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A Hybrid Strategy for Port Equipment Electrification 
The Case for Dual Use of Batteries and Hydrogen Fuel Cells 

By Charles Myers, MAH2 
 
 
Executive Summary 
 
As ports transition away from diesel-powered equipment toward electric alternatives, decision-makers 
face a critical technology choice: lithium-ion battery systems or hydrogen fuel cells. A growing body of 
evidence and operational experience supports a third option—strategically deploying both technologies in 
a hybrid approach. This white paper outlines why a dual-pathway model offers the most pragmatic, cost-
effective, and resilient means of achieving efficient, uninterrupted port operations. It explores application-
specific examples, explains how system redundancy enhances goods movement continuity, and offers a 
phased roadmap to guide implementation. 
 
Matching Technology to Application: Role-Specific Alignment 
 
Port equipment encompasses a diverse array of vehicles and 
machinery, each with its own energy profile, usage pattern, and 
operational constraints. From low-duty maintenance vehicles 
operating within short ranges, to heavy-lift container handlers 
and cranes that run around the clock, the spectrum of 
applications is vast. Differences in runtime, torque 
requirements, shift schedules, refueling needs, and equipment 
mobility all factor into what power system is most appropriate. 
A singular energy technology is unlikely to efficiently serve the 
full spectrum of these needs, making it critical to align 
technology selection with specific operational roles. A hybrid 
strategy allows port operators to deploy each technology where it performs best: 
 

Equipment Type Typical Duty Cycle Best-Fit Technology 
Yard Tractors (Moderate Use) 8–10 hours/day, scheduled shifts Battery Electric 
Container Handlers (Heavy 
Lifts) 

Long idle + peak power demands Hydrogen Fuel Cells 

Forklifts (Light–Medium Use) Intermittent use indoors Battery Electric 
Straddle Carriers High daily utilization, 24/7 ops Hydrogen Fuel Cells 
Mobile Harbor Cranes High torque needs, burst 

operations 
Hydrogen Fuel Cells 

Maintenance Vehicles Low duty cycle, overnight parking Battery Electric 
 
By deploying hydrogen fuel cells for equipment with long duty cycles and high power demand, and 
battery-electric systems for lower-load, shorter-shift vehicles, ports can minimize downtime. Hydrogen-
powered systems enable fast refueling and long runtimes, making them ideal for equipment that must 
operate continuously or with minimal interruption. Battery-electric units are better suited for vehicles with 
defined shift cycles and overnight charging opportunities, which helps avoid idle time during energy 
replenishment. 
 
This approach also reduces maintenance complexity by matching energy systems to the mechanical 
stress and thermal conditions experienced by each equipment class. Battery systems, for instance, are 
often more reliable in light-duty applications with frequent stop-start motion, while hydrogen systems 
avoid the heat-related degradation that may occur in high-load battery usage. 
 
Aligning capital investment with actual usage helps ports avoid over-engineering solutions. Battery 
systems can be deployed with relatively low upfront infrastructure costs for small or mid-size vehicles, 
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while hydrogen investment can be reserved for larger equipment where the benefits of quick refueling and 
continuous operation justify the cost. 
 
This tailored strategy extends equipment lifespan by avoiding over-discharge, overheating, or 
underutilization of either energy system. Equipment reliability improves as each system is operated within 
its optimal parameters, reducing breakdowns and ensuring consistent availability. 
 
Finally, ports can deploy energy infrastructure more efficiently. Instead of scaling up grid capacity for the 
entire fleet or building hydrogen storage that exceeds actual needs, each system is sized appropriately. 
This enables more efficient land use, smoother permitting, and better return on infrastructure investment. 
 
Operational Redundancy and National Resilience 
 
A critical benefit of a hybrid electrification strategy lies in building operational redundancy—leveraging two 
distinct and independent energy supply chains to sustain port operations. In a sector where uptime is 
paramount and logistical delays can cascade through regional and national supply chains, maintaining 
continuity is more than a convenience—it’s a necessity. Redundancy in this context is not merely a 
safeguard; it’s a core component of infrastructure resilience. 

