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This document provides an overview
of key steps and supporting analyses
required for the transition to electric
container handling equipment

About this document

This document highlights workforce implications in the shift to battery-electric
container handling equipment (BE-CHE). It outlines expected role and skill changes,
especially in maintenance and safety departments, and offers guidance for
planning smooth, collaborative transitions. This document is designed to support
terminal operators, port authorities, OEMs, and other stakeholders. It aims to reduce
implementation hurdles of BE-CHE by offering a clear understanding of workforce
impacts. It is part of the broader ZEPA effort to accelerate port decarbonisation and
ensure that green investments include workforce readiness.

About ZEPA

The Zero Emissions Port Alliance (ZEPA) was formed expressly to accelerate port
decarbonisation. Container terminals are our focus because the electrification of
container-handling equipment is one of the most immediately addressable source of
port emission. ZEPA aims to accelerate take-up of battery-electric container
handling equipment (BE-CHE) among terminal operators by making BE-CHE
affordable and accessible by 2030.

The Secretariat is hosted by Systemiq and is responsible for

SYSTEMIOQ
managing ZEPA’s day-to-day operations and coordinating

member activities, including research and analysis, project
management, and industry engagement.
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Investing early in reskilling the workforce will be key to ensuring
a seamless transition towards battery electric container
handling equipment (BE-CHE)

Developing BE-
CHE skills in the
workforce will
enable adoption

The shift is not
radical but a
natural evolution
of existing
capabilities,
within the
terminal and in
the wider port
ecosystem

The container terminal workforce plays a central role in enabling a sustainable, low-carbon economy

Jobs across the terminal value chain will evolve, but most changes are positive, gradual and
manageable for the workforce

Investing in electric equipment must go hand in hand with investing in workers’ skills, safety, and
success'

Within the container terminal, maintenance crews experience the most significant changes,
shifting from mechanical to electrical and digital work. Operators, schedulers and first
responders will see minor changes:

— Maintenance roles will require (re)skilling in electrical systems. These changes will be gradual, as
electric vehicles get phased in while the diesel fleets reaches end of life

— Operators will experience health benefits, such as low-vibration driving, less noise, no exhaust gas,
and only require minimal retraining

— Schedulers may need to adapt workflows to accommodate BE-CHE charging, depending on the
charging strategy used

— Emergency response roles stay largely unchanged, but the response protocol for battery fires will
need to be updated

Outside the terminal, more electrotechnical capabilities will be required in the full value chain of
battery-electric container handling equipment (OEMSs, infra, and port)

Notes: [1] More information can be found on WRI, Systemiq (2025), Jobs and skills for the new economy — An action agenda for people-centered climate transition



Investing early in reskilling the workforce will be key to ensuring
a seamless transition towards battery electric container
handling equipment (BE-CHE)

From insights to
action - Reskilling Three actions for a future-ready workforce:
needs must be
mapped, invested
in, and co-
designed and

delivered together
with the workforce Deliver: Roll out curriculum with OEM, national regulator, port authority and

and wider union input, using best practices and promoting inclusive strategies

= Map and invest: Identify evolving skills needs and invest early to build
capacity

Co-design: Build training with work forces, OEMSs, unions and training
providers

ecosystem
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As the transition to BE-CHE gains momentum, workforce (re)skilling is essential
to ensure a smooth transition and build tomorrow’s green careers

Why workforce skills matter in the transition towards battery-electric

Build tomorrow’s green careers

= Protects jobs by ensuring today’s
workforce has the skills to thrive in
tomorrow’s low-carbon terminals.

= Supports worker growth and
retention, as people are more likely
to stay when they see clear
investment in their development.

=  Preserves critical know-how by
helping experienced staff transition
into new technical roles rather than
losing expertise.

Ensure a smooth transition to BE-CHE

= Keeps workers and operations safe as
high-voltage systems and batteries introduce
new risks that require updated competencies
and standard operating procedures.

= Prevents bottlenecks by ensuring sufficient
operators and technicians can use and
maintain BE-CHE reliably and at scale.

