers are increasingly supporting local businesses. Hyperlocal 

delivery models that focus on sourcing and delivering from nearby vendors are gaining 

traction. 

b. Community-Driven Innovations 

• Platform cooperatives: Delivery services run by local communities, often with 

better ethical standards. 

• Hyperlocal apps: Apps that connect consumers with nearby stores, pharmacies, 

and services. 

• Decentralized logistics networks: Leveraging residential hubs or local 

volunteers for last mile delivery. 

c. Consumer Perspective 

• Pros: Faster delivery, support for local economies, personal connection to 

sellers. 

• Concerns: Inconsistencies in service quality, limited product range, app fatigue 

from multiple platforms. 

Integrated Digital Experience and Predictive Delivery 

a. Seamless Experience Across Platforms 

Consumers now expect a unified digital journey across shopping, payment, and 

delivery. They demand transparency, control, and simplicity in the last mile. 

 

 

b. Predictive and Proactive Delivery Features 

• Anticipatory shipping: AI predicts what consumers might order next and pre-

positions stock accordingly. 

• Voice-enabled tracking: Integration with digital assistants like Alexa or Siri for 

delivery updates. 
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• Smart home integration: Deliveries made directly into smart lockers, garages, 

or even refrigerators. 

c. Consumer Perspective 

• Pros: Anticipated convenience reduced cognitive effort, tech-enabled lifestyles. 

• Concerns: Data overload, potential for error in AI predictions, privacy risks. 

Subscription-Based and Membership Models 

a. Delivery-as-a-Service 

Subscription models such as Amazon Prime, Flipkart Plus, or Zomato Gold provide 

value by bundling delivery services into monthly or annual plans. 

b. Innovations in Membership Delivery 

• Unlimited free deliveries for a flat rate. 

• Priority slots during peak hours. 

• Early access to sales and personalized offers. 

c. Consumer Perspective 

• Pros: Cost savings for frequent buyers, predictability. 

• Concerns: Overcommitment, perceived lock-in, and underutilization for 

occasional shoppers. 

Future Consumer Expectations and Evolving Behaviours 

Based on emerging patterns and consumer sentiment studies, future LMD consumers 

are expected to: 

• Demand zero-friction experiences: One-click ordering, real-time rerouting, AI-

powered customer service. 

• Expect ethical logistics: Fair treatment of workers, transparent sourcing, green 

certifications. 
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• Prioritize hybrid models: Combining in-store, curb side, and home delivery 

depending on convenience. 

• Seek emotional engagement: Delivery experiences that are personalized, 

humanized, and empathetic. 

The future of Last Mile Delivery will be intricately tied to how well logistics systems 

adapt to the dynamic expectations of consumers. Innovations will need to be rooted not 

just in technological advancement but in empathy, ethics, and ecological awareness. 

From drone deliveries and predictive shipping to hyperlocal fulfillment and eco-

conscious choices, the consumer’s voice will be the strongest driver of transformation. 

To stay relevant and competitive, LMD stakeholders must embrace a consumer-first 

philosophy—designing systems that are not only fast and efficient but also secure, 

sustainable, inclusive, and emotionally intelligent. In doing so, the last mile will cease 

to be a bottleneck and instead become a brand-building opportunity that defines 

customer loyalty and future success. 

5.4 Implementation and Evaluation 

Strategic planning and policy recommendations must ultimately translate into practical 

action. For any last mile delivery (LMD) improvement strategy to be effective, a 

systematic and phased implementation approach is essential. Equally important is a 

robust evaluation mechanism to monitor outcomes, assess effectiveness, and ensure 

continuous improvement. Implementation without evaluation lacks direction; 

evaluation without implementation lacks purpose. This subtopic outlines an integrated 

framework for implementing LMD strategies, supported by appropriate infrastructure, 

regulatory alignment, stakeholder engagement, and performance monitoring. 

Implementation Framework for LMD Strategies 

a. Phase 1: Strategic Alignment and Stakeholder Engagement 

• Objective: Align last mile strategies with national logistics policy, e-commerce 

goals, and urban development frameworks. 

• Actions: 
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o Identify key stakeholders: government authorities, logistics providers, 

urban planners, local communities, and consumers. 

o Organize collaborative workshops and stakeholder consultations. 

o Map current LMD systems and identify infrastructure gaps. 

• Output: Stakeholder alignment, shared vision, and baseline assessment. 

b. Phase 2: Infrastructure and Technology Deployment 

• Objective: Implement physical and digital infrastructure for scalable LMD 

operations. 

• Actions: 

o Establish micro-fulfillment centers and delivery hubs in urban and rural 

zones. 

o Invest in route optimization, AI-based tracking, and automation. 

o Deploy electric vehicles (EVs), smart lockers, and IoT systems. 

