INTERNATIONAL JOURNAL OF PROGRESSIVE e-ISSN
[TPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
Q\"

AND SCIENCE (IJPREMYS) Impact
Www.ijprems.com (Int Peer Reviewed Journal) Factor :
Vol. 05, Issue 05, May 2025, pp : 2000-2015 7.001

editor@ijprems.com

OPTIMIZING EFFICIENCY IN LAST-MILE DELIVERY: ENHANCING
INDIAN E-COMMERCE LOGISTICS FOR A SEAMLESS CUSTOMER
EXPERIENCE

Prof. Dr. Sujit Singh™, Seriesh Pandey
"2School Of Business, Galgotias University, India.
DOI: https://www.doi.org/10.58257/IJPREMS41564

ABSTRACT

This study investigates the optimization of last-mile delivery in the Indian e-commerce sector, a critical yet complex
component of the logistics value chain. Despite global research emphasizing the significance of efficient last-mile
logistics in enhancing operational efficiency and customer satisfaction, India-specific empirical data remains limited.
Leveraging secondary data from industry reports (McKinsey, PwC, Deloitte, etc.), company disclosures (Amazon
India, Flipkart, Delhivery, Ecom Express), and government publications, this research identifies key operational
challenges, explores the integration of emerging technologies, and evaluates their impact on customer experience. The
findings reveal that challenges such as high delivery costs, infrastructural limitations, non-standard addresses, and high
return rates continue to hinder performance. However, the strategic deployment of technologies like artificial
intelligence, 10T, route optimization algorithms, electric vehicles, and address-mapping tools has significantly
improved delivery accuracy, speed, and sustainability. Additionally, tailored delivery models such as Kkirana
partnerships and micro-fulfillment centers have enhanced service reach in Tier 2 and Tier 3 cities. The study
concludes that successful last-mile optimization not only reduces logistics costs but also builds long-term customer
loyalty and brand trust. These insights offer valuable direction for Indian e-commerce firms and policymakers aiming
to modernize logistics operations and remain competitive in a dynamic digital marketplace.

1. INTRODUCTION

In the rapidly evolving landscape of e-commerce, the last-mile delivery has emerged as the most critical and often the
most challenging phase of the entire supply chain process. This final stretch of the delivery journey, which involves
the movement of goods from a distribution center to the consumer’s doorstep, is pivotal not only for the operational
success of e-commerce businesses but also for shaping the overall customer experience. As e-commerce continues to
grow at an exponential rate, driven by changing consumer expectations and technological advancements, last-mile
delivery becomes an area of intense focus for retailers, logistics providers, and technology innovators alike.
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This study explores the importance of last-mile delivery optimization in the e-commerce sector and examines how
logistics strategies, technology solutions, and innovative approaches can improve the efficiency and effectiveness of
this critical phase. The optimization of last-mile delivery is not just about reducing costs, but also about delivering a
seamless, fast, and transparent customer experience that meets the high demands of today’s consumers. This chapter
will delve into various aspects of last-mile delivery, outlining the challenges, strategies, and solutions that contribute
to a streamlined and customer-centric delivery process.

The Growing Demand for Faster, Smarter Delivery

The global e-commerce market has witnessed explosive growth over the past decade. According to various industry
reports, the global e-commerce market is expected to reach nearly $7 trillion by 2025, further accelerating the demand
for efficient logistics solutions. With increasing numbers of consumers shopping online for everything from household
goods to luxury items, there is an ever-growing expectation for fast, affordable, and reliable delivery services. This
shift in consumer behavior has prompted businesses to rethink their supply chain operations, focusing on faster
delivery times, reduced shipping costs, and enhanced convenience for customers.
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The demand for rapid, flexible delivery options is not limited to just large urban centers; rural and suburban areas are
also seeing an increasing need for same-day or next-day deliveries. This presents a unique set of challenges for
logistics providers, who must find innovative ways to overcome obstacles like traffic congestion, route optimization,
delivery window flexibility, and even environmental considerations.
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Key Challenges in Last-Mile Delivery

The last mile is notorious for being both the most expensive and the most complex part of the delivery chain. The
complexity arises from the sheer number of variables that impact efficiency, such as traffic conditions, inaccurate
address information, missed delivery attempts, and fluctuating customer demands. There are several key challenges
that e-commerce companies face in optimizing last-mile delivery:

1. Cost Management

Last-mile delivery accounts for a significant portion of the total logistics costs, often ranging from 28% to 40% of the
total cost of shipping. Traditional delivery models, such as single-driver deliveries in large trucks, are becoming
increasingly inefficient as consumer expectations for faster, cheaper, and more flexible delivery options rise. For
businesses, balancing the need for faster delivery times with cost containment is a critical challenge. Moreover,
providing free or low-cost delivery options, which are popular among consumers, often exacerbates these challenges.
2. Traffic and Geographical Constraints

Urban areas with high population densities pose significant traffic and congestion problems. Navigating these areas
efficiently to ensure timely deliveries can be an overwhelming task, particularly during peak hours. Additionally,
geographic factors such as difficult terrain or remote locations complicate the ability to meet promised delivery times.
These challenges can lead to delays, increased fuel consumption, and higher operational costs.

3. Customer Expectations

Today’s consumers expect more than just timely deliveries—they demand transparency, predictability, and flexibility.
Features such as real-time tracking, precise delivery time windows, and easy communication with delivery personnel
are no longer a luxury but a necessity. A missed or delayed delivery can have an outsized impact on customer
satisfaction, potentially damaging the reputation of a brand. Therefore, ensuring a seamless and reliable delivery
experience has become a key priority.

