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Executive Summary:

Green Freight Logistics, Intelligence-Crafted Future

The trend of net-zero transformation in the
logistics industry has become inevitable,
and node decarbonization? is the key. Since
the adoption of the Paris Agreement,
green and net-zero development has
become a consensus for human social
development. The freight logistics industry
is one of the major sources of global car-
bon emissions. On one hand, the gradual
improvement of policies and regulations,
as well as the clear preference of inves-
tors, have injected a strong "driving force"
for the industry's decarbonization; on the
other hand, the expectations of shippers

and end consumers have also formed a
powerful "pulling force". Decarbonization
transformation has become an urgent
task for the freight logistics industry. Across
the whole industrial chain, carbon reduc-
tion at the nodes is highly feasible, which
is the key to decarbonization and should
not be overlooked, with seaports offering
the most promising prospect in green and
net-zero transformation.

Greenandnet-zero transformation of nodes
is not an overnight process, and digitaliza-
tion is a prerequisite. Decarbonization of

1) Node decarbonization refers to the process of reducing or eliminating carbon emissions at key logistics nodes or hubs
within the freight logistics network. These nodes can include seaports, air cargo terminals, and other intermodal facilities.

logistics nodes should not be limited to en-
ergy transformation or renovation of a sin-
gle piece of equipment, but requires overall
planning, systematic implementation, and
gradual achievement of goals. Roland
Berger, together with Westwell, has sum-
marized the "LEAD"methodology for freight
logistics decarbonization. Taking seaports
as anexample,logistics nodes can achieve
the "DEEP" values of economical friendly,
people friendly, and environment friendly
while completing decarbonization goals
through three stages: "Electrification”,
"Al-driven intelligence", and overall "Linked
ecology" transformation. It is worth noting
that digitalization plays a crucial role in the
decarbonization of freight logistics nodes.
Intelligent upgrades through digitalization
at single points, systems, and across all
scenarios, along with seamless data flows,

are the necessary path to achieving green
and low-carbon goals.

Node decarbonization will be continuously
iterative and interconnected, moving
towards a net-zero future. The green
transformation of freight logistics not only
relies on the decarbonization of individual
nodes but also requires the joint efforts of
the entire ecosystem. Taking seaport de-
carbonization as a prototype, the "LEAD"
methodology will be gradually replicated
and promotedto other logistics nodes such
as air cargo terminals, and manufacturing
hubs, and will be comprehensively opti-
mized through road freight links. Through
the synergy of multiple nodes and multiple
links, a comprehensive green and net-zero
transformation of the entire industrial
chain will be achieved.
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Chapter 1

Navigating the Green Wave:
The impact of global
decarbonization wave on the
freight logistics industry
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Decarbonization is the core consen-
sus of the international community
and is a highly certain trend that will
dominate global industry and tech-
nological development in the next 30
years.

Decarbonization has emerged as a highly
promising and rapidly evolving global trend
across all industries. In recent years, the
progress towards decarbonization has
gained significant momentum worldwide,
driven by the strengthening of various pol-
icies and initiatives. The Paris Agreement,
which aims to limit global warming to well

below 2 degrees Celsius, has prompted
numerous international organizations to
announce supportive policies in response
to this target.

As the world's leading companies and
organizations rally behind the decarbon-
ization agenda, businesses that align
their operations and strategies with the
principles of decarbonization can not
only reduce their environmental impact
but also enhance brand reputation and
future-proof their operations in an in-
creasingly sustainability-conscious globall
marketplace. - 01

Decarbonization is the core consensus of the international community and
will dominate global industry and technological development in the next 30

years

Year Global General (non-exhaustive)

2015 ° - Paris Agreement: A global accord within the UNFCCC dealing with
greenhouse-gas-emissions mitigation, adaptation, and finance.

and ensure prosperity include DG 13 on climate action.

- United Nations Sustainable Development Goals: Goals to protect the planet

Freight Logistics Focus (non-exhaustive)

2018 | o

- IMO Initial GHG Strategy: IMO set to reduce greenhouse gas at least a 50%
reduction by 2050 compared to 2008 levels.

« Global Maritime Forum's Call to Action on Decarbonization: Urges industry to zero-
emission shipping by 2050

2019

neutral continent by 2050, covers various sectors.

- European Green Deal: The overall strategic objective of the European Union
in addressing climate change, which aims to make Europe the first climate-

- Poseidon Principles: A global framework for assessing and disclosing the climate
alignment of financial institutions' shipping portfolios

- Getting to Zero Codlition: An alliance of companies within industry, committed to
getting commercially viable deep-sea zero-emission vessels powered by zero-
emission fuels into operation by 2030.

2020

- China's Carbon Neutrality Pledge: China announced to peak carbon
emissions by 2030 and achieve carbon neutrality before 2060.

- Japan's Green Growth Strategy: Integrates ambitious carbon neutrality
targets, promoting decarbonization and economic growth

- IMO 2020 Sulphur Cap: The IMO implemented a new rule for a 0.50% global sulfur
cap on fuel content, lowering the amount of ship sulfur emissions

- Sea Cargo Charter: A group of major energy, agriculture, mining, and commodity
trading companies set a benchmark for responsible shipping, aligning chartering
activities with responsible environmental behavior.

2021
at least 55% by 2030, compared to 1990 levels.

- Fit for 55 policy?): Europe's latest ambitious target is to reduce emissions by

- EU Emissions Trading System (ETS) - Maritime: The European Union proposed to
include the maritime sector inits ETS

2022

- Long-term global goal - Aviation: ICAO set a Long-Term Global Aspirational Goal
(LTAG) for the aviation industry to achieve net-zero carbon emissions by 2050.

Hl e

meet climate targets.

- The Green Deal industrial Plan: Build a more supportive environment for the
EU's manufacturing capacity for net-zero technologies and products that

- The Clean Shipping Act: Enforces carbon intensity standards for maritime fuel,
effectively regulating emissions from the sector.

No significant announcements lately

—

Source: desktop research; Roland Berger

) To support the European Green Deal policies, a package of policy measures has been formulated
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Policy - Europe is a pioneer of the
overall global decarbonization prog-
ress, issuing a series of top-level
guidelines and related implementa-
tion policies such as the European
Green Deal and Fit for 55.

The Fit for 55 package is the latest addi-
tion to Europe's decarbonization policy. It
sets a more ambitious target of reducing
greenhouse gas emissions by at least 55%
by 2030, compared to 1990 levels. The
policy includes measures to drive emission
reductions across sectors such as energy,
logistics, buildings, and industry. - 02

In logistics, the Fit for 55 package includes
several key measures (non-exhaustive):

Road: Achieve a 55% carbon emission
reduction for cars, 50% for vans, 45%
for trucks and buses, with additional
upcoming rules to lower air pollutants
from road vehicles.

Railway: The target of blending 14%
renewable fuels in railway fuels (cal-
culated based on energy units).

Aviation: By 2050, the share of sustain-
able aviation fuels will increase to 70%,
and air traffic management will be
further optimized.

Maritime: Reduce the greenhouse gas
intensity of the energy used on-board
by ships by up to 80% by 2050, by

Policy: Europe is a pioneer in the global decarbonization progress, issuing a
series of top-level guidelines and implementation policies such as Fit for 55

Fit for 55 sets a EU Emission Trading
oge System
more ambitious
tclrge'f of FuelEU Maritime Efforts sharing regulation
reducing
carbon
emissions by at Fitfor 55
. Carbon Border
least 55% by REfuelEU aviation Adjustment Mechanism
2030, Reduce GHG
emissions by at
compared to least 557 by 2030
1990 levels, (relative to 1990 Land Use and Forestry
focusing on Alternative fuels and levels) (LULUCF)
9 infrastructure
energy,
trqns.port, CO2 Emission Standards Renewable Energy
buildings, etc. for cars & vans
Energy Taxation Energy Efficiency
Source: desktop research; Roland Berger
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promoting the use of more sustainable

fuels by ships using EU seaports, while
ensuring the smooth operation of mar-
itime traffic and avoiding distortions in
the internal market.

Multimodal: Build a reliable, seamless,
and high-quality transport network
that ensures sustainable connectiv-
ity across Europe without physical
interruptions, bottlenecks, and missing
links.

Market - On the market side, the in-
ternational community's recognition
of the value of decarbonization is
gradually increasing.

This is reflected in the steady growth
of carbon trading prices, as well as the
rapid increase in consumers' willingness
to pay a premium for net-zero products.
Net-zero is becoming a new source of
competitiveness.

The volume and value of global car-
bon trading markets have reached a
record high. According to the '2023

Carbon Market Annual Review' report
by London Stock Exchange Group
(LSEG), the global emissions market
traded approximately 12.5 billion tons
of carbon allowances, with a value of
a record-breaking 881 billion euros,
representing a 2% increase compared
to the previous year. The value of the
EU ETS (Emissions Trading System)
was approximately 770 billion euros,
a 2% increase compared to the pre-
vious year.

Customers will be more inclined to use
and demand freight logistics service
companies to provide green products
and solutions. Based on the online
survey conducted by a global leading
comprehensive freight logistics group
in six major markets (United States,
Germany, UnitedKingdom, China,India,
and Brazil) targeting 1,800 corporate
customers and 1,800 end consumers,
more than half of the corporate cus-
tomers believe that using green freight
logistics transportation products will
become a winning strategy to attract

Freight Logistics Decarbonization Whitepaper: LEAD the green wave, bring the DEEP impact | 0b



Market: On the market side, the international community's recognition of the
value of decarbonization is gradually increasing

Survey results of customer decarbonization preference

Major Corporate clients 3
Concerns
Are end-users thought to be inclined to Do you believe that green logistics will
use green logistics companies? be a key winning factor in attracting
gl}}_% end-users?
r-"-Y}
Responses Highly Impossible Highly Impossible
Results
8.0% 9.0%
Possible 36.0% Possible 32.0%
E‘Q Highly Possible Highly Possible
Key Insights ) =
"..Over the next decade, most of our "..In the next decade, the adoption of
end customers will prefer companies green logistics for the transportation
that use green logistics solutions..." of our products will be the crucial
M —_Survey respondents factor in selling.."
lﬂ' ——Survey respondents
L ”

Will logistics companies be asked to
provide green logistics solutions with
equivalent rate as traditional solutions
in the future?

Highly Impossible

Possible
30.0%

Highly Possible

()
s "..In the next decade, I will require
logistics companies to provide green
logistics solutions at the same rate as
today's regular logistics solutions..."

——Survey respondents

”

”

Source: DHL, desktop research; Roland Berger

customers in the next decade. More
than 60% of end consumers believe
that they will require freight logistics
companies to provide green freight
logistics products at the same cost.
-»03

Capital - In recent years, with the
continuous fermentation of the con-
cept of "carbon neutrality” in the
capital market, targets related to
sustainable investment have gradu-
ally gained favor from investors. The
total amount and quantity of global
ESG investments have shown a sig-
nificant growth trend.

Europe leads in ESG investment volume
due to a robust regulatory framework
emphasizing sustainability, including over
20 ESG laws enacted in 2023 to combat

greenwashing and improve disclosure.

Forinstitutionalinvestors, the popularity of
ESG investments in Europe remains high,
with sustainable fund assets far exceed-
ing other regions, reaching 84%. Leading
investors, such as Blackrock, have signif-
icant investment scales.

For individual investors, green-related fi-
nancial products are also favored. Europe
hasissued alarge number of greenbonds,
which account for 45% of the global green
bond marketin 2023. - 04. 05
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Capital: The total amount and quantity of global ESG investments has shown
a significant growth trend

Snapshot of sustainable fund asset by region[%#, 2023Q3]

@

i Europe
Top 10 European Sustainable Fund Providers by Flows
[Million EURO, 2023Q4]
5,056
1,684
l - 1,332 1,050 1,103 1,062 1,025 955 912 831
BlackRock JPMorgan  Swisscanto Northern UBS (incl. DWS (incl. Amundi  Legal General  Nordea State Street
(incl.iShares) Trust Credit Suisse) Xtrackers)  (incl. Lyxor)
BlackRock JPMorgan [@swsscane  0iece ™ HUBS ,/pDws  Amundi Léeg‘a‘lg Nordea = ZTRLEr
Source: MorningStar, desktop research; Roland Berger
@ Capital: GSSSB" bonds issuance size by region
[bn EURO, 2019-2023]
M Europe | Rest of world
(CAGR = +30%)
1,026 l
925
874
462
(45%) 416
385 )
589 (44%) (45%)
41%
321 ( )

565
509
a6 (55%) % o
‘ (56%) (55%)

177 (59%)
(55%)
2019 2020 2021 2022 2023

1) GSSSB--Green, social, sustainability, and sustainability-linked bonds.
Source: Environmental Finance Bond Database, S&P Global Ratings; Roland Berger
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The carbon emissions from the
freight logistics industry account
for 23% of global emissions, making
the industry with the highest carbon
emissions in developed countries like
the UK and France. Net-zero devel-
opment is imperative for the future.

The net-zero transformation of major
freight logistics presents a dual driving
force: top-down policy push from the gov-
ernment and investors in the short term,
and bottom-up market pull from custom-
er demandinthelongterm. Thistrend has
led industry giants to embark on net-zero
transformations one after another, mak-

Government/Regulatory Authorities

Government/regulatory authorities need
to assume the roles of platform builders,
rule makers of the ecosystem, and guides
of market behavior. Under the EUETS car-
bon trading system, the aviation industry
was prioritized in the second phase, while
the maritime sector will be included in the
fourth phase (2024). - 07

Investors

Green and net-zero developments have
become a major trend in the freight

logistics industry, and the opportunities

@ Government/Regulatory Authorities: EU ETS is the most mature carbon
trading market in the world, now aviation and maritime transport have been
included

European Carbon Trading Development Path

Period

Related
Industry

Quota
Distribution
Rule

Compulsory
Condition

[ 2005-20077]

- Electrical power, cement,

iron and steel, glass, paper,
ceramic, etc.

