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Abstract

This paper delves into the critical role of supply chain automation and collaborative efforts in enhancing the
efficiency of e-commerce logistics. Firstly, it analyzes the challenges faced by e-commerce logistics, such as
surging order volumes, increasing customer expectations, cost pressures, and intensifying market competition.
Next, it provides a detailed introduction to the application of automation technologies in various logistics
processes, including automated warehousing, sorting, packaging, and handling equipment, and illustrates
through case studies how these technologies significantly improve logistics efficiency. Additionally, it explores
supply chain collaboration models, such as cooperation between e-commerce companies, suppliers, and logistics
providers, and the positive impact of collaboration on logistics efficiency. Finally, it summarizes the specific
indicators of efficiency improvement brought about by automation and collaboration, and offers implementation
suggestions to optimize logistics management and enhance market competitiveness for e-commerce companies,
providing theoretical support and practical guidance.
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1. Introduction
1.1 Research Background

In recent years, the rapid development of e-commerce has changed traditional business models, providing
consumers with convenient shopping channels. However, this also poses higher demands on the logistics
industry. Logistics systems need to efficiently handle a large number of orders, ensuring that goods are delivered
to consumers quickly and accurately, which poses a severe challenge to the operational capabilities and service
levels of logistics companies.

Logistics is a crucial link in e-commerce, and its efficiency directly affects consumers’ shopping experience and
the competitiveness of enterprises. An efficient logistics system can shorten the transportation time of goods,
reduce transportation costs, and improve customer satisfaction; on the contrary, low logistics efficiency can lead
to order delays, inventory accumulation, and other issues, affecting the reputation and profits of enterprises.

1.2 Research Significance

e  The importance of studying the impact of supply chain automation and collaboration on
enhancing e-commerce logistics efficiency: Researching supply chain automation and collaborative
efforts can provide new ideas and methods for improving e-commerce logistics efficiency. Automation
technology can reduce manual operations and increase the efficiency of various logistics processes;
collaborative efforts can optimize supply chain processes, achieve efficient resource allocation, reduce
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logistics costs, and enhance overall logistics efficiency.

e  The positive significance for e-commerce companies to optimize logistics management and
improve market competitiveness: This study provides theoretical basis and practical guidance for
e-commerce companies to optimize logistics management. Companies can formulate reasonable
logistics strategies based on the research results, such as introducing automated equipment and
strengthening collaboration with supply chain partners, to improve logistics management levels,
reduce operating costs, and enhance market competitiveness.

2. Challenges in E-Commerce Logistics
2.1 Surging Order Volumes

E-commerce promotion activities, such as “Singles’ Day,” often lead to a surge in order volumes, placing
immense pressure on logistics systems. For instance, during the 2016 Tmall “Singles’ Day,” the surge in orders
put extremely high demands on the logistics system. To address this challenge, logistics companies need to
enhance automation levels, optimize logistics processes, strengthen collaboration with partners, and prepare
resources in advance to quickly respond to and process orders, avoiding accumulation and delays.

2.2 Increasing Customer Expectations

As consumers’ requirements for shopping experiences continue to rise, their expectations for logistics services
are also increasing. Customers hope that goods can be delivered quickly to meet their demand for instant
consumption, while also requiring accurate logistics distribution and real-time tracking of order delivery status.
To meet these expectations, logistics companies need to strengthen information technology construction and
establish a comprehensive logistics information system to achieve real-time tracking and sharing of order
information. For example, a certain e-commerce company introduced an advanced logistics information system,
which realized real-time tracking of orders and optimization of delivery routes, thereby greatly improving
logistics efficiency and customer satisfaction.

2.3 Cost Pressure

Logistics costs account for a significant proportion of total e-commerce costs, including transportation costs,
warehousing costs, packaging costs, labor costs, etc. With the intensification of market competition and
enterprises’ pursuit of profits, controlling and optimizing logistics costs have become an important task for
e-commerce companies. To effectively control and optimize logistics costs, companies can take various
measures, such as improving logistics efficiency, arranging logistics resources reasonably, and adopting
advanced logistics technologies.