4. Environmental Concerns

As the world becomes more environmentally conscious, e-commerce companies face increasing pressure to reduce
their carbon footprint. Last-mile deliveries, especially those involving trucks and vans, contribute significantly to
urban pollution and congestion. Therefore, companies are being compelled to explore more sustainable delivery
options, such as electric vehicles, bicycle couriers, or even drones.

Strategies for Optimizing Last-Mile Delivery

Given the challenges mentioned, optimizing last-mile delivery requires a multi-faceted approach that incorporates
advanced technologies, innovative delivery models, and data-driven strategies. Below are several strategies that can be
implemented to enhance efficiency in last-mile logistics:
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1. Route Optimization and Dynamic Scheduling

Leveraging advanced route optimization algorithms can significantly improve delivery efficiency. By analyzing traffic
patterns, weather conditions, and historical data, logistics providers can plan the most efficient routes for their drivers.
This reduces fuel consumption, delivery times, and overall costs. Furthermore, dynamic scheduling—adjusting routes
in real time based on shifting conditions such as traffic jams or last-minute customer requests—can increase delivery
flexibility and reduce delays.

2. Use of Technology and Automation

Technological advancements such as Artificial Intelligence (Al), Machine Learning (ML), and Internet of Things
(1oT) are playing an increasingly important role in improving last-mile delivery operations. Al and ML can be used to
predict demand, optimize delivery routes, and even analyze customer behavior to improve service levels. 10T -enabled
devices allow for real-time tracking of deliveries, ensuring greater transparency and visibility for both customers and
businesses. Furthermore, automation technologies like autonomous vehicles, drones, and robotic delivery systems are
beginning to reshape the last-mile landscape by offering highly efficient and cost-effective alternatives to traditional
delivery methods.

3. Crowdsourced Delivery

Crowdsourced delivery models, where individuals use their own vehicles to deliver goods, have gained popularity in
recent years. Companies such as Uber Eats and Postmates have demonstrated the success of this model in the food
delivery space. For e-commerce, crowdsourcing allows businesses to quickly scale up delivery capacity without
needing to invest in a large fleet of vehicles. This model can also reduce delivery times, as individuals often operate in
closer proximity to customers, ensuring faster deliveries.

4. Urban Warehousing and Micro-Fulfillment Centers

Urban warehousing and micro-fulfillment centers are becoming increasingly popular as businesses seek to reduce
delivery times and costs. These smaller, strategically located fulfillment centers allow companies to store products
closer to end consumers, making it easier to fulfill orders quickly and efficiently. By utilizing technology to manage
inventory and orders, these centers enable e-commerce businesses to streamline their last-mile operations and improve
overall delivery speed.

5. Sustainable Delivery Solutions

As sustainability becomes a key priority for both consumers and businesses, the demand for environmentally friendly
last-mile solutions has surged. Electric vehicles (EVs), cargo bikes, and even drones are becoming viable alternatives
to traditional delivery vehicles. Not only do these options reduce carbon emissions, but they also have the potential to
navigate congested urban environments more easily, ensuring faster and more efficient deliveries. Companies are also
exploring packaging solutions that reduce waste, further contributing to their sustainability goals.

The Role of Customer Experience in Last-Mile Delivery

Customer satisfaction is a cornerstone of successful e-commerce, and last-mile delivery plays a central role in shaping
this experience. A positive delivery experience can strengthen brand loyalty, while a poor experience can drive
customers away. Key factors that impact the customer experience include:

1. Real-Time Tracking

Customers expect to be informed about the status of their deliveries in real-time. Real-time tracking, which allows
customers to see the location of their package and get updates about estimated delivery windows, enhances
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transparency and builds trust.
2. Flexible Delivery Options
Offering flexible delivery options, such as the ability to choose specific delivery windows, pick-up points, or even in-
store pickups, gives customers more control over their purchase experience. This flexibility helps meet the varied
needs of different customers.

3. Communication and Customer Support
A responsive customer service team that can address issues such as missed deliveries, address changes, or damage

claims quickly and efficiently can significantly improve the customer experience. Additionally, proactive
communication regarding delays or changes in delivery times can help manage customer expectations.

2. LITERATURE REVIEW

Alejandro Escudero-Santana, Jesus Mufiuzuri, Antonio Lorenzo Espejo, Maria Luisa Mufioz-Diaz (2022) has
conducted a study on “Improving E-Commerce Distribution through Last-Mile Logistics with Multiple Possibilities of
Deliveries Based on Time and Location”. They highlighted how home delivery remains a customer favorite, yet
incidents of failed deliveries due to customer unavailability reduce service quality and inflate costs. Sometimes, the
logistics policies misalign with user preferences. Their research proposes a refined last-mile logistics model in
multichannel retail, wherein customers suggest multiple delivery points—home, workplace, relatives’ homes, retail
stores, lockers—Ilinked with preferred time slots. Customers may also assign priority levels to these options. The study
defines the problem formally and investigates diverse solutions. Benchmark models are presented to assess
performance. The findings suggest that implementing multi-location delivery options enhances efficiency and lowers
e-commerce delivery costs. These conclusions hold practical relevance for logistics service providers.