- 95% allocation without any

compensation

Q Aviation
[ 2008 -20127]

- Add aviation (flights within

the European Economic
Area and departing flights
to Switzerland and UK)

- 95% allocation without any

compensation

[[2013-20207]

- Add petrochemical,

aluminum

- >50% allocation, allocated

through auctions

@ Maritime

[ 2021-20287]

« Add maritime transport
- Plans to include 20% of

emissions from the maritime
sector from 2023 onwards,
with full inclusion by 2026 1)

- Maritime 100% of emissions

within EU ports, 50% for
voyages starting or ending
outside of the EU

- Free quota gradually

reduced from 30% after
2026 to 0% in 2030

- Mandatory participation for companies with >25,000 tons of carbon dioxide in covered industries, with companies with smaller
emissions taxed according to the carbon-carbon regime of the country in which they are located and not included in the

ing it a focal point of competition in the
new era of freight logistics. - 06

|
o=>

. Establish a net-zero centered investment

arising from its green transformation are
drawing significant attention from capital

Decarbonization in Freight Logistics Industry: Freight logistics companies'
net-zero transition exhibits a dual momentum - top-down policy "push" from
government and bottom-up market "pull" from customer demand

nvestors Downstream Customers/Shippers
- Enforcing standardized ESG and other BB

. Publicly promote net-zero commitment
and carbon reduction initiatives

- Establishing green vendor partnerships

strategy and implement net-zero operations

rating system

. Actively support the development of net-

R

. Oversee the order of the

zero enterprises by targeted beneficial e e ()
policies Global Freight Logistics i

Operators
- Proactively conduct CFV and

=)

@ Government/ G o et "
o egukltory Authorities pﬁj\;esop carpbon reauction action

- Set up laws and regulations
. Establish regulatory °

I inth - Implement carbon reduction plans
Key. P qyer.ln t @ o and participate in carbon trading
frelgh.t IOQ.'St'cs , - Participate in the carbon reduction
decarbonization action alliance and promote the industry
development

mechanism

carbon reduction market

Source: desktop research; Roland Berger
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mandatory carbon trading market

1) The EU plans to set 2023-2025 as the transition period, starting from 2023, shipowners must pay emission allowances
equivalent to 20% of their authorized emissions, and thereafter the payment ratio will be increased annually to achieve

100% by 2026
Source: desktop research; Roland Berger

markets. Logistics real estate funds, green
transition funds, infrastructure funds,
and others are actively seeking potential
investment targets related to green and
net-zero initiatives within the freight logis-
tics sector.

Taking logistics real estate funds as an
example, these funds are actively incor-
porating the evaluation of target compa-
nies' performance in green and net-zero
initiatives, making it an important consid-
eration in their investment decisions.

GRESB is an independent organization
providing validated ESG performance

data and peer benchmarks for investors
and managers to improve business intel-
ligence, industry engagement and de-
cision-making. In 2023, 2,084 real estate
investment portfolios, 172 infrastructure
funds, and 687 infrastructure assets par-
ticipated in the rating. Gross Asset Value
(GAV) reached $8.8 trillion.

Freight logistics real estate funds partic-
ipating in GRESB ratings represent the
importance of freight logistics real estate
in ESG performance. Leading freight
logistics real estate funds such as GLP
are actively participating in GRESB rating.

Freight Logistics Decarbonization Whitepaper: LEAD the green wave, bring the DEEP impact | 09



Globally, GLP has 18 funds participating in
GRESB assessment, covering the Asian,
European, and American markets. The
assets under these assessed funds ac-
count for 55% of GLP’s global asset man-
agement scale and 47% of the property's
building area. - 08

Downstream Customers/Shippers

Customers need to disclose carbon
footprint reports and are more inclined
to use and require freight logistics service
companies to provide green products and
solutions. Some major shippers (such as
P&G, Unilever, Amazon, etc.) are promising
to become carbon neutral by 2050 and
are expecting net-zero logistics. Also, in

2021, some of the world's largest cargo
shippers launched “Cargo Owners for
Zero Emission Vessels” (coZEV). - 09

Global Freight Logistics Operators

Under the dual forces of the "push" from
policy and investors, as well as the "pull”
from end-consumer demand, global
freight logistics operators have made
commitments to carbon neutrality one
after another.

Freightlogistics operators are direct emit-
ters of carbon emissions, and therefore,
they are among the main entities re-
sponsible for achieving carbon reduction
targets. In recent years, many leading

Investors: Some logistics real estate funds may refer to GRESB ratings to
assess the green performance of logistics real estate projects

GRESB global GRESB regional participation [# of participates]

impact

- Has increased

20% annually
since its launchin

2010 1,520
. In2023,2,084 1,229

real estate v

investment 964

portfolios, 172 610

infrastructure

487
funds, and 687

366

Actions of leading logistics
real estate fund
GLPA
2084 participating
1
1,820 8 funds
1,013 Europe of the global
55% asset

907 management size

"GLP has significantly

. increased the number of
477 DESf /mericans funds submitted to GRESB,
integrating ESG into

infrcftructure 250 317 investment and asset
assets 340 Asia management processes."
e . 238 288

port|C|poted e 134 187 -Meredith Balenske, Global

rating 93 115 132 148 176  Others ESG Lead

2019 2020 2021 2022 2023

Source: GRESB 2023 Real Estate Assessment Results, desktop research; Roland Berger
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Downstream Customers/Shippers: Major shippers are promising to become
carbon neutral by 2050 and are expecting net-zero logistics

Carbon Neutral Timeline of Major Shippers

2040 2050

P&G

Unilever

Amazon

DD <

o

Goal

- Aims to accelerate decarbonization in
the maritime sector by providing a
platform for climate-forward
companies to collaborate, undertake
initiatives, and advocate for zero-
emission solutions, specifically a green
logistics resources platform

IKEA

Members

Volkswagen Group

- Major shippers, shipping
companies and policy makers

|

|

|

’ Walmart
|

|

’ Nestle

NN NS

Source: desktop research; Roland Berger

companies in the industry have actively
proposed Carbon Neutral Commitment
targets in response to customer and reg-
ulatory requirements.

Moreover, the plans of these companies
are accelerating. For example, Maersk
announced its new decarbonization tar-
gets in 2022, aiming to achieve net-zero
greenhouse gas emissions for all opera-
tions by 2040, which is ten years ahead of
its initial commitment to achieve this goal
by 2050. =10

In the many aspects of the entire value
chain of freight logistics, one aspect that
determines the pace of transformation
is the attractiveness of decarbonization,
while the other aspect is the feasibility of
decarbonization. Among these, the highly
standardized seaport scenario has a very
high feasibility foundation and is expected
to be one of the first areas to undergo
net-zero transformation. - 11

Freight Logistics Decarbonization Whitepaper: LEAD the green wave, bring the DEEP impact | 11



Global Freight Logistics Operators: Freight logistics operators have

demonstrated resolutions to carbon reduction (including carbon neutral

commitments)

Case study of maritime-related company with the largest turnover

Express

Terminal Operators Carriers ]
‘ Bolloré Ports J ‘ ICTSI J ‘ China Cosco Shipping ‘ Evergreen ‘ ‘ NYK Line |
" Chi”“&ﬁ:ghonts } ‘:’PSA InternqtionoIJ ‘ CMA CGM ‘ HMM ‘ ‘ Wan Hai
‘ DP World J ‘ SAAM Puertos ‘ ‘ Terminal Investment Limited ‘ MOL ‘ ‘ Yang Ming
‘ Eurogate J ‘ SSA Marine ‘ APM Terminals ‘ MSC ‘ ‘ Ocean Network |
|

‘ HHLA ‘ Yildirim group J

‘ Hutchison Ports ‘Tionjin Port Group

1) incl. terminal operation business and carrier business

Source: desktop research; Roland Berger

Among logistics value chain, the highly standardized maritime sector
is expected to be one of the first areas to undergo a decarbonization

transformation

Comparison analysis of the carbon reduction potential in major logistics segments

Attractiveness Feasibility
% of Carbon % of Global freight Comprehensive Environmental Degree of Comprehensive
emissions [%,2022] | turnover [%] evaluation simplicity standardization evaluation
— g . - Mainly
00 (147) @OO® (-85%) ( X J (D - Closed section container d
with high transportation
operation
Airline Q00" (14%) | @ (<1%) o0 repetition ) q)
Road 000 (71%) @ (8% ) ( X J ® . Non-closed &) &)
7777777777777 sections with
interfering
Trains ) (<12 ) @ (5% ) ) factors O @
« Short-distance
TR 0 logistics such as
Others (=1%) (1% ) ® factories are ® S
applicable
Attractiveness Feasibility
—> ®0®0®Low —»High (O— @ Low—» High
Source: Roland Berger
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Attractiveness: Evaluate the potential for
carbon emissions reduction of different
freight logistics transportation methods
by comparing the proportion of carbon
dioxide emissions and the proportion of
large freight logistics cargo turnover.

Although the maritime industry's con-
tribution to carbon emissions in the
logistics sector is not significant, as the
largest mode of global freight trans-
portation, its carbon emissions could
reach up to 17% by 2050 if no emission
reduction measures are taken.

Moreover, seaports, as critical logistics
nodes, also bear the responsibility of
environmental governance. Ship and
seaport-related activities inevitably
cause air and water pollution, which
is harming the health of low-income
and marginalized communities living
near seaports. Seaport decarboniza-
tion projects can not only free up land
resources for urban development and
restore the natural environment but
also accelerate the market promo-
tion of zero-emission technologies,
thereby injecting new momentum into
economic development.

Feasibility: Technology has become the
core enabler of carbon reduction, and
the speed of carbon reduction imple-
mentation in different logistics scenarios
depends onthe complexity of operational
processes and the degree of standardiza-
tion. Specifically, the lower the complexity

of the scenario and the higher the level of
standardization, the faster the implemen-
tation progress will be. Among different
freight logistics scenarios, the highly
repetitive and highly standardized work
processes in the maritime make it the
most feasible scenario for implementing
carbon reduction initiatives.

Simultaneously, decarbonizing freight lo-
gistics nodes is an imperative that cannot
be overlooked.

A Crucial Consideration: While the
focus on carbon reduction during
transportation, such as vessel shipping,
is commendable, the carbon footprint
of freight logistics nodes like seaports
should not be overlooked. Seaports
are significant contributors to global
carbon emissions, with their opera-
tions, infrastructure, and supporting
activities generating considerable
volumes of greenhouse gases. Ad-
dressing carbon reduction in seaports
is essential to achieve comprehensive
sustainability in the transportation
sector and to mitigate the overall envi-
ronmental impact of global trade and
freight logistics.

With High Feasibility: Seaport opera-
tion often involves highly standardized
freight logistics, and the vehicle routes
are almost repetitive, which provides
excellent conditions for the implemen-
tation of new technology.

Freight Logistics Decarbonization Whitepaper: LEAD the green wave, bring the DEEP impact | 13



Chapter 2

Seaport as Pioneer:
Implementation path for
decarbonization
transformation of seaports

14 | Freight Logistics Decarbonization Whitepaper: LEAD the green wave, bring the DEEP impact

Seaport Decarbonization Methodology:
“LEAD” the green wave, bring the “DEEP”
impact

Decarbonization requires comprehen-
sive evaluation and consideration for
any company. Similarly, for maritime
companies and seaport operators, the
transformation to decarbonization is not
anisolated decision but follows the "LEAD"
principle. =12

Seaport carbonization mainly focuses
on three key aspects: the electrification
transformation of equipment, the opti-
mization of intelligence equipment and
systems, and the improvement of overall
seaport operations. These aspects form

the basis for different carbon reduction
methods required in different stages of
seaport differentiation:

Levers: Decarbonization is a systematic
project. For seaport operators, achieving
the ultimate goal requires adopting vari-
ous means in phases, including the three
aspects of "LEA".

Phase | - Electrification: Equipment Energy
Transformation

Electrification is the starting point of
the entire carbon reduction process. In
addition to enabling the switch of power
systems, electrification also allows for
more precise control and more accurate

@ Seaport Decarbonization Methodology: "LEAD" the green wave, bring the

"DEEP" impact

Impact »
Decarbonization

Economical —
Friendly A VS

Environment Friendly

Levers p g

e Al-driven Intelligence

.

G « Al-enabled TOS
- Circular economy

Key Measures
Phase I: Electrification
e - Switch to e-power - Energy facilities (incl.
e equipment and charging, battery swap,
People facilities storage)

Friendly Phase II: Al-driven Intelligence

- Smart vehicles
- Intelligent management system (vehicle, equipment)
- Energy management system

Phase lll: Linked Ecology

ore . 4—. -
Electrification t Linked ecology + On-site green power supply

~Q -

Digitalization

Source: Roland Berger

Fundamental: Digitalization

- Quantify operational activities in Carbon footprint
verification

- Standardize operator behaviors

Freight Logistics Decarbonization Whitepaper: LEAD the green wave, bring the DEEP impact | 15



energy monitoring and analysis, serving
as the foundation for overall decarbon-

ization process.

By converting traditional fuel-powered
equipment into electric equipment, the
carbon emissions of seaports can be
significantly reduced. The electrification
transformation can be applied to various
equipment, including cranes, yard equip-
ment, and transportation vehicles. This
transformation not only reduces carbon
emissions but also improves the efficiency
and sustainability of the equipment.

Seaport can also benefit from energy
facilities (e.g., charging, battery swap
and energy storage). On one side, these
facilities can provide a continuous and
uninterrupted energy supply for electric
vehicles, thereby supporting the normal
operation of electric vehicles. Conversely,
energy facilities allow seaports to store
energy during off-pecak, low-cost periods
and discharge it during peak, high-cost
periods. This can significantly reduce a
seaport's overall energy costs.

