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Abstract

Global carbon emissions from goods transport are about 11%
of'total global carbon emissions (WTO, 2023) while global trade
of merchandise reached more than USD 25 trillion in 2023 [5].
In this article, authors take a closer look at the convergence of
blockchain traceability, artificial intelligence (AI) route
optimisation and green finance instruments that challenge
unsustainable trade practices. The article shows potential
emissions reductions of up to 28%, significant costs reductions
of'up to 35% in compliance across borders and billions of dollars
in sustainable trade finance using country-level data from the
EU, China, Singapore, Brazil, and the United States. The Policy
implications as well as an architectural framework for next

generation sustainable trade ecosystems are presented.

Introduction

Global trade is at a pivotal moment. In 2023, the value of
merchandise exports amounted to USD 25 trillion (WTO, 2023);
however, the environmental impact of export growth
deforestation, carbon-heavy shipping, and opaque supply chains

— now poses a threat to the integration it represents [5].
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Everything is now about free as well as green trade, and
international organisations, ranging from the World Trade

Organisation to the United Nations, have started asking for that.

Fortunately, disruption, in the form blockchain, Al and the
eco-friendly financial instruments, is starting to correct some of
those systemic failures. It's not an incremental change, it's a
structural change and that's what this article says about
technology-led interventions — they are not just improvements,
they are a change in structure about how nations will manage the

sustainability of their trade ecosystems.

This article assesses the real country data to determine how
that plan is progressing, considering the next-generation
technologies that five key trading economies are using to lower
emissions, compliance costs and mobilise green finance at
scale—mnamely the European Union, China, Singapore, the
United States and Brazil. They are able to contribute to lowering
CO2 emissions in global supply chains by up to 28%, while also
raising trillions of sustainable trade credit financing, if

coordinated the right way [2][4].




The Sustainability Bottlenecks in Global Trade

Carbon-Intensive Freight Logistics

Freight transportation in general — be it sea, air, or road
accounts for around 11% of all CO2 emissions worldwide, out of
which sea freight is responsible for 3% of emissions
[2]. Where manufacturing has well-established ways to reduce
emissions, logistics is plagued by fragmentation, aging fleets,
and inadequate infrastructure for data collection. A single
container moving on a route from Singapore to Rotterdam

changes hands 12 times during its journey.

Supply Chain Opacity and Greenwashing Risk

Sustainability assertions by exporters lack credibility without
end-to-end traceability. According to an assessment done by the

European Commission in 2023, around 42% of environmental
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assertions made by businesses in Europe were misleading or
entirely fictional. As for the importing countries, this lack of
transparency results in legal risk, reputational damage, and

misuse of environmental financing [3].

The Trade Finance Gap

According to ADB estimates, the yearly trade finance gap is
about USD 2.5 trillion globally, and most of the shortage affects
small and medium enterprises (SMEs) in emerging economies.
Additionally, cost factors in relation to ESG verification serve
to disadvantage sustainable SMEs by disqualifying them from

accessing green financing programs.

Figure 1 illustrates an Al-driven sustainable trade ecosystem
that integrates real-time data acquisition, intelligent
decision-making, and automated ESG governance for

transparent and low-carbon global supply chain management
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Figure 1: General architecture — next-gen sustainable trade technology ecosystem

Source: Author's conceptual framework synthesising WTO, (2023) [5], IEA (2023) [2], and Kouhizadeh et al., (2021) [3].

Technology as a Disruptor: Key Innovations blockchain-enabled traceability platform to register carbon

footprint of all imported products through each stage of
Blockchain Traceability — The European Union Model production [5]. In pilot schemes launched in Germany and

The Carbon Border Adjustment Mechanism (CBAM) of the Netherlands, compliance was achieved with 35% lower costs

EU, which came into force in 2026, relies on a than those associated with conventional paper-based audit
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systems. Blockchain-issued certification reduced customs
clearance time to an average of 4.2 hours against 22.7 hours with

conventional certificates.

Al-Driven Route and Emission Optimisation — Singapore

The Maritime and Port Authority of Singapore, along with
PSA International, launched an artificial intelligence-based
system for vessel navigation in 2022 [2]. The system uses real-
time data on weather conditions, port traffic, fuel costs, and
carbon credits to identify the most suitable route and speed for
ships visiting the Port of Singapore — the second busiest port in
the world in terms of container traffic. As per early findings, this
system helped cut emissions per voyage by 24%, and improve

fuel economy by 18%.
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Digital Customs and AI Screening — China

The “Digital Silk Road” campaign launched by China has
implemented Al-enabled screening of products through more
than 80 border stations, making it possible to classify tariffs,
origins, and carbon content of exported cargo. It reduced the
average customs clearance time from 3.1 days to 0.8 days and
allowed for carbon auditing which was earlier expensive to
implement. This project helped in reducing the logistics-based
carbon footprint per trade dollar volume by 21%

