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ABSTRACT

Green Al has emerged as a new powerful tool of logistics in this
present modern world which has helped optimize supply chain
operations and at the same time the emission of greenhouse gases
had also been reduced. Mores, artificial intelligence systems such as
integrated intelligent predictive analytics, the loT Approach,
application of optimal routes, and automated warehouses are
making a positive contribution to sustainability through the
efficiency reduction of fuel consumption, optimal inventory, and
management of transportation networks. This paper review is based
on the topic of Al and the way it is being employed in green
logistics, particularly in the reduction of environmental footprint,
optimization of resources and setting up of environmentally friendly
last one kilometer conveying solutions. In this regard, it also
provides faces of the most successful companies that have been
adopting sustainable Al-facilitated initiatives. There are certain
challenges that organization face while adopting Al in logistics
some of which are the high cost of the implementation, data security,
skills of the workers, and compatibility with legacy systems. With a
focus on corporate social responsibility as well as the effective
management of resources at the government level for sustainable
supply chain, Artificial Intelligence technology will have a big part

to play in the development of new and efficient transport system.
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INTRODUCTION

Companies in the supply chain and logistics industry have benefitted from the venture into the
artificial intelligence age. Over the last several years, the implementation of smart systems with the
help of artificial intelligence is increasing since enterprises are moving towards sustainable practices
in their logistics operations. It is owed to the concerns raised regarding the environment, strict
measures proffered by regulating authorities, and the high demand for sustainable supply chain
management [1]. Green logistics is the reduction of the negative environmental impact whilst keeping

an organization’s operational effectiveness, and in this process, Al is beginning to be applied.

Since fuel and power are crucial to the operations within logistics, it plays a significant role within
the current global emissions of carbon. In traditional logistics models, numerous issues like route
optimization, fuel consumption and wastage and so forth exist [2]. The incorporation of artificial
intelligence technologies into logistics and supply chain leads to the optimization of its operations by
lowering fuel consumption and, therefore minimizes the emission of greenhouse gases. These systems
include the use of artificial intelligence, advanced statistical models, the immediate processing of

data, and the automation of business processes in order to increase productivity and profitability [3].

In this part, the most notable area where AI’s impact on green logistics has been observed is in route
planning and managing fleets. Extensive data processing based on traffic flow, weather information,
and other factors that contribute to fuel consumption helps to identify the most efficient routes for
deliveries. This helps in making the usage of fuel as low as possible and also comfortably curtails
emissions of carbon. Further, by using Al, the large set of data gathered through vehicle performance
can be used to schedule the proper time for the maintenance thus reducing breakdowns and increasing
the durability of logistics fleets [4]. Another of the major areas where Al is said to help in
sustainability is in the warehouse and inventory management. Lightings and temperatures can be
automatically controlled, and storage spaces are effectively utilized and minimized on wastage
through the use of such systems. Automated robots together with Al in the supply of warehouses
decrease the need for human intervention as well as energy consumption. Additionally, Al optimizes
demand forecasting, which in turns mitigates overstock, too much inventory, trying to reduce

emission thereby bringing down the carbon footprint of supply networks [5].
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Beyond operational efficiency, Al supports sustainable decision-making through data-driven insights.
They will be able to read through environmental reports, monitor levels of carbon emissions, and
even introduce environmentally friendly measures through recommendation from the machine. To a
certain extent, Al enables sustainable implementation of renewable energy resources in the
company’s logistics processes, thus contributing to the goal of achieving carbon neutrality. This
review aims at discussing how artificial intelligence in modern green logistics helps to achieve the
reduction of carbon footprint [6]. This paper discusses strengths, weaknesses, and opportunities of Al
in making logistics sustainable. The realism is that as the adoption of Al increases in industries, the

logistics industries is at the frontline on the innovation to sustainable supply chain.
UNDERSTANDING GREEN LOGISTICS

Green logistics is a management term that seeks to reduce the adverse effect of supply chain activities,
transportation and other logistics activities in an organization without compromising efficiency and
effectiveness. With the emerging issues on environmental conservation, global warming and
availability of resources reaching agenda, industries are being compelled to adopt green supply chain
practices. Organizations are undertaking such changes due to CSR, legal requirements, and for

meeting the needs of the customers who have become more conscious of environmental impacts [7].