Phase Il - Al-driven Intelligence: Intelligenti-
zation of Equipment and Systems

Intelligence is the key pathway for sea-
ports to achieve carbon reduction. Intel-
ligence not only enhances the energy ef-
ficiency performance of existing facilities,
but after completing localized intelligent
upgrades, it also lays the foundation
for future interconnection and unified

scheduling among different manage-
ment subsystems.

Seaports can utilize intelligence technol-
ogies to improve the operational perfor-
mance of on-site equipment. For trucks,
for example, through artificial driving
assistance systems and on-site cameras,
real-time monitoring of road conditions
can predict congestionin advance, there-
by reducing unnecessary braking and
idling to lower energy consumption losses.

Concurrently, seaports can adopt ad-
vanced energy management systems
to intelligently monitor and optimize the
scheduling of various energy-consuming
equipment, improving energy utilization
efficiency. Through big data analysis and
artificial intelligence algorithms, the sys-
tem can sense the operating status of en-
ergy-consuming equipment in real-time,
and based on the seaport's production
and operation plans, precisely control
the equipment by referring to energy
consumption models to minimize energy
waste and improve energy utilization.

Phase lll - Linked Ecology: Interconnected
Networks for Information, Energy, and Ma-
terial Cycles

“Linked ecology” is the culminating step
in the seaport decarbonization process.
After localized intelligent upgrades,
"Linked ecology" enables the realization of
overall decarbonization and operational
optimization for the seaport.
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Seaports can utilize Al-empowered TOS

systems to achieve intelligent scheduling
and optimized layout across the board.
Also, by collecting various production
data, analyzing carbon emission hotspots
inthe cargo flow process, and feeding the
analysis results back to the TOS system,
cargo handling and storage links can be
further optimized to reduce emissions.

Simultaneously, seaports can vigorously
implement a circular economy model,
recycling and reusing seaport infrastruc-
ture materials, containers, batteries, etc,,
to extend their service life and reduce the
consumption of new materials.

Additionally, establishing an on-site
green electricity power station can be a
game-changer for seaports that have
already invested in energy storage ca-
pabilities. By tapping into the power of

the sun, wind, or even tidal energy, these
seaports can significantly reduce their
reliance on grid electricity, which is often
subject to price fluctuations and potential
disruptions. This not only translates to
lower energy costs but also enhances the
resilience of seaport operations, ensuring
areliable and uninterrupted flow of goods
and services.

Fundamental: Digitalization is the foun-
dational capability for leveraging these

levers.

Digitalization is a prerequisite for enabling
decarbonization levers, helping to quan-
tify net-zero processes and standardize
operational behaviors. Therefore, the
net-zero transformation of seaports also
relies on digital technologies such as ar-
tificial intelligence, the Internet of Things,
big data analytics and so on.
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Impact: Although carbon reduction is the
core goal for seaports, while achieving
this, seaports can also obtain derived
value in three aspects - economically
friendly, people-friendly, and environment
friendly, ultimately realizing the overall
"DEEP" effect. 13

Decarbonization: The three major levers
of “Electrification”, “Al-driven intelligence”,
and “Linked ecology” will respectively
influence different variable factors in the
carbon emission calculation formula,
thereby achieving emission reduction
benefits to varying degrees. Specifically,
electrification mainly reduces carbon

emissions from the source by replacing

traditional fossil fuel-powered systems
and lowering the emission factor value.
Intelligence reduces congestion and
idling, lowering energy consumption and
indirectly reducing carbon emissions.
Connectivity promotes efficient overall
seaport operations, reducing activity data
(such as mileage driven).

Economical Friendly: Global non-renew-
able energy price volatility exerts eco-
nomic strain on energy consumers. Sea-
ports, as energy-intensive entities, must
transform towards stable, renewable
energy options, with electrification being
a key solution. Also, optimizing seaport
operations through technological means

“LEAD” benefit seaport with carbon emission reduction and other value-

can improve production efficiency and
achieve economic benefits. For example,
by applying vehicle monitoring systems
and driving behavior analysis algorithms,
vehicle driving behavior can be opti-
mized, reducing unnecessary accelera-
tion and deceleration, thereby lowering
fuel consumption, and effectively saving
energy costs.

Environment Friendly: Linking various
production factors within seaport, and
utilizing digital means to achieve overall
optimized scheduling, can significantly
improve the overall operational efficiency
of the seaport ecosystem. Also, seaports

can vigorously implement a circular

economy model, recycling andreusing in-
frastructure materials, containers, batter-
ies, and other items to extend their service
life and reduce consumption of new ma-
terials, further promoting the environment
friendly development of seaports.

People Friendly: Intelligent technologies
can enable seaport workers to withdraw
from arduous and extreme working envi-
ronments. For example, throughintelligent
vehicles, site-wide safety monitoring sys-
tems, and remote-control technologies,
non-compliant driving behaviors can be
reduced, thereby improving work safety.

added impact
"DEEP" impact
( Economical Friendly ( Environment Friendly T People Friendly
grg?snsig:n E"."| +30-50% P I - Scale-up brings
factor % i equipment cost savings
Phase | S - Lower electricity prices
"A" - Battery technology brings
e A= unit battery cost cut
wen L - Battery size reduction
Re.duce E". l through dispatch and .
unit energy charging systems - Improve site safety
consumption I « Reducing energy - Protect crew from
Phase Il consumption and hazard & extreme
o maintenance costs
AT e through digital operations eatey
optimization
Short.en "E". l . Further cost optimization - Improve overall seaport
g{otfklng with TOS system operation efficiency - Shorten operation time
Phaselll “*t9"°® I JRedticejoperational - Reduce resource waste by intelligent scheduling
"A" instability due to labor ) A fieefiym :
wn shortages through - Set up on-site green « Minimize idle time
115-25% I automated systems energy station
— Note: *carbon reduction level compares to original level
Carbon emission volume where most of equipment are diesel driven
Source: Roland Berger
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Phase | - Electrification -14

Primarily focusing on seaport equipment
and facility upgrades, by transforming the
energy utilization method of equipment
from diesel-driven to electric-driven.

Reduce emission factor by shifting die-
sel to electric. Electric equipment does
not directly produce exhaust emissions
during operation, while fuel-powered
equipment emits greenhouse gases such
as CO2. Therefore, the carbon emission
factor of electric equipmentis zero during
the usage phase, which is lower than that
of fuel-powered equipment.

Among the various operational equip-
ment at seaports, the electrification of

Phase | - "E" Electrification

horizontal container handling equipment
(CHE) is the most feasible priority entry
point.

The electrification retrofit of vertical
CHE at seaports faces significant
technical and implementation chal-
lenges. In comparison, the retrofit of
horizontal CHE is more feasible. Verti-
calequipment such as cranes requires
high-power support, placing a heavy
burden on batteries and charging
infrastructure. Seaport operators are
concerned that electric cranes may
struggle to match the performance
of their diesel counterparts. Addi-
tionally, once vertical CHE is installed,
retrofitting would involve large-scale

Transforming the energy utilization method of equipment from diesel-driven

to electric-driven

e Electrification J)
\

Emission factor
Carbon 3
emission Total | Energy consumption
reduction CE | & o .
parameters L
Distance
Key

measures Switch to e-power equipment and
facilities

Value (-—---—=—----—-—---—-—-—------ 9
creation el A

"E" Electrification

CcOo2
Reduction

7 \\
b, nAN
I‘ A
S== .. Al-driven
/ Decarbonization Intelligence

"L" Linked ecology

Source: Roland Berger
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renovations across the entire seaport, Key Measures:

making the retrofit process extremely
difficult and costly. Currently, the level
of electrification for yard cranes and
quay cranes at China seaports is
relatively high. However, at European
seaports, the proportion of traditional
diesel-powered equipment remains
high, and the electrification retrofit
lags.

In contrast, the electrification retrofit
of horizontal CHE like trucks is more
technically feasible and easier to im-
plement, making it a pioneering force
in the decarbonization process of
seaports. =15

Switch to E-power Equipment and
Facilities: Shifting from diesel-pow-
ered to electric-powered equipment
represents direct carbon emission
reduction in the short term.

Establish Energy Facilities: With the
introduction of electric-powered
equipment and vehicles, it is also nec-
essary to build energy facilities, such
as charging facilities, battery swap
stations, and energy storage facilities.
Charging facilities and battery swap-
ping stations can provide a continuous
energy supply for electric-powered
equipment, ensuring their stable

Feasibility of CHE Electrification at Seaports: Horizontal container handling
equipment presents the highest priority for decarbonization currently

High Priority of seaport decarbonization

Vertical handling equipment Horizontal handling equipment

Carbon Emission
Equipment Others ...
7-]
» 85
Electrification
Feasibility - Low/Medium feasibility: Electrification retrofits for . High feasibility: High priority of electrification due to
—:+ vertical CHEs at existed seaports face numerous relatively lower retrofit costs to achieve similar
technical and implementation challenges efficiency with diesel equipment
Technical Q I D N N I I
Challenges QQ - High kinetic efficiency to meet load-carrying power - Lower kinetic energy requirement, both electric power
requirements and fuel can meet operational needs
Implementation 7 J 5 | [
Challenges ‘,'.‘. - Involves large-scale seaport renovations and requires - Fleet replacement can be done directly without major
h infrastructure adjustments infrastructure adjustments

High D s Low

Source: Roland Berger
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operation. Also, energy storage can
yield stable energy supply substantial
financial benefits. By storing energy
during off-peak, low-cost periods and
discharging it during peak, high-cost
times, seaports can significantly re-
duce their overall energy expenses.

Value Creation:

Decarbonization: It is anticipated that
the comprehensive adoption of elec-
trified equipment will yield a significant

Case Study - Seaport of Hamburg, Germany

reduction in carbon emissions, es-
timated at 30-50%. This projection
is predicated on the understanding
that diesel’s carbon emission factor
is two to four times greater than that
of electricity. It is recognized that this
transformation towards electrification
is asystematic andlong-term endeav-
or, necessitating the formulation of
tailored electrification pathways that
reflect the varied operational capaci-
ties of individual enterprises.

The seaport of Homburg embraced sustainability as a core part of its strategy,

introducing electric working equipment, aiming carbon neutral by 2040. The sea-

port's shore power facilities are estimated to reduce CO2 emissions by 30,000 tons

per year.

Case Study - Seaport of Hamburg, Germany
Embraced sustainability as a core part of its strategy, introducing electric
working equipment, aiming carbon neutral by 2040

Electrification initiatives

Value creation £
\%/

Electrification Of Working Equipment ‘ Q Decarbonization
7 - Shift to electric fleet: CTA's AGV fleet is 90% electrified, with a complete shift to lithium-ion .
Tthea ort of batteries anticipated by 2023. Most of the port's container and rail gantry cranes are - The seaport's shore
H bp powered by green electricity power facilities are
amburg « Transition to electrify its fleet of Elbe ferries, which currently run on diesel. the CalIni, an estimated to
Key points electric-powered workboat, is the first of its kind in the port of Hamburg reduce CO2
: emissions by
- High carbon ‘ Installation Of Onshore Power Supply 30,000
emissions - > tons per
. One of the « First-mover of OPS installation: The port of Hamburg has installed onshore power supply year
| (OPS) facilities at its container terminals and cruise ship terminals since 2018
.C’rgest ports « Launch 11 berths in 2025 : the port plans to have a total of 11 OPS-equipped berths by
in Europe 2025, including 7 connection points for container ships and OPS facilities at the
Steinwerder and HafenCity cruise terminals
Port throughput ‘ Introduction Of Hydrogen-powered Trucks

KTEU/month

Source: Port of hamburg press, Torgeedo press; Roland Berger

« Plan in Hydorgen replacement and refuelling station: The port is in the process of replacing
~630 diesel-fueled cargo trucks with hydrogen-powered trucks and plans to install 5 hydrogen
refueling stations and 2 mobile refueling facilities, as well as an electrolyzer facility
« acquire financial support on hydrogen transformation: The port is receiving €15 million in
German federal funding for the hydrogen truck project through the HyPerformer Il scheme
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Case Study - Seaport of Long Beach, US

The seaport of long beach announced several seaport decarbonization plans from
2017 (incl. <Clean Air Action Plan>) to achieve net-zero target, incl. the famous 'Clean
Truck Program' to reduce total truck emissions by over 80% within 5 years.