 
Battery-electric and hydrogen fuel cell systems offer contrasting 
operational characteristics, and when combined, allow ports to 
maintain equipment uptime even in the face of system-level 
disruptions. Each system provides a backstop for the other. If 
the electrical grid becomes strained—due to high demand, 
heatwaves, or natural disaster impacts—battery charging 
capacity may be reduced or unavailable. In such cases, 
hydrogen-powered equipment can maintain cargo throughput 
using on-site fueling stations or mobile hydrogen trailers. 
 

Conversely, hydrogen supply can face its own vulnerabilities. Transportation delays, pipeline disruptions, 
or delivery scheduling conflicts may interrupt availability. Battery-powered systems, drawing on local 
electrical supply or backup generation, can continue serving yard operations, container movement, and 
intra-terminal transport. This duality ensures there is always a viable energy pathway to keep equipment 
in service. 
 
The cyber-resilience of ports also benefits from a dual system. Battery-electric charging infrastructure is 
often networked, remotely monitored, and integrated with smart port systems. This introduces cyberattack 
vectors that, if exploited, could disable large portions of battery-reliant fleets. Hydrogen fueling stations, 
particularly when operated in standalone or manual configurations, offer an operationally independent 
fallback that can preserve throughput under digital threat conditions. 
 
These benefits extend to national logistics continuity. Ports designated as critical infrastructure—including 
those supporting Department of Defense logistics or serving as FEMA distribution hubs—must 
demonstrate the ability to continue essential functions under stress. By having parallel energy systems in 
place, such ports can ensure rapid recovery, flexible response to unpredictable events, and consistent 
cargo movement, all of which support national economic and strategic objectives. 
 
Equally important is the confidence this hybrid model offers to maritime carriers and shipping alliances 
that rely on just-in-time operations and time-sensitive cargo delivery. Knowing that a port has resilient 
systems in place to avoid energy-related disruptions provides reassurance to these stakeholders, who 
must make route selections and cargo commitments months in advance. Reliability in terminal operations 
becomes a key factor in global logistics planning, and ports with built-in energy redundancy are better 
positioned to attract and retain high-volume, time-sensitive business from international partners. 
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Multiyear Pathway for Hybrid Implementation 
 
Planning and executing a hybrid electrification strategy requires thoughtful sequencing of investments, 
technologies, and training. Rather than attempting to deploy battery and hydrogen infrastructure 
simultaneously, a stepwise roadmap enables ports to assess performance, respond to lessons learned, 
and scale deployment with confidence. Each phase builds upon the success of the previous one, 
reducing the risk of overreach and allowing integration teams to stay focused on manageable priorities. 
 
Sequencing offers practical benefits. Battery-electric systems can be introduced quickly in areas where 
grid access and light-duty use cases already exist, while port operators prepare for the more involved 
permitting and fueling requirements of hydrogen systems. Early battery deployments provide immediate 
operational data, which can inform hydrogen system planning and infrastructure placement. 
Simultaneously, this staggered approach minimizes workforce disruption, enabling gradual cross-training 
of maintenance and operations staff. 
 
From a financial perspective, this phased approach is a smart use of capital. It avoids the need for 
simultaneous large-scale investments in both battery charging and hydrogen fueling infrastructure. 
Instead, ports can allocate capital incrementally—developing battery systems while exploring hydrogen 
supply partnerships and piloting high-duty-cycle applications. This reduces financial strain and supports 
budgetary flexibility, aligning infrastructure spend with evolving operational insights and available funding 
incentives. 
 
Below is an example four-year pathway: 
 

Year 1: Planning and Battery Deployment 
 

 Conduct port-wide energy and operations audit (target completion: within six months) 
 Begin deployment of battery-electric yard tractors and forklifts 
 Install charging systems in low-complexity zones 

 
Year 2: Hydrogen Deployment Starts 
 

 Deploy hydrogen equipment for high-utilization container handlers 
 Partner with hydrogen suppliers for on-site or trailer-based fueling 
 Train personnel in dual-technology maintenance and safety protocols 

 
Year 3: Infrastructure Scale-Up 
 

 Expand charging and fueling systems based on early performance 
 Integrate dual-fuel fleet management software 
 Launch hybrid mobile service fleet (battery + hydrogen maintenance support) 