Green logistics can be defined as implementing measures with the aim of making the logistics
activities more environmentally friendly. They cover features such as efficient energy use in the
means of transportation, the utilization of limited resources, the reduction of carbon dioxide emission
and the environmentally friendly packaging [8]. It is ensured that economic progress is aligned with
sustainable dimensions where it is possible for companies to draw profits by running their business
sustainably. Measures that need to be put in place in order to reduce the emission of greenhouse gases

in transportation and warehousing [9].

Energy methods which should be used include the use of efficient vehicles, renewable resources of
energy, and energy conservation devices. Reducing the use of plastics, increasing the usage of
biodegradable packing and designing package in the most efficient way possible. Promoting

sustainable development by engaging suppliers and parties that you work closely with in a supply
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chain. Designing proper mechanisms for managing and encouraging product returns, recycling, and
disposal for the purpose of minimizing wastage [10].

Sustainability has recently become one of the distinct and visibly functional priorities in many supply
chains as more companies have increasingly embraced its role in their target. As we know that green
logistics have a number of opportunities associated with it, at the same time, green logistics

implementation come with a number of issues [11].

High Initial Costs: Green products including electric cars and energy are an example of devices that

require long-term investments to be made in order for them to become popular [12].

Lack of pure infrastructure: There is no adequate infrastructure to support the sustainability of such
transportation methods, for instance, charging stations for electrical trucks or infrastructures for
recycling [13].

Challenges of Global Supply Chain: Management of sustainability issues in supply chain across
the borders remains a major challenge because of issues such as different regulations that have been

set, economic factors and logistics [14].

Challenges of Green logistics: There is a challenge in making companies incorporate logical and
cost effective solutions in the supply chain without having to reduce the efficiency of the company

financially [15].

Green logistics is a complex concept that is highly dependent upon the use of new technology. The
integration of artificial intelligence in routers the ability to track in real-time the performance of the
vehicles and make use of predictive analytics in order to cut down on fuel usage and enhance
efficiency. Also, smart sensors in the loT improve the energy consumption of vehicles and
warehouses, as well as, block chain technologies for supply chain sustainability [16]. Having gone
through the analysis of the paper, one can conclude that green logistics is not just a choice for
organizations that plan to stay relevant in the long run. Through embracing modern technologies,
firms can ensure economic development in the business and environmental conservation so that

sustainable logistics and supply chain improvement becomes the practice in the future [17].
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ARTIFICIAL INTELLIGENCE IN MODERN LOGISTICS

Artificial Intelligence (Al) transforms logistics operations through smart data-based solutions that
help us run our supply chain better and more efficiently at lower costs while making our operations
more sustainable. Human-based decision-making in past logistics systems produced problems with
performance that harmed customers and degraded the environment. Al processing power helps

logistics operators form insights from big data and reduces environmental impact through smarter

decisions [18].

Al-Driven
Reverse
Logistics

)

Artificial
Intelligence in
05 Last-Mile Modern
—— Delivery

Optimization Logistics

£, L 3

\‘i.l._ il
Management
Figure: 1 showing Al in modern logistics

Overview of Al Applications in Logistics: Businesses add Al technology to multiple areas within
their logistics operations such as transport and storage processes along with demand predictions and

customer assistance [19]. These Al practices function as our main system applications:

e Al systems with traffic, weather and fuel data analyze delivery routes to choose the best paths
that save fuel and reduce pollution.
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e Al models help find problems in equipment by monitoring vehicles and warehouses which
lets teams fix these issues before breakdowns prevent work from happening.

e Al-driven self-driving trucks and drone delivery services decrease the need for fossil fuels by
traveling faster than manual delivery systems.

e By using Al-powered robots to manage warehouse operations the system lowers energy needs
and runs better than manual systems.

e Al examines market trends and past performance to estimate consumer needs which prevents

creating too much product and wasting resources that pollute the environment [20].