Case Study - Seaport of Long Beach, US
Announced the famous 'Clean Truck Program' to reduce total truck emissions
by over 80% within 5 years

Aims to become the world’s first zero-emissions seaport . P
= Value creation \f Y
Announce several port decarbonization plans CO2 Emission by source category Q becarbonization
B from 2017 (incl. <Clean Air Action Plan>) to [bn Ton, '05-21]
7 R . f= g achieve zero-emission target, incl. 1,148 + A dramatic reductionin
SapayEs g . diesel particulate
cl truck
Long Beach { ean trucks program . J 978 . 967 matter by 91%,
- Replace 16,000 heavily polluted old trucks with 1 : nitrogen oxide levels by
Kev points clean energy trucks such as electric and 510 63%, and sulfur oxides
Y P nitrogen oxide vehicles 387 350 by a staggering 97%
. ngh qorbon { Clean container handling equipment program J since the year 2005
emissions 38
- The existing diesel-powered gantry crane has 35 N -3 ., o
been modified to operate on electricity, initiate m ‘As the world's first fully
Port throughput the | + t hi L ot - ST W3 electric, zero-emission
e largest port machinery zero-emission pilo 61 mega port, LECT sets
project in US industry standards for
668 R e N sustainable transportation
Green energy project "Pier wind ‘ of goods, maintaining port
== N N N competitiveness."- Long
KTEU/mon - Build a 400-acre terminal for manufacturing, Beach Port Executive
sectioning, assembly, and possible Director Mario Cordero
maintenance of offshore wind turbines 2005 2020 2021

Ocen-going vessels Harbor craft [ll Cargo handling equipment Locomotives [l Heavy-duty vehicles

Source: Port of long beach 2022 Air Emissions Inventory; Roland Berger

Economical Friendly: Seaports can re- to expect a decrease in energy cost. As
duce energy costs by using electricity installed power capacity expands, elec-
to replace high-priced fuel oil. Also, tricity prices will decrease, further widen-
as the electric truck industry chain ing the price gap between electricity and

matures and achieves economies of fuel. Moreover, the deployment of distrib-
scale, the overall cost of electric trucks uted energy storage systems will further
will also continue to decrease. - 18 stabilize the power supply for seaports

and smooth out electricity prices through

Declining Energy Costs. It is pleased to find "seak shaving and valley filling," thereby

out the fact that electric is cheaper than further reducing energy usage costs.

dieselin most of the world. If the truck fleet 19,20

shift to electric-powered, it is reasonable
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Economical Value Add in Phase I: Declining energy cost, coupled with
economies of scale across the supply chain, leads to cost reductions

p

ETT2023  // / 103
Q Delince in electric energy cost
e Scale up to lower equipment cost o
End of Phase | // // 97
.
Further Saving Unlock in Phase I1&lIl
/
DTT2023  / / 100
DTT2030  // / " 104

[l Cost reduction lever r_' Potential carbon reduction lever

1) ETT is electric powered vehicle, DTT is diesel powered vehicle

Source: Roland Berger

Key Saving Contributors

(o/ Declining Energy Costs >

- Electricity prices are projected to decrease in the
coming years, leading to a reduction in overall
energy expenditures

- Implementation of energy storage, combined
with TOU, will reduce electricity cost additionally

(@ Economies of Scale Drive Down Equipment Cost9

. Large-scale industrial production is expected to
drive down the costs of various equipment,
including vehicles and software, resulting in
substantial cost savings

Declining Energy Cost: In terms of energy cost, electric is generally lower than

diesel in most regions

ﬁ}:ﬁ?’ Difference on energy cost of diesel & electric [USD/Km]

Diesel energy

o Electric energy | Higher cost of diesel
cost [USD/km]
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High

Average (Europe 0.76 J Africa

S I

£ T 16

- i}

[ 2 13 14 43 1o 13 13

= : 12 i1

£ 10

53 09

8

£ 09

s& % 05

3% ¢ 03 03 03 o4

oS Wo01 02 02 02 02

> 5 )

20t i rsesiit:oed

*g 5 £ € 5 2 & £ 8 5 &5 3
o© z i ] S 5 s o) a

2 ©oa $ = £t 3

o R

o o

g b

[+3 4l 4 B A, -~ . -_—
TE+EO00FO0OET

[y
o

*———-0

o
N}

Morocco

——o0°%
0

o
N

m South Africa

Asia & South
Oceania @ America

21

0.4

0 Hong Kong

Low

North
m Aomrtterico m

g
IS

13

Ce—o0
~N

o :O

©

o :O

©

009

o«

SOe  or

o

o

o ® °®

o

[e)

c :o

©

.—OO

0

N

o

DI o
~N

"

o

- :O

~N

0.4 05
02 02 03 02 02 03 093 g 03
01
$ ® © © © > ®© ¥ P © Y @ 9o <«
s 5 £ ¢ £ % = § 5 g% ¢ § & g
5 < b= = o o} x =)
2 g 6 2 §5 5§ 0 8 & g £ 8 ¢
g £ 2 5 © 3 &
17} 3 < o
2]
- @ o) M = a D (« AN S
el RO==N-N “RON | NUNNUNE R~

1) Based on electricity consumption 2.04 kWh/km, diesel consumption 0.7 L/km; 2) Data sourced from 202352 to 202451

2) Time-of-use (TOU) electricity pricing refers to a billing structure where the rate paid for electricity varies based on the

time of day, season, and day of the week
Source: GlobalPetrolPrices; Roland Berger

24 | Freight Logistics Decarbonization Whitepaper: LEAD the green wave, bring the DEEP impact

Peak & off-peak electricity pricing brings further saving when equipped with

sufficient energy storage

Incorporate energy storage and utilize TOU tariffs to further reduce electricity costs

. s ener

cost savings

~N

Purchase of Off-Peak Tariffs: Purchase electricity at off peak prices,
store it, and use the stored electricity at high tariffs

Energy storage (battery) working schedule example

Electric Price

release release

charge
charge 9

i Preliminary example
total energy 0 ’

-

L)

charge

12am
10am
1iam

£
ol
N
-~

10pm

£ EEEEEEEE
G 6648486939828
AN ®F OO~

1am
2am
3am
4am
5am
6am
7am
8am
9am

Time of day

Economies of Scale Drive Down Equipment
Costs. Large-scale industrial production
is expected to drive down the costs of
various equipment, including vehicles
and software, resulting in substantial cost

savings.

Key Considerations / Potential Challenges:

Develop a Charging Schedule to Opti-
mize Efficiency and Reduce Downtime:
Electric-powered trucks can run effi-
ciently, as long as there is a well-de-
sign charging schedule and station. To
ensure operation and cost efficiency,
setting a time-saving charging sched-
ule to maximize working hours and
an approachable charging station to

Spain Germany France UK
Off 0.068
Peak?) 0.057 0.045
Euro kWh 0.010
0.089 0.084
Peak?) 0.058
Euro kWh 0.027
Estimate -63% %
Max ~36%
~22% 105
Saving 22 19

1) Data from 2024.3, The price shown here is the wholesale spot price. It is not an end-user price
Source: [EA; Roland Berger

mMinimum charging commute is nec-

essary.

Reserve Interfaces for Future Intel-
ligence Upgrades: When procuring
electrified equipment, it is essential
to reserve standardized equipment
interfaces for potential future intelli-
gence upgrades and opt for modular
product designs. This forward-thinking
approach allows for direct module
replacement or upgrades without
impacting the overall system, avoiding
large-scale equipment replacements
due to incompatibility during intelli-
gence retrofits, thereby reducing sub-
stantial one-time capital expenditures
(CAPEX).
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Phase Il - Al-driven Intelligence
>21

Optimize equipment performance and
energy management based on intel-
ligence technology to further reduce
carbon emission and improve working
environment.

Reduce Energy Consumption Per Unit.
Leveraging intelligent equipment to
effectively reduce energy consumption
per kilometer. In addition, digitization can
also assist in intelligent scheduling and
optimization of equipment, enabling more
efficient utilization of energy resources

during operation.

Phase Il - "A" Al-driven Intelligence

Key Measures:

Smart vehicles: The application and
iteration of intelligent driving/autono-
mous driving technology can help both
manual and autonomous vehicles
continuously optimize driving behavior.
Also, it enables better coordination
between vehicles and the production
and management systems of opera-
tors, thereby reducing the unit energy
consumption in the logistics and pro-
duction process.

Intelligent management system (vehi-
cle, equipment): Intelligent manage-
ment systems bring tremendous value
to carbon reduction and operational

Further reduce carbon emission and improve working environment based on

intelligence technology

0 Al-driven intelligence J)
\

Emission factor
Carbon %
reduction CE |& gy - P
parameters :
Distance

Smart vehicles
Key Intelligent management system
measures vehicle, equipment

Energy management system

[ Economical friendly ]
Value fmmmmm——--—--—-—-—----—----- 3
creation iyt ol AP

"E" Electrification

4

(% \\
ab, nAN
S . " Al-driven
/ Decarbonization intelligence

k21373 CO2 emissions

"L" Linked ecology

efficiency improvement in seaports
by orchestrating and optimizing the
operations of vehicles and equipment
within the seaport area. Leveraging
artificial intelligence and Internet of
Things technologies, the system can
monitor and dispatch seaport vehicles
such as trucks and cranes in real-time,
plan optimized routes, and avoid un-
necessary idling and waste, thereby
reducing energy consumption and
carbon emissions. =22

¢ Standardize driving behaviors: Im-
prove driving stability: By enabling
interaction between smart vehicles
and roadside equipment (e.g.,

cameras and other V2X sensing
devices) and achieving coordina-
tion with fleet management system,
vehicles can gain a beyond-line-of-
sight perspective. This helps vehicles
avoid congestion and emergencies
in advance, reducing the wear and
tear from sudden braking. Also,
by means of technologies such as
fatigue driving detection and atten-
tion monitoring, the driver's state is
monitored and reminded to improve
driving safety. Intelligent assisted
driving technology can also improve
driving accuracy and safety through
functions such as automatic parking
and two-way vehicle detection.

Optimize Operator Behaviors: Avoid energy waste during operation via human

assistance system, e.g., driver assistance system

o] Through V2X technology and traffic infrastructure,
Driving achieve automatic obstacle avoidance and automatic
stability emergency braking of vehicles, reducing human-
induced speeding and abrupt braking

Standardize

2 By means of technologies such as fatigue driving

[ People friendly ]

Source: Roland Berger
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Optimization

Source: Roland Berger

b d:v":‘g Squlf\;I?g detection and attention monitoring, the driver's state is
SNavIons )/ monitored and reminded to improve driving safety
Drivin ] Intelligent assisted driving technology can also improve
accurgc driving accuracy and safety through functions such as
d/ automatic parking and two-way vehicle detection
Routs 2 Based on real-time traffic conditions and distribution of
Assisted optimizatioh goods, select the best route to avoid congestion and
'_ P delays, and improve transportation efficiency
Intelligent
Decision- X
making Dispatch ) Reasonably arrange the departure time and route of

trucks based on the quantity of goods and destination,
to avoid empty loads and duplicate transportation
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¢ Assisted Intelligent decision-mak-
ing: Route optimization: Based on
real-time traffic conditions and
distribution of goods, select the
best route to avoid congestion and
delays, and improve transportation
efficiency. Dispatch Optimization:
Reasonably arrange the departure
time and route of trucks based on
the quantity of goods and desti-
nation, to avoid empty loads and
duplicate transportation.

¢ Energy Management System: Energy
Management System (EMS) enables
seaport operator to manage and keep
an eye on electric utilities and electrici-
ty-using appliances. Seaport operator
may mMminimize consumption and utility
expenses while maximizing usefulness

and comfort by using the EMS, which
provides insight into energy utilization.
Adopt overall energy management
system based on digitalization infra-
structure, aimed at elevating their
energy efficiency. - 23

¢ Energy Consumption Management:
Energy management can be carried
out at three levels: individual devices,
overall equipment, and different en-
ergy sources. In terms of individual
devices, take trucks as an example,
the use of Breaking Energy Recovery
System can effectively capture and
store the kinetic energy generated
during each braking event for future
use, thereby reducing energy con-
sumption. In terms of overall equip-
ment, take a fleet of vehicles as an

Optimize Energy Consumption: Minimize waste and boost utilization via
systematic energy management technology

User o . -
Overview B2 Energy Dashboard Energy Consumption Report Energy Efficiency Assessment
Data collection and perception Business scenario
Data Smart energy
Task Data visualization Aemenel e B management
Management cleaning
Application .
Layer II:Demcmd Sty Consgmptlon Lighting Control
ﬂ orecast analysis
Data collection Data
and monitoring  Supplement Auxiliary Intelligent Operation Flexible resource
monitoring and Maintenance scheduling
Hardware '.T'T-T: Monitoring device Data Equipment operating Equipment energy
Layer Layer parameters consumption
Source: Roland Berger
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example, the unified planning and
scheduling provided by the Fleet
Management System (FMS) can
achieve smooth and steady driving,
reducing energy waste caused by
sudden braking and acceleration.
Additionally, various energy sources
such as electricity, wind power, and
solar power in the seaport also need
to be monitoredto provide reference
for energy distribution.

¢ Energy Supply Management: Sys- ¢

tematically monitor, control, and
optimize energy consumption to
save energy usage and reduce
energy costs. Utilize the Internet of
Things, advanced connectivity, and
big data to better manage facilities
through energy data analysis and
help address challenges in energy
consumption and energy manage-
ment. For example, develop financial

forecasts for the deployment of re-
newable energy services and make
other improvements in the coming
years to reduce clean energy con-
sumption and lower energy costs.

¢ Flexible Energy Dispatch: Reducing
energy consumption by adjusting
energy supply during peak demand
periods through intelligent means.

Value Creation:

Decarbonization: Reduce energy
consumption per unit by optimizing
equipment operation and standardize
operator behaviors, leveraging intel-
ligence technology and systematic
energy consumption data collection.
For example, after using the artificial
driving assistance system, the energy

consumption per kilometer of electric
trucks can be reduced by 15-25%.

88

[

N
N
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Improvements in battery technology
will lead to declining unit costs, making

30

Case Study - Seaport of Laem Chabang, Thailand

As cargo volume have risen, Seaport of Laem Chabang have recently faced dif-
ficulties in hiring sufficient workers, while the working environment for employees
poses potential safety risks. Therefore, Seaport of Laem Chabang has introduced
mixed cross-operation of electric vehicles and diesel vehicles, helping save energy
costs and optimizing driver driving experience.

