COURSE: HYDROGEN STORAGE AND

TRANSPORTATION LOGISTICS

TRAINER'S MANUAL FOR THE HYDROGEN STORAGE AND
TRANSPORT LOGISTICS COURSE

When organizing a workshop, it is beneficial to plan discussions across all four
modules to facilitate the exchange of experiences and knowledge among participants
during the exercises and sessions. Below are recommended topics for each module
that can be integrated into the educational framework. Suggestions and guidelines
for discussion: You may select several of the ten proposed discussion areas within each
module, while the remaining topics can be assigned to the participants for
independent exploration.

MODULE 1: SAFETY AND RISK ASSESSMENT IN HYDROGEN

LOGISTICS

Trainer Tip: Initiate the discussion session by highlighting the significance of the
topic and fostering an open exchange of perspectives.

Dear Participants, following our discussion on the essential elements of safety and
risk analysis, we now turn to a collaborative dialogue. This module is crucial for our
future endeavors, as safety in hydrogen logistics remains a top priority. | encourage
us to collectively consider practical challenges and exemplary practices. There are
no incorrect responses—what is important is our openness and eagerness to
exchange knowledge. Are we prepared? Let us begin!
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1. What standards are essential for hydrogen logistics?
Trainer's Tip: Begin with open-ended questions before transitioning to specific
inquiries. Highlight the importance of both international and national regulations.

e Introductory question: "As we discuss safety, what legal and technical
foundations should we consider? Which standards we have reviewed are
essential for hydrogen logistics?"

e Proposed response / Discussion guidelines:

o ADR (European Agreement concerning the International Carriage of
Dangerous Goods by Road) underscores its significance for the road
transport of CGH2 and LH2. It prompts the inquiry: "What makes ADR crucial
for drivers and operators of hydrogen tanks? What specific requirements does
it establish for vehicles and their labeling?"

o IMDG Code (International Maritime Dangerous Goods Code): Examine its
significance in maritime transport, particularly concerning LH2 and ammonia.
"How do the requirements of the IMDG Code differ from those of ADR? What
safety and regulatory challenges does the maritime transport of LH2 present?"

o ISO standards include ISO 14687, which pertains to hydrogen quality for fuel
cells, ISO 19880, which addresses hydrogen refueling stations, and standards
related to pressure vessels, such as ISO 11119 for composites. "What is the
significance of hydrogen quality standards in logistics? What are the
consequences when hydrogen fails to meet purity standards?"

o The ATEX (Atmospheéres Explosibles) Directive is essential for identifying
explosion hazard zones in storage and transshipment areas. Where are the
ATEX zones situated within a hydrogen terminal? What consequences does
this have for the selection of equipment?

o Local/National regulations: For instance, Polish legislation concerning
technical supervision, construction law, and fire protection. "Are Polish
regulations evolving in tandem with advancements in hydrogen
technologies? What challenges arise in the harmonization of these
regulations?"

2. Are the security systems in Poland adequate?

Trainer's Tip: This is a delicate inquiry that necessitates an open yet constructive
dialogue. Promote comparisons with other nations and the identification of
disparities.

e Introductory question: "Considering the Polish context—our infrastructure,
regulations, and industry awareness—do you believe our existing safety systems
are sufficiently advanced to address the challenges posed by the expanding
hydrogen economy?"
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e Proposed response / Discussion guidelines:

o Advantages: The discourse may encompass current regulations pertaining to
industrial gases, familiarity with natural gas, and the cultivation of awareness.
"What aspects of regulations and safety practices are functioning effectively in
Poland?"

o Gaps/Challenges: There is a deficiency of specific regulations governing
hydrogen on a large scale, often resulting in the adaptation of existing
frameworks. Additionally, public awareness remains low, there is a pressing
need for training, and there is a lack of experience with large-scale LH2 plants.
Where do you identify the most significant gaps? What elements are absent
in our regulatory environment or practices?

o International comparison: A concise examination of examples from Germany,
the Netherlands, and Japan, where hydrogen infrastructure is more advanced.
What insights can we gain from countries that excel in hydrogen
implementation?

o The significance of education and certification: Highlight the critical role of
training and credible certification for professionals.

3. What are the implications of inadequate hydrogen storage?
Trainer's Tip: Develop scenarios ranging from minimal to maximal consequences.
Emphasize risks to individuals, the environment, and the organization.

e Introductory question: "What are the potential repercussions if a hydrogen
logistics operator errs or if the storage system is inadequately designed and
maintained? What are the most significant consequences of improper hydrogen
storage?"

» Proposed response / Discussion guidelines:

o Human safety: Leaks (hydrogen lacks odor and produces an invisible flame),
fires, explosions (hydrogen can create explosive mixtures with air across a
broad spectrum of concentrations), contamination (while hydrogen is non-
toxic, it can displace oxygen). "What renders hydrogen so difficult to detect?
What risks does hydrogen's diffusivity present?"

o Material damage: Destruction of infrastructure, buildings, and vehicles. "In
addition to the direct explosion, what other material damage could arise from
an H2 leak?"

o Environmental impact: While hydrogen is considered "clean," failures may
result in additional pollution (e.g., damage to the surrounding area, leakage of
other substances stored or transported alongside the hydrogen). "Does
hydrogen itself pose a threat to the environment if it leaks? What are the
secondary environmental risks?"
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o Business and reputational ramifications: Financial losses, penalties, erosion
of trust, project delays, and operational disruptions. How swiftly will the
hydrogen sector experience the repercussions of a significant failure? Why is
reputation vital?

o Energy losses: Boil-off in LH2 and compression losses in CGH2. "What losses
are deemed acceptable, and which ones suggest inadequate storage?"

4. Which category of failure presents the most significant risk?
Trainer's Tip: Center the discussion on scale, probability, and the challenges of
control. Contrast various scenarios.

e Introductory question: "In the realm of hydrogen logistics, we face a spectrum of
failures, ranging from minor leaks to catastrophic incidents. In your experience or
imagination, which type of failure presents the most significant risk, and what is
the rationale behind your perspective?"

» Proposed response / Discussion guidelines:

o Pressure Vessel Failure (e.g., Type IV 700 bar): A sudden release of a
substantial quantity of H2 at elevated pressure. "Is a vessel rupture invariably
an explosion? What distinguishes deflagration from detonation in the context
of hydrogen?"

o LH2 leak from tanker/terminal: Liquefied hydrogen vaporizes into gas,
forming a cold cloud that disperses swiftly. "What are the particular hazards
linked to the cryogenic properties of LH2? Is liquefied hydrogen more or less
hazardous than compressed hydrogen in the event of a leak?"

o Explosion in a confined space: The most perilous scenario. "Why is ventilation
so essential in garages or tunnels housing hydrogen installations?"

o Fueling fire: Generally smaller in scale, yet poses a significant risk to
personnel. What safety systems at fueling stations mitigate this risk?

o Hydrogen Embrittlement in Pipelines: Pipeline failure over an extended
distance. "What challenges arise in the detection and repair of leaks in
pipelines?"

o Probability versus Impact: It is important to highlight that the most severe
failures are often the least probable, yet their repercussions can be
devastating.