2.4 Intensifying Market Competition

In the e-commerce market, competition among enterprises is becoming increasingly fierce, and logistics
efficiency has become one of the important advantages for enterprises to compete. In order to stand out in the
fierce market competition, e-commerce companies need to continuously innovate logistics models and enhance
the core competitiveness of enterprises. For example, strengthening collaboration with supply chain partners to
achieve collaborative optimization of the supply chain and improve the operational efficiency of the entire
supply chain. In addition, actively adopting advanced logistics technologies, such as the Internet of Things, big
data, artificial intelligence, etc., to achieve intelligent and automated logistics, improve the precision of logistics
decision-making, and enhance the efficiency of logistics operations.

3. Application of Automation Technology in Logistics
3.1 Overview of Automation Technology

The application of automation technology in the logistics industry is becoming increasingly widespread, mainly
including automated warehousing systems (AS/RS), automated sorting systems, automated packaging systems,
and automated handling equipment (such as AGV and robots). These technologies reduce manual operations,
improve operational efficiency and accuracy, and significantly enhance the overall performance of logistics
systems.

e  Automated Warehousing Systems (AS/RS): Utilizing automated equipment such as stacker cranes
and shuttles, combined with RFID and sensor technology, to achieve automatic storage and retrieval of
goods, significantly improving warehouse space utilization and operational efficiency.

e  Automated Sorting Systems: Based on machine vision and deep learning algorithms, they can
quickly and accurately identify and classify various packages, greatly reducing sorting time and error
rates.

e Automated Packaging Systems: Through automated equipment, they achieve precise use of
packaging materials, improving packaging speed and quality, and reducing manual packaging errors.

26



FRONTIERS IN MANAGEMENT SCIENCE JAN. 2025 VOL .4, NO.1

e  Automated Handling Equipment: Such as AGV and robots, which can achieve automatic handling
and transportation of goods, improving handling efficiency and reducing manual labor intensity.

3.2 Automated Warehousing Systems
3.2.1 System Composition

Automated warehousing systems typically consist of shelving systems, handling equipment, control systems, and
identification systems. The shelving system includes automated stereoscopic warehouses and automated storage
and retrieval systems, which can efficiently store and retrieve goods. Handling equipment such as stacker cranes
and shuttles are responsible for moving goods within the warehouse. The control system includes warehouse
management systems (WMS) and automated control systems, which are responsible for scheduling and
managing operations within the warehouse. The identification system, such as RFID and barcode scanning
systems, is used to identify and track goods information.

3.2.2 Application Example

Amazon’s logistics center is a classic example of an automated warehousing system. In 2012, Amazon acquired
automated logistics provider Kiva Systems for $775 million and quickly applied its technology to its global
distribution centers. By introducing automated equipment such as Kiva robots, Amazon achieved a daily order
processing capacity of hundreds of thousands of orders. This automated warehousing system not only improved
the speed and accuracy of order processing but also significantly reduced labor costs and error rates.

3.2.3 Efficiency Improvement Analysis

Amazon’s automated warehousing system has achieved significant improvements in logistics efficiency through
the application of a series of innovative technologies. First, Kiva robots can automatically move shelves to bring
goods to pickers, a “goods-to-person” picking model that increases picking efficiency by 2 to 4 times. For
example, in the OAK4 logistics center in California, the introduction of Kiva robots increased the warehouse’s
storage capacity from 21 million items to 26 million items. In addition, robots can run 30 miles per hour with an
accuracy rate of 99.99%. (Lee, J., & Kim, H., 2022)

Second, automated sorting systems use machine vision and deep learning algorithms to quickly and accurately
identify and classify various packages, greatly reducing sorting time and errors. The application of this
automated system has enabled Amazon to increase its peak daily shipment volume from 700,000 items to 1.5
million items during peak order periods.

Moreover, the high-density storage capability of automated stereoscopic warehouses has increased warehouse
space utilization by more than 30%. The comprehensive application of these technologies not only improves the
overall efficiency of the logistics system but also reduces operating costs and enhances the competitiveness of
the enterprise.