Case Study - Seaport of Laem Chabang, Thailand
Mixed operation of electric vehicles and diesel vehicles, helping save energy
costs and optimizing driver driving experience

Performance comparison - MT vs. New energy truck Value creation
TN Introduce 24 new energy trucks (15 AT, 9 ET) to achieve bonizati
" £ - 100% non-isolated mixed operation with 32 fuel trucks Decarbonization
SaFY s | -
100% 100% 100% Cost 2 Energy 2 Potential to reduce carbon emission ~45
LaemChabang: | ~ 100% 100% Efficiency®) Efficiency tons/truck*year with 100% green electricity
6%
Key points / L ATY
e 23% / - E ical friendl

- Difficulties in M s " conomica y

recruiting drivers 1 & ETY _— 2
. safety hazards i ) - Reduce energy cost 1114« EURO/year

ef('St 177 | People friendly
- High carbon —

emissions ’ P
Port th hout 60% 76% 80%  MTV Zero CO2 emissions in working environment

ort throughpu ¢ -

— = = £ 'c_Truck has high driving comfort, it is
130 quieter, more smooth to drive"
—_ Working  Operation  Carbon — Port truck drivers
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1) MT = Diesel truck with drivers, ET= Electric truck with drivers, AT= Autonomous electric truck without drivers; 2)
Cost efficiency = workload / operation cost; 3) workload / CO2 emission; 4) Euro to RMB exchange rate = 7.66
(2023 averaged rate) ;
Source: Roland Berger

Economical Friendly: As the industry EVs more affordable for consumers.

evolves, the phase Il advancements in Implementing Fleet Management Sys-
battery, fleet management, and driv- tem (FMS) and charging optimization
ing optimization will pave the way for will allow the use of smaller batteries to
a more cost-effective and sustainable meet operational needs. The continuous

transportation future. optimization of driving strategies and be-
haviors of intelligent vehicles will minimize
wear, tear, and accident rates, creating a

safer and smoother working environment.
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Advanced technologies can further re-
duce EV energy consumption through
better driving assistance and route opti-
mization algorithms in FMS. - 25

People friendly: Provide a safe and
comfortable working environment for
port workers to ensure well-being and
productivity.

o Safe working environment: Help
workers stay away from dangerous
work environment. In the operation
process of shore cranes and yard
cranes, the workers are freed from
long-term high-altitude operations.

Inthe freightlogistics process, avoids
blind spots in the field of vision, reg-
ulates driver behavior, and reduces
the possibility of collisions.

Comfortable working environment:
Workers are transferred from the
harsh outdoor working environment
to the terminal control room. Make
the operations simpler by simplifying
interfaces and processes, reducing
steps and complexity, and enabling
staff to complete tasks more easily.
This helps alleviate the burden on
staff and improves work efficiency.

Economical Value Add in Phase Il: Multiple combined factors drive cost

reductions, including energy consumption optimization and others

ETT2023 | // // 103

{ Already Saved in Phase |

End of Phase |

QEnergy Consumption Optimization
@ Route Optimization

@ Shrink Battery Size I 2

@ Future battery pirce drop |

@ Optimize Maintainance & Insurance
End of Phase Il

ETT 2030

// 87

Further Saving - Unlock in Phase Il

DTT2023 | Jf /I 100
DTT2030 | /] /l 104
[l Cost reduction lever r_' Potential carbon reduction lever

1) ETT is electric powered vehicle, DTT is diesel powered vehicle
Source: Roland Berger

I_ {g Key Saving Contributors

(Q Energy Consumption Optimization )

+ With driving assistance, high energy-consuming behaviors
like sudden braking can be reduced, thereby lowering the
energy consumption rate of electric vehicles

(@) Route Optimization D

+ FMS can reorganize and shorten working routes with
algorithms, minimizing empty runs and circuitous routes

(©) smaller Battery Size )

- Through collaborative design of battery sizes and
charging facilities, smaller batteries can meet the same
operational requirements

(Q Battery Price Drop )

- Advancements in battery technology will lead to a decline
in unit battery costs, while optimized battery usage habits
will allow for procurement of cost-effective batteries

(@ Optimized Maintenance and Insurance )

- Operational and driving optimization strategies will help
minimize wear and tear and accident rates, thereby
reducing routine maintenance and insurance expenses
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Case Study - Seaport of Felixstowe, United Kingdom

Seaport of Felixstowe is the largest and busiest seaport in UK, with high require-

ments for operational efficiency and stability. Now the seaport has achieved CO2

emission reduction and optimized driving experience based on integrated intelli-

gent management system for truck, fleets, and energy.

Case Study - Seaport of Felixstowe, United Kingdom
Achieve CO2 emission reduction based onintegrated intelligent management
system for truck, fleets, and energy

, | | 4ia]
Felixstowe

Key points
« The largest and

busiest seaport in

UK, with high
requirements for
operational
efficiency and
stability

Port throughput

~320

KTEU/mon

PowerOnair battery swapping ecosystem

Cloud platform

Battery swapping

Electric truck station

- Improve energy efficiency
through energy

Value creation g
\Y

New Generation Fusion Perception Architecture

Sensor =0 Algorithm
- Al camera A L» + Whole stack
. Lidar i system

Q-truck

management center
. . Q Decarbonization
- Achieve lifecycle carbon
fc?otprlnt mcno_gement by Reduce CO2 emission 50%)
big data analysis tons/ truck*year
- Precise centimeter-level G People friendly

positioning of vehicles
- High-precision control

with a 0.5-degree

steering deviation

Around 5 mins to
Complete battery swapping

As a supplement to labor
shortage to ensure working
stability

agement
stem

7

data M Instruction # daota
v

Truck A Truck B Truck C

1) based on scenario with 100% green electricity supply
Source: Desktop research; Roland Berger

Key Considerations / Potential Challenges: o

32

Make a Forward-looking Planning:

Systematic design and planning are

required for hardware deployment

(such as 10T terminals like sensors),

underlying data collection (data

standardization and cleaning), and in-

frastructure construction (networking,

matching power resources, etc.).

‘ "The new trucks help
improve the efficiency of
container handling at port
and the stability of
operations”

— Port executive director

Reserve Interfaces for Connections
Between Different Systems: The
seamless integration of Al into ex-
isting freight logistics systems can
be complex. Significant challenges
include compatibility issues, datain-
teroperability, and the need for syn-
chronization between Al platforms
and legacy systems. Employing
standardized data formats, using
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0 Linked ecology J)

middleware solutions, and conduct-
ing thorough system audits facilitate

smoother integration.

Prepare for Future Device Upgrades:
Accommodation Al solutions for
growing freight logistics demands
can be challenging. As freight logis-
tics operations expand, Al systems
must scale accordingly without
compromising performance. Em-
ploying modular and flexible Al
architectures, anticipating future
growth needs, and investing in scal-
able infrastructure are key strategies
to address scalability concerns.

Phase Il - "L" Linked Ecology

Phase lll - Linked Ecology - 27

Linking Network: Constructing an Inter-
connected Ecosystem for Enhanced Ef-
ficiency and Sustainability by integrating
dispersed systems, devices, energy, infor-
mation, and materials within the terminal.

Realize Operation Efficiency Excellence.
By integrating various elements of the
seaport together through the TOS sys-
tem for unified planning, efficiency can
be improved, and carbon emissions
can be reduced by 15-25%. For example,
for trucks, the placement of containers
can be adjusted according to the actual

Constructing an interconnected ecosystem for enhanced efficiency and
sustainability by integrating dispersed systems, devices, energy, information,

and materials within the terminal

Carbon x
emission Total | Energy consumption
reduction CE | =
peremerere [ oistance
Al-enabled TOS
ey
measures
On-site green power supply

[ Economical friendly ]
Value - .
creation [ Environment friendly ]

[ People friendly ]

"E" Electrification

‘,‘ L\

. Al-driven
- intelligence

CO2 Reduction

"L" Linked ecology

Source: Roland Berger
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situation of the port, thereby shortening
the route of truck transportation, and re-
ducing the carbon emissions generated
by each shipment.

Key Measures:

Al-enabled TOS Collaborating Key
Elements in Seaport: Link the core
elements of systems, employees, and
infrastructure layout on the seaport,
and unify management through an
intelligent platform to improve the
overall operational efficiency of the
seaport. Through the intelligent plat-
form, seaport managers can remotely
monitor and manage various opera-
tional activities of the seaport, includ-
ing the work status of employees, the
operation of equipment, and the use
of energy. This allows for more efficient
resource scheduling, faster cargo
handling, reduced energy waste, and
lower operating costs.

O Al-optimized TOS: For traditional
TOS, approximately 30% of planning
work relies on manual settings. Addi-
tionally, at the scheduling level, con-
tainer operation instructions flow
unidirectionally from the planning
module to the scheduling modules
of various equipment management
systems (such as Fleet Management
System). With the introduction of
a new Al-optimized TOS architec-
ture, algorithms and strategies can
significantly reduce the need for

manual intervention, enabling au-
tomatic planning, intelligent vessel
stowage, and smart yard allocation.
At the scheduling level, anintegrated
scheduling module can be formed
at the TOS level, allowing for dynam-
ic interaction between scheduling
and planning. This not only facilitates
closer coordination between the
TOS and execution equipment such
as quay cranes, yard cranes, and
vehicles, enabling real-time feed-
back, but also optimizes work plans,
container slot arrangement, and
operation routes, improving overall
loading and unloading efficiency,
reducing unit energy consumption,
and achieving lean operations.

Al-enabled Employee Management
System: Use intelligent systems to
achieve more dynamic and com-
prehensive optimization of labor
allocation, centrally manage the
labor requirements for each task,
and prevent excessive rotation of
personnel. At the same time, cen-
trally monitor overtime situations to
balance the costs of subcontractors
and new workers.

Infrastructure (e.g., container,
renewable energy) Layout Optimi-
zation: Optimize the placement of
containers and flip them in advance.
Establish a container space re-
source allocation and transportation
decision-making system, from quay
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Al-enabled TOS Collaborating Key Elements in Seaport: Connect various
management subsystems to TOS and realize unified management through
TOS to improve the overall operational efficiency of seaport

,—) -_
TOS Inbounding s\?‘} ) ;Stucking é% ) ;Loading m)
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b
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automatically
allocate cargo
location and design
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plan loading and
unloading
accordingly
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Source: Roland Berger

cranes and yards to horizontal trans-
portation. Through artificial intelli-
gence algorithms, achieve optimal
management of complex freight
logistics of multiple varieties, small
spacing, and irregular concentrated
container goods. Optimize the ar-
rangement of different import and
export container storage sections to
improve the utilization efficiency of
container space. - 28

Looking ahead, the future TOS holds even
greater promise. As the TOS continues to
evolve, it will support real-time data inter-
action with the ECS, enabling dynamic
planning based on real-time inputs.

of entry and exit optimal routes
routes for container

trucks

automatic generate
ship loading plan

Real-time Data Interaction: The
next-generation TOS will support
robust and bidirectional data flows
with the ECS. This will allow for the
continuous exchange of real-time in-
formation, including vessel arrival and
departure times, container and cargo
details, equipment status and loca-
tion, and environmental conditions
(weather, traffic, etc.). By ingesting this
real-time data, the TOS can maintain a
comprehensive and up-to-the-minute
understanding of the seaport's opera-
tions.

Dynamic Planning & Optimization: TOS
will be able to perform advanced
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analytics and predictive modeling. This
will enable the system to dynamically
adjust plans and schedules based on
changing conditions, such asrerouting
vehicles and equipment to account
for unexpected delays or disruptions,
reallocating labor, and storage re-
sources to adapt to fluctuations in
cargo volumes and optimizing vessel
berthing and unloading sequences to
maximize throughput.

The integration of real-time data interac-
tion and dynamic planning is expected to
further improve the seaport's operational
efficiency including reduced downtime
and bottlenecks, optimized resource
utilization (equipment, labor, storage),
improved responsiveness to changing
conditions, enhanced visibility, and con-
trol over the entire seaport ecosystem.
By seamlessly linking people, equipment,
and infrastructure, the TOS has unlocked
a new era of intelligent seaport manage-
ment, setting the stage for a future where
efficiency, safety, and optimization are
the cornerstones of success. =29

Circular Economy: Develop circular
supply chains atseaports and promote
the utilization of recycled resources.
This includes recycling and reusing
old containers, batteries, materials,
machinery, and other items. - 30

¢ Seaport Material/ Machinery Re-
cycling (e.g., packaging materials):
Seaports have many materials and

machinery that can achieve circu-
larity through maintenance, reuse,
remanufacturing, and recycling.
Maintenance is a basic form of cir-
cularity, allowing recurrent use and
extended life cycles. Secondly, as
fixed assets, some seaport assets
can be leased and reused by anoth-
er operator after a concession ends,
enabling circularity. Thirdly, upgrad-
ing existing seaport equipment to
change its function or operational
characteristics is a form of reman-
ufacturing and circularity. Addition-
ally, end-of-life seaport equipment
can also be recycled.

Container Recycling: Container
shipping is designed as a recycling
system, representing specialized
circularity. Reusable containers are
constantly repositioned by carriers
owning or leasing fleets. Container
leasing companies also allocate as-
sets to maximize returns. Containers
are interchangeable transport units
traded on markets. To remain us-
able, they require cleaning, mainte-
nance, and repair. After their 15-year
lifespan, containers can be recycled
for components or repurposed (e.g.,
storage, offices).

Battery Recycling: Electric vehicle
battery recycling or reuse depends
on their condition, remaining capac-
ity, and demand for secondary ap-
plications. Metals can be extracted
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Advanced TOS: Throughintelligent algorithms and supporting equipment, TOS

enables real-time data trans
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Circular Economy: Build seaport CE mechanisms, including maintenance,
reuse, upgrading and recycling, achieving seaport "zero waste" target

Reuse

Materials (e.g., packaging materials), machinery Containers Batteries
Materials Recyclers «e Recyclers +e
Suppliers -« { Recycling & conversion J cariors $L e — ¢°
i system
Equipment [ }
manufactures - Remanufacture e
l Containers Electric battery

)

Terminal operators -«
|

* 1
3 { Seaport maintenance }

0 Repair e Repositioning

Seaport

.

