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Hydrogen Primer for Prospective Investors

Understanding Hydrogen’s Role in Achieving Net Zero — and Why It Matters for Heavy
Transportation, Shipping, Aviation, and Trucking

Why Hydrogen — and Why Now

The global push toward Net Zero emissions is reshaping the energy, transportation, and
industrial economies. More than 145 countries, representing over 90% of global GDP, have
announced carbon-reduction targets. Corporations, financial institutions, and regulatory
bodies are aligning capital, incentives, and policies to accelerate decarbonization across
sectors.

But reaching Net Zero requires solving a challenge that battery-electric solutions alone
cannot address:

Many sectors — especially heavy-duty transport — operate with energy demands, duty
cycles, and uptime requirements that exceed the limits of batteries and the electrical grid.

This is where hydrogen becomes essential.

Hydrogen is not a competitor to renewable energy — it is the storage, transport, and
conversion system that enables renewables to scale across high-demand industries. It
provides:

¢ High energy density (more energy per unit weight than batteries)
e Rapid refueling and continuous uptime

e Long-range capability under heavy load

¢ Independence from grid constraints

¢ Compatibility with existing fleet operations

Hydrogen is uniquely suited for sectors where electrification is impractical or uneconomic
— especially trucking, shipping, rail, aviation, industrial energy, fertilizer, steel, cement,
and backup power.

What Is Hydrogen — and Why It Matters for Clean Energy

Hydrogen is the most abundant element in the universe and can be used as a clean
fuel when produced through low-carbon methods.
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Hydrogen Production Pathways (Color Overview)
e Grey Hydrogen
Produced from natural gas, high emissions.
e Blue Hydrogen
Grey hydrogen with carbon capture and storage (CCS); reduced emissions.
e Green Hydrogen
Produced via electrolysis powered by renewable energy —
near-zero lifecycle emissions and the long-term global objective.

Green hydrogen aligns with Net Zero policy goals because it:
¢ Converts renewable electricity into a storable energy molecule
e Enables fueling and power without grid dependence
e Supports high-intensity industrial applications
e Replaces fossil fuels in hard-to-decarbonize sectors

Why Batteries Alone Cannot Solve Heavy Transportation Decarbonization

Battery-electric vehicles (BEVs) play a strong role in passenger mobility and light-duty
fleets, but they face major structural constraints in heavy transportation:

Challenge Impact on Heavy Transport
Battery weight Reduces payload revenue

Long charging times Causes downtime loss

Grid dependency Requires costly megawatt upgrades

Range degradation under load Limits operational routes
Performance in heat/cold Shortens battery life and range
Fleet uptime requirements Incompatible with charging cycles

Hydrogen solves these limitations through:
e 10-15 minute refueling
e High energy density with lighter systems
¢ Range suitable for long-haul routes
¢ Diesel-like driver experience
e Consistent performance across environments

For heavy-duty logistics, hydrogen is not an alternative technology — it is the only scalable
pathway to zero emissions.
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Hydrogen in Class 8 Trucking

Heavy-duty trucking is one of the most energy-intensive segments of the transportation
economy. Fleet operators require:

e Longdaily ranges

e High payload capacity

e Minimal downtime

¢ Predictable fueling

e Cost-efficient operations at scale

Why Hydrogen Wins in Trucking
¢ Comparable refueling time to diesel
¢ No battery-weight payload penalty
e Better economics over long-distance routes
¢ Lower total cost of operation at scale
e Ability to refuel at centralized, corridor-based stations

Hydrogen trucking adoption is accelerating across:
e Portdrayage
¢ Regional haul
e Long-haulinterstate freight
e Distribution and logistics fleets

The largest bottleneck today is not vehicles — it is fueling infrastructure.
Hydrogen in Aviation

Aviation accounts for ~2-3% of global emissions but a disproportionately high share
of warming impact due to altitude emissions.

Batteries are too heavy for long-distance aircraft, but hydrogen enables:
¢ Fuel-cell propulsion for regional aircraft
¢ Hydrogen-derived synthetic aviation fuels
¢ Massive lifecycle emissions reduction potential

Hydrogen’s aviation role includes:
¢ Hydrogen-powered commuter planes (100-500 mile routes)
¢ Synthetic e-fuels blending for long-haul flights
e Airport-based hydrogen production and distribution ecosystems

Several major aerospace manufacturers and airlines are actively developing hydrogen
aviation platforms — consistent with long-term regulatory alignment.
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Hydrogen in Maritime Shipping

Global shipping produces ~3% of CO, emissions, and the IMO has committed to deep
decarbonization targets.

Hydrogen enables maritime decarbonization via:
¢ Hydrogen fuel cells for port and short-sea vessels
¢ Ammonia and methanol (hydrogen-derived fuels) for deep-sea shipping
e On-port hydrogen fueling & production hubs

Ports are becoming first-wave hydrogen hubs because they sit at the intersection of:
e Logistics
e Freight corridors
e Industrial fuel demand
e Governmentincentives

Hydrogen adoption in maritime is already underway — particularly in Europe and Asia —
and U.S. deployment is accelerating.

Hydrogen’s Role in the Net Zero Energy System

Hydrogen is a system-wide enabler, not just a vehicle fuel.
It supports:

e Energy storage for intermittent renewables

e Industrial heat processes

¢ Chemical and fertilizer production

e Grid resiliency and backup generation

e Long-distance energy transport

Hydrogen forms the backbone of a future multi-vector energy economy, where energy can
be:

e Produced

e Stored

e Transported

e Converted

e Consumed

... in ways fossil fuels and batteries cannot match.
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Why Institutional Investors Are Entering the Hydrogen Infrastructure Market

Hydrogen is widely viewed as the next multi-trillion-dollar energy sector because it
combines:

e Infrastructure economics

e Long-term contracted offtake

¢ Government-aligned policy support

¢ Technology-mature platforms entering commercialization

The largest investment opportunity is not in the vehicles — it is in the infrastructure:
¢ Fueling stations
e Production facilities
e Distribution networks
e Storage
¢ Hub-based supply chains

Those who build early networks secure:
e Long-term recurring revenue
e Corridor-based market control
¢ Network effects similar to telecom and energy grids

Hydrogen infrastructure is at the same stage EV charging was in 2013 — but with far larger
industrial upside.

Key Takeaways for Investors

e NetZerois reshaping global capital flows.

¢ Heavy transportation cannot decarbonize through batteries alone.

¢ Hydrogen is the only scalable pathway for trucking, aviation, maritime, and high-
duty transport.

¢ Infrastructure — not vehicles — represents the largest investment opportunity.

e Early leaders will shape corridor dominance, pricing power, and throughput
economics.

¢ Policy, technology, and capital are alighed — deployment is now the gating factor.

Hydrogen is not a speculative technology trend — it is a core pillar of the future energy
system.