Table 1. Efficiency Comparison Before and After Automation

Indicator

Before Automation

After Automation

Improvement Percentage

Picking Efficiency

1x

2-4x

100%-300%

Storage Capacity 21 million items 26 million items 23.8%
Sorting Accuracy Rate - 99.99% -
Shipment Volume 700,000 items/day 1.5 million items/day 114.3%

3.3 Automated Sorting Systems
3.3.1 System Types

Automated sorting systems are an indispensable part of modern logistics, with main types including sliding
block sorters, cross-belt sorters, and tipping tray sorters. Sliding block sorters push goods to designated sorting
outlets through sliding blocks installed on the conveyor belt, suitable for goods of various shapes and sizes.
Cross-belt sorters consist of multiple small belt conveyors, each of which can be independently controlled to sort
goods to different outlets, suitable for sorting small and medium-sized packages. Tipping tray sorters sort goods
to designated positions by tipping the tray, suitable for heavier or larger goods.

3.3.2 Application Example

Taking SF Express as an example, the company has introduced cross-belt sorters in its logistics centers to
achieve high-speed and accurate order sorting. Through this sorting system, SF Express can handle a large
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number of express packages, significantly improving sorting efficiency and accuracy. The use of cross-belt
sorters enables a sorting speed of 20,000 to 40,000 pieces per hour, greatly reducing the processing time of
packages and improving overall logistics efficiency. (Zhang, M., & Liu, X., 2023)

3.3.3 Efficiency Improvement Analysis

The application of automated sorting systems has brought significant efficiency improvements. Firstly, it
significantly improves sorting speed and accuracy. For example, the cross-belt sorting system can sort 20,000 to
40,000 packages per hour, much faster than manual sorting. In addition, using advanced barcode scanning and
machine vision technology, the sorting error rate is extremely low, usually below 0.1%. Secondly, automated
sorting systems reduce the labor intensity of manual sorting, basically achieving unmanned operations, reducing
labor costs by nearly 40%. Finally, by reducing sorting errors, companies can reduce the probability of goods
returns and replacements, improve customer satisfaction, and thus enhance the competitiveness of the enterprise.
(Lee, J., & Kim, H., 2022)

3.4 Automated Packaging Systems
3.4.1 System Functions

Automated packaging systems, through advanced sensors and control systems, can automatically select
appropriate packaging materials and complete a series of operations such as packaging, sealing, and labeling
based on the size, weight, and other information of the goods. First, the system uses laser scanners and weight
sensors to accurately measure the size and weight of the goods. Then, based on the detected data, the system
automatically selects suitable packaging materials, such as cardboard boxes, foam, air cushion film, etc. Next,
the packaging equipment automatically adjusts the packaging method according to the characteristics of the
goods, such as folding, wrapping, filling, etc., to ensure the safety of the goods during transportation. Finally,
after packaging is completed, the system automatically seals the box and affixes a label containing order
information on the packaging for subsequent transportation and distribution.

3.4.2 Application Example

Taking JD Logistics as an example, it has adopted automated packaging systems in multiple logistics centers.
Through this system, JD can achieve precise use of packaging materials according to the different characteristics
and order requirements of the goods. For example, for fragile items, the system automatically selects packaging
materials with cushioning functions and increases additional protective measures during the packaging process
to ensure that the goods are not damaged during transportation. This precise packaging method not only
improves packaging efficiency but also reduces the waste of packaging materials and enhances the customer’s
shopping experience.

3.4.3 Efficiency Improvement Analysis
The application of automated packaging systems has brought significant efficiency improvements:

. Improve packaging speed and quality: Automated equipment can complete packaging tasks in a
short time, with a speed 3 to 5 times faster than manual packaging. At the same time, due to the precise
control of the equipment, the packaging quality is more stable and can better protect the goods.

e  Reduce manual packaging errors: Automated packaging systems reduce the manual operation links,
reducing packaging errors caused by improper operations, such as improper packaging, wrong
labeling, etc., with an error rate reduced to below 0.5%. (Patel, R., & Shah, A., 2024)

o Reduce packaging material waste: The system can precisely select and use packaging materials
according to the actual needs of the goods, avoiding excessive packaging and material waste, with the
utilization rate of packaging materials increased by more than 20%.

3.5 Automated Handling Equipment
3.5.1 Equipment Types

Automated handling equipment mainly includes automated guided vehicles (AGV) and handling robots. These
devices have the following characteristics:

e  Automated Guided Vehicles (AGV): They can drive automatically on preset paths without manual
driving. AGV is usually used for goods handling within warehouses and can achieve rapid and
accurate transportation of goods.

