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Abstract

Global trade and transportation are major sources of carbon emissions, contributing to climate
change and pollution. To address this, businesses and governments worldwide are transitioning
toward decarbonized trade routes and green logistics for a more sustainable future. India,
especially Maharashtra, has taken significant steps, such as promoting electric freight vehicles
and expanding railway electrification to reduce reliance on fossil fuels. This research explores
key advancements in sustainable logistics, including electric cargo fleets, hydrogen-
powered ships, and sustainable aviation fuels (SAF). It also examines the role of carbon
taxes, green incentives, and global agreements in supporting low-carbon trade.
Mabharashtra’s initiatives, like clean port projects and Mumbai’s rail electrification,
highlight regional efforts driving global sustainability. Beyond policy and corporate actions,
public participation is essential. During the COVID-19 lockdown, my work as a Swachh
Bharat member reinforced the importance of clean urban spaces and waste management,
which are crucial for green logistics. Sustainable trade isn’t just about reducing emissions it’s
also about efficient resource use, cleaner transport hubs, and responsible supply chain
management. Achieving truly sustainable trade requires a collaborative effort between
governments, industries, and individuals. By integrating green technologies, innovative
policies, and responsible business strategies, we can create a resilient, low-carbon global
trade network. As businesses adopt eco-friendly logistics, and policymakers enforce
sustainable regulations, the shift toward a greener economy becomes not just a necessity but
an opportunity for long-term economic and environmental benefits. This paper highlights key

strategies for businesses and policymakers to build carbon-neutral trade systems, using
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real-world examples to emphasize the need for green technology, efficient transport
networks, and responsible business practices.

Keywords: Sustainable Trade, Green Logistics, Carbon-Neutral Supply Chains, Maharashtra,

Electric Freight, Decarbonization, Government Policies, Clean Energy.

Introduction

Global trade is evolving, and so are the challenges it faces. Ports, the beating heart of
international commerce, are under increasing pressure to reduce carbon emissions, integrate
renewable energy, and improve logistics efficiency. As someone deeply interested in
sustainability and global business, I, Aditya Kumar Pagariya, am exploring the future of
decarbonized trade routes and green logistics a shift that is not just necessary but inevitable.
Ports today are no longer just places where cargo moves in and out; they are turning into self-
sustaining ecosystems. Imagine a port where solar-powered cold storage units keep
perishable goods fresh without burning fossil fuels, or where hydrogen-powered vessels dock
at terminals designed with green architecture principles something I’ve been fascinated by,
especially since my mama is an architect and has always emphasized sustainable design. This
transition is not just theoretical; it’s happening.

India, particularly Maharashtra, is stepping up in this transformation. Ports like JNPT and
Mumbai Port Trust are actively adopting solar energy, electrified cargo handling, and Al-
driven logistics to enhance efficiency while cutting emissions. The idea isn’t just about
cleaner ports; it’s about revolutionizing global trade by making supply chains greener from
start to finish.

Through this research paper, we will break down how policies, cutting-edge technology, and
real-world case studies can guide the shift towards a low-carbon trade ecosystem. The goal
is clear: build a trade infrastructure that is sustainable, efficient, and future-proof without
sacrificing growth.

Introduction to Decarbonized Trade Routes and Green Logistics

Trade and transportation are the backbone of the global economy, allowing businesses to move
goods across borders efficiently. However, the way trade routes operate today is a major
problem for the environment. Ships, trucks, and planes that carry products from one country to
another rely heavily on fossil fuels, which release harmful carbon emissions into the
atmosphere. According to reports, the shipping industry alone contributes about 3% of the
world’s greenhouse gas emissions. If we continue on this path, these emissions could rise even

further, worsening climate change and causing serious environmental damage.
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During the lockdown, while participating in the Swachh Bharat mission, | saw firsthand how

pollution affects local environments. This made me think if small-scale pollution is this
harmful, what about global trade and transportation? That’s when I started looking into
decarbonized trade routes and green logistics, and the impact they could have on reducing
emissions worldwide.