Evolution of Al-Driven Supply Chain Management: Logistics companies have progressively
developed their Al systems from basic machine help to advanced decision-making platforms. Al
helped businesses perform two fundamental tasks at first barcode recognition and automatic stock
control management. Az tech progress allowed machines to handle more advanced operations such
as demand forecasting and pricing optimization [21]. Digital twin technology created by Al shows
businesses what happens in their supply chain operations to find ways they can work better. Real-
time tracking technology will show all supply chain activities to help companies eliminate

performance problems [22].

Benefits of Al in Logistics Operations: Using Al in logistics creates positive outcomes especially

through the following advantages:

e Using smart systems and automatic vehicles helps supply chain operators make better delivery
routes and use less fuel which decreases environmental pollution.

e Both automated processes and efficiency improvements help Al lower operating expenses as
well as staff and vehicle costs.

e Through improved delivery systems Al helps products reach the customer on time and with

less movement between locations [23].

Businesses use Al to monitor their sustainability decisions which meet environmental standards
worldwide across industries. Modern logistics operates at new levels because Al enhances its

performance while also reducing environmental impact. The future growth of Al-driven supply chain
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management will help us reach our goal of zero carbon emissions in worldwide trade and delivery

operations [24].
SMART SYSTEMS FOR SUSTAINABLE LOGISTICS

Smart technology that uses Artificial Intelligence (Al) and Internet of Things (I0T) systems plus Big
Data helps companies run their logistics more productively while saving money and reducing
environmental impact. These modern systems help businesses plan better deliveries to save expenses
and decrease carbon emissions alongside regular operations. Smart logistics systems use real-time

automated data to achieve important environmental aims [25].

Internet of Things (l1oT) and Real-Time Tracking: Real-time monitoring becomes possible
through 10T solutions which optimize operations throughout green logistics supply chains and
transportation activities. 10T sensors in vehicles tracking fuel use combined with telematics send
readings about vehicle performance alongside temperature and humidity info from warehouse and
shipping container sensors. These practical data points assist in managing fuel better and cutting
power usage while keeping perishables from spoiling. Al helps manage vehicle performance and
checks driver behavior to provide eco-friendly driving suggestions which decreases vehicle
emissions. When businesses use 10T devices they gain complete supply chain insight to find weak

points gradually cut delivery times while following green logistics methods [26].

Big Data Analytics for Route and Inventory Optimization: Analytics of Big Data lets logistics
businesses make evidence-based choices that enhance performance and environment protection. With
Al analytics technology our system analyzes traffic patterns weather forecasts and fuel data to pick
the ideal shipping routes which cuts down on fuel waste and pollution. The latest Al methods examine
previous market behaviors and customer needs to accurately forecast future customer behavior [27].
By predicting demands correctly this strategy saves resources by stopping unnecessary production
rates. The system uses artificial intelligence to arrange storage spaces well and runs orders
automatically while improving pack-and-pick processes which saves energy and lowers operational
waste [28].
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Cloud-based computing helps organizations better use their resources: Cloud platforms help
logistics companies utilize real-time data processing to support teamwork and sustainability work.
The cloud manages business data to show carbon emissions while guiding supply chain improvements
and stops using extra energy. The cloud system with Al tools examines all available data layers to
tell companies how to run logistics better and reduce environmental impact. Cloud systems help
businesses properly integrate solar, wind, and alternative power systems into their delivery networks
to reduce fuel dependency [29]. Al-connected 10T Big Data systems help improve the sustainability
and boosted performance of logistics operations. These technologies reduce companies'
environmental impact by running warehouses more efficiently and running supply chains better with
optimized routes. Smart technology adoption will strengthen its position in building greener and more
stable logistics supply chains as the logistics sector grows its digital transformation methods [30].