= Reduces downtime and avoidable damage,
enabling better battery and charger
performance; critical for unlocking total cost of
ownership benefits.

Sources: WRI, Systemiq (2025), Jobs and skills for the new economy — An action agenda for people-centered climate transition; ZEPA member interviews ZEFH
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Jobs across the container handling equipment value chain will evolve,
but most changes are positive, gradual and manageable

Within the terminal operators’ organisation

@ Operators

Role
changes

Skills
changes

Transition
outlook

eseee QOverarching port

ecosystem

Reduced health impact from

noise, vibrations, exhaust

fumes, and lift torque enables higher
precision

Added charging duties

» Executing charging tasks

Recognizing and managing
battery fire risks and hazards

v

Only limited familiarization
with new vehicle needed

Overall, increased operator
satisfaction

Notes: 1. Internal Combustion Engine = ICE
Sources: ZEPA member interviews

Shift from mostly mechanical
systems (ICE" engines) to more
electrical and digital systems
(motors, batteries, power electronics)

Increase in electro (technical)
maintenance sKkills

Use of remote monitoring tools
Recognising and managing
battery fire risks and hazards

v

Significant shift in skills toward
electrical systems, but the transition
will be gradual as diesel fleets are
phased out

Ease of (re)skilling transition:

Lty
EEH Schedulers

Charging strategies may affect how
tasks are scheduled

Battery charge levels and charger
availability become part of daily
planning

Digital monitoring of vehicles and
chargers

Coordination of charging schedule &
managing potential charge outages

v

Moderate increase in planning
complexity especially during
transition phase, but digital systems
of BE-CHEs and chargers will offer
clearer insight into terminal activities

Deep dives on next pages

Easy Moderate

Emergency
responders

Similar role, but different risks, e.g.,
fire incidents are less frequent but
need to be managed differently

Updating emergency response
protocols

* Recognizing and separating battery

and ICE" fire risks
Handling battery fires

v

Targeted (re)skilling is required as
BE-CHE are phased in, ensuring
emergency responders can safely
handle new risks

» Key stakeholders include component OEMs, vehicle and charger OEMs, supporting infrastructure providers
(e.g., grid operators), overarching terminal managers and ports authorities.

* New technical skillsets are emerging in areas such as large battery cell and pack design and manufacturing, high-voltage safety,
power systems engineering, permitting and safety.
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@ WLl A Maintenance E Schedulers & Emergency responders  ### Overarching port ecosystem

As electrified vehicles closely resemble diesel vehicles, only limited reskilling is
required for operators

Operator cabin of a
diesel-based terminal tractor

Operator cabin of an
electric terminal tractor

Terminal operators note it only takes
operators 1-2 hours to become familiar
with driving and charging BE-CHE as
the vehicles are almost identical

The material differences which will require
reskilling are:

» Driving: manage stronger acceleration and
deceleration of electrified vehicles

+ Charging: learn the correct charging procedure

* Fire safety: learn how to identify early warning
signs of fire and evacuation procedures

Sources: Input and pictures from ZEPA members ZEFH

Zero Emission
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@ WLl A Maintenance E Schedulers & Emergency responders  ### Overarching port ecosystem

Operators will benefit greatly from BE-CHE, through reduced health impact

Transitioning to BE-CHE provides

large (health) benefits for operators Which lead to positive response from operators

The electrical Terminal Tractors are much
Quieter operation more comfortable to drive

— DP WORLD OPERATOR IN CALLAO (PERU)

Smoother, low-vibration driving

33

The control panel is clear and the joystick
response is faster

— AQABA CONTAINER TERMINAL

New electric trucks are comfortable and fast

- operators are keen to get behind the wheel
Better lift torque allowing for more precise
handling — PATRICK TERMINALS

% Cleaner air with no exhaust fumes

Sources: ZEPA member interviews ZEFH

Zero Emission
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Maintenance

Notes: 1. Ship-to-Share crane; 2. Rubber-Tyred Gantry crane; 3. Please note, OEM training and any national certification requirements must already start from the beginning of the transition period.