5. Which response procedures are the most effective?
Trainer's Tip: Transition from theory to practice. Emphasize prevention, swift
detection, and escalation.
e Introductory question: "Having established the nature of failures, what should
the most effective response procedures entail? What is paramount when an issue
arises?"

(C/ FERI ECRN

Co-funded by

the European Union Eurcpean Chemical Regions



e Proposed response / Discussion guidelines:

o Prevention: The most effective approach is to avert failures through thorough
inspections, maintenance, and training. "Which preventive measures are
essential?"

o Rapid detection and alerting: Hydrogen detection systems and alarms.
"What transpires between the detection of a leak and the activation of the
alarm? What are the potential delays?"

o Isolation and Shutoff: Automatic Emergency Shutoff (ESD) valves. "Who
possesses the authority and capability to terminate the hydrogen supply in an
emergency?"

o Evacuation and area security: Designated assembly points and safety zones.
"What are the most efficient methods for evacuating individuals from a
threatened area?"

o Contacting emergency services: Fire department, hazardous materials
response. "What information should we provide them immediately following
the incident report?"

o Fire and Leak Control: Specialized fire extinguishers, water spray systems,
and ventilation. "Is it possible to extinguish hydrogen with water? How should
one address an invisible flame?"

o Investigation and Conclusions: Examination of the failure's causes and
execution of corrective measures. "What is most critical once the failure has
been contained?"

6. What elements should be incorporated into an emergency plan?
Trainer Tip: Relate this question to the preceding one, emphasizing the document's
structure and its practical application.

e Introductory question: "We possess procedures; however, a comprehensive
document is also essential. What elements are indispensable in a meticulously
crafted emergency plan for a hydrogen plant or transport?"

» Proposed response / Discussion guidelines:

o Contact information: Emergency services, management, key personnel.

o Site/route map: Featuring designated risk areas, shut-off valves, evacuation
routes, and assembly points.

o Emergency scenarios: An overview of possible incidents (e.g., minor/major
spill, fire, collision) along with the corresponding response protocols
designated for each situation.

o Roles and responsibilities: Identification of accountability during an
emergency (action commander, operator, evacuation personnel).

o Personal Protective Equipment (PPE): Available options, locations, and usage
guidelines.
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o Location and inventory of rescue equipment: fire extinguishers, first aid Kits,
gas detectors, sealing Kits.

o Communication protocols: Internal and external (media, local community).

o Evacuation and emergency medical procedures.

o Procedures for resuming normal operations: Once the failure has been
contained.

o Plan Review and Testing Schedule: Routine exercises and revisions. "What is
the recommended frequency for exercising and updating this plan? Who is
responsible for its approval?"

7. What are the methods for training employees on H2 safety?
Trainer Tip: Highlight the variety of training modalities and the necessity of tailoring
them to employee roles.

* Introductory question: "While having an emergency plan is essential, it is equally
important for individuals to understand the appropriate actions to take. What
strategies can we implement to effectively train employees who will be handling
hydrogen on safety protocols?"

* Proposed response / Discussion guidelines:

o Introductory training: An overview of fundamental principles and associated
risks for new employees.

o On-the-job training: Position-specific (e.g., fuel station operator, tanker driver,
warehouse employee).

o Periodic training: Consistent enhancement of knowledge.

o Practical exercises: crash simulations and the utilization of rescue equipment.
"Are simulations employing actual tanks feasible and effective?"

o E-learning and VR/AR: Leveraging contemporary technologies for immersive
training. "What advantages does VR offer in hydrogen safety training?"

o Ongoing communication: Information boards, notifications, internal security
bulletins.

o Trainers: Competent professionals possessing expertise in hydrogen and
familiarity with relevant regulations. "Who should be permitted to deliver
hydrogen safety training?"

o Safety culture: Fostering transparent commmunication regarding risks and
mistakes.

8. What are the most prevalent errors in risk assessment?
Trainer Tip: Foster introspection regarding your personal experiences and possible
challenges.
* Introductory question: "Risk analysis is essential, yet it is prone to errors. In your
opinion, what are the most prevalent pitfalls or mistakes encountered when
evaluating risk in hydrogen logistics?"
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e Proposed response / Discussion guidelines:

o

Underestimating probability: Assuming "it will never occur." "Should
infrequent events be regarded with less seriousness in risk analysis?"
Misjudging the consequences: Excessively optimistic assessments of losses.
"What are the concealed costs of failure that we frequently overlook?"
Missing or inaccurate data: Risk assessment lacking dependable information.
Where can | locate trustworthy data on hydrogen incidents?

Lack of a comprehensive approach: Concentrating on a single aspect of the
supply chain instead of considering the entirety. Why is a comprehensive
perspective of the supply chain crucial in the context of risk?
Misunderstanding the specificity of hydrogen: Treating hydrogen as if it
were comparable to other gases, while neglecting its distinct properties.
"What aspects of hydrogen's uniqueness are frequently overlooked in risk
assessments?"

Failure to update risk analysis: Neglecting to account for changes in
technology, regulations, or operational conditions. "How frequently should we
assess risk analysis?"

"Security Fatigue": Routine and Diminished Vigilance.

9. The significance of technology in averting failures
Trainer Tip: Highlight the role of technology in supporting, rather than replacing, the
human element.
e Introductory question: "We recognize that technology is essential. Which
specific technologies are most instrumental in preventing disruptions in

hydrogen logistics? Please provide specific examples."
» Proposed response / Discussion guidelines:

o}
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Advanced Gas Detection Systems: Rapid and Accurate H2 Sensors. "What
Are the Various Types of Hydrogen Detectors and Their Optimal Installation
Locations?"

Automatic Emergency Shutoff Systems (ESD): Safety valves for leak
response. "What distinguishes active systems from passive systems in the
context of H2 safety?"

Monitoring systems (loT, SCADA): Real-time data acquisition, remote
management. "In what ways can |oT facilitate the prediction of failures prior to
their occurrence?"

Advanced Materials and Design: Type IV Composite Tanks, Hydrogen
Embrittlement-Resistant Piping. "Which New Materials Are Being Explored for
H2 Storage and Transport?"

Computer simulations and modeling: Preliminary analyses of hydrogen
propagation and explosion effects. "What advantages does computer
modeling offer in safety planning?"
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o Intelligent ventilation systems: In areas where hydrogen may accumulate.
o Fleet and route management systems: Optimization and oversight of road
transportation.

10. How can threats be communicated within a team?
Trainer Tip: Prioritize the establishment of a culture characterized by openness and
accountability. Highlight the significance of consistent, reciprocal cormmunication.

e Introductory question: "Finally, while technology and procedures are essential,
what about the human element? How can we effectively commmunicate the risks
associated with hydrogen to ensure that every team member feels secure and
accountable?"

