Singapore Maritime
Research Conference
(SMRC) 2025

Unlocking Insights with Big Data
for Clean and Decarbonlzed Shlpplng

Professor LIU Huan

Newton Advanced Fellowship by the Royal Society
National Science Foundation for Distinguished Young Scholars
Tsinghua University, China



Global shipping emission growth
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® Changing navigational state: position, speed, heading, etc.
® Complex technical parameters: main engine power, design speed, etc.
® \/arious marine fuel type: HFO, MGO, LNG, etc.

® Emissions reduction policies: ECA, energy efficiency, emission limits, etc.
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Establishment of SEIM-
(Shipping Emission Inventory Model)

Second generation: Euler Model
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Development of SEIM

Nature Climate Change, 2016 (SEIMv1.0); Atmospheric Chemistry & Physics, 20217 (SEIMvZ2.0);

] Earth System Science Data, 2024 (SEIMv2.2);
SEIMv2.0 SEIMv2.2
1 l
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€ A high spatio-temporal resolution global
inventory of ship emissions has been
established (0.1°)

€ The total amount of emissions and their
interannual variation trend are consistent
with IMO and other research institutions

Yi & Wang, et al,, Earth System Science Data, 2024
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Insignificant effects ofi fleet iteration

Build year 2000—2010 22016
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Capturing short-term fluctuations in global ship

emissions during the' pandemic

Daily emissions

Relative value, %
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Global ship emissions experienced several
phases of impact from the pandemic

The decline phases were related to reduced
cruising speeds and decreased trade
volumes during the pandemic, while the
recovery phase saw the opposite trend.
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 Unveiling the asynchronous impacts of the

pandemic.

Yi & He et al,, Science of the Total Environment 2024




Policy Upgrade Domestic Ship Emission Control
Areas (DECAs) supported by SEIM

identification of control objectives and ranges

Atmospheric impacts

New regulation framework
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Port city pollution

50 100 150 200 250 300 350 400 450 -40 -30 -20 <10 O 10 20 30 40
Deaths A deaths (2016 to 2020)

Cover story - Port city pollution
We investigate the ships impacts in Chinese
port cities from 2016 to 2020 in context of

B Population increased in most coastal port cities
and megacities along the Yangtze River.

prO'fOl-.Ind multifaceted transforma’fions on B The shipping-related mortality increased for
emissions control and demographic almost all cities along inland rivers and some
characteristics. coastal megacities.

Luo & Lv et al, Nature cities, 2024 11



Global shipping emission growth

Phase 1 (before 2008)
O Emission growth

Phase 2 (2008-2020) Phase 3 (2020 to now)
O Emission control 0O Deep transition
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Trade partner

-------------------------------------

Technical
measures

Cargo carrier
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Trade-driven method for reconstructing global

historical shipping emission inventory

® A trade-driven method was developed to reconstruct global historical shipping
emission inventory for CO, and five key atmospheric pollutants from 1970 to 2021.

Data collection J Data integration Technical framework

6
RESEARCH AND EXPERTISE
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Wang & Liu* et al., One Earth, 2025
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Inter-annual variations of global shipping emission

from 1970 to 2021

O Global shipping NOx, SO2, NMVOCs, CO, and CO2 emissions are traced back to 1970.
O Global shipping CO, emissions increased by 1.7 times during 1970-2021.

O The highest estimates of NMVOCs and CO emissions can be up to 16.1 times and 8.2
times higher, respectively, than the lowest estimates, while our estimates fall within a
median range.
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a i CO, emission

3

Tt n mile/year
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i

Containers’ contribution\
to freight turnover increase
from 5.5% to 17.8%, the
corresponding share of
emissions share has
increased from 13.8% to
40.4%

Bulk carriers’ contribution
remains stable due to their

relatively low emission
intensity /

Mineral fuels’ contrlbutlo\
to emissions increases
from 33.3% in 1970 to
46.9% in 2021

the substantial growth in
the transport work of ores
has been offset by the low
energy efficiency of bulk

carriers. /

Wang & Liu* et al., One Earth, 2025
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Spatial distribution changes of global shipping

emissions

O Spatial distribution changes vary among different sea areas, reflecting the economic
development of the East Asian countries and the rise of South-South trade
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CO; emissions, ton per 0.1° x 0.1° grid
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‘ -10° -10% -10% -102 10! 10' 102 10° 10* 10°

1995 to 2000 Sum: 1149 M1 2005 to 2010 Sum. 10E.7 ht 2010 to 2015 Sum: -5.7 W1t 2015 to 2020 Sum: -33.5 Mt

Wang & Liu* et al., One Earth, 2025
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Shipping CO, emissions,
million tons/year

i Future in line with 2°C target
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« Shipping CO, emissions will continue to grow
4%-50% from 2018 to 2050 according to IMO
« IMO pathways aim at net-zero around 2050

Cumulative shipping CO, emissions,

billion tons/year
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« IMO new strategy will be aligned with
Paris Agreement (under 2°C) but not
enough for 1.5 °C target

2050

Liu & Yi et al., Fundamental Research, 2024
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New insight: High heterogeneity

High heterogeneity: Drastic
change in emission intensity
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New Insight: Trade optimization
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Current situation Emission of crude oil

Export country
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Liu* et al., Nature Sustainability, 2019; Wang & Liu* et al., Nature Climate Change, 2021 22
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Thank you!
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