¢ Operators EH Schedulers

& Emergency responders

## Overarching port ecosystem

The changes for maintenance crew will be gradual, as electric vehicles get
phased in while the diesel fleet ages

implications

A

Transition

Diesel fleet

period

v

Electric fleet
and chargers

Build-up of electrical and
digital skills, trouble-shooting
of first electric CHE

Dual-fleet maintenance may
require extra space as both
systems have different
requirements (isolation, floors,
tools, etc.)

Sources: ZEPA member interviews

Maintaining both fleets, electrical and
digital tasks and skills grow gradually

As diesel phases out, terminals
can scale up existing electrical
expertise and skills developed
through maintaining STS" cranes,
RTGs?, and other electrified
equipment

Phase-out of ICE tasks as ICE
fleet reaches end-of-life

Growing share of BE-CHE
increases the need for further
ramping up OEM-led training to
build technician capability in high-
voltage diagnostics and software-
based troubleshooting.?

Fully electric

With a largely electric fleet,
digital monitoring and
smart charging enable
predictive diagnostics,

earlier fault detection, and

more reliable, data-driven
maintenance.
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@ Operators EH Schedulers & Emergency responders  ### Overarching port ecosystem

With the shift to electrical vehicles, tasks related to the power train will shift,
raising need for electrical expertise

= BE-CHE have fewer moving parts, reducing maintenance time spent on the vehicle’

= Maintenance focus shifts from mechanical to electrical systems

Diesel vehicles > Electric vehicles

Hydraulic System Service

Tire changes

Main Brake system service
maintenance ;
tasks for fleet Structural repairs
Air Filter Replacement

Suspension

Oil changes : . . .
Powertrain- Electrical system and connections inspections
specific
maintenance Exhaust Systems Service
tasks

Cooling System Service _ o . o
Digital (predictive) maintenance monitoring

; o _ Battery maintenance (cooling liquid, pack change)
Engine and Transmission Service

Fueling specific Fuel System Service Charger maintenance

Notes: 1. E.g., ZEPA members highlight a decrease of ~60% in maintenance time vs diesel, highlighting 2.5 hours versus 6 hours per 250 hours of use for electric terminal tractors and straddle carriers. ZEFH

Sources: NAM Rentals (2025) Electric vs Diesel equipment; ZEPA member interviews Zero Emission
Port Alliance 15




@ Operators A Maintenance [R=RRIECNEG & Emergency responders  ### Overarching port ecosystem

Depending on the charging strategy, schedulers may need to adapt workflows
to integrate BE-CHE charging

Charging strategy Implications for scheduling

Diesel CHE

Vehicle rotation

Depot charging

Depot charging with
staggered breaks

Opportunity charging

Battery swapping

Reference case: scheduling currently aligned to diesel

If the charging strategy is “vehicle rotation”, the scheduling changes because of drive time to/from charger and
operator rotation time?

Risk of high scheduling disturbance if power is unavailable to charge the vehicles

If the charging strategy is “depot charging”, high precision in break timing is required to avoid scheduling or empty-
battery disruptions throughout shifts

Risk of high scheduling disturbance if vehicles charge insufficiently during breaks

If the charging strategy is “depot charging with staggered breaks”, work planning becomes more complex because
groups pause and resume activities on different schedules.

Risk of high scheduling disturbance if vehicles charge insufficiently during breaks

If the charging strategy is “opportunity charging”, difficult-to-predict waiting time and charging add high complexity in
scheduling

Risk of high scheduling disturbance if idle time is insufficient for charging

If the charging strategy is “battery swapping”, the scheduling changes because of drive time to/from swapping
station and the associated time it takes to swap batteries

Risk of high scheduling disturbance if swapping station fails, no manual alternative

Note: [1] Specific impact depends on if rotation schedule is organised per ‘crew’ or terminal wide.

Sources: Expert input

Interested to learn more?