AI-DRIVEN STRATEGIES FOR CARBON FOOTPRINT REDUCTION

The use of artificial intelligence systems helps companies decrease their environmental impact
throughout their logistics and supply chain activities. Artificial intelligence optimizes transportation
routes to reduce energy usage which then let’s companies decrease greenhouse gases without slowing
operations. Sustainable logistics now includes smart controls that make fuel last longer and decrease
unnecessary usage while running operations more efficiently. Al supports the largest carbon reduction
efforts when it creates more effective delivery routes [31]. These systems review live-streaming

information through their Al algorithms to generate results of:
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Al-driven strategies for carbon footprint reduction

Al-Enabled Reverse Logistics

8%
Route Optimization & Fuel Efficiency
30%

Sustainable Last-Mile Delivery
10%

Predictive Analytics for Demand & Supply
12%

Al-Powered Fleet Management

Smart Warehousing & Energy Efficiency 0%
o

15%

Figure: 2 showing Al-driven strategies for carbon footprint reduction

Al notices road traffic before deciding which route saves the most gas: Weather information lets
Al systems plan shipments during favorable periods to prevent fuel waste from bad weather. The
technology matches vehicle loads perfectly to space limits to achieve better capacity and fewer
deliveries. The system detects unsafe driving practices such as rapid brakes and idling plus rough gas
pedals because they all lead to more emissions. Efficient data systems with Al sensors guide drivers

into better ways to save fuel in their vehicles [32].

Predictive Analytics for Demand and Supply Management: Through predictive analytics
technology logistics firms can predict market needs better which helps them avoid creating too much
stock and running unnecessary transports. This helps in: The system plans delivery routes to eliminate
empty trips by trucks and delivery vehicles. Al assists businesses in maintaining proper inventory
amounts which lowers their warehouse and energy usage. Al analytics detects product demand trends
before they occur which keeps unusable supplies from entering the market [33].
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Al-Powered Warehouse Automation and Energy Efficiency: Al systems cut warehouse power
costs through mechanical optimization coupled with automated operations. Smart robots that use Al
assist with picking and sorting tasks which saves on both human and electrical power usage. Al
technology controls warehouse lighting and temperature by studying occupancy and weather changes
to decrease energy consumption. Al technology plans warehouse areas to use available space better
which lowers the need to build new storage areas [34].

Sustainable Last-Mile Delivery Solutions: Delivery operations within the final mile of
transportation produce substantial emission pollution. Al technology creates practical tools which let
us decrease our effect on the environment through these methods: The technology manages an electric
vehicle and autonomous fleet to lower fuel dependence. Smart Parcel Lockers let Al find strategic
delivery centers which cut the number of direct home deliveries and direct supply chain operations.
Al technology arranges package drop-offs best so delivery vehicles make less trips and produce less
pollution [35].

Data-based artificial intelligence helps establish emission-reducing solutions for logistics operations.
Al technologies enhance supply chains by creating efficient routes and detecting future patterns as
well as mongering warehouse tasks and last-mile delivery methods. Further Al advancements will
drive us toward carbon-neutral logistics systems that support worldwide environmental sustainability
[36].

CASE STUDIES AND REAL-WORLD APPLICATIONS

Artificial Intelligence systems help us make our logistics systems greener and run them better with
lower expenses. Several organizations from multiple types of businesses use Al smart systems to
make their supply chains perform better and generate less carbon pollution. Through practical
examples this section shows how artificial intelligence changes logistics into a more sustainable and

productive operation [37].

United Parcel Service uses its Al-based: On-Road Integrated Optimization and Navigation
technology to enhance delivery routes. Using ORION data about traffic flow plus fuel costs and

delivery times helps identify saving routes for transportation [39].
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Impact

e Reduced fuel consumption by 10 million gallons annually

e Cut 100,000 metric tons of CO, emissions per year

Amazon’s Al-Powered Fulfillment Centers: Amazon employs machine learning algorithms and
robotics to handle operations better in its warehousing facilities. Robotic systems transport inventory

faster with less work and less energy use of personnel [40].
Impact

e 50% reduction in energy usage per order

e The company uses better warehouse space planning to decrease the need for new warehouse
areas.

e The system processes orders more quickly which cuts down waiting times and lowers

shipment frequency.

Al in Sustainable Fleet Management: By using Al to manage their fleet DHL improves vehicle

efficiency and decreases vehicle breakdown rates [41].
Impact

e Al helps the company save up to 30% on fuel through smarter travel routes.
e The intelligent system manages more electric vehicles at intelligent charging stations.
e The system balances delivery needs and combines multiple shipments to reduce harmful

pollution.

