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Welcome to our introductory mini-lecture for MODULE 4:
Hydrogen Logistics and Supply Chain Management. This
module will open the door to a world full of innovations and
challenges crucial to the future of energy. Understanding the
specifics of hydrogen logistics is an absolute foundation for
anyone who wants to be part of the global energy
transformation. Prepare for an inspiring journey!

The Hydrogen Life Cycle: From Atom to Use –
Supply Chain Complexity

Let's start with the basics: the lifecycle and structure of the
hydrogen supply chain. It's much more than just the simple
movement of goods. There are many complex, interconnected
steps involved, each posing unique logistical challenges:

Production: Hydrogen can be produced in many ways, and
the choice of method has profound implications for
logistics. There's grey hydrogen, produced from fossil fuels
without CO2 capture – it's the cheapest but most carbon-
intensive. There's also blue hydrogen, produced from
natural gas but with CO2 capture and storage (CCS), which
significantly reduces emissions. However, the real star is
green hydrogen, produced from the electrolysis of water
powered by renewable energy – wind or solar. Currently,
the cost of producing green hydrogen is still about two to
three times higher than grey hydrogen, but intensive
investment in electrolyzer technology and falling
renewable energy costs point to a rapid convergence of
these prices by 2030. For example, the Port of Rotterdam
project plans to become a major hub for green hydrogen
imports to Europe, combining offshore production with the
expansion of port infrastructure.



Conversion: Sometimes hydrogen must be converted into another form to
facilitate storage or long-distance transport. This includes conversion to
ammonia (NH3), which is much easier to transport by sea and has a higher
volumetric energy density than liquid hydrogen, or to methanol (CH3OH),
as well as to liquid organic carriers (LOHC). Companies like Thyssenkrupp
Uhde are intensively developing technologies for converting hydrogen to
ammonia, seeing it as a key to the global hydrogen trade. It is estimated
that transporting hydrogen in the form of ammonia could be up to three
times cheaper than as liquid hydrogen over long sea routes.
Storage: Hydrogen, due to its low density, requires specific storage
solutions. It can be stored in gaseous form (under high pressure, in
specialized tanks or pipelines, as well as in underground salt caverns),
liquid form (at temperatures as low as -253°C, which requires advanced
cryogenics), or solid form (e.g., in metal hydrides, which is still in the
research and development phase). An example of this innovation is the
HyNet North West project in the UK, which plans to use salt caverns to
store hundreds of thousands of tons of hydrogen, ensuring a stable supply
for the region's industries. This solution is much more scalable than above-
ground pressure tanks.
Distribution: This is the stage where hydrogen reaches the end user. This
can occur via dedicated pipelines, which are most economical for large
volumes over long distances (like the planned European Hydrogen
Backbone), but their construction or adaptation is expensive. Alternatively,
tanker trucks (high-pressure gas or cryogenic for liquid hydrogen) are
used, and for intercontinental transport, specialized hydrogen ships are
used. Currently, approximately 90% of hydrogen transport is by tanker
truck, demonstrating the dominant role of road transport at this stage of
development.



Use: At the end of the chain, hydrogen is used in various sectors – in industry
(e.g., steelmaking, chemical fertilizer production, refineries), transportation (cars,
buses, trains, ships, and even hydrogen-powered airplanes being tested), and
energy (heat and power generation in fuel cells or gas turbines). It is estimated
that by 2050, industry could account for over 50% of global hydrogen demand,
underscoring its strategic importance.

Each of these stages presents unique challenges and optimization opportunities
that are crucial to the efficiency of the entire supply chain.

Digital Logistics Revolution H2: Smart Tools for Smart Gas

In the age of digitalization, we can't talk about modern logistics without the
right tools. In the case of hydrogen, they are absolutely essential for managing
its complex and potentially risky supply chain. Integrating digital technologies
not only optimizes but also increases safety.

WMS (Warehouse Management System): These warehouse management
systems are becoming crucial for hydrogen. They optimize storage
processes, control inventory in pressure vessels and caverns, and manage
internal flows. WMSs enable precise monitoring of fill levels, pressure, and
temperature, which is crucial for safety. For example, companies like Air
Liquide use advanced WMSs to manage their global hydrogen distribution
centers, ensuring continuous supply and minimizing losses.
TMS (Transport Management System): Transport management systems
are the heart of hydrogen distribution logistics. They enable the
optimization of hydrogen vehicle delivery routes, taking into account
variables such as traffic density, tonnage constraints, and the location of
refueling stations. They enable real-time vehicle monitoring, which is crucial
for safe and on-time deliveries, as well as efficient scheduling. For example,
Danish transport companies are testing TMS integrated with green
hydrogen production data to dynamically adjust transport to the availability
of renewable energy.



IoT (Internet of Things): Connected sensors and devices are the eyes and ears
of the hydrogen supply chain. They enable real-time data collection at every
stage: from pressure and temperature in electrolyzers, to hydrogen levels in
storage tanks, to monitoring pipeline infrastructure for leaks. This data is
crucial for predictive maintenance and rapid response to potential failures.
German gas pipeline operator OGE is integrating IoT sensors into its adapted
pipelines to monitor hydrogen and natural gas concentrations and detect
anomalies.
Predictive Platforms and Artificial Intelligence (AI): These platforms leverage
AI and advanced data analytics to forecast customer hydrogen demand,
optimize electrolyzer production based on renewable energy availability, and
minimize risk throughout the chain. AI can analyze historical data, weather,
and market conditions to predict fluctuations and automatically adjust
logistics plans. Belgian company Fluxys is testing AI solutions for managing
hydrogen flows, minimizing losses and increasing infrastructure utilization
efficiency.