. Handling Robots: They have higher flexibility and intelligence, can navigate autonomously in
complex environments, and complete tasks such as goods handling and loading. Handling robots are
usually used in production lines and distribution centers.

3.5.2 Application Example
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Taking Cainiao Logistics of Alibaba as an example, it has adopted AGV for goods handling in multiple
warehouses. Through the application of AGV, Cainiao Logistics has achieved automated transportation of goods
within the warehouse. AGV can automatically plan transportation routes according to order needs and quickly
transport goods from the storage area to the picking area or packaging area. This automated transportation
method not only improves the efficiency of goods handling but also reduces the labor intensity and cost of
manual handling.

3.5.3 Efficiency Improvement Analysis
The application of automated handling equipment has brought significant efficiency improvements:

. Improve goods handling efficiency: AGV and handling robots can complete a large number of goods
handling tasks in a short time, with handling efficiency 2 to 3 times higher than traditional manual
handling. For example, AGV can handle 1,000 pieces of goods in 1 hour, while manual handling takes
2 to 3 hours.

e  Reduce handling costs: By reducing the need for manual handling, the labor cost of enterprises is
effectively reduced. At the same time, the maintenance cost of automated equipment is relatively low,
and in the long run, it can save a lot of handling costs for enterprises.

. Reduce goods damage and safety accidents during handling: Automated handling equipment can
transport goods more stably and safely, reducing goods damage and safety accidents caused by
improper manual operations, with the goods damage rate reduced by more than 30%.

Table 2. Efficiency Comparison Before and After Automation

Indicator Manual Handling | Automated Handling Improvement Percentage
Handling Efficiency | 300 pieces/hour 1,000 pieces/hour 233%

Handling Cost High Low -

Goods Damage Rate | High Reduced by more than 30% -

4. Case Analysis of Supply Chain Collaboration Models
4.1 Overview of Supply Chain Collaboration

Supply chain collaboration refers to the close cooperation between various enterprises in the supply chain
through information sharing, resource integration, and process coordination to improve the efficiency and
competitiveness of the entire supply chain. In e-commerce, supply chain collaboration is particularly important
because it can help e-commerce companies and partners such as suppliers, manufacturers, and logistics providers
achieve more efficient collaboration, thereby improving logistics efficiency and customer satisfaction.

4.2 Collaboration between E-commerce Companies and Suppliers
4.2.1 Cooperation Model

The collaborative cooperation between e-commerce companies and suppliers is usually based on a long-term and
stable cooperative relationship. By sharing sales data and inventory information, suppliers can more accurately
understand market demand and inventory status. For example, e-commerce companies can transmit sales data in
real-time to suppliers, who can then adjust production plans and inventory management based on this data. In
addition, suppliers will prepare goods in advance according to the sales forecasts and inventory needs of
e-commerce companies and replenish goods in a timely manner to ensure the stability and timeliness of goods
supply.

4.2.2 Efficiency Improvement Analysis

The collaborative cooperation between e-commerce companies and suppliers has significantly improved the
efficiency of the entire supply chain. By sharing sales data and inventory information, suppliers can more
accurately predict market demand and adjust production plans and inventory management strategies in advance.
This not only reduces the risk of inventory accumulation and stockouts but also improves inventory turnover,
making inventory management more refined and efficient. At the same time, collaborative cooperation reduces
inventory and procurement costs because companies can make more precise inventory and procurement
decisions based on real-time data, avoiding unnecessary resource waste. In addition, the response speed of the
supply chain has been greatly improved, and the cycle from production to sales has been greatly shortened,
which can meet market demand more quickly, improve customer satisfaction, and thus enhance the
competitiveness of the enterprise.
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4.3 Collaboration Between E-Commerce Companies and Logistics Providers
4.3.1 Cooperation Model

The cooperation model between e-commerce companies and logistics providers is usually based on close
information sharing and resource optimization. For example, according to the case of Nanjing Leo Network
Technology Co., Ltd., e-commerce companies will sign long-term cooperation agreements with logistics
providers, sharing order information, inventory data, and transportation resources. Through real-time data
interfaces, e-commerce companies can transmit order information to logistics providers, who can then arrange
transportation plans and delivery routes based on this information. This cooperation model allows logistics
providers to predict order needs in advance, optimize vehicle scheduling and delivery routes, and improve
transportation efficiency and delivery speed.