This is where decarbonized trade routes and green logistics come into play. These terms
refer to making trade and transportation more eco-friendly by reducing pollution, using cleaner
fuels, and improving logistics efficiency. Green logistics involves strategies like optimizing
transportation routes, switching to renewable energy, and developing better packaging methods
to reduce waste.

Governments and industries worldwide are pushing for greener solutions because they
understand that sustainability is the future. New policies, investments in technology, and
alternative fuel sources are being explored to lower emissions. Countries like the Netherlands,
Singapore, and India are taking significant steps to make their ports and shipping networks
more sustainable. However, while the idea of green logistics sounds great, making it a reality
comes with challenges like high costs, lack of infrastructure, and slow adoption of new
technologies.

In this report, we will explore how businesses and governments are working towards
decarbonized trade routes, the technologies making this shift possible, and the benefits of

adopting green logistics in today’s world.

Key Components of Green Logistics

To make trade and transportation more eco-friendly, different strategies and technologies are
being used. These fall under the broad term green logistics, which focuses on reducing
pollution, improving efficiency, and making global supply chains more sustainable. Here are
some of the key components that play an important role in achieving this:

1. Use of Alternative Fuels: One of the biggest steps in reducing carbon emissions is
shifting from fossil fuels to cleaner alternatives. Some of the promising fuels being
developed include biofuels, green hydrogen, ammonia, and electricity. Ships
powered by these fuels emit far less pollution compared to traditional diesel or heavy
oil. While electric vehicles are already making a difference on land, efforts are now
being made to introduce electric ships and hydrogen-powered cargo carriers for
international trade.

2. Smart Transportation Systems: Technology is a game changer in green logistics. Al-
based route optimization helps businesses find the most efficient trade routes,

reducing fuel consumption and delivery times. GPS tracking and real-time data
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analytics allow companies to optimize shipping schedules, ensuring fewer empty

containers and better resource use.

3. Eco-Friendly Infrastructure: Ports and warehouses are also being upgraded to
become more sustainable. Many ports are switching to renewable energy sources like
solar and wind power. Smart warehouses use automation and robotics to handle goods
more efficiently, reducing waste and energy use.

4. Better Packaging and Waste Management: Another major focus is reducing waste
in packaging. Many companies are moving away from plastic-based packaging to
biodegradable or recyclable materials. This helps in reducing pollution and landfill
waste.

By integrating these components, businesses can reduce their carbon footprint and operate
more sustainably. However, shifting to green logistics requires strong investment, government
policies, and collaboration between countries to ensure global trade remains efficient and

environmentally friendly.

Case Studies in Green Logistics
To understand how green logistics is being implemented in real-world trade, let’s look at a few
case studies of companies and industries that have successfully adopted sustainable practices:

1. JNPT (Jawaharlal Nehru Port), India: JNPT, one of India’s busiest ports in
Maharashtra, has started integrating solar energy and electric vehicle (EV)
transportation for port operations. By adopting these sustainable measures, JNPT aims
to significantly cut down on carbon emissions from port activities.

2. Ocean Spray’s Shift from Road to Rail: Ocean Spray, a well-known beverage
company, redesigned its distribution network to reduce its carbon footprint. Previously,
the company transported goods mainly by trucks, which consumed a lot of fuel and
caused high emissions. By switching to rail transport for long-distance shipping,
Ocean Spray reduced its transportation emissions by 20%.

3. Nokia’s Green Transportation Strategy: Nokia, a global technology company,
worked on reducing its carbon emissions by changing how it transported goods. Instead
of using only air freight, which is expensive and heavily polluting, Nokia introduced a
multimodal system that combined sea, road, and rail transport. This strategy helped
the company cut its emissions by 68% on certain trade routes while keeping delivery
times efficient.

These case studies show that green logistics is not just a concept but a reality that is already

being implemented in different industries.
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Challenges and Barriers
While decarbonizing trade routes and implementing green logistics is a positive step, it comes
with many challenges. Some of the biggest obstacles include:

1. High Costs: Transitioning to green logistics requires huge investments in technology,
infrastructure, and alternative fuels. Many small and medium-sized businesses struggle
to afford these changes, making large-scale adoption difficult.