» Proposed response / Discussion guidelines:

o An open safety culture: Foster an environment where the reporting of
incidents, errors, and near misses is encouraged without fear of retribution.
How can we cultivate trust to ensure that employees feel comfortable
reporting even minor issues?

o Regular meetings and briefings: Daily and weekly safety consultations.

o Clear communication protocols: Who reports what, when, to whom, and
how.

o Access to information: Readily available instructions, safety data sheets, and
emergency plans.

o Hazard visualization: Pictograms, cautionary signs, area markings.

o Training and workshops: Regular reinforcement of knowledge and hands-on
exercises.

o Leadership Engagement: Management should exemplify adherence to safety
principles. "What is the role of a leader in fostering a safety culture?"

o Utilizing clear language: Eschewing jargon to ensure information is
accessible to all.

o The "Two Minute" Rule: A brief discussion regarding risks prior to each new
activity.

o Feedback: Articulating the actions taken following the reporting of an issue.

Instructor's Tip: Conclude the discussion by summarizing the key takeaways and
expressing gratitude to participants for their engagement. Additionally, you may
announce the upcoming module or task.

Thank you for an insightful and engaging discussion! The conclusions are evident:
safety in hydrogen logistics is a multifaceted yet essential issue that necessitates a
comprehensive approach—encompassing technology, standards, and human
attitudes. Your expertise and dedication are invaluable. With these reflections in
mind, we will now proceed to the next segment of the training, module 2.
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MODULE 2: TECHNOLOGIES FOR HYDROGEN STORAGE AND
TRANSPORTATION

Trainer Tip: Begin with enthusiasm, highlighting the pivotal role of technology in
establishing a hydrogen infrastructure.

"Welcome back! Following an intensive module focused on safety, we now transition
to the core of hydrogen logistics — storage and transport technology. This is where
theory converges with practice, and your design choices will significantly influence
the efficiency and profitability of the entire hydrogen economy. Prepare for some
brainstorming! We begin with a question..."

1. Which hydrogen storage technologies are the most efficient?
Trainer's Tip: Highlight that "effectiveness" is context-dependent. Promote
comparisons among various forms of hydrogen and their respective applications.

e Introductory question: "We have explored various methods of hydrogen storage.
However, which of these methods are the most efficient, and what do we truly
mean by efficiency in this context?"

» Proposed response / Discussion guidelines:

o Compressed hydrogen (CGH2): Effective for rapid operations (e.g., refueling
stations, small fleets) and relatively straightforward to implement in
infrastructure. It offers efficiency in response time and versatility. Challenge:
low bulk density necessitating large tanks.

o Liquefied hydrogen (LH2) boasts the highest bulk density, rendering it highly
efficient for the transportation of substantial quantities over extended
distances (such as by ships) and for storage in terminals. It offers advantages
in terms of space and weight efficiency. However, challenges include elevated
liguefaction costs and boil-off losses.

o Metal Hydrides / LOHC / Ammonia: These methods are effective for the long-
term, safe storage or transport of hydrogen under standard conditions. They
demonstrate efficiency in safety, stability, and weight-based energy density.
However, challenges include slow hydrogen release and binding processes,
the need for additional infrastructure such as dehydrogenation and cracking
reactors, and a lower overall energy efficiency of the entire cycle.

o Underground storage (salt caverns): Potentially the most effective solution
for substantial volumes and seasonal storage. It offers efficiency in scale and
unit costs. Challenges include geology, site availability, and initial investment
costs.
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o

Efficiency Criteria Discussion: Is Efficiency Merely Cost? Is It Energy Density?
Release and Charge Time? Safety?

2. What challenges are presented by liquid hydrogen (LH2)?
Trainer's Tip: Concentrate on extreme conditions and their implications. Apply
insights from the safety module.
e Introductory question: "LH2 possesses high density; however, it also presents
significant challenges. What specific obstacles must we address when working
with liquid hydrogen?"

» Proposed response / Discussion guidelines:

o

Extremely low temperature (-253°C): Demands specialized materials that can
withstand low-temperature embrittlement. "Which materials are appropriate
for the construction of LH2 tanks?"

High liquefaction costs: The energy-intensive process consumes
approximately 30-40% of hydrogen energy. Is this cost justifiable in the
current market environment?

Boil-off losses: Ongoing evaporation necessitates management strategies
(e.g., gas recovery, utilization for cooling, incineration). What measures can be
implemented to address the evaporating hydrogen and reduce losses?
Safety: High energy density, potential for rapid dispersion in the event of a
leak, formation of cold clouds, and risk of frostbite. "In what ways does the LH2
accident scenario differ from the CGH2 accident scenario regarding hazard
dispersion?"

Need to preserve thermal insulation: Specialized cryogenic tanks featuring
advanced vacuum insulation.

Insufficient infrastructure: A limited number of terminals and tankers for
LH2 in comparison to other fuels.

3. Is it feasible to store hydrogen in urban environments?
Trainer's Tip: Transition from "is it possible" to "how can it be done safely and
effectively." Concentrate on constraints and remedies.

e Introductory question: "Fueling stations and small bus depots - is it feasible to
store hydrogen safely in densely populated urban areas? What challenges exist,
and what potential solutions can be implemented?"

» Proposed response / Discussion guidelines:

o
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Challenges: Restricted space, elevated population density, heightened risk of
accidents (collisions), aesthetics, social acceptance. "What are the primary
concerns of residents?"
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Solutions:
» Type IV Tanks (safest): Lightweight, impact-resistant, rupture at a slower
rate, dissipating energy effectively.
» Location: Identification of secure sites (e.g., on the periphery of the city,
within industrial areas, distanced from residential structures).
» Advanced safety systems: Dual security measures, automatic shut-off
valves, leak detection sensors, and round-the-clock monitoring systems.
» Safety standards: Rigorous adherence to regulations, frequent
inspections, and comprehensive contingency plans.
» Compact solutions: Modular refueling stations designed to occupy
minimal space.
» Education and communication: Fostering public trust through
transparency and elucidating risks.
Alternatives include the storage of hydrogen outside the city and its
transportation to the city in the form of liquid hydrogen (LH2) or liquid organic
hydrogen carriers (LOHC), followed by on-site conversion.

4. Which H2 transport modes are sustainable for the future?
Trainer Tip: Promote consideration of various scales and distances. Highlight the
importance of synergy and adaptation.
e Introductory question: "As we gaze into the future, which hydrogen transport
methods are poised to dominate, and what are the underlying reasons? Will they

be familiar methods, or will entirely new approaches arise?"
» Proposed response / Discussion guidelines:

o
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Dedicated H2 pipelines: The most efficient and future-proof solution for
transporting large volumes and ensuring consistent deliveries over long
distances (e.g., from ports to industrial sites). Challenges include high
construction costs and hydrogen embrittlement.