4.3.2 Efficiency Improvement Analysis

Through collaboration with logistics providers, e-commerce companies can significantly improve logistics
efficiency. Firstly, transportation efficiency is improved because logistics providers can optimize transportation
routes and vehicle scheduling based on real-time order information and inventory data, reducing empty loads and
repeated transportation. For example, after a certain e-commerce company collaborated with a logistics provider,
transportation efficiency increased by 20%, and the transportation time was reduced from an average of 3 days to
2.4 days. Secondly, transportation costs are reduced because the rational allocation of transportation resources
and the improvement of transportation efficiency enable logistics providers to complete more transportation
tasks at a lower cost, reducing transportation costs by 15%. In addition, delivery speed and accuracy have also
been improved. Logistics providers can respond to order needs more quickly and provide more accurate delivery
services, increasing the delivery accuracy rate from 95% to 98%. Finally, customer satisfaction is enhanced
because faster delivery speed and more accurate delivery services can improve consumers’ shopping experience,
increasing customer satisfaction from 85% to 92%. (Brown, E., & Green, T., 2022)

4.4 Collaboration Between Manufacturers and Logistics Providers
4.4.1 Cooperation Model

The collaborative cooperation between manufacturers and logistics providers is mainly reflected in production
planning and inventory management. For example, a certain manufacturer establishes a close cooperative
relationship with a logistics provider, and the logistics provider intervenes in production planning in advance,
arranging the transportation of raw materials and the delivery of finished products reasonably according to
market demand and production progress. The logistics provider can arrange the transportation of raw materials in
advance according to the production plan and inventory needs of the manufacturer to ensure the timely supply of
raw materials during the production process. At the same time, the logistics provider can also help the
manufacturer with finished product inventory management, optimizing inventory layout and delivery routes to
improve inventory turnover.

4.4.2 Efficiency Improvement Analysis

This collaborative cooperation model can effectively reduce production waiting time and inventory costs. The
early intervention and reasonable arrangement by the logistics provider ensure the timely supply of raw
materials, reducing production waiting time from an average of 2 days to 1.5 days. At the same time, by
optimizing inventory management and delivery routes, inventory costs are also reduced, with inventory costs
reduced by 20% and inventory turnover increased from 4 times a year to 4.8 times. In addition, the matching
degree of production and logistics is improved, and production plans can be better combined with logistics
resources, reducing production delays and logistics waste, with the production delay rate reduced from 5% to 3%
and logistics waste reduced by 10%. This collaborative cooperation not only improves production efficiency but
also enhances the market response capability of manufacturers. (Zhang, M., & Liu, X., 2023)

5. Impact of Automation and Collaboration on Logistics Efficiency
5.1 Specific Indicators of Efficiency Improvement

Key indicators of logistics efficiency include order processing time, inventory turnover rate, sorting accuracy
rate, transportation efficiency, etc. These indicators can comprehensively reflect the performance and efficiency
level of the logistics system.

e  Order Processing Time: The total time from the generation of an order to the completion of the order,
including the time for order reception, processing, packaging, and shipping. The shorter the order
processing time, the faster the response speed of the logistics system and the higher the customer
satisfaction.

. Inventory Turnover Rate: The number of times inventory goods are turned over within a certain
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period, usually expressed in annual turnover times. The higher the inventory turnover rate, the higher
the efficiency of inventory management, the less funds occupied by inventory, and the faster the capital
turnover speed of the enterprise.

e  Sorting Accuracy Rate: The proportion of correctly sorted orders in the sorting process, usually
expressed as a percentage. The higher the sorting accuracy rate, the higher the quality of the sorting
system’s work, the lower the error rate, and the ability to reduce the cost of returns and replacements
and customer complaints due to sorting errors.

Table 3. Efficiency Comparison Before and After Automation

Indicator Before Automation After Automation Improvement Percentage
Order Processing Time Average 3-5 days Average 1-2 days 50%-60%

Inventory Turnover Rate Annual 4 times Annual 6 times 50%

Sorting Accuracy Rate 95% 99% Increased by 4 percentage points

5.2 Role of Automation in Efficiency Improvement
5.2.1 Order Processing Time

Automated systems can quickly process order information and reduce manual operation time. For example,
automated order processing systems, through the integration of advanced information technology and automated
equipment, can achieve automatic reception, processing, and packaging of orders. Taking a certain e-commerce
platform as an example, after adopting an automated order processing system, the order processing time was
reduced from an average of 3 minutes to about 10 seconds, greatly improving the speed and efficiency of order
processing.