• Output: Tangible logistics infrastructure and technological readiness. 

c. Phase 3: Policy Integration and Capacity Building 

• Objective: Ensure legal and regulatory frameworks support LMD innovation. 

• Actions: 

o Adapt existing transport, labour, and data privacy regulations. 

o Provide incentives for eco-friendly delivery solutions. 

o Launch training programs for gig workers, delivery agents, and SMEs. 

• Output: Regulatory clarity, skilled workforce, and compliance support. 

d. Phase 4: Pilot Programs and Scaling 

• Objective: Test strategies on a small scale before nationwide rollout. 

• Actions: 

o Launch pilots in smart cities, islands, or e-commerce hotspots. 

o Collect performance data across KPIs such as cost, delivery time, 

customer satisfaction, and carbon emissions. 

o Refine models based on results and feedback. 

• Output: Scalable models validated by real-world data. 
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e. Phase 5: Full-Scale Implementation 

• Objective: Execute refined strategies across regions and sectors. 

• Actions: 

o Roll out across tier I, II, and III cities. 

o Ensure inter-operability between platforms and logistics partners. 

o Set up grievance redressal and customer support systems. 

• Output: Functional and integrated last mile delivery system. 

Evaluation Framework 

Effective evaluation is central to ensuring the success and sustainability of LMD 

initiatives. 

a. Key Performance Indicators (KPIs) 

• Delivery time (average and on-time rates) 

• Cost per delivery 

• Customer satisfaction scores 

• Delivery success/failure rates 

• Environmental impact (emissions per km) 

• Return rates and delivery accuracy 

• Network efficiency and vehicle utilization 

b. Monitoring Tools and Technology 

• Use of dashboards and real-time analytics platforms. 

• Mobile-based feedback from delivery personnel and consumers. 

• Geo-fencing and tracking for route optimization audits. 

• Blockchain-enabled audit trails for regulatory compliance. 

c. Feedback Loops 

• Engage customers, delivery agents, and regulatory bodies regularly. 

• Establish continuous feedback mechanisms to detect bottlenecks. 

• Use sentiment analysis and CRM tools to identify satisfaction drivers. 
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d. Benchmarking and Comparative Analysis 

• Compare performance with industry standards and global best practices. 

• Conduct inter-city and inter-operator evaluations. 

• Publish annual reports and whitepapers to foster transparency. 

Risk Management in Implementation 

While implementation can drive transformative change, it is not without risks. Some 

key risk areas and mitigation strategies include: 

Risk Mitigation Strategy 

High initial investment Public-private partnerships; phased capital 

deployment. 

Resistance to change Capacity-building, pilot projects, change 

management. 

Data privacy and cybersecurity 

issues 

Robust encryption, regulatory compliance, 

regular audits. 

Technological obsolescence Modular, scalable platforms; continuous tech 

upgrades. 

Delivery workforce instability Labor policies, incentive models, training 

programs. 

Table 5.1 Risk Management in Implementation 

Key Enablers of Success 

• Leadership and Governance: A central coordination agency for LMD planning 

and oversight. 

• Public Awareness: Educating consumers and vendors on delivery innovations 

and sustainable choices. 

• Funding and Incentives: Subsidies for green delivery options, tech R&D, and 

rural connectivity. 

• Interoperability and Standardization: Uniform APIs, data standards, and safety 

protocols across platforms. 
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• Localization: Region-specific models considering demographics, density, and 

economic activity. 

Summary: Strategic Recommendation and Future Outlook 

Chapter 5 presents a comprehensive strategic outlook on the evolving landscape of Last 

Mile Delivery (LMD), focusing on the key dimensions that can shape its future growth 

and efficiency. The chapter begins by exploring strategic development for LMD 

strategies and infrastructure, emphasizing the need for integrated logistics hubs, smart 

technologies, and tailored last mile models that cater to both urban and rural 

environments. It stresses the role of public-private partnerships, digital platforms, and 

multimodal linkages in overcoming delivery bottlenecks and enhancing accessibility. 

The discussion then moves into policy and regulatory considerations, where it 

highlights how regulatory frameworks such as labour laws, zoning rules, vehicle usage 

policies, and data privacy regulations impact LMD operations. The importance of 

creating agile, adaptive, and secure legal environments that support innovation while 

safeguarding stakeholder interests is underscored, along with the pressing need for 

ethical data management and cybersecurity in tech-enabled delivery systems. 