Al-Powered Supply Chain Visibility: Together IBM and Maersk created TradeLens which uses Al
to track shipping containers across all supply chain logistics points. The system both improves how

containers are tracked and decreases paperwork making a major difference to our environment [42].
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e By processing containers faster the company cut down on fuel use and reduced waste output
by 40%.
e The improved supply chain management helps us avoid sending goods that are not needed.

e Improved decision-making for sustainable shipping routes

Al-Optimized Last-Mile Delivery: FedEx uses artificial intelligence to understand customer

delivery choices and determine better delivery areas in the last delivery mile [43].
Impact

e 20% reduction in last-mile emissions

e Qur company adds electric vans and drones to deliver goods while preserving the
environment.

e Improved customer satisfaction with faster and more accurate deliveries.

e Lessons Learned from Industry Leaders.

Lessons Learned from Industry Leaders: These case studies show companies how to implement

Al for green logistics by creating these major lessons [44].

e The use of Al to plan better routes and manage vehicle fleets helps firms reduce fuel expenses
plus environmental impact.

e Using artificial intelligence robots in warehouse operations decreases energy needs plus
enhances performance.

e Using predictive data and controlling supply chain operations improves how companies meet
sustainability targets.

e Companies can lower emission levels and provide better service by using Al technologies for

their final delivery operations.
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Businesses are discovering that Al uses help decrease environmental impact and make operational
work better. Companies that adopt Al technology for their operations will help push supply chains

toward environmentally-friendly methods of the future [45].
CHALLENGES AND LIMITATIONS OF Al IN GREEN LOGISTICS

Artificial Intelligence (Al) has revolutionized logistics by improving efficiency and lowering
environmental impact, but its implementation also presents challenges, and limitations. To achieve a
truly sustainable logistics system, businesses need to tackle these barriers to enable maximum
realization of the potential of Al. This can be backed up using Genetic Algorithms and is confirmed
using LSP Algorithm [46].

Data Privacy and Security Concerns: To create Al in logistics, it utilizes the collection of real-time
data and cloud systems, which both can bring the cybersecurity risks and data privacy risks [47].

Challenges

e Risk of cyber-attacks compromising supply chain operations

e Data-sharing concerns between logistics partners and third-party Al providers
Potential Solutions

e Developed cybersecurity measures which incorporate encryption and block chain for secure
data transactions

e Using strict data governance policies to comply with privacy regulations

Lack of Skilled Workforce and Technical Expertise: If we talk about a wider aspect, there is big
gap of skills required for the implementation and the maintenance of Al implementation in the
logistics industry. Recruitment of professionals with a high dexterity in Al, machine learning, and big

data analytics is something many businesses find challenging to do [48].
Challenges

e Shortage of Al and data science professionals in logistics
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e Retraining of employees to work hand in hand with Al based systems.
Potential Solutions

e Offering Al training programs for logistics professionals

e Building Al expertise (partnering with universities and tech companies)

Integration with Legacy Systems: There are still many logistics companies that still work over the

old systems, who are not compatible with the modern Al technologies [49].
Challenges

e Al hard to integrate in traditional supply chain management software.

e |t also has high costs and operational disruptions when system upgrades occur.
Potential Solutions

e Gradual Al adoption with hybrid models: a combination of Al and human capabilities into
existing systems

e Having cloud based Al solutions so as to limit the network or architecture switches

Ethical and Environmental Concerns: Al decreases carbon emissions, but its own development

and use are not carbon neutral [50].
Challenges

e High energy consumption of Al-powered data centers

e Ethical issues with robots replacing jobs due to Al in the logistics industry.
Potential Solutions

e Investing in access to renewable energy based Al systems which are energy efficient.