 
Year 4 and Beyond: Optimization and System Redundancy 
 

 Analyze operational performance data for cost-benefit refinement 
 Phase-in hydrogen for straddle carriers and harbor cranes 
 Establish fallback operational protocols and cross-fuel contingency drills 

Risk Management and Mitigation Planning 

Implementing a hybrid electrification strategy at ports involves a complex interplay of capital investment, 
operational readiness, supply logistics, and regulatory alignment. To ensure long-term success and avoid 
disruption, a structured risk management framework must be integrated into the planning and deployment 
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process. This section outlines key risk categories—economic, operational, regulatory, and 
technological—and presents corresponding mitigation strategies that ports can adopt. 

Hybrid systems inherently support risk mitigation by diversifying energy sources, equipment applications, 
and supply dependencies. However, without proactive planning, even a dual-energy model can fall short 
during system shocks. The following table maps potential risks to actionable countermeasures. 

Table: Risk Scenarios and Mitigation Strategies 

Risk Category Scenario Impact Mitigation Strategy 

Energy Price 
Volatility 

Sudden increase in 
hydrogen fuel prices or 
electricity rates 

Raises OPEX; may 
affect cost parity 
between systems 

Negotiate long-term supply 
contracts; enable dual-fuel flexibility 
to shift operations based on real-
time cost; monitor market 
benchmarks monthly 

Grid Outage or 
Congestion 

Power failure, extreme 
weather, or demand 
overload 

Charging systems 
become inoperable; 
battery fleet halted 

Maintain hydrogen trailer backups 
and on-site refueling capacity; invest 
in on-site solar + battery microgrid as 
fallback 

Hydrogen Supply 
Chain Disruption 

Delivery delays, shortage 
of green hydrogen, or 
carrier incidents 

Refueling halted; 
high-utilization 
equipment idled 

Use battery-electric equipment for 
time-limited operations; develop 
diversified hydrogen sourcing (e.g., 
multiple vendors or backup trailer 
storage) 

Policy or 
Regulatory Shift 

Changes to state or 
federal incentives; new 
emissions regulations; 
fuel carbon scoring 
revisions 

Changes cost basis 
or compliance 
requirements 

Design hybrid approach to maintain 
adaptability under shifting mandates; 
retain eligibility under multiple 
programs (LCFS, IRA, CEC grants) 

Technology 
Obsolescence or 
Vendor Failure 

Supplier exits market; 
newer equipment makes 
earlier investment 
suboptimal 

Stranded assets; 
unsupported 
maintenance 

Use interoperable equipment with 
open communication protocols; 
phase deployments to limit risk 
exposure; maintain updated vendor 
risk register 

Tenant Adoption 
Resistance 

Tenants delay or avoid 
electrification due to site 
constraints or cost 
concerns 

Infrastructure 
underutilized; lower 
ROI on shared 
assets 

Offer lease incentives, shared 
infrastructure, and mobile 
refueling/charging support; increase 
outreach and technical assistance 

Cyber or Security 
Threats 

Attack on networked 
charging systems or 
digital fleet management 
tools 

Operational 
downtime; data 
breaches 

Design air-gapped hydrogen fueling 
systems; conduct periodic cyber 
resilience audits; maintain manual 
fallback procedures 

Embedding Risk Planning into Operations 

Proactive risk planning ensures that ports are not only prepared for disruption, but can continue to deliver 
uninterrupted service even under stress. Incorporating risk drills, supply chain scenario testing, and 
tenant engagement workshops into regular operations helps normalize resilience practices. Maintaining 
diversified supplier relationships, shared infrastructure models, and flexible energy options supports both 
financial and operational continuity. 
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Performance Metrics and KPI Evaluation 
 
To ensure the long-term success and continuous improvement of a hybrid port electrification strategy, it is 
essential to establish clear Key Performance Indicators (KPIs). These metrics provide the quantitative 
foundation for decision-making, help evaluate return on investment, and build stakeholder confidence—
whether from tenants, funders, or regulators. A well-designed KPI framework should assess operational 
efficiency, financial performance, infrastructure utilization, and stakeholder engagement. 
 