Together, these tools form the backbone of efficient and safe hydrogen
logistics. Their interoperability and integration are crucial – systems must
communicate with each other to ensure seamless data flow and operational
consistency.

Optimization and Green Transformation: A Sustainable Direction for
H2 Logistics

Hydrogen logistics cannot exist in isolation from global sustainability trends. The
European Union clearly defines guidelines for digital transformation and green
logistics, and hydrogen, as a clean energy source, must be supplied in a way that
minimizes its own carbon footprint.

Lean Management and Six Sigma in the Hydrogen Sector: Striving for
Excellence. These are proven management methodologies that hold enormous
potential in hydrogen logistics. These are not just theoretical concepts; they are
practical tools that enable logisticians to achieve real process improvement.



Overproduction: The production of hydrogen that cannot be immediately used
or efficiently stored.
Waiting: Electrolyzer production stoppages due to lack of renewable energy,
tankers waiting for loading or unloading.
Unnecessary transport: Suboptimal delivery routes, empty runs of hydrogen
vehicles.
Overstocking: Holding too much hydrogen in storage, which creates storage
costs and risks.
Defects/errors: Pipeline leaks, hydrogen quality problems, equipment failures.
Unnecessary processing: Excessive conversion steps or extra operations that
add no value.
Untapped human potential: Lack of employee involvement in improvement
processes.

Implementing Lean in H2 logistics means constantly identifying and eliminating
these wastes. A Lean logistician will analyze value stream mapping (VSM) for
processes from production to delivery, identify bottlenecks, and implement solutions
like hydrogen-specific Just-in-Time (JIT) systems to minimize inventory and
accelerate flow.
     Six Sigma: This methodology aims to reduce defects and variability in processes
     to near zero (the goal is 3.4 defects per million opportunities). In the context of
     hydrogen logistics, Six Sigma focuses on:

Hydrogen Quality: Ensuring that hydrogen meets stringent purity standards.
Operational safety: Minimizing the risk of leaks, fires or explosions.
Reliability of supply: Ensuring that hydrogen is delivered on time and in the
required quantity.
Precise measurements: Accurate monitoring of pressure, temperature and flow.

Six Sigma implementation is based on the DMAIC (Define, Measure, Analyze,
Improve, Control) cycle. A logistician using Six Sigma will define the problem (e.g.,
excessively late deliveries), measure data (delivery time, causes of delays), analyze
root causes, improve processes (e.g., by implementing new procedures or
technologies), and monitor the results to maintain improvement. For example,
companies like Linde Gas use these methodologies to optimize their industrial gas
distribution processes, and this knowledge is directly transferred to the hydrogen
industry, where precision and safety are absolutely critical.



Green Logistics: In the context of hydrogen, this means, among other
things, promoting multimodal transport (e.g., combining pipelines with rail
and sea transport), using hydrogen-powered transport vehicles, and
continuously monitoring and reducing emissions from the entire supply
chain. The goal is not only to deliver green hydrogen but also to do it in a
green way.
The importance of IT system interoperability and integration: This is the
foundation of efficiency. Fragmented systems that don't communicate with
each other lead to information silos, delays, and errors. Only through
seamless data flow and communication between WMS, TMS, ERP systems,
IoT platforms, and predictive systems can we achieve true optimization,
transparency, and the ability to respond quickly.

Inspiring Examples from the Market: Where Theory Meets
Practice

These are not just theoretical considerations. In the European and global
markets, we are already seeing examples of effective solutions implemented
by companies serving the hydrogen economy:

Belgium, Port of Antwerp-Bruges: This is one of the largest ports in
Europe and is actively developing its hydrogen ecosystem. It is
implementing projects for hydrogen transportation via pipelines,
building ammonia import terminals, and developing refueling
infrastructure for hydrogen ships and trucks. This represents a
comprehensive approach to logistics, combining multiple distribution
methods.
Spain, Green Hysland project in Mallorca: This pioneering project aims
to create the first "Green Hydrogen Valley" on the island. The green
hydrogen produced there from solar energy is used locally to power
public transport, the car fleet, and even tourist hotels. It's a prime
example of the integration of production, warehousing, and local
distribution, demonstrating the potential of logistics on a smaller, yet
highly integrated scale.
France, Hypnoé project in Lyon: Focusing on liquid hydrogen storage
and distribution for industrial and transportation applications, this project
is testing cryogenic technologies on an industrial scale, which is crucial
for transporting large quantities of hydrogen over long distances.



Future Logistics in the Hydrogen Age: New Competencies, New
Challenges

For you, as future or current logistics managers, this is a fascinating yet challenging
time. Hydrogen logistics requires not only knowledge of standard processes but also
openness to innovation and a deep understanding of the specifics of this new
energy carrier.

Let's think together:
What are the key steps in the hydrogen supply chain and how do they differ from
traditional supply chains?
What is most important in optimizing H2 logistics? Is it cost, safety, or
sustainability?
How can digitalization, including WMS, TMS, IoT, and AI, truly reduce costs and
emissions in hydrogen logistics? Is it just a supplement or the foundation of
efficiency?
What competencies, beyond purely logistical ones, are absolutely crucial for an
H2 logistics manager in the face of such dynamic change? Is it technical
knowledge, analytical skills, or perhaps communication skills?
What are the fundamental differences between hydrogen logistics and
traditional gas logistics? What makes H2 unique?

I'm confident that your experience and perspectives will add much value to our
shared learning. Thank you for your attention, and I invite you to join the discussion
as we continue this fascinating journey into the future of logistics! What are your first
impressions and questions after this introduction?

5. Hydrogen transport – an expensive luxury?
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