Adapting existing gas pipelines: Blending hydrogen with natural gas (up to
20% by volume) is more cost-effective, yet constrained in terms of pure
hydrogen. Is this a temporary or permanent solution?

Maritime transport (LH2 and ammonia tankers): Essential for the global
hydrogen trade across continents. "Will ammonia supplant LH2 in maritime
transport? What are the arguments for and against this shift?"

Road tankers (CGH2 and LH2) are crucial for last-mile and smaller-volume
distribution. They will continue to advance with enhanced capacity and
diminished weight.

Rail transport (CGH2 and LH2): Offers the potential for greater volumes than
road transport over medium distances, particularly in areas where tracks are
available.
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o New concepts: The transportation of solid hydrogen compounds, such as in
specialized containers, or the consideration of "electrolyzer ships" that
generate H2 at sea.

5. What risks are associated with the maritime transportation of hydrogen?
Trainer Tip: Integrate this with a security module while emphasizing marine
specificity.

e Introductory question: "Maritime transport, while efficient on a global scale,
presents distinct risks. What are the most significant risks associated with
hydrogen transport by sea?"

» Proposed response / Discussion guidelines:

o Marine Collisions: The potential for spills, fires, or explosions on the open sea
or within a congested port. "What are the consequences of a tanker
transporting LH2 colliding with another vessel?"

o LH2 leak: An abrupt discharge of a significant volume of cryogenic liquid,
resulting in a substantial, swiftly evaporating gas cloud. This poses risks of fire,
explosion, and structural damage due to low-temperature embrittlement.

o Cryogenic system failures: Compromised insulation, pump malfunction,
elevated tank pressure, and heightened boil-off.

o Port threats: Heightened risk in a congested port environment, closeness to
land infrastructure and adjacent vessels.

o Weather and atmospheric conditions: Storms, elevated waves, and icing
may compromise the stability and safety of transportation.

o Terrorism/Vandalism: Potential for intentional acts.

o Lack of experience/training: Inadequate training of personnel in the
operation of LH2.

o Legal and environmental liability: Implications of potential leaks.

6. What are the expenses and effectiveness of various modes of individual
transportation?

Trainer's Tip: Create a mental framework: pipelines, road, maritime. Concentrate on
CAPEX and OPEX, as well as the cost per unit of hydrogen transported.

e Introductory question: "In selecting a transportation method, it is essential to
evaluate both costs and efficiency. What are the primary factors that affect the
costs and efficiency of various hydrogen transportation methods?"

» Proposed response / Discussion guidelines:

o Pipelines:
= CAPEX (high): Expenses associated with the construction of a pipeline and
compression station.
= OPEX (low): Minimal operating costs per unit following commissioning,
coupled with high energy efficiency (reduced losses).
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» Efficiency: Extremely high for substantial volumes and ongoing deliveries.
o Road transportation (tanks):
» CAPEX (moderate): Expenses related to tankers and vehicles.
= OPEX (high): Expenses related to fuel, vehicle depreciation, driver salaries,
Mmaintenance, and insurance.
» Efficiency: Low for substantial volumes over extended distances (limited
capacity, numerous trips), high for flexibility and last-mile distribution.
o Maritime transportation (LH2/Ammonia tankers):
» CAPEX (extremely high): Expenses associated with constructing a tanker
and loading/unloading terminals.
= OPEX (moderate to high): Fuel, personnel, maintenance expenses, port
charges, boil-off losses for LH2.
» Efficiency: Elevated for international commmerce and substantial volumes.
o Indirect costs: Insurance, training, security expenses, and potential penalties
for incidents.
o Discuss: "Which method exhibits the lowest unit cost of transportation per
1000 km for 100 tons of hydrogen?" (Answer: pipeline, followed by sea, then
road).

7. What criteria influence the selection of transportation method?
Trainer Tip: Compile a list of decision-making factors and promote their
prioritization.

e Introductory question: "We possess a range of methods; however, how do we
determine the most effective decision? What essential criteria do we evaluate
when choosing a hydrogen transport method for a particular project?"

» Proposed response / Discussion guidelines:

o Hydrogen Quantity (Volume): Minor vs. Significant Amounts.

o Transport distance: Short, medium, long (international).

o State of matter of hydrogen: CGH2, LH2, LOHC, NH3 - is conversion possible?

o Delivery frequency: Ongoing, consistent, intermittent.

o Costs (CAPEX and OPEX): Comprehensive ownership expenses.

o Safety: Evaluation of risks associated with a specific method and route.

o Infrastructure: Accessibility of roads, railways, ports, and pipelines.

o Delivery time: What is the required speed for the hydrogen to arrive at the
recipient?

o Environmental impact: Emissions associated with transportation.

o Flexibility: The ability to swiftly alter the route in response to fluctuating
demand.

o Regulations and guidelines: Acceptability of a specific method on a
particular route.

o Public Acceptability: Does the route traverse sensitive areas?
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8. Are integrated logistics systems for hydrogen realistic?
Trainer Tip: Highlight complexity while underscoring the necessity for integration.
Inquire about the impact of digitalization.

e Introductory question: "The vision for the future encompasses integrated
systems in which hydrogen transitions effortlessly between production, storage,
and consumption. Are these 'hydrogen ecosystems' feasible to establish in the
near future?"

» Proposed response / Discussion guidelines:

o Definition of an integrated system: A combination of diverse transportation
and storage methods, centralized management, and data flow.

o Challenges: A variety of technologies, disparate standards, substantial initial
costs, and the necessity to coordinate multiple entities (producers,
transporters, recipients, regulators).

o Benefits: Cost optimization, enhanced security (real-time monitoring),
improved efficiency, reduction of losses, and superior supply and demand
management.

o The significance of digitalization and artificial intelligence: SCADA systems,
the Internet of Things, Big Data, and optimization algorithms can effectively
manage intricate hydrogen networks. What particular Al functionalities could
enhance an integrated hydrogen logistics system?

o Examples from across the globe: "Hydrogen Valleys" initiatives in Europe,
where integrated supply chains are evaluated.

o The prospects: Indeed, they are tangible; however, they necessitate
substantial investment, international collaboration, and regulatory alignment.
The progression will be incremental.

9. Which design solutions enhance safety?
Trainer Tip: Emphasize the engineering considerations of safety throughout the
design phase.

e Introductory question: "Returning to the topic of design, what particular
engineering and design solutions can significantly enhance the safety of
hydrogen storage and transportation facilities during the planning phase?"

» Proposed response / Discussion guidelines:

o Double hull tankers/double tank walls: An added layer of protection.

o H2 detection systems: Strategic sensor placement at critical locations,
automated alerting.

o Automatic Shut-Off Valves (ESD): Rapidly isolate a leak.

o Passive ventilation systems: Release of hydrogen in the event of a leak (H2 is
less dense than air).

o Active ventilation systems: Induced hydrogen extraction.
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o Fire and explosion barriers: Physical structures designed to restrict the
propagation of fire or explosion.

o ATEX Zoning: Appropriate selection of equipment for areas with explosion
hazards.

o Water Mist Systems: Cooling tanks and dispersing hydrogen clouds.

o Increased safety distance (Separation Distances): From structures,
roadways, and other facilities.

o Grounding Systems: Mitigating the accumulation of electrostatic charges.

o Remote control and monitoring: The capacity to oversee processes from a
secure distance.