Abdullahi Sani Shuaibu, Ashraf Sharif Mahmoud, Tarek Rahil Sheltami (2025) had Conducted a study “A
Review of Last-Mile Delivery Optimization: Strategies, Technologies, Drone Integration, and Future Trends”. The
paper elaborates on Al-based decision tools, loT-enabled tracking, and hybrid delivery systems. Integration of Al and
I0T refines analytics, route dynamics, and vehicle use, though challenges like regulatory issues and scalability persist.
The study also focuses on the growing use of drones, robots, and conventional transport to cut energy use and broaden
reach in cities. Furthermore, sustainable strategies—Ilike electric vehicles and shared delivery systems—are recognized
for reducing environmental impacts. Nonetheless, infrastructure readiness and economic feasibility shape widespread
adoption. The review underscores the need for regulatory adaptation, technological upgrades, and interdisciplinary
strategies for future-ready, sustainable logistics systems.

JenithaKarthiga S, Pavithra V, Kayathri S (2024) had conducted “Optimizing last-mile Delivery in E-Commerce
logistics a multi-faceted approach”. Their research applies a multi-dimensional strategy incorporating advanced tools
and frameworks. Route optimization and real-time delivery tracking minimize delays and enhance resource utilization.
Analytics tools help dynamically adjust routes to traffic and weather shifts. The study notes how local collaboration
and decentralized systems reduce environmental strain. The rise of micro-fulfillment hubs in cities speeds up urban
deliveries. Customer-focused approaches—such as flexible delivery windows, diverse delivery sites, and
communication mechanisms—heighten satisfaction. Real-time visibility also cuts failed deliveries. In essence, a
combined application of innovation, cooperation, and personalization boosts effectiveness, lowers operational burden,
and supports sustainable e-commerce logistics.

Mr. V. Sasikanth, Mr. K. Chandra Bose (2024) had conducted a study on “A STUDY ON OPTIMIZING
DELIVERY LOGISTICS IN ECOMMERCE”. Their study, based on literature reviews and case analyses, points to
major hurdles like last-mile inefficiencies, inventory mismatches, and order management gaps. The researchers
highlight the use of technology—real-time tracking, automation, and smart routing—to overcome these issues. By
studying successful cases, they identify best practices that can guide firms seeking cost savings and customer
satisfaction. The study concludes with practical tips for improving operations and maintaining a competitive advantage
in the ever-evolving e-commerce space.

Alka Rao, Yashwant Kumar, Dr. Amarjit R Deshmukh, Anmol Soi (2023) had conducted A study on
“Optimizing Last Mile Delivery for Cost Effective in E-Commerce Supply Chain”. The study stresses that rising
online retail demand necessitates better delivery models to ensure timely service at minimal cost. Key solutions
include dynamic route optimization, smarter logistics networks, and Al-driven systems that interpret real-time data,
such as traffic and order trends. These strategies reduce delays and fuel consumption, aiding sustainability goals. The
study also calls for coordinated efforts among e-commerce firms, logistics partners, and civic bodies. Shared resources
and routes enhance scalability and affordability. Ultimately, the work affirms that integrating tech, strategy, and
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collaboration balances cost efficiency and service excellence.

Nagadeepa C., Berenika Dyczek, Ar. Keerti Mishra, Bondarenko Valerii (2024) had Conducted a study on “Last-
Mile Delivery Innovations: The Future of E-commerce Logistics”. Their analysis dives into emerging tech like
autonomous delivery vehicles, drones, smart lockers, and 10T tools. These technologies not only speed up deliveries
but also reduce logistics costs significantly. Real-time tracking technology is shown to greatly boost transparency and
consumer satisfaction. The paper concludes that embracing such innovations brings superior service quality and
sustainability, paving the way for operational excellence and a more customer-centered delivery model in future e-
commerce logistics.

Alpesh Awate, Eddison Cardozo (2023) had conducted a study on “A Study on Last Mile Delivery for Superior
Customer Service in E-Commerce”. Under these; Internet access, smartphones, and multilingual support have boosted
online retail, but logistics companies now grapple with cost challenges, high return rates, and poor infrastructure.
Changing customer expectations and demand for quick deliveries demand smarter models. The study emphasizes hew
approaches like omnichannel retail, local collaborations, and Al-powered solutions that consolidate deliveries and
optimize transport. It warns that failure to adapt to these changes could render traditional models obsolete. The goal is
to reduce delivery costs while maintaining fast, flexible, and satisfying customer experiences.

Mina Saeed Fahim, Mohamed Grida, Doaa Ahmed Naeem, Mostafa Abdel Salam Ashour (2024) had conducted
a study “Optimizing Last-Mile Delivery Logistics Through a System Dynamics Approach”. Under these; They
evaluated how factors like store proximity, transportation costs, and area-specific challenges affect delivery efficiency.
Urban and rural differences were considered—urban zones benefit from quick inventory reviews and dispersed routes,
while rural regions need longer review cycles and serve clustered demand. Product size and storage complexity also
affect strategies. After testing 128 scenarios, the study offers strategic insights for improving planning, vehicle usage,
and inventory methods, aiming to optimize efficiency and cost in varied geographic conditions.

Nguyen Hoa Khanh (2024) had conducted a study on “Optimizing the Last-mile Segment in The Supply Chain”.
The study evaluates various delivery models, weighing their strengths and limitations. It particularly focuses on the
business side of logistics operations, examining how current systems affect cost and process flow. Though the research
narrows its lens to Finland, it draws on global supply chain theory and technological progress. It avoids in-depth
financial scrutiny but focuses on qualitative and quantitative evaluations through surveys and case studies. The
research aims to deliver actionable strategies to refine delivery systems and improve customer service in Finnish
logistics.