5.2.2 Inventory Turnover Rate

Automated warehousing systems, by optimizing inventory management processes and improving inventory
management precision, accelerate inventory turnover. For example, automated stereoscopic warehouses, using
advanced storage technology and automated equipment, can achieve high-density storage and rapid storage and
retrieval, increasing the inventory turnover rate by more than 30%. This not only reduces the funds occupied by
inventory but also improves the capital turnover speed and market response capability of the enterprise.

5.2.3 Sorting Accuracy Rate

Automated sorting systems, through machine vision, sensors, and other technologies, can accurately identify and
sort various packages, reducing sorting error rates. For example, a certain logistics company’s automated sorting
system uses advanced image recognition technology to identify barcodes and text information on packages,
achieving a sorting accuracy rate of over 99%. This greatly reduces the cost of returns and replacements and
customer complaints caused by sorting errors, improving the quality of logistics services and customer
satisfaction.

5.3 Role of Collaboration in Efficiency Improvement

Supply chain collaboration plays an important role in improving efficiency. Firstly, the collaborative mechanism
enables order information to be transmitted quickly, significantly reducing the time for information transmission.
For example, a certain e-commerce platform, through establishing a collaborative system with partners such as
suppliers and logistics providers, reduced the order processing time by about 20%. This system achieves
real-time sharing and fast transmission of order information, enabling each link to respond to order needs in a
timely manner, thereby improving the speed and efficiency of order processing.

Secondly, collaborative cooperation promotes the sharing and optimized management of inventory information,
thereby improving the inventory turnover rate. Taking a certain manufacturer as an example, its collaborative
supply chain with partners such as suppliers and logistics providers has increased the inventory turnover rate by
more than 25%. By sharing inventory information and optimizing inventory management strategies, each link
can better coordinate inventory, effectively reducing inventory accumulation and inventory costs. (Brown, E., &
Green, T., 2022)

Finally, collaborative work also improves the sorting accuracy rate. A certain logistics company’s collaborative
sorting system is a typical example, with a sorting accuracy rate of over 98%. The collaborative system achieves
real-time sharing and coordination of sorting information, enabling each link to sort according to unified
standards and requirements, thereby improving the accuracy and consistency of sorting. This close cooperation
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reduces sorting errors and further improves overall logistics efficiency.
6. Conclusion and Implementation Suggestions
6.1 Conclusion Summary

Automation technology and collaborative efforts play a significant role in enhancing the efficiency of
e-commerce logistics. Automation technology, through the introduction of advanced equipment and systems
such as automated warehousing systems and automated sorting equipment, greatly improves the efficiency and
accuracy of various logistics processes, reduces manual operations, lowers labor costs, and increases the
response speed and service quality of logistics systems. Collaborative efforts, by optimizing supply chain
processes and resource allocation, achieve close cooperation between e-commerce companies and partners such
as suppliers, manufacturers, and logistics providers, improving the operational efficiency of the entire supply
chain and enhancing the competitiveness and customer satisfaction of enterprises.

6.2 Implementation Suggestions

. Increase Investment in Automation Technology: E-commerce companies should increase
investment in automation technology, introduce and apply advanced automated equipment and
systems, and improve the intelligence and automation level of logistics systems.

. Deepen Supply Chain Collaboration: Strengthen collaboration with partners, establish long-term and
stable cooperative relationships, achieve information sharing and resource optimization, and improve
the operational efficiency and competitiveness of the supply chain.

e  Cultivate Professional Talents: Focus on the training and introduction of talents, establish a
comprehensive talent training system, improve the business skills and overall quality of employees,
and provide strong talent support for the implementation of automation and collaboration.

Focus on Data-driven Decision-making: Strengthen the collection, analysis, and application of data, establish a
comprehensive data management system, and use data analysis to provide scientific basis for decision-making,
achieving intelligent and precise logistics decision-making.
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