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Evasive Routing and the Limits of Regional
Carbon Pricing in Global Shipping

How the EU Emissions Trading System inadvertently incentivises hub-and-spoke transshipment
— and what policymakers can do about it

Key Messages
® The EU ETS maritime extension has achieved broad compliance, but segment-based regulation creates a
structural incentive for evasive hub-and-spoke transshipment that current rules do not address.

® Although only 11.7% of routes switch to transshipment under baseline conditions, these routes carry
41.9% of EU container import cargo — the economic and environmental stakes are disproportionately
large.

® This network reorganisation reduces carriers' EU ETS exposure by up to 34.8% while raising total corridor-
level emissions by ~1.94% — a form of decarbonisation erosion that grows with the carbon price.

® Genuine abatement requires shifting the regulatory unit from the voyage segment to the end-to-end cargo
movement, paired with cross-jurisdictional monitoring of network responses.
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Background: The EU ETS and the Maritime Sector

Maritime transport carries more than four-fifths of world merchandise by volume and accounts for a
substantial share of global greenhouse gas emissions. Under business-as-usual scenarios, shipping
emissions are projected to remain 10-30% above 2008 levels by 2050 — inconsistent with the IMO's
net-zero target for mid-century.

On 1 January 2024, the EU became one of the first jurisdictions worldwide to extend its Emissions
Trading System to international shipping. The scheme covers 100% of intra-EU voyage emissions and
50% of emissions from voyages between EU and non-EU ports. By internalising the cost of carbon, the
policy was designed to incentivise cleaner fuels, route optimisation, and reduced sailing speeds.

The design choice to regulate at the voyage-segment level — assigning carbon liabilities to individual
sailing legs rather than end-to-end cargo movements — was administratively pragmatic. As new
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evidence now shows, however, it creates a structural vulnerability to evasive network reorganisation
that formal compliance cannot prevent.

The Evidence: Evasive Hub-and-Spoke Transshipment

Research combining large-scale AIS vessel-tracking data with Container Trade Statistics covering over
2 million shipment records documents a systematic shift in shipping network behaviour following ETS
introduction.

WHAT THE DATA SHOW

e |arge ocean-going vessels (above 12,000 TEU) make fewer but longer calls at EU ports in 2024
versus 2023, indicating concentrated rather than reduced EU activity.

e At nearby non-EU transshipment hubs — including Tanger Med, Port Said, Singapore, and Tanjung
Pelepas — large vessels show substantially longer berthing durations without corresponding
increases in call frequency, consistent with intensified transshipment.

e Feeder vessels operating between non-EU hubs and EU ports have increased both call frequency
and berthing duration, suggesting cargo is being split across vessel classes to minimise ETS-liable
sailing.

e These patterns are not explained by shifts in underlying trade demand, which remained broadly
stable over the study period.

THE MECHANISM

The economics of evasive transshipment rest on a key asymmetry: large mainline vessels are far more
fuel-efficient than feeder ships, yet incur high absolute ETS liabilities on regulated segments. On long-
haul Far East-Europe routes — where ETS-covered segments constitute less than 2.33% of total voyage
distance — it becomes cost-optimal to transfer cargo at a non-EU hub, routing the mainline vessel
through unregulated waters and completing the EU leg with a less efficient but lower-liability feeder.

Carriers also engage in speed compensation: slowing down on ETS-covered legs to reduce carbon
liability while accelerating on non-ETS legs to maintain schedules. This empirically documented
behavior, when combined with evasive transshipment under rigid schedules, can push non-ETS
emissions above pre-ETS baselines and thereby compound the emission reallocation effect.

Why Existing Rules Have Not Prevented This

® The ETS regulation designated neighbouring ports (Tanger Med, Port Said) as non-interrupting for ETS
liability, preventing a single vessel from gaming liability through port-call sequencing.

® However, this does not address multi-vessel hub-and-spoke reorganisation, in which cargo physically
changes ships at a non-EU hub.

® Because ETS obligations are assessed at the vessel-leg level rather than the cargo or service level, a
compliant network reorganisation is simultaneously an economically evasive one. The regulatory and
economic units are misaligned.
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Environmental and Economic Implications

Applying a stylised routing framework to 7,791 demand pairs covering all EU container import trades,
this research quantifies the aggregate consequences under baseline market conditions (EUA price 95
USD/t; fuel price 600 USD/t):

METRIC FINDING

Routes adopting transshipment 11.71% of routes — but 41.92% of total TEU demand
Change in total corridor-level emissions +1.94% vs. ETS-compliant direct shipping
Reduction in aggregate ETS exposure -3.86 MtCO,/year (—34.77%)

Erosion of intended ETS abatement 7.24% of the ETS reduction otherwise achieved
EU-internal emission change (switching routes) +12.99% (feeder inefficiency offsets speed gains)
Non-EU emission change (switching routes) +1.67%

Projected additional annual emissions by 2050 +137.71 ktCO, under GDP-driven trade growth

These effects are highly sensitive to relative carbon and fuel prices. In a historically plausible scenario
(EUA at 200 USD/t, fuel at 400 USD/t), 60.5% of routes switch to transshipment, representing 82.9% of
cargo volume — and non-EU emissions rise by nearly 4% even as in-EU emissions marginally decline.

Policy Recommendations

Three priority actions are identified. The EU ETS remains a vital instrument for maritime
decarbonisation; the challenge is one of regulatory design, not ambition.

Shift from segment-based to cargo-based accounting

Assign ETS liability to the end-to-end cargo movement rather than individual voyage legs. This
eliminates the structural incentive for evasive transshipment. The IMO's forthcoming market-based
measures provide an opportunity to establish this principle globally.

Expand monitoring to cover network-level responses

Current MRV frameworks track vessel-level emissions on ETS-covered legs only. Regulators should
also require reporting on feeder substitution patterns, transshipment volumes at non-EU hubs, and
compensatory speed behaviour on unregulated legs. Extending AlS-based monitoring to capture
these metrics is technically feasible.

Pursue complementary cross-jurisdictional coordination

Regional carbon pricing in a globally mobile sector is inherently vulnerable to boundary arbitrage. The
EU should engage bilaterally with key trading partners and multilaterally through the IMO to develop
complementary accounting rules covering the full transport chain.
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Broader Significance

The maritime EU ETS is more than a sectoral regulation: it is a real-world test of whether bounded,
market-based carbon policies can deliver genuine decarbonisation in sectors with globally mobile
assets, flexible routing, and strong incentives for boundary arbitrage.

Apparent abatement within the regulated jurisdiction need not correspond to actual reductions in
global shipping emissions. The divergence between where emissions are counted and where they occur
is structurally embedded in the current regulatory design. The lessons from maritime carbon pricing will
be directly relevant as the EU extends climate instruments to other mobile sectors.

About This Brief

This policy brief is produced in collaboration with POTENT-X as a policy-facing synthesis of independent research
that was not funded by POTENT-X, but is closely aligned with the project’s policy and maritime transition interests.

The policy brief translates peer-reviewed research on the behavioural and emissions consequences of the EU ETS
maritime extension. The underlying analysis combines AIS vessel-tracking data (2016-2024), Container Trade
Statistics covering 2.06 million shipment records from 18 major shipping lines, and Panjiva customs-based
shipment data (72 million records), validated against UNCTAD trade statistics. The dataset covers approximately
87.8% of total EU container import and export flows. Emission estimates follow IMO Fourth GHG Study parameters.

Contact: Xiwen Bai xiwenbai@mail.tsinghua.edu.cn, Department of Industrial Engineering, Tsinghua University, Beijing,
China
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