2. Limited Availability of Alternative Fuels: Although biofuels, hydrogen, and
electric power are promising alternatives, they are still not widely available or cost-
effective. Developing the infrastructure to support these fuels is time-consuming and
expensive.

3. Regulatory and Policy Issues: Different countries have different environmental
policies, and there is no global standard for green logistics. Some countries prioritize
economic growth over sustainability, making it difficult to implement uniform

regulations across international trade routes.

Future Directions
The future of trade and logistics is moving towards sustainability, and several developments
are expected in the coming years:

1. More Investments in Green Technology: Governments and private companies are
investing heavily in clean energy, Al-driven logistics, and automation.

2. Stronger Government Policies and Global Agreements: International organizations
like the UN and WTO are pushing for common policies that will make sustainability
a global priority.

3. India’s Growing Role in Green Trade: India is also making progress in sustainable
trade. Maharashtra has started using electric trucks for intra-state trade, reducing
emissions and fuel costs. If this expands, it could become a model for other states and
even other countries.

4. My Take on the Future of Green Logistics: From what I’ve seen, India has the
potential to lead in green logistics, but the challenge is making it affordable for
businesses. As a student of International Business, | believe that policy incentives
and public-private partnerships can push this transition faster. If governments
provide subsidies for sustainable logistics, companies will adopt them more quickly.

By taking these steps, the world can move towards a more responsible and efficient trade

system that benefits both the economy and the environment.
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Introduction to
Decarbonized
Trade Routes and
Green Logistics

Trade and transportation are the
backbone of the global economy,

but they rely heavily on fossil fuels,
contributing to greenhouse gas
emissions and environmental damage.

Decarbonized trade routes and
green logistics refer to efforts
aimed at reducing pollution
and making global supply
chains more sustainable. —

Policy Framework for Decarbonized Trade

As global trade expands, so does its environmental footprint. The need for a structured policy
framework is crucial to ensure that economic growth aligns with sustainability. Without firm
regulations and incentives, businesses are unlikely to prioritize decarbonization over cost-

efficiency.

Global Regulations and Agreements

International regulatory bodies have made significant commitments toward emission
reductions, but progress remains slow. The Paris Agreement sets ambitious targets, yet
enforcement mechanisms remain weak. The International Maritime Organization (IMO)
aims to reduce shipping emissions by 50% by 2050, but this is insufficient given the urgent
need for action. Stronger compliance measures, financial penalties for excessive emissions, and
trade advantages for sustainable companies must be implemented to accelerate

decarbonization.

India’s Role in Green Trade

As arising global trade player, India has a unique opportunity to lead the green transition.
Initiatives like the Green Ports Initiative and National Bio-Energy Mission demonstrate
commitment, but scalability remains a challenge. Maharashtra, with its major ports, could
become a hub for sustainable logistics, leveraging renewable energy and electrified freight
transport. Policy backing, public-private partnerships, and long-term investment incentives will

be key in driving this transformation.

Carbon Tax and Incentives

A balanced approach of regulation and incentives is critical. Carbon taxes, already
successful in parts of Europe, can drive businesses toward cleaner alternatives. Simultaneously,
tax exemptions, subsidies, and low-interest green loans should be introduced to reward

sustainable investments. The goal is to align financial success with environmental
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responsibility, making decarbonization the most profitable path forward.

The Role of Technology in Green Logistics

Technology plays a huge role in making global trade more eco-friendly. Without smart
innovations, reducing carbon emissions in logistics would be nearly impossible. In my
Global Business Environment class, we studied how companies are using Al, electric
vehicles (EVs), and blockchain to make supply chains greener. However, issues like lack

of charging stations and high costs are slowing progress.

Al & Smart Supply Chains

A major problem in logistics is wasted fuel and inefficient transport routes, which
increase pollution. Studies show that using Al (Artificial Intelligence) to optimize
delivery routes can cut emissions by up to 30%. Big companies like Amazon and
Maersk already use Al to predict demand, reduce empty truck trips, and lower fuel
waste. In a case study we analyzed, Amazon’s AI-driven logistics helped them reduce

unnecessary deliveries, making their supply chain more eco-friendly.