10. What strategies can be employed to optimize hydrogen storage within a
company?

Trainer Tip: Emphasize the operational dimensions and process management
within the organization.

o Introductory question: "Finally, let us elevate this discussion to the enterprise
level. What strategies and logistical activities can a company adopt to optimize
hydrogen storage, ensuring it is both efficient and cost-effective?"

» Proposed response / Discussion guidelines:

o Demand and supply analysis: Precisely predict demand to prevent
overstocking or stock shortages.

o Selection of optimal storage technology: Considering volume, duration,
expenses, and security.

o Integration with production processes: Buffer warehouse to guarantee an
uninterrupted supply to the end customer.

o Optimization of warehouse locations: Proximity to production sources and
customers to reduce transportation expenses.

o Utilizing renewable energy sources for storage: In the context of Power-to-
Gas, enhancing the operation of electrolyzers to harness surplus energy from
renewable sources.

o Loss management: Reducing boil-off for LH2 and optimizing compression for
CGH?2.

o Automation and digitalization: Warehouse Management Systems (WMS)
and Internet of Things (loT) technologies for monitoring inventory levels and
technical conditions.

o Regular inspections and maintenance: Prevent malfunctions and sustain
efficiency.

o Staff Training: Enhancing Competence and Security Awareness.

o Space optimization: Effective utilization of available warehouse space.

o Collaboration within hydrogen clusters/hubs: Sharing infrastructure and
optimizing resources.
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Instructor's Tip: Conclude the discussion by summarizing the key takeaways
from the module and expressing gratitude to participants for their engagement.
Additionally, you may announce the upcoming module or task.

Excellent discussion! It is evident that you possess a profound understanding of the
challenges and opportunities associated with hydrogen storage and transport
technologies. Keep in mind that there is no universal solution; the essential factors
are context analysis, comprehension of the technology, and ongoing optimization.
Armed with this knowledge and approach, you are well-prepared for future
challenges! Thank you for your participation, and | encourage you to join us for the
next module 3.

MODULE 3: HYDROGEN LOGISTICS, SUSTAINABLE

DEVELOPMENT, AND ECOLOGY

Trainer's Tip: Initiate the discussion session by underscoring the significance of
sustainability within the realm of hydrogen logistics. "Dear Participants, having
addressed critical elements of safety and technology, we now turn to another
essential topic — sustainability and ecology in hydrogen logistics. This issue
transcends mere regulation; it embodies our responsibility toward our planet and
future generations. How can we guarantee that hydrogen logistics is both efficient
and environmentally friendly? Let us begin with the first question."

Proposed topics for discussion with participants

1. Which sources of hydrogen are the most sustainable?
Trainer's Tip: Concentrate on definitions and the life cycle. Highlight the distinctions
in emissions.

e Introductory question: "As we discuss sustainability, it is essential to begin with
the source. Which hydrogen production methods are the most environmentally
sustainable, and what are the reasons for this?"

» Proposed response / Discussion guidelines:

o Green hydrogen: Generated from renewable energy sources (RES) via water
electrolysis. Zero CO, emissions are produced during the manufacturing
process.

= "Why is green hydrogen considered the 'holy grail' of the hydrogen
economy?"

o Blue hydrogen is generated from natural gas (methane) through carbon
capture and storage (CCS/CCUS) technology. It results in lower CO, emissions
compared to grey hydrogen, though it does not eliminate them entirely.

= "Is blue hydrogen a short-term or long-term solution?"
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o Grey hydrogen: Generated from fossil fuels (primarily methane) without
carbon dioxide capture, resulting in significant carbon dioxide emissions.
» "Why must we transition away from grey hydrogen production?"
o Other hydrogen colors (e.g., pink, yellow, turquoise): A brief reference to the
diversity, such as pink hydrogen derived from nuclear energy.
= "Do the 'colors' of hydrogen facilitate or obstruct communication
regarding its sustainability?"

2. How can one calculate the carbon footprint in hydrogen logistics?
Trainer Tip: Concentrate on methodologies and calculation ranges.

e Introductory question: "To achieve our 'green' objectives, it is essential to
qguantify our emissions. What methodologies should we employ, and what factors
must we consider when assessing the carbon footprint of hydrogen logistics?"

» Proposed response / Discussion guidelines:

o Emission categories (Scope 1, 2, 3):

» Scope 1. Direct emissions from proprietary sources (e.g., fuel combustion by
owned hydrogen transport vehicles).

» Scope 2: Indirect emissions resulting from electricity generation utilized for
storage, compression, and liquefaction (e.g., purchased energy).

» Scope 3: Additional indirect emissions within the value chain (e.g.,
emissions resulting from tank production, infrastructure development,
and transportation by subcontractors).

» "Why is the inclusion of Scope 3 both crucial and challenging in hydrogen
logistics?"

o LCA (Life Cycle Assessment) Methodology: Evaluation of environmental
impacts at each phase of a product or service's lifecycle, from raw materials to
disposal.

» "How does LCA assist in identifying emission 'hot spots' within the
hydrogen supply chain?"

o Tools and Software: Employing specialized instruments to assess carbon
footprint.

» "Are you aware of any companies that are currently measuring their carbon
footprint in hydrogen logistics?"

o Challenges: Absence of data standardization, intricacies of the supply chain,
challenges in attributing emissions.

3. Is hydrogen recycling economically viable?
Trainer Tip: Explore the economic and ecological dimensions of recovery.
e Introductory question: "Hydrogen is designed to function as a closed-loop fuel.
However, is the recovery and recycling of hydrogen, such as from industrial
processes or boil-off losses, economically feasible?"
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e Proposed response / Discussion guidelines:
o Recovery technologies: Membrane, adsorption, cryogenics.
= "Where in hydrogen logistics can we extract hydrogen (e.g., from refueling
stations, ports, or industrial sources)?"

o Profitability is contingent upon scale, the purity of recovered hydrogen,
energy costs, and prevailing market prices for hydrogen. In numerous
instances, it indeed lowers the expense of acquiring new hydrogen and
mitigates emissions.

» "When does the investment in a recovery system start to yield returns?"

o Environmental advantages: Decreasing the necessity for new hydrogen
production, lowering emissions, and minimizing waste.

» "Is hydrogen recycling merely a question of cost, or does it also pertain to
image and social responsibility?"

o Challenges: Impurities in recovered hydrogen, necessity for enhanced
infrastructure.

4. Which technologies facilitate “green logistics”?
Trainer Tip: Concentrate on innovative solutions that minimize environmental
impact.

e Introductory question: "Green logistics encompasses not only constraints but
also emerging opportunities. Which technologies are essential for facilitating
green hydrogen logistics?"