e Implementing policies for Al-assisted job transformation rather than replacement
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The challenges notwithstanding, Al is an instrumental tool when it comes to sustainable logistics.
Clearly addressing the related cost, security, workforce, integration, and ethical concerns will allow
Al adoption to keep driving reduction of carbon footprint while maintaining a balance between
efficiency and sustainability. As technology progresses, these barriers can be overcome to allow for

a smarter, greener future of logistics [51].
FUTURE PROSPECTS OF Al IN GREEN LOGISTICS

As technology is constantly progressing, green logistics is set to expand its role for Artificial
Intelligence (Al) in the years to come. Given the rising demands of supply chains, innovation has
begun to take root, which will transform them into more efficient, ecofriendly, and cost effective. The

future trends and Al breakthroughs available in logistics are considered in this section [52].
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Figure: 3 showing future prospects of Al in green logistics

Widespread Adoption of Autonomous Vehicles and Drones: The Al aided self-driving trucks and

delivery drones will also take on a major role in reducing fuel consumption and emissions [53].
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Future Impact

e Use of electric autonomous trucks for long haul freight transport will increase.
e Fuel powered last-mile delivery vehicles replaced by Al driven drones.

e Enhanced traffic and route optimization through real-time Al decision-making.

Al-Powered Circular Economy and Reverse Logistics: Al driven reverse logistics will lead the

ways of sustainable supply chains for recyclability, reusability and reduction of waste [54].
Future Innovations

e Al Waste Tracking and Recycling automation to decrease environmental impact.

e Smart inventory systems which ensure that product returns and refurbishments are done with
efficiency.

e Al driven demand forecasting to produce less as possible to avoid unnecessary excess

production and waste

Green Energy Integration in Logistics Operations: Logistics and supply chain will gain more in
the adoption of renewable energy sources through Al [54].

Expected Advancements

e Al smart grids dealing with the smart use of solar and wind energy in transportation and
warehousing.

e Optimization algorithms to improve efficiency of electric logistics fleets.

e Al mediated energy efficient warehouses with climate controlling systems lowers carbon
emissions.

e Al enhanced with block chain technology provides transparency for the sustainable supply

chain compliance.
Potential Benefits

e Real-time tracking of carbon footprints across global supply chains.
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e Al driven automated sustainability audits to enforce the regulatory compliance.
e Green certification of ecofriendly logistics practices using block chain.

e Hyper-Personalization and Al-Optimized Logistics Networks.

Real time, on demand logistics solutions will be made possible using Al that will reduce waste and

improve efficiency at the same time [55].
Future Trends

e Dynamic logistics networks powered by Artificial Intelligence that adjust to the constantly
evolving demand patterns.

e Excessive trips and emissions reduction with hyper personal delivery scheduling.

e Al driven crowd sourced delivery models for sustainability based on the use of shared

transport.

The bright side of Al in green logistics in the future is about autonomous transportation, circular
economy solutions, renewable energy integration, block chain transparency and so on. With the
continued progress of Al technology, businesses will move towards near—zero emissions logistics,
building up a green and efficient global supply chain. But, to build a greener future for the logistics

industry various hardcore technologies will have to be embraced [56].
CONCLUSION

Green logistics is utilizing Artificial Intelligence (Al) as a transformative force in tackling the carbon
footprint of operations within supply chain activity. Through route optimization, predictive analytics,
smart warehousing and autonomous transportation, Al aids businesses in that being much more
productive while also more environmentally sustainable. Although Al offers considerable potential
benefits, implementing Al in logistics is fraught with challenges, including high implementation
costs, dangers of exposing data, difficulties integrating it with legacy systems and ethical issues.
Nevertheless, with further technological advances, government financial aid, and partnerships
between governmental agencies and industries, many of these problems can be addressed, leading to

green and wiser supply chains.
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In the future, Al will enable the logistics industry to become net zero emissions driven by the linear

innovations of autonomous vehicles, renewable energy powered warehouses, block chain

transparency, Al driven circular economies. By implementing Al driven green logistics strategy,

businesses will be friendlier to the environment, while at the same time improving operational

efficiency, decrease costs involved and comply to global sustainability measures. As the future

becomes more ecological, the Al powered logistics will be an integral part of creating a resilient,

intelligent and ecofriendly supply chain network that will benefit business and the planet.
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