EVs & The Infrastructure Challenge

Electric trucks and ships could reduce pollution, but the biggest problem is lack of
charging stations. In class, we studied Tesla’s challenge in India one of the main reasons
Tesla hesitates to enter India is because there are not enough EV charging stations. Even
if companies want to switch to electric commercial vehicles, they can’t unless there’s
proper infrastructure. Companies like Tata Motors are working on this, but more

government support is needed.

Blockchain for Transparent Trade

A research paper explained that many companies fake their sustainability claims
(greenwashing). Blockchain can solve this problem by keeping tamper-proof records of
a product’s entire supply chain. In the future, countries might even require blockchain

proof that goods were transported in an eco-friendly way.

4. Solving the Challenges of Green Logistics

Through my Global Business Environment (GBE) and International Business Law
(IBL) classes, I’ve analysed how governments, businesses, and legal frameworks play a
role in making trade more sustainable. While technological advancements provide

solutions, the biggest roadblocks are infrastructure gaps, high costs, weak enforcement

7 ICSDG-CIP-2025 25t -26th April 2025



Conference Proceedings International Conference on Sustainable Development Goals-Challenges,
Issues & Practices by TMIMT- College of Management, Teerthanker Mahaveer University, Moradabad
25th & 26th April 2025 (ISSN: 2348-988X)

of green policies, and businesses treating sustainability as just a marketing trend.

EV Infrastructure — The 10-Year Reality Check
In my GBE class, we studied the Tesla case in India, where the biggest challenge was the
lack of EV charging infrastructure. Initially, | assumed that government policies could
fix this, but after deeper analysis, | realized that EV charging will never be as convenient
as petrol pumps at least not in the next 10 years.
One solution is to focus on hybrid alternatives like:

e Hydrogen fuel cells for long haul cargo, since they refuel faster than EVs.

e Battery swapping stations as a temporary fix for commercial EV fleets.

e Biofuels for shipping and aviation, which can lower emissions without needing

massive infrastructure changes.

Businesses See Sustainability as a Trend, Not a Priority
In International Business Law (IBL), we studied how many companies make false green
claims (greenwashing) to attract customers. The problem is that there’s no strict legal
enforcement to verify if a company is truly sustainable. From what I’ve seen, most
businesses treat sustainability as a branding tool rather than a real commitment.
To make real change, laws need to force businesses to act. Possible solutions include:
e Mandatory carbon footprint disclosures for companies.
e Tax breaks for businesses that genuinely reduce emissions.
e Fines for companies caught greenwashing.

The Cost & Durability Problem of Eco Friendly Packaging

While working on my Aroma’s Nest perfume business plan, | realized that eco friendly
packaging is expensive and less durable. Many startups struggle with this sustainable
options cost more, which makes pricing harder for small businesses.

A possible solution is for governments to offer subsidies on biodegradable packaging
materials or create bulk purchase programs where small businesses can buy eco friendly
materials at lower rates. This could reduce costs while encouraging sustainable

packaging.

Smart Logistics for Waste Management
From my experience as a Swachh Bharat volunteer, | saw how poorly managed waste
collection increases emissions. Al powered waste management could optimize collection

routes, ensuring trucks only operate when needed. Some cities already use 10T based
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smart bins that alert waste collectors when full, reducing unnecessary fuel usage. Scaling
these systems at a national level could drastically cut down transportation emissions

while making cities cleaner.

The Future of Green Trade — A Step-by-Step Approach
From both GBE and IBL perspectives, | see that decarbonizing trade requires a step-
by-step approach, not overnight change:
e Short term (1 3 years): Strengthen anti greenwashing laws, give tax benefits to
companies using Al driven logistics.
e Midterm (4 6 years): Invest in hybrid fuel tech, build battery swapping stations
for commercial fleets.
e Long term (7 10 years): Fully shift to renewable powered supply chains and
green trade routes.
The future of sustainable global trade depends on businesses, governments, and legal
frameworks working together. Only then can we move beyond greenwashing to real

environmental impact.