Disposal

Source: desktop research; Roland Berger
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from crushed batteries using
hydrometallurgy or pyrometallurgy.
Recycling recovers limited resourc-
es, reduces mining impacts, and
mMinimizes new raw material needs.
Batteries with sufficient capacity

stationary energy storage backup.
Under normal circumstances, the
batteries replaced from electric
vehicles still retain about 80% of their
original capacity, offering potential
for recycling and reuse.

and health can be refurbished for

Case Study - Seaport of Rotterdam, Netherland

As one of the European Union's most crucial seaports, the Seaport of Rotterdam
has set targets to reduce its carbon emissions by 75% from 2019 levels by 2025 and
90% by 2030, with the ultimate goal of achieving full carbon neutrality. Seaport of
Rotterdam leveraged circular seaport pillar such as close materialloop and capture
carbon emission to reduce materials consumption and accelerate carbon neutral
process. To accelerate its carbon neutral process, the Seaport of Rotterdam has
leveraged its circular seaport pillars, such as closing material loops (initiated in
2018) to reduce material consumption and implementing carbon capture systems
(pilot launched in 2020) to mitigate emissions from its operations.

Case Study - Seaport of Rotterdam, Netherland
Leading the advancement of the seaport's circular economy by effectively
closing the material loop

2023 Quick Glance Circular Seaport Pillar
& Heavily Loaded Business Close - Establish On-site plastic recycle Value creation \il
. Container throughput: 13.4 mn TEU Material plant, annually convert 20,000
. Revenue: 841.5 mn Euro Loop tons Olf B?n"l'ﬂetc_hgr;'cqny - Reduces
. . N recyclable plastic into materials
Highly Committed Decarbonization renewable raw material consumption

& + By 2030, aims to reduce carbon emissions
by 90% compared to 2019 levels

« 2050 Carbon Neutral

- Increase
employment

Carbon emissions in the seaport and

industrial complex (mn ton) Capture » Launch carbonggbrurg

a1 Carbon program, Whlch.ls the first CO2 - Accelerate
25 Ercission storage projectin the carbon neutral
23 Netherlands, to further lower process

the carbon emission in seaport
area

2016 2019 2022

Source: Annual Report 2023 - Port of Rotterdam Authority; Roland Berger
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¢ On-site Green Electricity Power Supply:

Through the deployment of on-site
green electricity, the carbon intensity
of energy usage can be further re-
duced, and the risks associated with
instability from the external power grid
can be eliminated, providing a contin-
uous and stable electricity supply for
seaport operations.

¢ Reducing the Carbon Emission Factor
of Electricity: A commmon challenge
in Mmany regions is that the electric-
ity grid still relies heavily on thermal
power generation, resulting in a
high carbon emission factor. By es-
tablishing renewable energy power
plants within the seaport, the carbon
intensity of the electricity used can
be further reduced, leading to real
and measurable carbon reductions.

¢ Stabilizing Electricity Supply and
Energy Storage: Seaports require
a reliable and stable electricity
supply to support their operations.
Distributed power plants within
the seaport can help stabilize the
electricity supply and address the
risk of fluctuations caused by the
instability of the external power

grid. Additionally, integrating energy
storage and switching capabilities
can help manage the intermitten-
cy of renewable energy sources,
ensuring a consistent and reliable
power supply.

High Feasibility with Mature Technol-
ogies: Moreover, the technology for
on-site green electricity generation,
particularly through offshore wind
farms, has matured significantly in
recent years, making it a feasible
and viable option for seaports. By
establishing on-site green power
stations, seaports can also sell ex-
cess electricity to the grid, achieving
energy recovery and utilization.

Integrated Energy Management Sys-
tems: Beyond the power generation
aspect, seaports can also consider
implementing an integrated Energy
Management System (EMS) that
integrates the power generation,
distribution, and consumption within
the seaport. This can enable further
optimization of energy usage, lead-
ing to additional energy savings and
carbon reductions. =32
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On-site Green Power Supply: Establishment of distributed green power
plants helps seaports to further reduce carbon emissions while optimizing

operations

Major benefits of setting up on-site green electricity station

Reducing the Carbon Emission Factor of
Electricity

- Green power has a lower carbon emission
factor, and using green power can further
reduce overall carbon emissions

Stabilizing Electricity Supply and Energy
Storage

- Distributed power helps to stabilize the
electricity supply and address the risk of
fluctuations caused by the instability of the
external power grid

Source: desktop research; Roland Berger

Value Creation:

The synergistic approach, reinforced
by strategic external carbon offsetting
investments, positions the terminal to
potentially realize zero carbon emissions
under the most favorable circumstances.

Decarbonization: Thanks to the on-site
green energy supply, the seaport can
further reduce carbon emission and
able to reach net-zero in best case
scenario. Moreover, using artificial
intelligence algorithms, the layout of
seaport infrastructure can be opti-
mized to achieve more efficient oper-
ations. By analyzing large amounts of
data, the algorithm can determine the
optimal location and layout of facilities

High Feasibility With Mature Technologies

- Technology for on-site green electricity
generation, particularly through offshore wind
farms, has matured significantly in recent
years, making it a feasible and viable option
for seaports

Integrated Energy Management Systems

- Implementing an integrated Energy
Management System (EMS) to enable further
optimization of energy usage

to minimize vehicle travel distance
and energy waste. In addition, artifi-
cial intelligence algorithms can also
optimize vehicle routes to ensure that
vehicles reach their destinations in the
shortest possible route, further reduc-
ing vehicle travel distance and energy
consumption.

Economical Friendly: The TCO reduc-
tionin Phase lll comes from optimizing
the overall scheduling of the seaport
through the TOS system and feeding
basic data back to the TOS system
to coordinate ship plans and seaport
operations.

¢ Shorten Working Distance Through
TOS. Specifically, the seaport can
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integrate container location infor-
mation and vehicle travel data to
optimize container storage layout,
making vehicle working distances as
short as possible, thereby reducing
fuel consumption and emissions.
Additionally, the connectivity of TOS
and other related systems would
further elevate the operation effi-

ciency.

¢ Also, Improve Productivity. Through
data analysis, reduce the time work-
ers wait for quay crane operations,
improve loading and unloading
efficiency, achieve seamlesslink be-
tween ship berthing and departure

plans and seaport operations,
reduce ship waiting time, and lower
fuel consumption. Moreover, lever-
aging automotive function would
greatly mitigate the operation in-
stability brought by labor shortage.
>33

People Friendly: By deploying an
integrated intelligent seaport man-
agement system, it can intelligently
integrate data such as vessel arrival
times and cargo characteristics, and
formulate optimized plans for opera-
tions like unloading, marshaling, and
storage in advance. Operators only
need to issue commands through the

Economical Value Add in Phase lil: Through TOS deployment and productivity

enhancements, there exists significant potential for reducing TCO in the

future

ETT 2023 ‘ /l /l

Already Saved in Phase | & Il

End of Phase Il
ETT 2030
) os
e Productivity // T
DTT 2023 | /] /
DTT2030 | /] /
M Cost reductionlever [~ ! Potential carbon reduction lever

1) ETT is electric powered vehicle, DTT is diesel powered vehicle

Source: Roland Berger

{gk Key Saving Contributors

@ TOS Deployment: Operational Excellence >
v/

through Integrated Systems

- Implemented comprehensive Terminal Operating
System (TOS) to optimize seaport operations

- Integrated TOS with other critical systems for
end-to-end efficiency

) @ Productivity Boost: Mitigating Labor Shortage )

Impacts

- Leveraged intelligent and workforce
management strategies to minimize productivity
loss

- Stable operation and productivity supported by
on-site green energy power station
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system interface, and the intelligent

equipment can autonomously com-
plete the tasks, significantly reducing
manual preparation and repetitive
labor. The system also incorporates
human-machine interaction capabil-
ities, allowing it to adjust operational
processes according to employee
habits, enhancing the work experi-
ence.

Environment Friendly: Link various core
elements of the seaport, including
employees, systems, energy infra-
structure, etc., and unify the schedul-
ing of all systems within the seaport.
This shift allows for a transformation

from optimizing individual operations
to optimizing overall operations. By
linking employees, it is possible to
achieve more efficient employee shift
management and job coordination.
Linking systems enables intelligent
management and optimized usage,
leading to improved operational
efficiency and reduced failure rates.
Linking energy infrastructure allows for
effective utilization and conservation
of energy, thereby reducing opera-
tional costs. Unifying the scheduling of
all systems within the seaport enables
collaborative and optimized oper-
ations, resulting in improved overall
operational efficiency.
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Case Study - Seaport of Tianjin, China

The Seaport of Tianjin has undergone a remarkable digital transformation, le-

veraging advanced technologies to become a leading efficient, sustainable, and

worker-friendly seaport. At the heart of this transformation is the development of

an"intelligent seaport brain" - a cloud-based management system that integrates

all key seaport operations, from cranes and trucks to ships and cargo.

Case Study - Seaport of Tianjin, China

Intelligent interconnected all elements in seaport to achieve "DEEP" impact

& Workers Truck ¥ D bonizati
- Monitor & track work + Autonomous trucks, J ecarbonization
behaviors, reducing intelligent cross-
safety incidents , @ transport vehicles, and Reduce 20% energy
ang & optimizing scheduling FMS to assist drivers consumption per TEU
jin
7 ship Container #
. Economical friendl
Key points . Accurate . Container ground —_— Y
- Difficulties in prediction of intelligent Reduce 10% operation
unlocking station cost (22 vs.'21)

coordinating ship arrival time, \
various elements and planning of
: loading and
- High co2 J and b ‘
iei : unloading time m
emissions with 7 Crane 1al

huge workload
- Remote precise control

Port throughput of cargo loading and station loT connected seaport
unloading « ~60 million kwh/yr
J People friendly
~1,800 °
TOS Workers reside in the €OZY
kTEmnon Redlize Al-powered dispatching, unlocking planning function soon monitor house

"Intelligent Interconnection of Everything in the Port"

Value creation

. 3 sec toidentify

container locks Ecosystem friendly
Green energy supply # .
. Wind & PV power The world's first 100%

Source: Port of long beach 2022 Air Emissions Inventory; Roland Berger

A critical component of this intelligent sys-
tem is Tianjin Seaport's advanced Termi-
nal Operating System (TOS), which serves
as the fundamental foundation for the
seaport'sdigitalization. The TOS integrates
all seaport activities, using real-time data
analysis and optimization algorithms to
automate processes or loading, unload-
ing, and equipment management, and
will unlocking auto-planning function

soon.

This automation has been particularly
impressive, with Tianjin deploying a large
fleet of driverless IGVs for container trans-
portation. This has boosted efficiency,
allowing the smart terminal to move more
containers per hour than traditional ter-
minals, while also enhancing safety and
working conditions for operators. Seaport
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workers now monitor and control equip-

ment remotely fromm comfortable control

rooms.

Sustainability has also been a key priority,
with Tianjin Seaport transitioning to 100%
renewable energy from on-site solar and
wind sources. This has reduced the sea-
port's overall energy consumption and
carbon footprint, while ensuring stable
supply of green energy.

Key Considerations / Potential Challenges:

Adopt E2E Solution: Achieving the
goals of global carbon reduction and
operational improvement in seaports
is a complex process that cannot be
achieved solely through the upgrade
of individual devices and system
construction. In order to successfully
achieve this goal, it is necessary to
comprehensively consider the actual
pain points and have a deep under-
standing of the business and adopt an
end-to-end integrated solution from
the early planning and design, flexible
deployment of products to the final

operation and maintenance.

Optimize Data Recognition Technology:
The overall operation optimization of
seaports requires the adoption of a
more advanced bottom-up informa-
tion identification solution to achieve
full coverage and high accuracy of
bottom-up information input. Ad-
vanced technology and systems are
needed to collect, analyze, and utilize
bottom-up information, including the
use of sensors, monitoring devices,
and data analysis tools, as well as the
establishment of a comprehensive
information management system and
decision support system.

Collaborate with External Professional
Suppliers: Seaports need to seek
more professional service providers
from outside to provide technical and
services. The seaports have multiple
systems that need to be connected,
and professional partners can help the
seaports establish strong compatibil-
ity transmission standards to ensure
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smooth communication and data
exchange between the systems. At
the same time, as the amount of data
increases, the seaport's demand for
computing power will become more
prominent, requiring external partners'
computing power support.

Fundamental Lever - Digitalization

Digitalization is One of the Fundamentals
of Decarbonization Levers. Digitalization
helps to quantify decarbonization process
and standardize operations.

Quantify Operational Activities in Car-
bon Footprint Verification: Data plays a
crucial role throughout the entire pro-
cess of carbon footprint assessment,
quantifying all operational activities.
It permeates every stage, from data
collection, organization, and analysis,
to interpreting results and making
decisions. The accuracy and compre-
hensiveness of data directly impact
the outcomes of carbon footprint
assessments and subsequent decar-
bonization efforts. Therefore, ensuring
the reliability and timeliness of data
and employing scientifically effective
data management methods are par-
amount for achieving accurate carbon
footprint assessments and targeted
emission reduction measures.

Standardize Operator Behaviors: Using
data allows for the standardization of
operations for seaport workers. For

instance, monitoring and managing
the driving behavior of truck drivers.
By collecting and analyzing data on
driver behavior, such as driving speed,
acceleration, braking, etc., seaport
management can develop standard-
ized driving behavior guidelines and
training programs. Such measures not
only enhance the safety of truck driv-
ers and reduce accident risks but also
optimize internal freight logistics pro-
cesses within the seaport, improving
overall operational efficiency. Through
digital standardized operations, sea-
ports can achieve more efficient, safe,
and sustainable operations.