» Proposed response / Discussion guidelines:

o Fuel cell vehicles: Hydrogen-powered trucks, trains, ships, and forklifts — zero
exhaust emissions.
» "Will fuel cells supplant batteries in heavy transportation?"
o Integration with renewable energy sources: Refueling stations or
warehouses directly powered by solar panels or wind turbines.
= How can hydrogen storage facilities enhance the stability of renewable
energy grids?
o Intelligent logistics management systems (Al, loT): Route optimization,
emissions monitoring, predictive maintenance.
» "How can artificial intelligence assist us in reducing our driving while
enhancing efficiency?"
o New materials: Lighter composite tanks and materials with a reduced carbon
footprint for infrastructure construction.
o Green warehouses: Creating warehouses that reduce energy consumption,
utilize recycled materials, and maximize space efficiency.
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5. How can Al and loT be implemented for environmental analysis?
Trainer Tip: Emphasize data and analysis.

e Introductory question: "Digitalization and emerging technologies serve as
formidable instruments. In what ways can we leverage artificial intelligence (Al)
and the Internet of Things (IoT) to enhance the analysis and management of the
environmental impact associated with hydrogen logistics?"

e Proposed response / Discussion guidelines:

o loT for data collection: Sensors installed on vehicles, within warehouses, and
along pipelines to monitor energy consumption, emissions, and losses (e.g.,
boil-off).

» "What data should we gather through IoT to evaluate the environmental
impact of hydrogen logistics?"

o Al for data analysis: Algorithms designed to identify patterns, predict optimal
routes, and recommend the most energy-efficient transportation methods.

» "How can Al assist us in 'visualizing' invisible emissions?"

o Energy consumption optimization: Artificial intelligence can enhance the
efficiency of cooling systems in liquid hydrogen warehouses and compressors
in compressed gaseous hydrogen.

o Predictive maintenance: Artificial intelligence analyzes sensor data to
forecast failures and schedule maintenance, thereby preventing leaks and
losses.

o Supply and demand management: Artificial intelligence enhances the
optimization of inventory levels, thereby minimizing the necessity for surplus
transportation.

o Environmental reporting: Automated generation of reports on emissions and
environmental performance.

6. What strategies can be employed to minimize emissions in hydrogen
transportation?
Trainer Tip: Concentrate on effective weight loss strategies.

e Introductory question: "While we are familiar with the technologies, what
specific strategies can we employ to effectively mitigate emissions related to
hydrogen transportation?"

» Proposed response / Discussion guidelines:

o Transition to low or zero-emission modes of transportation: Utilization of
fuel cell electric vehicles (FCEVs) in place of internal combustion engines.

o Route optimization: Employing Transport Management Systems (TMS) to
identify the shortest and most energy-efficient routes.

o Maximizing payload: Conveying greater volumes of hydrogen in a single
journey (e.g., higher capacity tankers, trains).
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o Intermodal transport: The integration of various transportation modes (e.g.,
rail and road, sea and pipeline) to capitalize on the benefits of each (e.g., the
efficiency of rail for long-distance travel).

o Reduction of boil-off losses: Enhanced insulation of LH2 tanks and gas
recovery systems.

o Utilization of pipelines: Whenever feasible, pipelines provide the lowest
emissions per unit of hydrogen transported.

o Driver/operator education and training: Ecodriving, understanding the
influence of driving style on energy consumption

7. Hydrogen and renewable energy - is this a viable combination?
Trainer Tip: Highlight the significance of hydrogen as an energy reservoir.

e Introductory question: "Hydrogen is frequently referred to as the 'battery of the
future' for renewable energy sources. Is the integration of hydrogen with
renewable energy truly effective, and what advantages does it offer?"

» Proposed response / Discussion guidelines:

o Energy storage: Hydrogen facilitates the retention of excess energy
generated from renewable sources (such as wind and solar) that would
otherwise be lost.

» "How does hydrogen address the issue of production instability from
renewable energy sources?"

o Stabilizing the power grid: Hydrogen can be generated when renewable
energy sources produce excess energy and utilized to generate electricity
during times of scarcity.

o Decarbonizing hard-to-electrify sectors: Heavy industry, long-distance
transportation, and aviation—areas where direct electrification poses
challenges—can benefit from hydrogen derived from renewable energy
sources as a sustainable alternative.

o Limitations: Significant energy losses during the conversion process (Power-
to-Gas-to-Power) and associated costs.

o The Future: An Essential Link to Attaining Climate Neutrality.

8. When do green solutions yield the highest profitability?
Trainer Tip: Concentrate on long-term objectives and market dynamics.

e Introductory question: "It is frequently stated that 'green' solutions are more
costly. However, at what point do green alternatives become the most
economically viable in hydrogen logistics?"

e Proposed response / Discussion guidelines:

o Long-term perspective: While initial costs may be elevated, over time—due to
reduced operating expenses, avoided emissions fees, and enhanced
reputation—they become increasingly profitable.
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o Rising CO, prices: Emissions trading systems (ETS) are driving up the costs
associated with CO, emissions, thereby encouraging the adoption of green
technologies.

o Regulatory support and subsidies: Governments and the European Union
provide financial incentives for environmentally sustainable investments.

o Declining technology expenses: The expenses associated with electrolyzers,
fuel cells, and LH2 storage are decreasing as the market evolves.

o Evolving societal and consumer expectations: Organizations that cultivate
an environmentally friendly image secure a competitive edge.

o Green hydrogen availability: Enhancing the production of green hydrogen
will reduce its cost.

9. What are the primary challenges to integrating ecology into logistics?
Trainer Tip: Promote the recognition of obstacles and challenges.
e Introductory question: "We possess a vision for sustainable logistics; however,
what are the most significant challenges we encounter in its implementation?"
» Proposed response / Discussion guidelines:
o High initial costs: Investments in emerging technologies (fuel cells, LH2
infrastructure) are costly.
o Insufficient infrastructure: Pipeline networks, refueling stations, and LH2
terminals remain in the developmental stage.
o Inconsistent regulatory frameworks: Incomplete or irregular regulations can
impede investment.
o Inexperience and insufficient knowledge: A shortage of qualified specialists.
o Limited public awareness: Concerns regarding hydrogen and insufficient
understanding of its advantages.
o Availability of green hydrogen: At present, the production of green hydrogen
is constrained and costly.
o Investment risk: The unpredictability of future market developments.
o Resistance to change: Organizations may be hesitant to depart from
established, albeit less sustainable, solutions.