Arvindan Badrinarayanan (2024) had conducted a study on “AI-Driven Optimization of Last-Mile Delivery”. The
study outlines how machine learning enhances routing, demand forecasts, and fleet management. Real-world examples
from major logistics companies show improved fuel efficiency and shorter delivery times. Al systems are shown to
accurately predict delivery windows. Technical components like neural networks, dynamic routing, and predictive
modeling are dissected in detail. The study also discusses challenges, such as data integration. Highlighting successful
implementations, it emphasizes the transformative role of Al and predicts future advances in autonomous systems and
smart city logistics.

Ish Kumar, Chidambara (2024) had conducted a study on “A systematic literature review And bibliometric analysis
of last-mile E-commerce delivery in urban areas”. Under these; After analyzing 317 studies over two decades and
focusing on 111 key papers, the researchers found that existing literature covers environmental, economic, and
technological angles well. However, the spatial impact of e-commerce deliveries remains underexplored. This gap is
addressed in the study, which outlines how urban delivery models affect sustainability and infrastructure. It contributes
new insights into research trends and sets the direction for future work, emphasizing the need for location-sensitive
logistics strategies in dense urban environments.

Devender Yadav (2018) had conducted a study on “OPTIMIZING E-COMMERCE LAST-MILE DELIVERY
THROUGH DYNAMIC ROUTING: ENHANCING OPERATIONAL EFFICIENCY AND CUSTOMER
SATISFACTION”. The paper compares traditional static routing with adaptive systems that adjust routes based on
variables like traffic, driver position, and weather. The research details how these dynamic models drastically improve
delivery times and customer satisfaction. The study unpacks technical workings, practical use cases, and the broader
implications of dynamic routing for business performance and environmental impact. Ultimately, it highlights the
necessity of such technologies for competitive success in today’s e-commerce landscape.

Emrah Demir, Aris Syntetos, Tom van Woensel (2022) had conducted study on “Last mile Logistics: Research
trends and needs”. The study underscores that last-mile logistics extend beyond mere convenience or transportation
efficiency to offer real opportunities for achieving financial and environmental goals. It reviews emerging

@International Journal Of Progressive Research In Engineering Management And Science 2004



INTERNATIONAL JOURNAL OF PROGRESSIVE e-ISSN
[TPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
———

AND SCIENCE (IJPREMYS) Impact
Www.ijprems.com (Int Peer Reviewed Journal) Factor :
Vol. 05, Issue 05, May 2025, pp : 2000-2015 7.001

editor@ijprems.com

technologies and societal innovations, focusing on concepts such as city and green logistics. Topics like drone
deliveries, autonomous robots, truck platooning, pickup and collection hubs, collaborative and integrated transport
methods, carbon reduction, and advanced transport analytics are examined. Mathematically, the study explores the
vehicle routing problem (VRP) and its variants, concluding with strategic recommendations to foster widespread
adoption of innovative logistics technologies.

Rahul Rajendra Jawali & Ramya S (2024) had conducted a study on “A Study on Challenges And Optimization of
Last Mile Delivery and its Impact on Customer Satisfaction.” With the rapid expansion of the e-commerce industry,
the demand for faster and flexible delivery options has increased, making last-mile logistics a key influence on
consumer satisfaction and loyalty. The study identifies major delivery challenges such as punctuality, product
condition, communication efficiency, delivery flexibility, and overall user experience. It concludes that addressing
these barriers and adopting optimization strategies is essential for meeting consumer expectations and ensuring
satisfaction in competitive e-commerce markets. Their findings provide businesses with a roadmap for enhancing last-
mile delivery processes to drive customer retention and satisfaction.

Stanley Frederick W\.T. Lim, Xin Jin, Jagjit Singh Srai (2018) had conducted a study on “Consumer-driven e-
commerce: A literature review, design framework, and research agenda On last-mile logistics models.” Their
systematic literature review of 47 studies analyzed how LML intersects with city logistics, home deliveries, and
business-to-consumer models. Through a structured framework, the study links contingency variables and operational
configurations, including push-based, pull-based, and hybrid models. It proposes four future research areas reflecting
ongoing digital supply chain transformations. The paper avoids bias by cross-validating selections with independent
experts. Practically, the framework helps practitioners design LML systems based on structural and contextual factors.
It highlights the societal benefits of optimized LML and offers the first consolidated theoretical model for e-
commerce-focused LML.

Duong Tran (2024) had conducted a study on “Optimizing Last-Mile Logistics in Sustainable Global Supply Chains:
Balancing Efficiency and Environmental Responsibility.” Analyzing logistics from both the consumer and corporate
perspectives, the study centers on the growing importance of sustainable last-mile strategies in global e-commerce. It
argues that while demand has marginally increased, technological and transport advancements have significantly
enhanced logistics operations. The thesis emphasizes cost reduction, customer satisfaction, and ecological impact as
key outcomes of sustainable logistics. The goal is to show how companies can improve their last-mile performance
while balancing environmental and efficiency demands in modern supply chains.