Also, the decarbonization transformation
of seaports relies on cutting-edge tech-
nologies, such as artificialintelligence, the
Internet of Things, and big data analytics.
Al technology can enable intelligent en-
ergy management systems to monitor
seaport energy consumption in real-time
and optimize adjustments based on data
analysis results, thereby reducing carbon
emissions. Moreover, Al technology can
enhance the efficiency and accuracy of
seaport freight logistics by predicting de-
mand and optimizing fleet scheduling to
reduce empty voyages and waiting times,
thus lowering energy consumption and
emissions. Additionally, Al technology can
optimize the operation and maintenance
of seaport equipment, increasing equip-
ment utilization rates and reducing energy
waste and carbon emissions. = 35
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Digitalization: The necessary path for decarbonization by quantifying decar-
bonization process and standardizing operations

o Data recording and analysis runs through the entire CFV1) process

- Establish CO, emission data asset management system, and quantify decarbonization

effect
Define CO, Calculate GHG Build Quality Mgt. Report the GHG
emission boundary Aemissions ASystem . emission findings
J \9) &),
j - Data collection - Data analysis - Data - Data visualization
&5 from different based on management by torelated
l sources calculation results labeling and stakeholders
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5& .(e Empowering decarbonization with advanced technology
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1) Carbon Footprint Verification
Source: Roland Berger

How to boost the decarbonization process?

2 key accelerators - 36

To attain the strategic goal of carbon
emission reduction, seaport operators
are encouraged to cultivate 2 core com-
petencies that are critical to this objective.

Extensible Platform: During the decarbon-
ization process, continuous upgrades and
iterations are required. Therefore, a mod-
ular and flexible structure is needed to
accommodate future modular iterations,
allowing for localized equipment up-
grades. An effective extensible platform
features the capability of flexible human
& machine interactability, adaptable

machine scalability and open-sourced
system compatibility.

E2E Solution: The "end-to-end solution”
for seaport decarbonization refers to
a comprehensive solution that takes a
holistic approach to reducing carbon
emissions from various aspects of sea-
port operations to achieve sustainable
development. This solution covers the full
life cycle services for seaport decarbon-
ization, from consulting and planning for
transformation and upgrading, financial
support for certain products, to delivery
of all necessary products, operation
and maintenance services, advanced
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How to Boost the Decarbonization Process: E2E solution and extensible
platform are the key accelerators to achieve "DEEP" impact

© Carbonreductionis a
systematic engineering © Scalable and flexible product
project that requires portfolio platform that meets the
coordination and customized needs of different

connection of various e o ° seaports
elements o
@ Project consulting
Energy supply @ @ Open system

Equipment <:, . Extensible
: E2E $O|utlon Platform 4 @ Equipmentupgrqde
Vehicle e @
Human-Computer interaction
Recycle

Source: Roland Berger

operational empowerment (providing product suite is divided into multiple
optimization suggestions based on equip- functional modules, with each mod-
ment performance), functional expansion ule responsible for specific functions
and upgrading, as well as recycling and and connected through standardized
reuse (such as battery recycling), provid- interfaces. Therefore, based on actual

ing a one-stop solution. needs, different functional modules

can be freely combined.

Extensible Platform . .
Advanced Machine Scalability: At the

Modularity, scalability, and an open archi- heart of the platform is a robust infra-
tecture are key characteristics needed structure that prides itself on its agile
to build an extensible product platform machine scalability, integrating the
that can sustain continuous iteration and latest technological advancements,

adapt to future upgrades. such as intelligent CHEs, into the

seaport's existing ecosystem without

Flexible Function Modularity: Adopting disrupting ongoing operations. This

a loosely coupled design, the entire
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Extensible Platform: An effective extensible platform features the capability
of human & machine interactability, machine scalability and system
compatibility

E2E Solution: Adopt anintegrated and customized solution with early planning
and coordination of various elements within seaport

Well-planned Well-connected
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allows for a smooth evolution of the
operational processes and keeps the
seaport at the forefront of industry
innovation.

Seamless System Compatibility: An
extensible platform should also allow
flawless interoperability among vari-
ous systems and devices, regardless of
the provider. By fostering compatibility
across different technological solu-
tions, the platform ensures cohesive
and uninterrupted seaport operations.
The importance of this cannot be
overstated, as it underpins data secu-
rity and mitigates the risk associated
with over-reliance on a single supplier.

This strategic vendor diversification
empowers seaport administrations to
maintain autonomy and resilience in
theircriticaloperationsinfrastructure.
~>37

E2E Solution

The development status of each seaport
varies, and the demands and pace for de-
carbonization and intelligentization differ.
Customized consulting and implementa-
tion solutions are needed to help seaports
establish the most suitable upgrade plans.
Adopt anintegrated and customized solu-
tion with early planning and coordination
of various elements within seaport.
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Well-planned: The decarboniza-
tion transformation of seaports is
a complex process that requires
forward-looking planning. From
consulting and planning, financial
support, product delivery, post-sales
maintenance, operational empower-
ment, and functional expansion and
upgrades to material recycling, every
step requires systematic planning
to achieve overall optimization and
upgrades. For example, to shorten the
distance traveled by trucks, adjust-
ments to the positioning and layout of
containers are necessary, and such
designs should be planned at the early
stages of the project.

Well-connected: At the same time,
seaport operators also need to con-
sider the synergy among various ele-
ments within the seaport. Therefore,
it is necessary to build an end-to-end
green energy network, a holistic sea-
port operation system architecture,
and a fulllife-cycle material circulation
network. These include machinery,
truck transportation, energy facilities,
and software systems, among others.
It is essential for these elements to
work together in harmony to ensure
the efficiency and sustainability of the
entire seaport operation. - 38
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Chapter 3

Replication and Variation:
Extend beyond the seaport to
other freight logistics
scendarios

Freight Logistics Decarbonization Whitepaper: LEAD the green wave, bring the DEEP impact

Revisiting the freight logistics industry
reveals that it involves multiple logistics
nodes, such as seaports, air cargo termi-
nals, railway ports, land ports, and man-
ufacturing hubs, as well as road freight
between different freight logistics nodes.

For these different scenarios, the "LEAD"
decarbonization methodology can be
adjusted and rhymed, with tailored mea-
sures taken based on their respective
characteristics and requirements, to de-
liver “DEEP” impact and jointly promoting
the green and net-zero development of
overall freight logistics industry.

Extendingto OtherFreightLogisticsNodes/
Hubs (e.g., air cargo terminals). Seaports,
air cargo terminal, railway port, and land
portsallserve askeyfreightlogisticsnodes,
sharing similar operational processes and
logic. This similarity presents a significant
opportunity for a seamless transition to-
wards green carbon reduction strategies.
Among them, air cargo terminals are
important representatives for replicating
seaport carbon reduction methodologies.

Air cargo terminals and seaports occupy

similar hub node positions in the freight lo-
gistics chain, both beingimportant places

for cargo distribution and handling.

Extending to Manufacturing Hubs (e.g.,
OEMs). Manufacturing hub logistics plays
acrucialrole inthe green decarbonization
of the overall freight logistics system, as it
directly impacts overalllogistics efficiency
and serves as the link between manufac-
turing and logistics.

Extending to Other Intermodal Nodes and
Road Freight Network. Compared to the
enclosed logistics node environment,
logistics network faces a more open and
dynamic condition environment, posing
greater challenges for digital transforma-
tion. Take road freight as an example, as
the connecting link between nodes, road
freight needs to further promote the over-
all green and net-zero transformation by
integrating transportation capacity and
data for better connectivity and supply
chain visibility. -39
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Comprehensive Freight Logistics Decarbonization: Build an integrated multi-
scenario green freight logistics model with a networked intelligence platform

Source
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Source: Roland Berger

Air cargo terminal - Decarbonization
by forming an integrated ground lo-
gistics network

The global climate change crisis is in-
tensifying, and the aviation industry, as a
mMajor emission source, is facing immense
pressure to reduce carbon emissions. In
2022, the International Civil Aviation Orga-
nization (ICAO) adopted a new long-term
global aspirational goal for international
aviation to achieve net-zero by 2050.

As one of the core businesses of the avia-
tion industry, the air cargo logistics needs
to undergo a structural upgrade to meet
the goal.

As critical supporting link in air cargo
logistics, the air cargo ground logistics

should involve structural upgrades and
transformations with the participation of
multiple stakeholders, including airlines,
airports, air cargo terminals and so on.

The decarbonization of air cargo ground
logistics can learn from the methodol-
ogies used by the seaport industry in
carbon emission reduction, but still faces
some unigue challenges and conditions.

Achieve decarbonization with safety as
a prerequisite. Due to the high safety
requirements of airports, strict safety
operating rules have been established.
In the process of air cargo logistics
decarbonization, the prerequisite for
business upgrades and transforma-
tions is to ensure that operations and
safety are not compromised.
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Adapt to the flexible and dynamic lo-
gistics plans. The characteristic of air
cargo logistics is flexible scheduling
and dispatching of operations. In tradi-
tionalmethods, workersrely on pagers,
phones, and other means to commu-
nicate schedule changes. Therefore,
there is a demand for adaptability and
flexibility in dispatching plans for new
ground service vehicles and equip-
ment.

Achieving overall intelligence upgrades
is challenging due to the involvement
of multiple roles. Air cargo logistics
involves multiple roles, the intelligen-
tization of individual processes in air
cargo logistics is difficult to implement

independently. It requires coordinated
upgrades to the workflow and infor-
mation flow through a systematic
roadmap for comprehensive intelli-
gentization upgrades. - 40

While the seaport “LEAD” decarbonization
methodology can be applied to air cargo
logistics, the approach to upgrading air
cargo operations will differ from seaports.

Compared to seaports, air cargo termi-
nals involve numerous entities. Establish-
ing connections between these entities
and ensuring smooth and intelligent
operations have been prioritized. There-
fore, “Linked ecology” needs to be pri-
oritized before deployment of intelligent

Decarbonization in Air Cargo Ground Logistics: Decarbonization by forming

an integrated ground logistics network

Pain points Solutions for "LEA"
[ Neosures |
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Zic:pirzl'sqhsig(;‘;;?;teyqsqcl;:\d%r;se 0 electric-powered (e g, tractors)
pe Electrification  ° Provision interfaces for future
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Source: Roland Berger
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equipment. Air cargo terminals will first
plan and optimize system processes, with
upfront design for each step to absolutely
avoid risks. Any potential collision hazards
posed by intelligent devices, especially in
the airside areas critical to aircraft and
personnel safety, cannot be overlooked.

Therefore, the decarbonization approach
for air cargo logistics is as follows:

¢ Electrification from Traditional Diesel:
Transition from diesel-powered to
electric-powered air cargo logistics
transportation equipment, such as
tractors. Also, provision interfaces for
future intelligent upgrades to enable
seamless integration with lower capi-
tal expenditure.

¢ Upgrade System and Achieve Seamless
Information Exchange: With systems
connected, facilitate seamless infor-

mation exchange across operations

and integrate business upgrades at
the process level to mitigate unneces-
sary carbon emissions.

¢ Deploy Al-driven Intelligent Equipment:
After conducting initial adjustments
and feasibility validation based on the
requirements of the air cargo terminal,
deploy intelligent equipment. This will
facilitate holistic green upgrades and
enable sustainable, low-emission air

cargo logistics.

Therefore, when upgrading various
aspects of air cargo logistics, it is neces-
sary to consider the overall roadmap in
advance. For instance, during the initial
electrification phase, provisions should
be made for the integration of electri-
cal equipment and systems in the next
phases, enabling continuous modular
upgrades and laying the foundation for
intelligent enhancements.
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Case Study - An Air Cargo Terminal Operator in Hong Kong

The leading air cargo terminal will collaborate with Westwell to introduce the
next-generation new energy autonomous cargo tractor. This solution consists of
two key steps:

Step 1: Testing and Validation. Transition from traditional fuel-powered vehicles to
electric vehicles, incorporating autonomous driving technologies and other intel-
ligent technologies across processes to achieve electrification and automation
upgrades in air cargo logistics ground transportation, validating the feasibility of
this upgrade approach.

Step 2: Implementation and Scale-up. Relying on this feasibility validation, proceed
with a more comprehensive deployment of intelligent solutions in the future (e.g.,
more complex routes). Through this approach, achieve the ultimate goal of green-
ing air cargo logistics ground transportation operations.

Case Study - An Air Cargo Terminal Operator in Hong Kong
Introduce intelligent transportation solution in air cargo logistics
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Manufacturing hub - Synergize in-
bound manufacturing hub logistics
with production pace

Manufacturing hub plays a crucial role in
the green decarbonization of the overall
logistics system, as it directly impacts
the overall logistics efficiency and serves
as the link between manufacturing and
logistics.

The decarbonization of manufacturing
hub logistics is similar to that of seaports,
but particularly, from the perspective
of specific scenarios, for industries that
require precise coordination between
manufacturing hub logistics and produc-
tion cadence, such as automotive manu-
facturing and electronics manufacturing,
the degree of difficulty in system integra-
tion and coordination is greater due to
the numerous production processes and
complex supply chains involved. These
industries necessitate systematic decar-
bonization solution planning and design.

In the process of replicating the "LEAD"
carbon reduction methodology from
seaports, manufacturing hub logistics
decarbonization shares some similarities
with seaport carbon reduction, such as
the need for electrification retrofits of
fuel-powered vehicles. However, manu-
facturing hub logistics also faces unique
challenges, the most significant of which
is the lack of an FMS relying primarily on
manual dispatching and complexity for
supply chain coordination.

Fleet dispatching relying primarily on
manual operations, lacking intelli-
gent systems. Compared to seaport,
manufacturing hubs lack an overall
dispatching management system,
resulting in a relatively low level of
digitalization in factories. This has led
to vehicle management primarily re-
lying on manual dispatching, making
intelligent upgrades more challenging
and urgent. Reliance on manual vehi-
cle dispatching leads to low efficiency
and generates unnecessary carbon

emissions.