The following categories and example metrics can be adopted or adapted by port authorities to track 
progress: 
 
1. Operational Efficiency 

 
 Equipment Uptime Rate: % of time each equipment class is available for use (target: >95%) 
 Turnaround Time per Container: Minutes/hours to move a container from ship to yard (or vice 

versa) 
 Refueling/Charging Time per Unit: Median time to replenish energy per asset type 

 
2. Cost Performance 

 
 Fuel Cost per TEU Moved: Aggregated fuel or electricity cost per TEU of cargo handled 
 Maintenance Cost per Operating Hour: Disaggregated by technology (battery vs. hydrogen) 
 Ten-Year TCO Variance: Measured deviation from projected TCO by equipment category 

 
3. Infrastructure Utilization 

 
 Charging Station Usage Rate: Average % of time charging assets are in use 
 Hydrogen Dispenser Throughput: Kilograms dispensed per month compared to design 

capacity 
 Mobile Refueling Deployment Frequency: Number of mobile trailer dispatches per month 

 
4. Tenant Engagement 

 
 Tenant Participation Rate: % of port tenants adopting hybrid-compatible equipment 
 Incentive Program Enrollment: % of eligible tenants utilizing lease or cost-share incentives 
 Tenant Satisfaction Score: Survey-based performance index (e.g., Net Promoter Score) 

 
5. Financial and Strategic Return 

 
 Infrastructure ROI: Net benefit realized over cost of charging/fueling systems (10-year horizon) 
 Grant Capture Rate: $ funding secured per $ requested, across federal and state programs 
 Resilience Index: Composite score evaluating continuity during disruptions (energy, weather, 

cyber 
 

Regular tracking and public reporting of these KPIs help establish accountability, identify improvement 
areas, and justify further capital investment. Many of these can be benchmarked against peer ports or 
tracked over time to monitor system maturity. 
 
Site-Specific Infrastructure Optimization 
 
Port terminals are highly heterogeneous environments, shaped not only by geography, cargo types, and 
existing utility infrastructure, but also by the division of operational responsibility between ports and their 
tenants. In many ports, the equipment used for cargo handling is not owned by the port authority itself but 
by terminal operators or private tenants who lease space and facilities. These tenants often develop and 
execute their own procedures, schedules, and maintenance protocols, all of which influence how and 
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Port of Boston Port of Los Angeles / Long Beach

where electrification technologies can be applied. A successful hybrid energy strategy must be adaptable 
to these decentralized operating models. 
 
Tenants are typically cautious about 
adopting technologies that require them to 
make permanent infrastructure 
investments—especially those involving 
fixed refueling stations or electrical 
upgrades—on property they do not own. 
Without lease incentives or direct capital 
contributions from the port, tenants may 
hesitate to commit to long-term charging 
or fueling infrastructure. Therefore, ports 
that offer flexible solutions, such as shared or mobile fueling options and lease benefits tied to 
infrastructure deployment, will be better positioned to encourage tenant adoption of zero-emission 
technologies. 
 
A hybrid strategy enables ports to accommodate a wide range of tenant preferences and site 
configurations. In inner-terminal congestion zones with constrained layouts, mobile hydrogen refueling 
trailers can serve multiple tenants without requiring fixed station construction. Similarly, battery charging 
stations can be installed in shared staging yards or in leased areas where overnight idle time is 
predictable. When coordinated with port authorities, this flexible siting supports tenant operations without 
encumbering them with inflexible infrastructure costs. 
 
Remote yards or satellite lots, especially those outside the main grid loop, pose another challenge. 
Tenants operating in these zones may not have access to sufficient grid capacity or be willing to wait for 
utility upgrades. Deploying hydrogen trailers or coordinating shared fueling points on port-managed land 
provides immediate electrification pathways while reducing the capital burden on individual tenants. 
 
At the vessel berths, where shore power systems are increasingly common, battery-electric equipment 
can take advantage of existing grid infrastructure. Ports can allocate these zones for operations that 
naturally support battery use, such as cargo transfers during vessel loading. In contrast, rail-intermodal 
yards—often operated by separate rail tenants or logistics providers—may demand hydrogen-powered 
solutions due to variable load cycles and unpredictable energy spikes. 
 