Following this, the chapter delves into future trends and innovations from the consumer 

perspective, analysing the shift towards instant gratification, personalization, green 

logistics, and immersive customer experiences. It captures how rising consumer 

expectations are driving businesses to innovate through automation, AI, electric 

vehicles, and omnichannel fulfillment. The fourth subtopic focuses on implementation 

and evaluation, offering a structured, multi-phase roadmap that begins with stakeholder 

alignment and infrastructure development and progresses through policy integration, 

pilot programs, and full-scale rollout. A detailed evaluation framework is proposed, 

emphasizing key performance indicators (KPIs), feedback loops, benchmarking, and 

risk mitigation strategies. The chapter concludes by reinforcing the idea that LMD is 

no longer a minor logistical detail, but a strategic axis around which the success of 

modern supply chains revolves. By addressing infrastructure, policy, innovation, and 

execution in an interconnected manner, this chapter offers a holistic approach to making 

LMD systems future-ready, resilient, and cantered around consumer satisfaction. 
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Conclusion 

The study of Last Mile Delivery (LMD) within the broader framework of port and 

shipping management has highlighted the strategic importance of this final leg in the 

logistics chain. While traditionally overlooked, the last mile now stands as a critical 

differentiator in supply chain performance, particularly in the e-commerce era. With 

increasing consumer expectations, urban congestion, technological disruption, and 

environmental concerns, the pressure on LMD systems has never been greater. 

Through this project, several key findings have emerged. First, a one-size-fits-all 

approach to LMD is neither practical nor sustainable. Instead, strategies must be 

tailored to local infrastructure, consumer preferences, and regional capabilities. Second, 

technological integration—whether through automation, AI, or digital mapping must 

be supported by sound policy and ethical frameworks to ensure privacy, security, and 

inclusivity. Third, consumers are not just recipients but active stakeholders in shaping 

LMD practices. Their preferences, behaviours, and expectations should guide 

innovation and investment. 

The implementation and evaluation roadmap provided in this chapter offers a practical 

path for translating ideas into action. Pilot testing, stakeholder engagement, 

performance monitoring, and adaptive planning are essential for scaling successful 

models. Furthermore, institutional support from both public and private sectors is 

necessary to address systemic bottlenecks, such as high costs, data privacy concerns, 

and environmental degradation. 

Looking ahead, LMD is poised for transformative change. From drone-based deliveries 

and EV fleets to AI-optimized routes and personalized consumer experiences, the future 

holds immense possibilities. However, realizing this future will require coordination, 

foresight, investment, and above all, a consumer-centric mindset. As the final chapter 

in the delivery chain, the last mile is no longer the weakest link it is the new frontier of 

innovation and competitive advantage. 

This project concludes with the affirmation that effective last mile delivery strategies 

are essential for sustainable, resilient, and equitable logistics systems. For nations, 
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businesses, and consumers alike, optimizing the last mile is not merely an operational 

challenge it is a strategic imperative. 
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ANNEXURE 

Introduction 

To gain a comprehensive understanding of the current practices, challenges, and 

innovations in last-mile delivery (LMD), a structured set of interview questions was 

developed and directed at key stakeholders in the e-commerce logistics ecosystem. 

These stakeholders included logistics professionals, e-commerce operators, and 

frontline delivery agents. The questions were designed to elicit detailed, experience-

based insights on operational inefficiencies, technological adoption, customer 

interaction, and strategic models being implemented in the field. The interviews 

provided both qualitative and contextual data that helped inform thematic analysis and 

validate findings from secondary literature. 

List of Interview Questions 

1. What are the top two to three challenges your company faces in last-mile 

delivery? 

2. How do urban and rural deliveries differ in terms of cost and complexity? 

3. What is the average delivery failure rate in your operations, and what are the 

main causes? 

4. How is your organization using technology such as AI, GPS, or IoT to optimize 

delivery routes? 

5. Has your company adopted electric vehicles or autonomous delivery solutions? 

If so, what has the impact been? 

6. How are you addressing sustainability concerns in last-mile delivery 

operations? 

7. What steps has your organization taken to reduce operational costs in the last 

mile? 

8. How do you currently manage last-mile delivery—through third-party logistics 

(3PLs) or in-house teams? 

9. What role does customer feedback play in modifying or improving your 

delivery process? 

10. Have you implemented crowdsourced delivery or gig-based models? What has 

been your experience with them? 
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11. Do you use regional micro-fulfillment centers or local hubs to speed up 

delivery? 

12. What delivery innovations have helped you meet fast delivery expectations, 

such as same-day or next-day services? 

13. How do you handle returns and reverse logistics in your last-mile setup? 

14. What are the biggest difficulties you face while delivering packages in cities 

versus villages? 

15. How often do you experience failed deliveries, and what are the most common 

reasons? 

16. Do you use any mobile apps, GPS tools, or tracking systems for navigation and 

route planning? 

17. How easy or difficult is it to communicate with customers before or during 

delivery? 

18. Are you employed full-time, or are you working on a gig/freelance basis? 

19. What kind of training or support do you receive from your company? 

20. Have you ever used or delivered to parcel lockers, pickup points, or community 

hubs? 
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