10. Do consumers anticipate zero-emission logistics?
Trainer Tip: Concentrate on market dynamics and societal consciousness.

e Introductory question: "Ultimately, are consumers - all of us — prepared to pay a
premium for products delivered through zero-emission methods? Is there a
feasible expectation for zero-emission logistics?"

e Proposed response / Discussion guidelines:

o Increasing environmental consciousness: An ever-growing number of
consumers are becoming mindful of the carbon footprint associated with
products and services.
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o Regulatory pressure: European Union and national decarbonization
objectives.

o Brand image: Companies that adopt environmentally friendly solutions
enhance their reputation among customers.

o Willingness to pay: While not all consumers are prepared to pay a premium,
the "eco-conscious" segment is expanding. Companies can incrementally
transfer the costs.

o The Role of Education: An increase in knowledge regarding environmental
impact correlates with elevated expectations.

o B2B vs. B2C Logistics: In the realm of business logistics (B2B), the demand for
environmentally sustainable solutions is frequently more pronounced, driven
by corporate sustainability policies.

MODULE 4: HYDROGEN LOGISTICS AND SUPPLY CHAIN

ADMINISTRATION

Trainer's Tip: Begin with an enthusiastic tone, underscoring the pivotal role of
management in the successful execution of the hydrogen economy. "Welcome back!
We have arrived at the final, yet equally significant, module — managing hydrogen
logistics and supply chains. This is the juncture where our insights into safety,
technology, and ecology must converge into a cohesive and effective system.
Effective management is essential for the triumph of the hydrogen revolution. Get
ready for a discussion on strategies and tools that will empower you to become
leaders in this industry! We will commence with a question..."

Proposed topics for discussion with participants

1. What are the phases of the hydrogen supply chain?
Trainer Tip: Explore complexity and interconnectedness.

e Introductory question: "Let us begin with the fundamentals. When considering
the hydrogen supply chain, what essential stages does hydrogen traverse from
'oroduction to utilization'?"

» Proposed response / Discussion guidelines:

o Production: Hydrogen generation (e.g. electrolysis, methane reforming,
pyrolysis).

o Conversion/Preparation: Compression, liguefaction, transformation into
alternative media (e.g., ammonia, LOHC).

o Storage: Short-term and long-term (pressure tanks, cryogenic tanks, salt
caverns).
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o Transport: Pipelines, road and rail tankers, maritime tankers.
o Distribution: Delivery to final destinations (fuel stations, industrial facilities,
buildings).
o Use/End application: Application of hydrogen in industry, transportation, and
energy (e.g., fuel cells, hydrogen turbines).
» "Which stage presently represents the 'bottleneck' in the Polish hydrogen
supply chain?"

2. What factors affect the efficiency of H2 logistics?
Trainer Tip: Concentrate on technical, economic, and operational considerations.

e Introductory question: "What factors are paramount when assessing or
enhancing the efficiency of hydrogen logistics? What contributes to the system's
effectiveness, and what are its limitations?"

» Proposed response / Discussion guidelines:

o Costs: CAPEX (capital expenditures for infrastructure) and OPEX (operational
expenses, including fuel and maintenance).

o Energy losses occur during compression, condensation, and transport
processes (e.g., "boil-off").

o Hydrogen energy/volume density: Influences the capacity of transportation
and storage systems.

o Availability of infrastructure: Pipeline network, refueling facilities.

o Storage and transportation technologies: Choosing optimal solutions.

o Route optimization and delivery planning: Reducing empty runs and
enhancing fleet efficiency.

o Inventory Management: Ensuring optimal levels to prevent shortages or
excessive storage expenses.

o Automation and digitalization: Warehouse Management Systems (WMS),
Transportation Management Systems (TMS), and Internet of Things (loT)
solutions for monitoring and optimization.

o Standards and Regulations: Influence on Design and Operations.

o Staff competencies: Education and expertise.

3. How can routes be optimized and inventory managed?
Trainer Tip: Focus on the practical elements of planning.

e Introductory question: "In the daily operations of logistics, how can we leverage
existing tools and strategies to optimize hydrogen transport routes and manage
inventories efficiently?"

e Proposed response / Discussion guidelines:

o Routing Optimization:
= TMS Systems: Algorithms designed to identify the shortest, fastest, or most
cost-effective routes.
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» Factors: Road traffic, weight and height restrictions, availability of fuel
stations, ADR regulations.

» Real-time monitoring (GPS, loT): Adjust routes dynamically in response to
unexpected events.

» "What advantages does dynamic route optimization offer for H2
transport?"

o Inventory Management:

» Demand forecasting: Accurately predict hydrogen demand at multiple
distribution points.

» WMS systems: Automation of inventory monitoring, order management,
and location tracking.

» |nventory strategies: Just-in-Time (JIT) and Safety Stock, tailored to the
unique characteristics of hydrogen, such as the risk of "boil-off" for LH2.

» "In hydrogen logistics, should we prioritize the Just-in-Time model or opt
for larger safety stocks?"

4. What challenges arise in the management of an H2 warehouse?
Trainer Tip: Concentrate on the particular safety concerns and characteristics of
hydrogen.

e Introductory question: "Hydrogen storage represents not merely a technological
endeavor but also a multifaceted management challenge. What are the primary
obstacles encountered by a logistician in overseeing a hydrogen warehouse?"

» Proposed response / Discussion guidelines:

o Safety: Compliance with stringent standards (ATEX, Seveso Ill), leak
monitoring, and the risk of fire or explosion are essential.

o Temperature and pressure regulation: Particularly for LH2 (low-temperature
preservation, boil-off management).

o Space: The low bulk density of CGH2 necessitates substantial tanks and ample
space.

o Operating expenses: Energy usage for compression and cooling,
maintenance.

o Maintenance: Routine inspections, certifications, and the assurance of
operational continuity.

o Automation: The deployment of automated systems (e.g., robots, automated
forklifts) in environments with potential explosive hazards.

o Regulatory Compliance: Ongoing surveillance of evolving regulations.

o Staff qualifications: Requirement for specialized training.

(@) FR ECRN

Co-funded by

the European Union Eurcpean Chemical Regions k



5. Which components of the supply chain are amenable to automation?
Trainer Tip: Explore targeted automation examples.

e Introductory question: "Modern logistics is increasingly embracing automation.
Which processes within the hydrogen supply chain exhibit the most significant
potential for automation, and what advantages might this yield?"

» Proposed response / Discussion guidelines:

o Loading and unloading processes: Automated loading arms, tank-handling
robots.

o Warehousing: Automated storage and retrieval systems (AS/RS), automated
guided vehicle (AGV) forklifts, inventory management systems (WMS).

o Infrastructure monitoring: |oT sensors deployed on pipelines, tanks, and
stations facilitate automatic leak detection, as well as pressure and
temperature monitoring.

o Fleet management: Automated route optimization, vehicle health
monitoring, predictive maintenance.

o Safety protocols: Automatic emergency shutdown valves (ESD), ventilation
systems activated by hydrogen detection, fire suppression systemes.

o Reporting and data analysis: Automated generation of reports concerning
operations, consumption, and emissions.

o Benefits: Enhanced safety (removal of human involvement in hazardous
areas), cost savings, improved efficiency, accuracy, and reduction of errors.