UNCTAD, (2023) as shown in figure 2 [4].
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Figure 2: Estimated CO: emission reduction by country technology intervention (2023) source: IEA, (2023) [2]; WTO, (2023) [5];

author's compilation. values represent pilot programme averages

Green Finance and Real Country Data ESG-based supply chain finance, and sustainability performance
bonds, has risen from USD 1.2 trillion in 2019 to USD 3.0

trillion in 2023 worldwide [1]. The share of China and the

The amount of trade finance associated with green initiatives European Union in this figure 3 is more than 45%, owing to their

The Rise of Sustainable Trade Finance

and sustainability, which includes green letters of credit, huge volume of trade and mature green finance regulations.
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Economic Trend Comparison (2019 - 2023)
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Figure 3: Sustainable trade finance growth — global, China & EU (USD Trillion, 2019-2023)

Source: Bloomberg NEF, (2024) [1]; UNCTAD, (2023) [4]. EU figures include green bonds and sustainability-linked trade credit

facilities.

Country-Level Impact: A Comparative Assessment countries. As is clear from the information above, there is a
. common trend where nations that integrate blockchain-based
Table 1, presented below, presents an overview of the

) ) . traceability, Al optimization, and green finance scores perform
information gathered at the national level on technology y P & P

. . . . . . . better in all three sustainability areas.
integration, costs savings in compliance, emission reduction,

and financing of green initiatives for each of the five selected
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Table 1: Country-Level technology impact on sustainable trade (2023 Estimates)

Compliance Cost Emission Green Finance

Country Tech Deployed
Reduction Cut (Mt CO») Unlocked
European Union Blockchain + CBAM 35% 420 Mt USD 0.80T
China Digital Silk Road Al 28% 380 Mt USD 0.55T
Singapore TradeTrust + Al Ports 31% 18 Mt USD 0.12T
United States | Smart Logistics + Fed Tech 22% 290 Mt USD 0.40T
Brazil Deforestation Monitor Al 19% 95 Mt USD 0.18T

Sources: WTO (2023) [5]; IEA (2023) [2]; UNCTAD (2023) [4]; Bloomberg NEF (2024) [1]. Mt CO: = mega tonnes of CO:

equivalent.

Brazil: Al for Deforestation-Free Supply Chains Policy Implications and the Road Ahead

The National Institute for Space Research (INPE) of Brazil Interoperability as the Critical Enabler

worked together with its agriculture ministry to introduce Al
) ) . ) — The architecture shown in figure 3 is as good as the

surveillance using satellites for soy and beef exporting chains in
. _ . interoperability layers that support it. Using proprietary

2022. Through connecting deforestation warnings to trade
) ) ) blockchain-based solutions by each country could result in the

permits, Brazil managed to cut down commodity exports by
o ) ) e creation of even more silos instead of breaking them down. The

19% in just one year, while releasing USD 180 billion worth of
o ] ] ) WTO's 2023 e-commerce framework talks about the need for an

sustainability-focused agricultural funding. This was the

) . ) . open API for trade sustainability data; thus, any green
biggest-ever implementation of Al-based environmental trade

) certification from Singapore's TradeTrust would be recognized
governance on the national level [4].
on CBAM systems and US Customs and Border Protection

algorithms [5].
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Inclusive Deployment for Developing Economies

A 'green technology divide' is imminent. LLDCs and SIDS
do not possess the necessary capabilities required for them to
join the blockchain traceability platforms and Al-driven
logistics processes. It is important to implement capacity
building initiatives using the Aid for Trade programme and the
Green Climate Fund. This will prevent sustainable trade

disruptions from being used as an NTB [4][3].

Regulatory Harmonization

The EU’s CBAM, the US Clean Competition Act, and
China’s pending Green Trade Certification Standards are each
at risk of becoming competing regimes, instead of
complementary ones. Agreement on mutual recognition based
on a shared approach to carbon accounting, consistent with the
GHG Protocol and using blockchain technology for verification,
would slash costs while boosting emissions reductions

incentives.

Conclusion

However, the findings of this article suggest that this
convergence of technology is more than just a technological
trend; rather, it signals a transformation in how trade should be
thought about. The examples taken from this article — the EU,
China, Singapore, the US, and Brazil — provide sufficient proof

that sustainable disruption can result in a number of tangible
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benefits: 15-28% decrease in emissions, 19-35% savings on
compliance costs, and trillion-dollar funding under the umbrella

of green finance.

However, technological development does not solve the
problem of unsustainable practices in the sphere of global trade
on its own. The complex structure suggested in figure 3 requires
a corresponding level of sophistication in terms of governance
systems, such as international standards, mutual recognition
systems, and capacity building. Moreover, the urgency of taking
actions in this area is apparent: with the rise of global
temperatures and 35% growth in global trade volume expected
in the coming decade [5], a lot depends on what kind of actions

policymakers will take in the following cycle.
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