Co2 Reduction Contribution

® Renewable Energy Use
B Electric Vehicals
Sustainable Packaging

B Route Optimization

The chart above illustrates the distribution of CO: reduction efforts across four key
green logistics measures: renewable energy use (30%), electric vehicles (25%),
sustainable packaging (20%), and route optimization (25%). According to the
International Transport Forum (ITF) — OECD Report (2015), freight transportation is a
major contributor to global emissions, and shifting to renewable energy sources can
significantly reduce its carbon footprint. Additionally, the International Energy Agency
(IEA, 2023) highlights the increasing role of electric vehicles in decarbonizing
logistics, reducing emissions from road transport. The Council on Energy,
Environment, and Water (CEEW, 2022) further emphasizes the importance of
sustainable packaging and optimized routing in minimizing carbon emissions across
supply chains. These combined strategies are essential for achieving decarbonized trade

routes and promoting a more sustainable logistics sector.
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The chart above illustrates the distribution of CO: reduction efforts across four key
green logistics measures: renewable energy use (30%), electric vehicles (25%),
sustainable packaging (20%), and route optimization (25%). According to the
International Transport Forum (ITF) — OECD Report (2015), freight transportation is a
major contributor to global emissions, and shifting to renewable energy sources can
significantly reduce its carbon footprint. Additionally, the International Energy Agency
(IEA, 2023) highlights the increasing role of electric vehicles in decarbonizing
logistics, reducing emissions from road transport. The Council on Energy,
Environment, and Water (CEEW, 2022) further emphasizes the importance of
sustainable packaging and optimized routing in minimizing carbon emissions across
supply chains. These combined strategies are essential for achieving decarbonized trade

routes and promoting a more sustainable logistics sector.

Conclusion

The future of global trade depends on how quickly we move toward greener, more
sustainable practices. Traditional trade routes and supply chains are harming the
environment, and ignoring this issue is no longer an option. Shifting to decarbonized
trade routes is not just about protecting the planet it is also a smart business decision.
Companies that adopt green logistics today will save money, attract investors, and stay
ahead of strict environmental laws. Those that delay will struggle to survive in the
future market.

India, especially Maharashtra, has a great opportunity to lead the way in green trade by
investing in renewable energy, electric transport, and eco-friendly infrastructure. My
experience as a Swachh Bharat member during the lockdown showed me that real
change happens through action, not just discussions. If businesses, governments, and

consumers work together, we can create a cleaner, smarter, and more efficient global
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trade system.

Of course, this transition will not be easy. High costs, outdated policies, and resistance
from industries will slow progress. But history shows that big changes come from bold
decisions. By embracing green trade now, we can build a future that is both

environmentally and economically sustainable. The time to act is now.

Final Recommendations: A Roadmap for Action
1. Stronger Environmental Policies
o Introduce carbon taxes and financial incentives to encourage businesses to
use clean energy.
o Make eco-certifications mandatory for all imported and exported goods.
o Strengthen global trade agreements to ensure businesses follow sustainable
practices.
2. Encouraging Business Innovation
o Aim for fully carbon-neutral supply chains by 2035.
o Support startups that focus on Al-driven logistics, biofuels, and electric
transport.
o Use blockchain and smart tracking systems to monitor emissions more
transparently.
3. Improving Infrastructure
o Electrify major transport hubs, including ports, railways, and airports, to cut
pollution.
o Expand high-speed rail networks and develop more eco-friendly shipping
routes.

o Use Al to improve energy management in warehouses and logistics centers.

4. Using Technology for Efficiency
o Invest in Al and data analytics to optimize trade routes and reduce fuel
waste.
o Replace diesel trucks and ships with electric and hydrogen-powered
alternatives.
o Create real-time carbon tracking systems to monitor emissions at every step
of the supply chain.
5. Raising Awareness Among Consumers
o Make eco-labelling and sustainable packaging a requirement for all

products.
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o Push major e-commerce and logistics companies to switch to 100 percent
green delivery options.

o Include sustainability education in business courses to prepare future leaders
for green logistics.

By taking these steps, the global trade industry can reduce its carbon footprint while

ensuring long-term profitability and competitiveness.
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