This level of site optimization, when managed by the port authority in collaboration with tenants, allows 
electrification to scale across multiple operational models. It enables strategic infrastructure placement, 
promotes tenant buy-in through adaptable solutions, and ensures that electrification does not become a 
barrier to tenant competitiveness or flexibility. In turn, the port as a whole benefits from broader adoption, 
smoother coordination, and better alignment with long-term infrastructure planning. 
 
Conclusion 
 
The global maritime and logistics industry is entering a decade of transformation, marked by the need for 
strategic infrastructure investment, supply chain modernization, and energy diversification. In this 
environment, electrification is no longer optional—but how it is implemented matters greatly. Ports must 
adopt approaches that balance technical practicality with operational flexibility. A hybrid strategy that 
utilizes both lithium-ion battery systems and hydrogen fuel cell technologies offers a resilient and 
adaptable model for this transition. 
 
Unlike single-technology deployments, a hybrid approach reduces exposure to any one failure mode. It 
allows ports to tailor solutions to operational realities, geographic constraints, tenant preferences, and 
utility limitations. This flexibility enhances operational confidence and enables port managers to make 
equipment and infrastructure decisions aligned with each terminal’s unique conditions, rather than 
imposing a uniform approach across dissimilar operations. 
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Moreover, hybrid deployment is a financially responsible strategy. It enables phased capital spending, 
supports competitive procurement from diverse technology providers, and reduces long-term risk 
exposure. This is not a compromise—it is a forward-looking strategy rooted in systems thinking, one that 
reflects the complexity of modern ports and the demands of national and international logistics. 
 
By investing in both technologies now, ports can:  
 

 Ensure continuity during energy disruptions 
 Scale cost-effectively across diverse terminal needs 
 Phase in new systems while maintaining cargo throughput 
 Empower tenants with flexible options for equipment electrification 
 Strengthen competitiveness in global shipping networks 

 
Hybrid deployment is not a compromise. It is a strategy built on resilience, pragmatism, and adaptability—
the same values that define successful ports. 
 
Footnotes 
 

1. “Zero-Emission Cargo Handling Equipment Feasibility Study”, Port of Long Beach, 2022. 
2. U.S. Department of Transportation, Maritime Administration (MARAD), Port Resilience Planning 

Guidelines, 2023.  
3. California Energy Commission (CEC), “Hydrogen Fuel Cell Forklift and Yard Tractor 

Demonstration Project”, 2021.  
4. International Association of Ports and Harbors (IAPH), “Smart Ports and Hybrid Energy Systems”, 

2022.  
5. Oak Ridge National Laboratory, “National Critical Infrastructure Vulnerabilities: Grid and 

Hydrogen Redundancy”, 2020. 
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Appendix: Cost Comparison and Quantitative Analysis 
Battery vs. Hydrogen at Ports 

 
This appendix provides an example-driven overview of capital and operational costs associated with 
battery-electric and hydrogen fuel cell systems in a port environment. While real-world costs vary by 
geography, vendor, utility rates, and usage profiles, the figures below illustrate representative cost 
structures to help guide investment decisions. 
 
Capital Expenditures (CAPEX)  

 

Equipment Type Battery-Electric Unit Hydrogen Fuel Cell Unit 

Yard Tractor $450,000 $650,000 

Container Handler $1.1 million $1.5 million 

Forklift (Class I, 5,000 lb) $80,000 $95,000 

Straddle Carrier N/A $3.2 million 

 

Infrastructure Battery System Hydrogen System 

Charger (50–150 kW) $35,000–$75,000 N/A 

Hydrogen Fueling Trailer N/A $750,000–$1.2 million 

Permanent Hydrogen Station N/A $4 million+ 

 
Operating Costs (OPEX)  
 

Cost Category Battery Hydrogen 

Energy Cost per kWh or kg 
equivalent 

$0.10–$0.18 per kWh 
$8–$12 per kg H2 (equiv. to 
$0.26–$0.40/kWh) 

Maintenance Cost (Annualized 
per unit) 

Low ($2,000–$4,000) Moderate ($5,000–$10,000) 

Refueling/Charging Time 
2–8 hours (depending on 
charger) 

<15 minutes 

 
Example: Ten-Year Total Cost of Ownership (TCO) Assuming 2,000 operating hours per year: 
 

Equipment Battery TCO Hydrogen TCO 

Yard Tractor ~$650,000 ~$880,000 

Container Handler ~$1.7 million ~$2.3 million 
 
Insights from Comparison  
 

 Battery systems offer lower initial equipment and energy costs, making them ideal for predictable-
shift operations.  