Achieve synergy between systems and
equipment to precisely match produc-
tion rhythms across subsystems. Tra-
ditional manufacturing hub logistics
suffers from the "silo effect,” where
systems lack interconnectivity and
information sharing. To avoid this silo
phenomenon, data integration across
upstream and downstream stages
of the industrial chain is necessary.
Simultaneously, the production mode
emphasizes speed and flexibility to
cater to diverse, small batch demands.
This necessitates close integration and
ahigh degree of coordination between
logistics and production systems.
The logistics supply of components
and raw materials must be precisely
synchronized with the production ca-
dence, ensuring accurate positioning
and timely delivery.
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Accordingly, replicating the "LEAD"
emission reduction methodology from
seaports to manufacturing hub logis-
tics requires adopting corresponding
emission reduction measures based on
the differences in manufacturing hubs.
Among these measures, achieving sys-
tem integration and coordination through
the "Linked ecology" aspect is the most
crucial. »42

Electrification from Traditional Diesel:
Undertake electrification for the tra-
ditional fuel-powered vehicles used
for transporting materials and goods
within the manufacturing hub.

Adopt Intelligent Fleet Management
Systems: Compared to traditional

manual dispatching in manufacturing
hub logistics, an FMS can leverage big
data analytics and Al algorithms to
enable intelligent vehicle dispatching
and efficient operations. FMS can
minimize unnecessary transportation
mileage and energy consumption,
thereby significantly reducing carbon

emissions.

Emphasize System Integration and
Coordination: Given the critical im-
portance of coordination and syn-
ergy among various manufacturing
systems, achieving "Linked ecology"
is the most crucial lever for manufac-
turing hub logistics decarbonization.
A key factor is leveraging integrated

Decarbonization in Manufacturing Hubs: Synergize inbound manufacturing

hub logistics with production pace

Pain points

Solutions for "LEA"

Fleet dispatching relying
primarily on manual
operations, lacking intelligent
V| systems

QX7 -
Achieve synergy between

systems and equipment to
precisely match production
rhythms across subsystems

Source: Roland Berger
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- Undertake electrification for the
traditional fuel-powered vehicles
used for transporting materials and

Electrification goods within factory
- Adopt intelligent vehicle dispatch
systems with higher efficiency than
Al-driven manual dispatching
intelligence
- Emphasize system integration and
coordination. Achieve synergy
between vehicle transportation and
Linked factory production through a
ecology Production Transportation

Management System (PTMS)
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Plan Transport Management System
(PTMS) to connect vehicle transpor-
tation with factory production. On one
hand, it manages the gate, dock, and
FMS (Fleet Management System). On
the other hand, it connects with the
MES (Manufacturing Execution System)
and WMS (Warehouse Management
System), facilitating the exchange of
information between the production
and logistics processes. Through data
interaction and intelligent algorithms
with these systems, the PTMS provides
optimized transportation solutions for
the entire supply chain, enabling effi-
cient coordination between logistics
transportation, and manufacturing
operations.

Therefore, manufacturing hub logistics
intelligence solution not only directly
reduces carbon emissions, but also,
through efficient system coordination,
the transportation of production mate-
rials becomes smoother, enhancing the
efficiency of production cadence. This,

In manufacturing hub scenarios, the
intelligent scheduling system outper-
forms previous manual scheduling.

¢ Enhances transportation efficiency
in the logistics transportation pro-
cess within the scenario, thereby
contributing to overall efficiency
improvements.

0 Reduces carbon emissionsin the lo-
gistics transportation process (due
to theintelligent scheduling system's
superiority over previous manudl
scheduling, improving efficiency
and eliminating unnecessary emis-
sions caused by unclear routes),
thereby achieving overall carbon
reduction in the factory scenario
and contributing to the global green
and net-zero goals.

In manufacturing hub scenarios, the
integration of the logistics transporta-
tion process with the production side
enables overall operational efficiency

improvements.
in turn, lowers the carbon emission inten-
sity of the production stage, ultimately
achieving overall green operations for the
entire hub.
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Case Study - A Leading Domestic New Energy Vehicle Manufacturer

To achieve the decarbonization goal, the leading new energy vehicle manufacturer
is leveraging technological innovations to reduce carbon emissions and enhance
energy efficiency across its production processes and supply chain.

In this case, the solution was fully integrated into the vehicle manufacturer's pro-
duction system and precisely synchronized with the production cadence. While re-
ducing carbon emissions, it achieved coordinated collaboration between logistics
dispatching management and the production system.

Case Study - A Leading Domestic New Energy Vehicle Manufacturer
Develop overall intelligent solution in sync with existent manufacturing
systems
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Road freight - Networked intelli-
gence for better connectivity and
supply chain visibility

The transportation sector is a major con-
tributor to greenhouse gas emissions, with
road freight being a significant source.
Globally, the road transport and freight
sectors account for the largest share of
carbon dioxide emissions within the logis-
tics industry.

Road freight transportation plays a pivotal
role in connecting various logistics nodes.
In addition to decarbonizing its own oper-
ations, provided that decarbonization and
intelligence are sufficiently implemented
at each logistics node scenario, road
freight will also integrate the transporta-
tion capacity and data across the entire
logistics chain, enabling an end-to-end
decarbonization transformation for the
supply chain.

Also, as an open scenario, leveraging
digital means to achieve decarbonization
for road freight poses greater challenges
compared to logistics nodes such as sea-
ports. Theroadfreight scenariois complex
and dynamic, involving factors such as
varying routes, changing transportation
environments, multiple stakeholders, and
infrastructure constraints.

Therefore, inthe process of replicating the
"LEAD" carbon reduction methodology
from seaports, road freight decarbon-
ization shares some similarities but also

faces more unique challenges and op-
portunities.

Dataisinvisible,leading to ahigh degree
of data loss and significant lag. Road
freight transportation currently suffers
from a lack of effective data tracking
methods. Communication between
drivers and operators’ experiences
delays, making it impossible to obtain
a complete tracking chain. Conse-
quently, data queries are untimely
and plagued by missing information.
Also, the invisibility of road freight data
is reflected in the lag experienced by
shippers and freight forwarders in
obtaining information about vehicles,
goods, and containers during the
transportation process.

Difficulty in efficiently matching trans-
portation capacity achieving higher
economic benefits. As an open sce-
nario, road freight is greatly impacted
by fluctuations in market supply and
demand, leading to occurrences of
insufficient transportation capacity
and unstable freight rates. Therefore,
for players with their own transporta-
tion capacity need to consider how to
maximize efficiency within a certain
range of manpower while still being
able to provide high-compliance and
time-efficient transportation services
to upstream and downstream parties
in case of emergencies or exceptionadl
circumstances.
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Relying primarily on manual deci-
sion-making, supply chain planning
decisions are slow. Traditional road
freight supply chain planning heavily
relies on human experience and judg-
ment, making it difficult to achieve
precise planning and forecasting. Dig-
ital supply chain solutions are needed
to ensure efficiency.

Therefore, when replicating the "LEAD"
to road freight, corresponding emission
reduction measures must be adopted
based on the characteristics of road
freight as an open scenario. - 44

Electrification with Optimal Battery Size
or Charging Facilities to Ease Range
Anxiety: The battery range becomesa

Decarbonization In Road Freight:
nectivity and supply chain visibility

Pain points

critical challenge due to the demand
for long-haul transportation. One
dpproach is to optimize battery size
matching to increase the range per
charge; another approach is to deploy
rapid recharging facilities, such as
battery swapping stations, allowing
trucks to quickly swap battery packs
within a short time, thereby extending
the overall range.

Leveraging IOT Technologies, Deploying
Hardware and FMS for Better Manage-
ment and Monitoring: The scheduling
and management of road freight ve-
hicles need a comprehensive solution
as a foundation, including hardware
terminals mounted on vehicles and
cargo for data collection, a vehicle

Networked intelligence for better con-

Solutions for "LEA"

Datais invisible, leading to a
high degree of data loss and
significant lag

Difficulty in efficiently
% matching transportation
6/ capacity achieving higher
economic benefits

> Relying primarily on
88\8 manual decision-making,

(ﬁ supply chain planning
decisions are slow and lack
intelligence

Source: Roland Berger

tovers — Jl Feasures ]

- Transitioning from fuel to electric
power, coupled with optimal battery
size or charging facilities to ease

Electrification range anxiety
. Leveraging loT technologies,
deploying hardware and FMS for
Al-driven better management and monitoring
intelligence
- Establishing a supply chain data
sharing platform with more
stakeholders joining the ecosystem
Linked to enable efficient matching of
ecology vehicles and freight and controllable

supply chain forecasting
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management system, and intelligent
user terminals with mobile and PC
access. The deployment of this solu-
tion enables better management
and monitoring of fleet performance,
smart tracking of freight status, and
better management of logistic assets.

Establish a Supply Chain Data Sharing
Platform with More Stakeholders Join-
ing the Ecosystem, Enabling Efficient
Matching of Vehicles and Freight, and
Controllable Supply Chain Forecast-
ing: To achieve connectivity across
different logistics scenarios at various
nodes in the road freight sector and to
efficiently integrate logistics, energy,
and trade operations, a digital logistics
data platform needs to be established.

O Integrate core systems and data:
Integrate core systems within sea-
port, online freight platforms, and
intelligent user interfaces into the
unified data platform, enabling data
interoperability and business collab-
oration.

¢ Integrate data from upstream and

downstream processes: Interface
with upstream suppliers, down-
stream customers, and other sup-
ply chain stakeholders to achieve
seamless integration of order, trans-
portation, warehousing, and delivery
information flows, improving supply
chain transparency and collabora-
tion efficiency.

O By establishing a logistics data plat-
form in the road freight sector, effi-
cient vehicle-cargo matching, more
controllable supply chain predictions
(e.g., estimated time of arrival), and
overall supply chain planning and
scheduling can be achieved.

Therefore, by promoting truck electrifica-
tion, intelligence systems, and establishing
asupply chain dataintegration platformin
the road freight sector, not only is decar-
bonization achieved in this segment, but
aninterconnected and highly transparent
ecosystemis also built for the entire supply
chain, driving the green transformation of
the whole chain. - 45
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Solution Overview - Supply Chain Data Integration Platform

Define the future of connecting everyone and everything in the logistics

industry with data

Supply chain dqtq integration platform

Smart load
Smart doc

Smart VBS Seoport

Smart container @
identification : Logistkics
355 0 parl
Air cargo f

erminal
@
. Energy
On-board station
Applications Monuchtunng
A
Euturelconnected|logisticsidatalplatform!

Source: Westwell; Roland Berger
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Vehicle terminal
box
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Decarbonization
Optimize scheduling and capacity
matching to reduce empty

backhauls and lower carbon
emissions

Economical friendly

Granular management of fleets,
containers, and cargo assets to
extend lifespan and control losses

Environment friendly

Build an interconnected and
highly transparent industry
ecosystem

People friendly

Reduce waiting times and
improve driver's and other
operators' performance
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Chapter 4

Call to Immediate Action:
Implications for freight
logistics companies
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Global green and net-zero development

has become an overarching trend. For
the freight logistics industry, actively pro-
moting carbon reduction transformation
is not only an inevitable path to fulfilling
socialresponsibilities but will also become
another core competitiveness for future
competition.

In the actual process of promoting green
and net-zero transformation, digital
means will help enterprises accelerate
the decarbonization process, while en-
terprises also need to strategically plan.
Therefore, enterprises need to refer to the
systematic "LEAD" decarbonization meth-
odology. This methodology takes digitali-
zation as the foundation and through the
three stages of "Electrification”, "Al-driven
intelligence", and "Linked ecology", it
outlines a clear phased decarbonization
roadmap for enterprises, guiding them
to comprehensively implement tech-
nological innovation and operational

optimization, thereby achieving decar-
bonization goals and realizing the "DEEP"
values.

After successful implementation in
seaports, the "LEAD" approach will be
gradually replicated and promoted to
other sectors. However, in the process of
replication and promotion, it is necessary
to carefully assess the pain points and
differentiated needs of different scenar-
ios and make targeted optimizations and
adjustments to the solutions to ensure
the applicability and effectiveness of the
"LEAD" methodology.

"A journey of a thousand miles begins
with a single step". For freight logistics
enterprises, the time to embark on the
decarbonization journey has arrived. By
applying intelligent technologies and
innovative solutions, the freight logistics
industry can not only effectively reduce
carbon emissions but also collectively
move towards a greener, net-zero future.
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About Westwell

Established in 2015, WESTWELL swiftly emerges as an industrial
frontrunner by leveraging advanced Al capabilities to digitalize
and decarbonize logistic industries.

Westwell develops and deploys smart NEVs (new-energy
vehicles) and Al-driven intelligent industrial solutions and
systems for multiple logistic scenes, including seaports, air cargo
terminals, manufacturing hubs, railway logistics, cross-border
transportation, road freight and supply chain platforms.
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With abusiness footprint across 18 countries andregions, Westwell
empowers clients with a diverse array of value propositions.
These solutions drive heightened efficiency,improved economics,
enhanced safety standards, and a steadfast commitment to
fostering environmentally sustainable practices and ESG values
within the logistics industry.

About Roland Berger

Roland Berger is one of the world’s leading strategy consultancies
with a wide-ranging service portfolio for all relevant industries
and business functions. Founded in 1967, Roland Berger is
headquartered in Munich. Renowned for its expertise in
transformation, innovation across all industries and performance
improvement, the consultancy has setitself the goal of embedding
sustainability in all its projects. Roland Berger revenues stood at
more than EUR one billion in 2023.




Let’s talk

Our team of experts has extensive experience in implementing
intelligent carbon reduction solutions for freight logistics
companies worldwide. Please don't hesitate to contact us for
further information and to discuss potential solutions for your
organization.
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