6. What functions are performed by WMS and TMS systems?
Trainer Tip: Explore the fundamental functions and applications within H2 logistics.
e Introductory question: "We have discussed WMS and TMS. What essential
functions do these systems perform, and how do they contribute to effective
hydrogen logistics management?"
» Proposed response / Discussion guidelines:
o WMS (Warehouse Management System):
» |Inventory location management: Optimal tank positioning, identification
of storage locations.
» Inventory management: Oversight of hydrogen quantities, delivery
schedules, and low stock notifications.
» Automation of warehouse operations: Receipt, issuance, inventory
management.
= Enhancing spatial efficiency.
» Ensuring safety: Integration with detection, alarm, and ATEX zone
mManagement systems.
» "How can a Warehouse Management System assist in managing 'boil-off'
in liquid hydrogen warehouses?"
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o TMS (Transport Management System):

Route planning and optimization: Identifying the most efficient routes
while considering various constraints.

Fleet management: Monitoring vehicles, scheduling maintenance.
Calculation of transportation expenses.

Transport documentation management: Waybills and certificates.
Real-time monitoring of delivery status.

Regulatory Compliance (e.g., ADR, IMDQ): Systems may incorporate
integrated verifications.

"How does TMS assist logistics companies in reducing the risk of collisions
and delays in H2 transport?"

7. How can Lean and Six Sigma be implemented in the H2 sector?
Trainer Tip: Concentrate on minimizing waste and decreasing variability.

o Introductory question: "The principles of Lean Management and Six Sigma have

demonstrated effectiveness across various industries. How can we adapt and

implement these methodologies in hydrogen logistics to enhance efficiency and

quality?"
» Proposed response / Discussion guidelines:
o Lean Management (waste elimination):

Waste in transportation: Unoccupied trips, excessively long routes.
Inventory Waste: Overstorage, losses (boil-off).

Wasted motion: Inefficient loading and unloading processes.
Processing Waste: Superfluous steps in the supply chain.

"Where can we identify the most significant waste in hydrogen logistics
that Lean methodologies could address?"

o Six Sigma (minimization of variability and errors):
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Enhancing process quality: Mitigating the risk of leaks and failures.
Standardization of operations: Consistent protocols for loading,
transportation, and storage.

Root Cause Analysis: Determining the underlying factors contributing to
delays, losses, and incidents.

Measurement and Control: Monitoring Key Performance Indicators (KPls).
"How can Six Sigma assist us in attaining 'zero defects' in hydrogen
operations?"
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8. What distinguishes hydrogen logistics from traditional gas logistics?
Trainer Tip: Highlight the distinctive challenges and particularities associated with
hydrogen.

e Introductory question: "Is hydrogen logistics merely an extension of existing
practices for other gases, or are there essential distinctions that warrant our
attention?"

e Proposed response / Discussion guidelines:

o Physicochemical characteristics of hydrogen:

» Low bulk density: Necessitates exceptionally high pressures (CGH2) or
extremely low temperatures (LH2) for effective storage and transport.
Conventional gases (e.g., LPG, LNQG) possess significantly higher densities.

» Wide explosive range with air (4-75%): Hydrogen exhibits greater
flammability and explosiveness compared to numerous other gases.

» |nvisible flame, odorless: Complicates leak detection.

» Hydrogen embrittlement: Hydrogen has the potential to compromise the
integrity of materials, a phenomenon that is uncommon with other gases.

Conversion costs and energy efficiency: The liquefaction of hydrogen is
considerably more costly and energy-demanding than the liquefaction of
LNGC.

Infrastructure: Currently in the nascent phases of development when
contrasted with the extensive networks established for natural gas or oil.
Regulations: While grounded in general gas regulations, they necessitate
particular adaptations.

Public awareness: Increased concern coupled with diminished knowledge
regarding hydrogen.

9. Which competencies are essential for an H2 logistics manager?
Trainer Tip: Emphasize interdisciplinarity and skills for the future.

e Introductory question: "In light of the various challenges and opportunities,
which competencies—both technical and interpersonal—are essential for
individuals overseeing hydrogen logistics in the future?"

» Proposed response / Discussion guidelines:

o
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Technical expertise: Comprehension of hydrogen characteristics, storage, and
transportation technologies (CGH2, LH2, pipelines, fuel cells).

Regulatory expertise: Mastery of safety regulations (ADR, IMDG, ATEX, ISO
standards) and environmental regulations.

Analytical skills: Data analysis, demand forecasting, cost optimization, risk
assessment (HAZOP, FMEA).

Project Management: Proficiency in leading intricate infrastructure projects.
Digital competencies: Utilizing WMS, TMS, |oT, comprehending the function
of Al, and Big Data.
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o Supply Chain Management: A Comprehensive Perspective on the Entire
Process.

o Soft skills: Effective commmunication, collaboration, risk assessment,
innovation, adaptability to a rapidly evolving environment, leadership.

o Environmental and social consciousness: Comprehension of environmental
effects and proficiency in stakeholder communication.

10. Can digitalization lower costs and emissions in hydrogen logistics?
Trainer's Tip: Conclude the module with a summary of the significance of
digitalization.

e Introductory question: "At the conclusion of our course, a pivotal inquiry arises:
can the investment in digital tools—such as those we have examined—truly yield
measurable advantages in terms of reduced costs and diminished emissions
within hydrogen logistics?"

» Proposed response / Discussion guidelines:

o Cost optimization:
» Route optimization: Reduced fuel consumption, decreased transportation
costs.
» Enhanced inventory management: Decreased storage expenses, reduction
of losses (e.g., boil-off).
» Predictive Maintenance: Prevent expensive failures and minimize
downtime.
» Process automation: Decreasing labor expenses, enhancing efficiency.
» Enhanced resource utilization: Optimal fleet and warehouse management.
o Mitigating emissions:
» Enhanced transportation efficiency: Reduced fuel consumption,
diminished CO, and NOx emissions.
= Minimizing hydrogen losses: Decrease in "boil-off," resulting in a reduced
requirement for new hydrogen production.
» Monitoring and Reporting: Facilitates accurate tracking of emissions and
highlights opportunities for enhancement.
» Support for sustainable choices: Information from digital systems assists in
selecting more environmentally friendly options.
o Synergy potential: The integration of various systems (WMS, TMS, |oT)
amplifies the advantages.
o Challenges: Elevated initial implementation costs, requirement for qualified
personnel, cybersecurity concerns.
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Trainer's Tip: Conclude the discussion by summarizing the key insights from the
module and expressing gratitude to the participants for their engagement.
"Excellent discussion! It is evident that you possess a profound understanding of the
challenges and opportunities associated with hydrogen storage and transport
technologies. Keep in mind that there is no universal solution; the essential factors
are contextual analysis, comprehension of the technology, and ongoing optimization.
Armed with this knowledge and approach, you are well-prepared for future
challenges! Thank you for your participation and collaborative learning."
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