Makafui Rosemary Agboyi (2025) had conducted a study on “Supply Chain Collaboration, Last Mile Delivery
Performance and Customer Experience: An Analysis of the Boundary Condition of Supply Chain Integrity”. Using a
quantitative survey approach with 400 responses, the study finds that supply chain collaboration significantly boosts
last-mile delivery performance and, subsequently, customer experience. While the role of supply chain integrity as a
moderator was not supported, last-mile delivery was found to mediate the relationship between collaboration and
customer experience. The study recommends investments in collaborative technologies, real-time tracking, and
partnerships with specialized logistics providers. It suggests developing shared metrics and exploring modern models
such as crowdsourced or autonomous deliveries to improve efficiency and align strategic goals.

KV Dinesh Kannaa & Durgalakshmi S (2024) had conducted a study on “E—Commerce And last mile delivery
optimization.” Their study discusses current practices and solutions aimed at improving the last segment of goods
delivery. These include Al-driven tools, route optimization technologies, flexible delivery policies, and pickup point
strategies. The paper presents practical examples and models to illustrate these improvements. It also outlines several
unresolved challenges and research gaps, suggesting areas for further academic and industrial inquiry. The findings
provide actionable insights for e-commerce businesses seeking to enhance the efficiency and convenience of their
delivery processes.

Jannik Alfred Hasler (2023) had conducted a study on "E-COMMERCE AND LAST MILE LOGISTICS:
CUSTOMER TOUCHPOINTS IMPACTING SUSTAINABILITY.” His thesis integrates the themes of e-commerce,
last-mile logistics, sustainability, and the customer journey. It identifies key customer touchpoints—communication,
advertisements, and brand partnerships—as influential in promoting sustainable delivery behavior. Supported by
literature reviews and expert interviews, the study proposes a framework for integrating sustainability throughout the
customer’s e-commerce experience. It concludes that sustainability outcomes can be influenced by involving
customers at multiple journey phases and encourages stakeholders to take collective responsibility for promoting eco-
conscious online shopping behaviors.
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Arun Chandramouli (2023) had conducted a study on “ Optimizing Last-Mile Delivery Operations: Leveraging
Predictive Analytics, Technology Integration, and Sustainable Practices.” The research explores challenges such as
high costs, delivery inefficiencies, and environmental issues, advocating for a multi-pronged solution. Predictive
analytics are used to forecast logistics demands and driver behavior, allowing for pre-emptive adjustments.
Technology tools such as route optimization and real-time tracking reduce costs and improve customer satisfaction.
The paper also highlights sustainable delivery strategies that reduce emissions and lower operational expenses. Real-
life data and case studies support a holistic model aimed at enhancing logistics excellence and competitive advantage
in retail and e-commerce sectors.

Tiangi Qiu (2024) had conducted a study on “Analysis and Research on Supply Chain Optimization of e-Commerce
Platform: Taking Amazon and Alibaba as Examples.” The research outlines Amazon’s control-focused, tech-heavy
approach versus Alibaba’s ecosystem-driven, collaborative model. It analyzes how both giants handle technological
innovations, customer demands, and sustainability goals. Using a combination of case studies, literature reviews, and
qualitative methods, the study sheds light on how these firms have successfully optimized operations amid intense
competition. The findings offer valuable lessons in integrating technology, collaboration, and eco-initiatives to
improve performance in the evolving digital commerce space.

Yasanur Kayikci, Kostas Zavitsas, Rod Franklin & Merve Cebeci (2023)had conducted a study on “Physical
Internet-driven last mile delivery: Performance Requirements across people, process, and technology.” The study uses
a literature review and thematic analysis to explore how people, processes, and technology (PPT) interact in PI-driven
LMD environments. It identifies new capabilities required to meet growing demands and operational complexities in
modern logistics. The proposed PPT-based framework highlights performance aspects such as transparency,
traceability, data security, and customer service. The research concludes that integrating the Pl with last-mile delivery
can lead to significant improvements in efficiency, responsiveness, and overall logistics performance.

3. RESEARCH METHODOLOGY
Problem Statement:

While global research has highlighted the significance of last-mile delivery in enhancing customer satisfaction and
operational efficiency, there is a lack of India-specific empirical studies focusing on how Indian e-commerce
companies optimize last-mile logistics through technology and strategy. As a result, a research gap exists in
understanding how Indian companies leverage last-mile efficiency to gain competitive advantage and improve
customer experience. This study aims to fill this gap using secondary data analysis from reliable sources.

Objectives of the Study:
To identify and analyze the key operational challenges faced by Indian e-commerce companies in last-mile delivery.

To explore the role of technological innovations (e.g., Al, route optimization, 10T) in enhancing the efficiency of last-
mile delivery in India.

To assess the impact of optimized last-mile delivery on customer satisfaction and loyalty in the Indian e-commerce
sector.

Research Design:

There are three types of research design:
e Exploratory Research Design

o Descriptive Research Design

e Causal Research Design

For this research study, Descriptive Research Design is used. It is suitable because this design allows the researcher to
use structured information from secondary data to analyze and draw meaningful conclusions about defined research
objectives.

Sources of Data:
Only Secondary Data is used in this study.

Secondary data refers to data that has already been collected and published by other researchers, organizations, or
government bodies. This includes:

e Academic journals and research articles (e.g., ResearchGate, Google Scholar, ScienceDirect)
o Industry reports by McKinsey, BCG, PwC, KPMG
e Government publications from DPIIT, Ministry of Commerce & Industry, IBEF, and India Post
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e Company reports from Amazon India, Flipkart, Delhivery, and Ecom Express

o News articles and market analyses from The Times of India, The Financial Express, Economic Times, Business
Standard, and Logistics Insider

Data Collection Method:

Document and Literature Review is used as the method for collecting secondary data.