= Read more detailed information on

e o charging strategies in ZEPA’s d,

Voluntary Standards

The shift to BE-
CHE and smart
charging also
enhances real-
time visibility
across the yard,
giving schedulers
insight into vehicle
location, vehicle
status, battery
level and charger
status for more
efficient planning
and dispatch

DOWNLOAD



https://www.zepalliance.com/publications-tools
https://www.zepalliance.com/publications-tools
https://www.zepalliance.com/publications-tools

@ Operators A Maintenance

EH Schedulers & SNETCENTGACET LT 4t Overarching port ecosystem

Emergency response roles stay largely unchanged, with minor updates to
manage changing battery fire risks

Local training and learning is key to manage new (battery) risks

Local Health, Safety, and
Environment (HSE) team

Local maintenance team

Local operators

Local Fire Department

Interested to learn more?

Set up battery-fire safety workshop with operating staff, emergency response team and fire operators. Expand
knowledge and ensure team stays informed as best practices evolve within the container handling industry.

Include equipment thermal monitoring in preventive maintenance plans. Practice drills for hazard identification and battery
isolation. Drills should be conducted with safety team, local fire brigade and OEM.

Be trained on how to identify early warning signs of fire (e.g., popping sounds, hissing, vapor) and evacuation
procedures. Training materials must be visual and language-adapted, focused on what signs to notice and how to act. Perform
regular inspection of battery / equipment and telemetry monitoring for equipment malfunction.

Participate in joint site walkthroughs and understand EV-specific hazards (e.g., reignition risks, battery disconnect method to
reduce electrocution risk, expected duration of fire incident).

Read more about the transitioning fire .
== -‘-_- risk in ZEPA’s report on BE-CH Battery li, DOWNLOAD
Fire Risk and Safety report
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https://www.zepalliance.com/publications-tools
https://www.zepalliance.com/publications-tools
https://cdn.prod.website-files.com/663fd2d863c081c0c2b209e1/68ee2057a3697afc00aa9604_ZEPA_BE-CHE_battery_fire_risk_and_safety-A_transitioning_fire_risk_profile_EN.pdf

@ Operators A Maintenance £ Schedulers ﬁ Emergency responders B MONYET o 1T To W o Yol g WISV Yoy

The full value chain is transitioning: OEMs, infrastructure, terminals and ports
will also require more electrotech capabilities

Across the full value chain, ICE" power train related capabilities will gradually be phased out, while electrotechnical capabilities will be
in high demand. Key new capabilities include large battery cell and pack design and manufacturing, high-voltage safety, power
systems engineering, permitting and safety.

Overview of phased-out ICE aspects and
phased-in electrified aspects or the container handling value chain

Component OEMs Vehicle and charger OEMs ST PLne) i P e U1 Port authorities
operators

ICE power train manufacturing Diesel vehicles manufacturing * Fuel production, delivery and Fuel bunkering oversight
ICE system — storage
phased out + Simple grid connection
aspects
» Large battery cell and pack + Electric vehicles manufacturing * Renewable power generation, » Port-wide grid planning &
manufacturing - Charging systems transmission, distribution, oversight
Electrified « Electric drivetrain manufacturing storage and load management « Electrical safety compliance
sys:;zme;tgew manufacturing . Vehicle-charger-Energy « High-capacity grid connection monitoring
4 * Inverters, power electronics Management System
handling communication systems
Notes: Notes: 1. Internal Combustion Engine = ICE ZEFH
Sources: ZEPA member interviews Zero Emission

Port Alliance 18
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To accelerate the BE-CHE transition, reskilling programs should be developed in

close coordination with the wider port ecosystem

Terminal Operators OEMs
* Invest early in workforce (re)skilling to create structured * Map electrical systems in
1 (re)skilling paths for roles most affected, especially maintenance manuals with clear, self-
maintenance. explanatory and comprehensive

Map + Map evolving tasks and skill needs across operations, illustrations and guidance, ensuring

needs & maintenance, safety, and scheduling for mixed diesel— manual§ are available in the _
Invest electric and full-electric fleets. appropriate local language to avoid
Deep dive on next page barriers
+ Include workforce in the design of (re)skilling * Develop clear technical
2 programmes to ensure training relevance and engagement documentation and open access to
diagnostics and maintenance and spare