 Hydrogen systems cost more upfront but offer faster refueling and superior uptime, essential for 
equipment used around the clock or at remote terminals.  

 Shared fueling infrastructure or mobile hydrogen refueling trailers can offset the high fixed cost of 
hydrogen stations. 
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Port-Wide Strategic Application 
 

 Use battery systems for forklifts, light-duty tractors, and vehicles with idle time or shore power 
access. 

 Use hydrogen systems for container movers, cranes, or assets requiring 24/7 availability or rapid 
turnaround. 

 
Translating Performance Gains into Operational Cost Savings 
 
In addition to the capital and operational costs summarized above, equipment performance advantages—
especially faster refueling and longer runtimes—translate into measurable economic value in port 
environments where uptime is directly linked to throughput and revenue. 
 

 Shorter Refueling Time Equals Higher Equipment Availability 
 
Hydrogen-fueled equipment can be refueled in less than 15 minutes, compared to 2–8 hours for 
battery charging. For high-utilization assets such as container handlers or straddle carriers 
operating multiple shifts per day, this translates into hundreds of additional productive hours 
annually. When amortized over a 10-year service life, the operational availability gain can offset 
higher capital costs and avoid the need to procure backup units to maintain throughput during 
charging cycles. 
 

 Reduced Equipment Fleet Size Through Higher Utilization 
 
Equipment that can be rapidly refueled and returned to service enables fleet right-sizing. Rather 
than purchasing extra units to cover downtime, operators can maintain a smaller fleet operating at 
higher capacity. This reduces capital expenditure and maintenance costs over the long term. 

 
 Lower Labor Costs from Streamlined Operations 

 
Shorter energy replenishment cycles also reduce operator idle time and allow for tighter 
scheduling of cargo movement tasks. For operations paid on a per-container or per-shift basis, 
this improves labor productivity and reduces costs per container moved. 
 

 Avoided Delay Penalties and Schedule Risk 
 
Ports supporting just-in-time supply chains often face penalties for missed berthing windows or 
container delays. The uptime reliability of hydrogen equipment, particularly under high-load and 
peak-demand conditions, helps prevent costly disruptions tied to energy replenishment delays. 

 
By incorporating these performance-linked benefits into cost modeling, ports and their tenants can more 
accurately assess the true economic advantage of hybrid deployment—not just in dollars per kWh or 
equipment price tags, but in system-level efficiency, throughput gains, and lower total cost per container 
moved. 
 
 

  



10 
 

Appendix: Tenant Engagement Strategy for Hybrid Electrification 
 
Implementing a hybrid battery and hydrogen strategy at ports requires meaningful coordination with 
terminal tenants, who often own and operate the cargo-handling equipment in use. To support 
widespread adoption and avoid misaligned investments, port authorities can take a proactive role in 
guiding tenants through the transition. The following strategy outlines key elements that port authorities 
can use to encourage tenant participation and ensure smooth implementation. 
 
1. Communicate the Strategic Benefits 

 Emphasize that the hybrid approach ensures operational resilience for all terminal tenants, 
helping them avoid productivity losses during grid outages or hydrogen supply interruptions. 

 Position the port as a partner in ensuring continuity of terminal operations, which protects tenant 
revenue and cargo flow. 

 Show how this approach avoids a one-size-fits-all mandate, allowing each tenant to adopt the 
energy source best suited to their equipment and operation profile. 

 
2. Offer Infrastructure Coordination and Support 

 Commit to developing shared-use charging and fueling infrastructure where feasible, reducing 
upfront investment burdens on tenants. 

 Provide lease incentives such as longer terms, reduced land-use rates, or cost-sharing grants for 
tenants willing to host or help finance fixed charging or fueling installations. 

 Coordinate timelines with tenant procurement cycles to reduce disruption and promote alignment. 
 
3. Provide Access to Mobile Solutions 

 Ensure early availability of mobile hydrogen refueling trailers and portable charging systems for 
use in zones where fixed installations may not be immediately feasible. 