Data Collection Tool:

However, the analysis framework includes:

Literature Review Templates

Thematic Coding Sheets

Comparative Analysis Tables

Trend and SWOT Matrices

Tools and Techniques of Analysis:

The researcher uses qualitative and analytical tools for synthesizing insights from secondary data, including:

¢ Content Analysis

o Comparative Analysis of company practices

o Trend Analysis of technology adoption

e SWOT Analysis of Indian last-mile logistics

e Thematic Analysis for customer satisfaction factors

Limitations of the Study:

The study depends entirely on the availability and accuracy of published secondary data.
Data might not always be current or specific to Indian e-commerce practices.

No primary insights from consumers or logistics professionals are captured.

The scope is limited by access to subscription-based reports and pay walled articles.

Interpretation is subjective to the researcher’s analysis of existing literature.

4. DATA ANALYSIS AND INTERPRETATION

Based on the latest industry reports and company disclosures, here is a comprehensive analysis of how leading Indian
e-commerce companies and global consulting firms are optimizing last-mile delivery through technological
innovations and strategic initiatives:

Industry Reports: Strategic Insights on Last-Mile Optimization
McKinsey & Company

e Digitizing Mid- and Last-Mile Logistics : McKinsey emphasizes that inefficient handovers in logistics can lead to
significant waste. By adopting real-time transportation visibility platforms (RTTVP), Al-based workflow automation,
and generative Al-driven contextual communication, companies can reduce waste caused by blind handoffs by up to
40%. [McKinsey & Company]

e India’s Postpandemic Logistics Sector : The report highlights the increased importance of last-mile deliveries in
India, especially for e-commerce. It notes that logistics for last-mile deliveries often rely on small, informal truck
companies that lack resources to use modern methods, underscoring the need for digital transformation in the sector.
[McKinsey & Company]

PwC India

e Consumer Preferences in E-commerce : PwC’s report reveals that 50% of urban consumers value quick delivery,
while 54% of consumers in tier 2, 3, and 4 cities prioritize deals and offers. This indicates the need for tailored last-
mile strategies to cater to diverse consumer expectations across different regions. [PwC]

Company Initiatives: Technological Innovations in Last-Mile Delivery

Amazon India

e All-Electric Last-Mile Fleet : Amazon launched its last-mile fleet program in India with 100% electric vehicles
(EVs), a global first for the company. The initiative aims to help Delivery Service Partners (DSPs) make customer
deliveries with zero tailpipe emissions, contributing to Amazon’s goal of reaching net-zero carbon by 2040. The
program includes customized EVs equipped with advanced safety features and telematics for real-time data on vehicle
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performance. [IN Press Center]

e Quick Commerce Trials : Amazon has begun trials for 15-minute grocery deliveries in India, entering the rapidly
growing quick commerce sector. This move aims to offer the largest selection at the fastest speeds to customers across
the nation. [Reuters]

Flipkart

o Electric Vehicle Deployment : Flipkart has deployed over 10,000 EVs in its delivery fleet and plans to transition to
a fully electric last-mile fleet by 2030 as part of the Climate Group’s EV100 initiative. The adoption of EVs has
resulted in a 20% improvement in last-mile delivery speed and reduced cost per order at the hub level. [Business
Standard]

e Expansion of Delivery Hubs : To strengthen its last-mile reach, Flipkart has established over 3,000 delivery hubs
across India, enhancing its capacity to meet growing e-commerce demands. [The Times of India]

¢ Kirana Partner Program : Flipkart’s initiative to onboard over 100,000 kirana stores as delivery partners has
significantly enhanced its last-mile delivery network, especially in tier 2 and 3 cities. This program has also
augmented the income of these kirana partners. [The Financial Express]

Delhivery

e Optimization Algorithms : Delhivery has implemented advanced algorithms using the Gurobi Optimizer to
automate the allocation of shipments to delivery resources. This system accounts for various constraints, such as
destination, volume, weight, due date, and driver familiarity, resulting in more efficient last-mile deliveries. [Gurobi
Optimization]

o Investment in Technology : In FY2023, Delhivery invested approximately INR 300 crore in technology and data
analytics, leading to a 15% reduction in operational costs and a 20% decrease in cost per shipment through better route
optimization and inventory management. [DCFC Templates]

Ecom Express

o Electric Vehicle Transition : Ecom Express plans to have 50% of its last-mile fleet converted to electric vehicles by
2025, aligning with sustainable delivery practices. [Ecom Express]

e Address Precision with what3words : To enhance delivery accuracy, Ecom Express has partnered with
what3words, enabling precise location identification and reducing failed deliveries. [Ecom Express]

Visual Representation: Comparative Overview of Last-Mile Delivery Initiatives

Company Key Initiatives Impact
. 100% EV last-mile fleet ~ 15- Zero tailpipe emissions ~ Entry
Amazon India . . . . .
minute grocery delivery trials into quick commerce sector
Deployment of 10,000+ EVs ~ 20% faster deliveries ~ Enhanced
Flipkart 3,000+ delivery hubs - Kirana reach in tier 2/3 cities ~ Increased
partner program partner income

. . 15% reduction in operational costs
Advanced optimization algorithms ° P

. om0 .
Delhivery ~ INR 300 crore tech investment 20% decr_ease In cost per
shipment
Transition to 50% EV fleet by Sustainable deliveries ~ Improved
Ecom Express 2025 ~ Partnership with address accuracy and reduced
what3words failed deliveries
Key Operational Challenges ldentified:
Challenge Description Source
. . Urban congestion increases delivery time and fuel McKinsey
Traffic Congestion & Delays costs, especially in Tier 1 cities like Mumbai. (2024)

In Tier 2/3/4 towns, ambiguous address formats lead

Non-Standardized Addresses to failed or delayed deliveries.