* Partner with OEMs and training providers to assess
standard training availability and costs, and (where needed)
co-design modules and certification programs.

parts manuals

Co-design

» Optionally, include digital tools such as AR/VR where

relevant?
3 » Deliver curriculum with OEM, national regulator, port * Provide training packages adequate
authority and union input to the specific local needs of terminal
Deliver « Where possible, collaborate with local and technical teams
schools

Notes: 1. Augmented and virtual reality could improve overall retention, motivation and training effectiveness (an example can be found here).
Sources: ZEPA member interviews

Wider port
ecosystem

Promote inclusive
reskilling strategies
ensuring access for existing
workers and new entrants

Leverage synergies with
other (emerging) high
volume electrification
market segments to
leverage best practices and
reduce transition complexity

Deep dive on next page

Share best practices and
certification standards to
harmonise training across
ports

=EPH
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https://pdf.sciencedirectassets.com/308315/1-s2.0-S2352146523X00088/1-s2.0-S2352146523004040/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEIv%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJIMEYCIQDHYTj9XiN%2FLDkRN7Xanh43tKf2tEVHUkMtvcoDhrD4xwIhAPd%2F0AKZR%2BMKFHZxYI5Qqj79EAmDBxC7xwHbXaRULeMBKrMFCFQQBRoMMDU5MDAzNTQ2ODY1Igy4gnG486wQZKTMI4oqkAUOJPwCmW%2BY467Qj0lthM%2F95VLkgnEI4HaupPCmRX%2BSVjjKzmTUKCXN2evix36NUkboET8ZOa5nsRjZjZdBwrQQL70wYo3eCriDOs3Alzc9qk6fwFCTDNysKSikC6zo5T55DYv0BaJTfyaJvEf4rr8EjBRKxaE9lRQ94jUqlU9nYZQKs27CWWCL%2FMx6XhA9jKAJJqlMeYBC3ihgqZXJ%2B37tstNKGzvmtLxGNcTeSOBeW8hsSqepzavyO21IBogk3g71W24QK%2B5SKYa5JylwvQE53Soc7il04D4ydiSH5%2FBx8QTdoPnDn0VkTRWAlrpfrgfrTlZtT5T4UxMizai655ZZy0lvO%2FfWT2Kpu1%2BgJuXGdL1Gq9CkNs%2Fzf3WoW5hTBAHksQ92Qy8aeovryBGl6zLC%2BNFT1Ssb7Qd7F7N%2BlpkxygimyQZCnnnNsZkPeW1F2%2FdhRaD7LN%2B6l0KyxZaFt4jIg12NGdMaOyxAZPN6MCeG42uyGEsjYFkH%2BoKeX8U4Aghc6hFGrg49FpVC6Oei%2BngPNY6QT3eEP4N%2BfObO9pNmJHgRTon7DlDJ286ZrNwPawPXdhbheVvmxKkbqHN33jERY2P37OatfAN3qMy8Y4nbZy9mLvUNBgJoEOFXop%2FyoG%2F3m3vU4vhRm3eT5twWI8Rr%2F3JKHoSMYqudulRfzs2vj5G2ovXF9sf4NGhbCegKO8DgR9MzQne0%2FkFSP07FSuOW9pn9F410sKB0rp6vX0zm5ex%2FDdQi4ntJomTcfsKBpypMXBusxtbaNUpnBEOKFUl%2FpeA0o3fJIob5vl5zpM%2BGNW9R%2B3dc0hdS6wm8NTbT0ZmPWQCBmtuJAsqVo%2By6MO9G3Ej%2BtbmIrnXOQF%2Fai08HWzDGr%2BLLBjqwAYt3SnscQ8Hm1wZinFoKoIQtvHlzX%2BalfhgCgDq4m%2F8z4d38sg6wK3sks7YyqMfKnFe50wtQknUdc%2BpUToKGN7mXoMNO8zMApmBPDFTM6ShzCQSyeZiTLX71c%2B5QwaCXV5sOE6Toq5Ir3mOIZvAfZVxZy0xHoY3C0SR4NFMvQlDs%2Fspnxor%2BM9nwjhKgGd4U7FsrVt7rvlRARTE9YHppZF0XNjli6U3xSKmpAJYrbiId&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20260127T113015Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY73TUGMB7%2F20260127%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=d84450a22b130e4b1ec8355160ec256f1003b9ed10e11fad64f5f294d0696839&hash=14808955fca92a63d142cb5cfc77649d15f650be4161786e8fbff673ed7b73c1&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S2352146523004040&tid=spdf-47e235fd-975f-415b-9eba-f61cdae7cdb7&sid=4ad8b84075b58349b0