 Support tenants who lease flexible or temporary parcels by offering access to nearby 
infrastructure hubs, enabling them to electrify equipment without permanent site investments. 

 
4. Facilitate Technical Guidance and Funding Access 

 Offer workshops and one-on-one consulting support for tenants to assess their fleet readiness, 
charging needs, and refueling patterns. 

 Act as a liaison to regional, state, and federal funding sources, helping tenants apply for rebates, 
grants, or tax incentives. 

 Provide pre-approved vendor lists and guides to streamline tenant procurement and compliance. 
 
5. Build Tenant Confidence in Port Commitment 

 Highlight that by working together, tenants can benefit from economies of scale in energy 
procurement. Aggregated demand allows ports and tenants to negotiate better energy supply 
terms, optimize fuel delivery logistics, and reduce per-unit energy costs for both battery charging 
and hydrogen refueling. 

 Encourage cooperative infrastructure models where tenants can jointly use refueling and 
charging facilities, reducing capital and maintenance costs while maximizing utilization of shared 
assets. 

 Publicly share the port’s electrification roadmap, timelines, and milestones to show progress and 
strategic direction. 

 Incorporate tenant representation into planning committees to ensure their operational needs are 
reflected. 

 Regularly communicate success stories and early results to promote peer learning and normalize 
adoption. 

 
By offering clear benefits, minimizing risk, and supporting the cost and logistics of infrastructure 
deployment, ports can make hybrid electrification a shared success. The goal is not just infrastructure 
deployment—but building a resilient, tenant-inclusive system that keeps goods moving and terminals 
competitive in a rapidly evolving logistics landscape.  
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Appendix: Global Maritime Outreach Strategy 
Making the Case to the Shipping Community 

 
To attract and retain shipping alliances, global carriers, and international logistics providers, ports must 
communicate their strategic advantages clearly and credibly. A hybrid electrification strategy provides 
ports with a powerful narrative—one that highlights continuity, flexibility, and risk mitigation in cargo 
movement. This section provides a recommended outreach framework to position the hybrid strategy as a 
market differentiator in discussions with the global maritime community. 
 
1. Reliability and Continuity of Operations 

 
 Emphasize that ports using both battery and hydrogen systems are less vulnerable to single 

points of failure. Grid interruptions, fuel shortages, and infrastructure damage are mitigated by 
diversified energy pathways. 

 Reinforce the message that the port has the ability to maintain full cargo operations during crises, 
ensuring uninterrupted vessel service and cargo turnover. 

 
2. Infrastructure That Keeps Pace with Vessel Innovation 

 
 Explain how the hybrid model complements emerging vessel decarbonization strategies—such 

as ammonia- and hydrogen-fueled ships—by signaling port readiness to support clean fuel 
transitions. 

 Offer to coordinate on joint infrastructure development or pilot programs to align port-side and 
shipboard innovations. 

 
3. Faster Turnaround and Schedule Adherence 

 
 Highlight that hybrid-fueled ground equipment can be tailored to terminal activity, ensuring fast 

response times and high availability. 
 Promote the value of rapid hydrogen refueling and opportunity battery charging in minimizing idle 

time and meeting tight vessel schedules. 
 
4. Port-Wide Scalability Without Over-Commitment  

 
 Describe how the strategy enables phased and scalable investment in energy infrastructure—

avoiding disruptions or premature overbuilds that could affect vessel berthing or equipment 
access. 

 Showcase a pathway that aligns port energy infrastructure development with increasing vessel 
calls and throughput. 

 
5. Strategic Positioning in the Global Network 

 
 Communicate that this port is actively planning for long-term resilience, cargo fluidity, and 

collaboration with carriers. 
 Position the port as a forward-thinking partner that understands the risk landscape of the modern 

supply chain and is equipped to ensure continuity. 
 
By demonstrating thoughtful energy diversification, responsiveness to shipper needs, and capacity for 
uninterrupted operations, ports implementing a hybrid strategy can establish themselves as leaders in 
reliability and logistics support. This strengthens their position in carrier routing decisions and promotes 
long-term commercial partnerships with the global maritime community. 
 
 