Mojro.com

Last-mile logistics accounts for 53% of total shipping
costs.

High Cost of Last-Mile Delivery Shift.in
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- Many local delivery vendors lack digital McKinsey
Limited Tech Access for SMEs infrastructure for route optimization and tracking. (2024)
RTOs (Return to Origin) in India range from 20— Industr

High Return Rates (RTO) 25%, primarily due to COD and delivery estimatgs

mismanagement.

Heavy reliance on informal workforce, with high

L r Dependen . ..
abour Dependency attrition and training costs.

IBEF & Flipkart
Reports

Key Operational Challenges in Last-Mile Delivery

Labour Dependency

High RTOs

Limited Tech Access

High Cost

Non-Standard Addresses

Traffic Congestion

- e

0 2 4 6 8
Impact Severity (1-10)
Efficiency Gains through Technological Innovations:
Application in Last-mile Company /
Technology pplicat ! ! Impact and Outcomes pany
Delivery Source
Al (Machine Dynamic route optimization Reduced delivery time by Delhivery (Gurobi
Learning) based on traffic. ~20%. Case)
Real-time vehicle tracking and 95% on-time delivery rate
loT g ° y Ecom Express

predictive maintenance. achieved.

Address Mapping GPS-coordinate based location Significant drop in failed

Ecom Express

(what3words) tagging for high precision. deliveries.
Electric Vehicles Green logistics through EV- 20% reduction in operational Amazon. Fliokart
(EVs) based delivery fleets. cost per delivery. PP

Vehicle behavior monitoring

i timized delivery fleet
Telematics for fuel, performance, and Optimized delivery flee

Amazon Fleet

platforms.

delivery time. productivity. Program
. . Mojro and Locus offer Al- . . .
Last-Mile Delivery owe:e d logistics management 15-18% delivery cost savings Mojro.com,
Platforms P g g and reduced RTOs. Locus.sh
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Impact of Optimized Delivery on Customer Satisfaction:

Metric / Indicator

Observed Impact

Supporting Data /
Source

Delivery Speed 15-30 minute grocery deliveries gaining popularity | Amazon, Zepto,
(quick commerce). Blinkit

On-Time Delivery Rates Companies using advanced routing & tracking reach | Ecom Express,
95% on-time rate. Delhivery

Customer Loyalty

63% of customers are more loyal to platforms
offering 1-day delivery.

PwC India Survey

Repeat Purchase Rates

Increases by ~20% when customers experience
prompt, reliable delivery.

Flipkart
Analysis

Internal

Sustainability Appeal

EV-based deliveries improve brand perception, esp.
among millennials.

Amazon India (Fleet
Program)

Hyperlocal Customization Local Kirana delivery partnerships improve brand | Flipkart Kirana
reach and community trust. Model
Impact of Optimized Delivery on Customer Satisfaction
20
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*
g
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g 5o
40
30
20
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Obijective 1: To identify and analyze the key operational challenges faced by Indian e-commerce companies in last-
mile delivery

Identified challenges from research studies:

Challenge Description

Missed deliveries due to customer unavailability at home or

Delivery Failures .
y incorrect addresses.

Last-mile contributes up to 53% of total shipping cost (Escudero-

High Costs Santana et al., 2022).

High rate of returns due to delivery mismatches or failed deliveries

Return Rates (Awate & Cardozo, 2023).

Congested urban areas and limited rural access increase route

Infrastructure Issues .
complexity and delays.

Fragmented Delivery Networks Lack of coordinated logistics systems leads to inefficiency.

Traditional routing leads to delays and suboptimal fuel use (Yadav,

Manual Route Planning 2018)

Shortage of trained delivery personnel for tech-integrated systems

Lack of Skilled Resources (Hasler, 2023).

Graph 1: Prevalence of Operational Challenges (Synthesis of 11 studies)

Delivery Failures: _ 25%
High Costs: I 0
Returns: I
Infrastructure: I
Manual Routing: _ 12%
Coordination Issues: - 10%
Other: | B2

Objective 2: To explore the role of technological innovations in enhancing the efficiency of last-mile delivery in India
Key technological innovations identified from research studies:

Technology Functionality and Benefits
Real-time decision-making, predictive demand forecasting,
Al & ML . ; .
dynamic route planning (Badrinarayanan, 2024).
loT Devices Live tracking, condition monitoring, and asset management

(Shuaibu et al., 2025).

Reduce delivery times and improve cost-efficiency (Sasikanth &

R imization Algorith
oute Optimization Algorithms Bose, 2024).

Enhance rural reach and reduce human resource reliance (Shuaibu

Drones/UAVs etal., 2025).

Reduces failed deliveries and increases flexibility (Escudero-

Smart Lockers & Pick-up Points Santana et al., 2022).

Enables faster urban delivery by decentralizing inventory

Micro-Fulfillment Centers (Karthiga et al., 2024).

Interoperable systems for standardized, shared logistics

Physical Internet (P) infrastructure (Kayikci et al., 2023).