1. Map needs & Invest 2. Co-Design 3. Deliver

Investing in a future-proof, green workforce delivers broader benefits, from
talent retention and attraction to social license to operate

Talent retention Talent attraction License to operate
% 92% @
94% 0

of employees would stay at a company longer if it of employees prioritize learning and development Investing in skills that align with future-proof, green
invested in their career when choosing between employers jobs increases companies’ license to operate

Workforce transitions are most successful when workers are partners in the process, not passive recipients.
Codesigning training with the targeted employee group increases relevance, uptake, and trust.

CASE STUDY
At Patrick Terminals Fremantle, a training team consisting of experienced and respected operators was instrumental in the successful adoption of electrified TTs. The training
team was brought along to the TT OEM to get a first look at the vehicles, instructed the operators on how to use the vehicles, and acted as feedback channel from operators to
terminal management throughout the transition. Terminal operators were also included in selecting the charger locations, to limit workflow disturbances.

Sources: Linkedin (2025) Workplace Learning Report; Linkedin Developing Employees and Improving Performance; Schreer IMC, the data behind the Great Upskill ZEFH
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1. Map needs & Invest 2. Co-Design 3. Deliver

As other sectors electrify, leveraging synergies with (emerging) high volume

market segments can ease the transition

Relevant high-volume market segments such as passenger cars are electrifying rapidly

Global electric car sales, 2014-2024, millions

Rest of World PHEV - United States PHEV Europe PHEV - China PHEV
Rest of World BEV - United States BEV Europe BEV China BEV
18 -
16 -
i ) ]
12 - ]
107 -
8 -
6 | — g B
4 -
2 | . _— — =
0 — — ——

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

These sectors are facing similar workforce shifts, such as:
» Training operators on charging procedures

* (Re)skilling maintenance personnel

* Preparing emergency responders for battery fire risks

Notes: BEV = battery electric vehicle; PHEV = plug-in hybrid vehicle. Includes new passenger cars only.
Sources: |[EA (2025) Global EV Outlook 2025

Using cross-sector synergies can help container handling

operations move up the learning curve faster

:)

Adopting standardized components and
protocols can streamline training and support
an efficient workforce transition, while also
supporting interoperability

Sourcing key maintenance skills, maintenance-
as-a-service and emergency response

protocols from high-volume adjacent markets,
such as passenger EVs can increase accessibility

Integrating standardized training and
certification frameworks from other battery-
electric equipment sectors can accelerate
workforce readiness and facilitate mobility between
terminals and sectors

=EFPHR
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Disclaimer

The ZEPA Secretariat provides this report for
informational  purposes only. The data and
comprehensive analysis it contains reflect our
commitment to delivering accurate, insightful findings.
While we have worked diligently to make sure the report
is reliable and clear, we recognize it may have areas
needing further refinement. Information contained in this
report is made as at the date of publication. The ZEPA
Secretariat does not have any obligation to update or
otherwise revise any information reflecting circumstances
arising after the date of publication.

To the extent permitted by law, nothing contained in this
report shall constitute any representation or warranty and
no responsibility or liability is accepted by the ZEPA
Secretariat as to the accuracy or completeness of any
information supplied herein.

Decisions made by individuals or entities based on
information in this report are their own responsibility. The
ZEPA Secretariat shall not be held accountable for any
outcomes resulting from the use of this information. Users
are encouraged to conduct their own research and
consult with qualified professionals before making
decisions related to this material.
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