Dynamic, flexible carrier assignment improves last-mile speed

Crowdsourced Delivery Models (Agboyi, 2025).
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Graph 2: Adoption Levels of Key Technologies (Synthetic Estimate)

Route Optimization: ||| G o
AIML: I, 50
loT: I, 707
Smart Lockers: I
Drones/UAVs: [ B
Micro-fulfillment: I 0
PI Framework: [ R

Crowdsourced Delivery: || 30%
Obijective 3: To assess the impact of optimized last-mile delivery on customer satisfaction and loyalty

Measured Outcomes from Optimization identified from research studies:

Metric Impact

Increased by up to 30% with dynamic routing (Yadav, 2018;

Delivery Accuracy Badrinarayanan, 2024).

Improved 20-40% with personalized delivery windows and tracking

Customer Satisfaction Scores
(Escudero-Santana et al., 2022).

Increased 15-25% with improved delivery reliability and transparency

Repeat Purchase Rates (Awate & Cardozo, 2023).

Return Reduction Optimized delivery reduced return rates by 18-22% (Rao et al., 2023).

Enhanced through proactive communication and reliable service

Customer Trust and Retention (Jawali & Ramya, 2024).

Graph 3: Customer Experience Metrics (Derived from 9 studies)

Delivery Accuracy: || G ;>
Customer Satisfaction: _ 70%
Repeat Purchase Rate: || EG_ oo
Returns Reduced: I 55
Customer Trust: I -0

5. FINDINGS AND RECOMMENDATIONS
Findings
1. Key Operational Challenges
o Last-mile delivery accounts for up to 53% of total logistics costs, making it the most expensive stage.
o Non-standard addresses and delivery failures are common in Tier 2/3/4 towns, leading to high RTO (Return to
Origin) rates (\~20-25%).
e Urban areas suffer from traffic congestion and limited infrastructure, delaying deliveries.
e Manual routing and labor dependency still dominate, especially among small logistics providers.

e Coordination among fragmented delivery partners remains a significant bottleneck in rural and semi-urban
delivery.

2. Technological Innovations

e Al, machine learning, and optimization algorithms are driving up to 20% improvements in delivery efficiency
(Delhivery, Flipkart).

e Use of 10T and telematics has helped achieve 95% on-time delivery (Ecom Express, Amazon).

Electric Vehicles (EVs) have reduced delivery costs by 20% per order and enhanced sustainability appeal.

Solutions like what3words are improving address precision and reducing failed deliveries.

e Adoption of micro-fulfillment centers, crowdsourced delivery, and Pl frameworks is emerging but still
underutilized.
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3. Customer Satisfaction Impact

63% of customers prefer platforms offering same- or next-day delivery (PwC).
Quick commerce (15-30 minute delivery) is reshaping urban customer expectations (Amazon, Blinkit).

Delivery speed, accuracy, and real-time tracking have led to 15-25% increase in repeat purchases.

e Use of sustainable delivery methods (EVs) enhances brand image and trust, especially among millennials.
Recommendations

1. Digital Infrastructure Investment

Encourage SMEs and last-mile logistics partners to adopt Al-driven route optimization and 10T tracking.

Government support (subsidies or tax incentives) can promote tech adoption among informal delivery operators.
2. Regional Strategy Differentiation
e Tier 1 cities need traffic-optimized, eco-friendly delivery modes (EVs, drones).

o Tier 2/3/4 cities require address standardization, localized delivery hubs, and partnerships with kiranas for last-mile
support.

3. Encourage Public—Private Partnerships

o Foster collaborations between tech firms, logistics companies, and urban planning bodies to develop smart delivery
ecosystems and urban consolidation centers.

4. Optimize for Returns
Integrate predictive analytics to minimize COD-related RTOs.

Adopt smart lockers and pick-up points to reduce failed deliveries and streamline return processes.
5. Expand Quick Commerce & Micro-Fulfillment

e Invest in urban micro-fulfillment centers and express delivery models to meet growing customer demand for
instant deliveries.

6. Sustainability and Scalability
Scale up electric fleet adoption across delivery providers.

Track and report sustainability KPIs to attract environmentally conscious consumers and investors.

7. Enhance Customer Experience

e Provide real-time tracking, personalized delivery windows, and instant feedback channels to boost satisfaction and
loyalty.

e Use Al-based customer profiling to deliver tailored experiences and pre-empt delivery failures.

6. CONCLUSION

The optimization of last-mile delivery has emerged as a strategic differentiator for Indian e-commerce companies
striving to enhance customer satisfaction, operational efficiency, and environmental sustainability. This study
concludes that while Indian logistics providers face persistent challenges—ranging from delivery failures and
infrastructure gaps to high return rates and labor dependency—there is a transformative shift underway, driven by
technological innovation. Companies such as Amazon India, Flipkart, Delhivery, and Ecom Express have
demonstrated that strategic investments in Al, 10T, electric mobility, and address-precision tools can lead to
measurable improvements in delivery performance, including cost reductions, faster delivery times, and enhanced
reliability. Moreover, the integration of hyperlocal delivery models, such as kirana partnerships and decentralized
fulfillment hubs, has enabled these companies to penetrate deeper into semi-urban and rural markets. The impact of
these innovations is evident in improved customer satisfaction scores, higher repeat purchase rates, and stronger brand
loyalty. Therefore, last-mile optimization is no longer a back-end logistics function but a core competitive capability
that demands continued innovation, ecosystem collaboration, and regulatory support. As India’s digital economy
expands, e-commerce players must prioritize scalable, tech-enabled, and customer-centric delivery frameworks to
maintain relevance and market leadership in the years to come.
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