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Note on External References

Below is a concise list of scholarly works that provide context to the
concepts discussed in this paper, particularly in relation to maritime
decarbonization, multi-energy systems, and energy storage feasibility. They
have been included here to highlight relevant research directions on
technologies and strategies that overlap with or inform the TSTM approach:

1. Al-Breiki, Mohammed, and Yusuf Biger. “Investigating the Technical
Feasibility of Various Energy Carriers for Alternative and Sustainable
Overseas Energy Transport Scenarios.” Energy Conversion and
Management, Elsevier BV, 2020, doi:10.1016/j.enconman.2020.112652.

* Included to emphasize the comparative analysis of different renewable
energy carriers in overseas contexts.

2. Shi, Zichuan, et al. “Coordinated Operation of the Multiple Types of
Energy Storage Systems in the Green-Seaport Energy-Logistics
Integrated System.” [EEE Transactions on Industry Applications, 2024,
https://doi.org/10.1109/tia.2024.3359585.

» Showcases advanced approaches to combining multiple storage
systems in maritime logistics systems, underscoring the relevance of
integrated energy planning.

3. Abraham, E., et al. “Large-Scale Shipping of Low-Carbon Fuels and
Carbon Dioxide towards Decarbonized Energy Systems: Perspectives
and Challenges.” International Journal of Hydro\[‘“ Lo 2024 j

https://doi.org/10.1016/].ijhydene.2024.03.140.
* Explores large-scale shipping solutions for lo
parallels to the proposed TSTM maritime transport concepts.
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4. Tao, Hai, et al. “Utilizing the Thermal Energy from Natural Gas Engines
and the Cold Energy of Liquid Natural Gas to Satisfy the Heat, Power,
and Cooling Demands of Carbon Capture and Storage in Maritime
Decarbonization: Engineering, Enhancement, and 4E Analysis.”
International Journal of Low-Carbon Technologies, 2024,
https://doi.org/10.1093/ijict/ctael60.

- Demonstrates how to optimize various energy streams (thermal and
cold) from NG-related processes, aligning with the paper’'s emphasis on
multi-vector energy solutions.

5. Ahmed, Shamim, et al. “Multi-Source Energy Networks for Cargo
Vessels.” Transactions on Environment and Electrical Engineering, EEEIC
International Publishing, 2016, doi:10.22149/teee.v1i4.52.

* Focuses on integrative energy systems aboard vessels, supporting the
notion of flexible maritime infrastructure like TSTM-M.

6. Czermanski, Ernest, and Giuseppe T. Cirella. “Energy Transition in
Maritime Transport: Solutions and Costs.” Advances in 21st Century
Human Settlements, Springer Nature, 2021, doi:10.1007/978-981-16-
4031-5_5.

* Provides macro-level insights into costs and strategies for
decarbonizing maritime transport.

7. Wei, Hongqian, et al. “Planning Integrated Energy Systems Coupling V2G
as a Flexible Storage.” Energy, Elsevier BV, 2022,
doi:10.1016/j.energy.2021.122215.

* Highlights top-level planning of integrated systems with storage,
reflecting a similar systems-based viewpoint as TSTM.

8. Hir, M. Pourbeirami, et al. “Zero-Emission Fueling Infrastructure for IWT:
Optimizing the Connection between Upstream Energy Supply and
Downstream Energy Demand.” Modelling and Optimisation of Ship
Energy Systems 2023, TU Delft OPEN Publishing, 2024,
doi:10.59490/moses.2023.674.

» Addresses infrastructure challenges in maritime fueling, suggesting
parallels with TSTM's flexible, modular approach.

9. Paneri, Anshul, and Xiaoyu Yan. “A Review on Containerised Renewable
Energy Systems.” Social Science Research Network, Social Science
Electronic Publishing, 2019,
https://autopapers.ssrn.com/sol3/papers.cfm?abstract_id=3405355.
» Offers a perspective on containerization for renewable systems,
resonating with TSTM’s modular storage philosophy.
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10. Baldi, Francesco, et al. The Cost of Innovative and Sustainable Future
Ship Energy Systems. 2019,
https://research.chalmers.se/en/publication/516660.

» Covers economic analyses of sustainable ship energy solutions,
aligning with TSTM's emphasis on cost-effectiveness.

1. Overview and General Impression

This manuscript addresses a critical bottleneck in the global energy
transition: the lack of robust, large-scale energy storage solutions capable
of accommodating seasonal mismatches and geographical constraints. The
proposed Tubular Storage Tank Module (TSTM) architecture is timely,
offering a modular approach that spans both land-based and maritime
applications. Overall, the work presents a broad systems-engineering
perspective, linking grid-scale curtailment challenges to innovative gas-
based storage options.

2. Major Contributions and Strengths

1. Comprehensive System-Level Vision: The paper transcends individual
projects to propose an integrated, global architecture. By detailing both
stationary (TSTM) and floating (TSTM-M) concepts, the authors
demonstrate scalability and broad applicability.

2. Acknowledgment of Real-World Constraints: In discussing
curtailment, transmission bottlenecks, and public opposition to
expanded energy infrastructure, the manuscript confronts the practical
hurdles faced by renewable deployment.

3. Technical and Economic Feasibility: Providing CAPEX estimates (<10
€/kWh for TSTM) and life-cycle efficiency (55-58%) is valuable for
positioning TSTM relative to competing energy storage technologies like
lithium-ion batteries, hydrogen, and LNG.

4. Maritime Focus: The TSTM-M concept leverages existing shipping
networks and avoids energy-intensive liquefaction—this is a strong
advantage, especially in an era of uncertain fuel markets.

5. Bridge to Future Energy Scenarios: By mentioning compatibility with
renewable methane (e.g., biomethane or synthetic CH.4) and ammonia,
the authors demonstrate foresight in ensuring the infrastructure
remains relevant in a low-carbon economy.

3. Methodological Depth, Clarity, and Potential
Gaps
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1. Further Quantitative Modeling: While the paper references overall
system efficiencies and cost metrics, a deeper numerical analysis on
the trade-offs of TSTM under diverse operating conditions (e.g., partial
load, multi-year variability) would enhance the proof-of-concepit.

2. Risk Assessment: TSTM and TSTM-M rely on pressurized gas storage
and maritime transport. Including more detail on safety, environmental
risks, or regulatory compliance would strengthen the argument for
large-scale adoption.

3. Lifecycle Emissions: Although the text briefly addresses carbon
footprint considerations (for example, recycling steel), a lifecycle
assessment comparing TSTM modules to other storage pathways would
help quantify tangible climate impacts.

4. Technical Integration Details: The manuscript outlines broad
implementation scenarios but could add more specifics on energy
conversion (compression, decompression) and control systems.

4. Clarity and Organization

e The overall flow from framing the global energy transition bottlenecks
through to discussing TSTM’s potential as a solution is logically
structured.

e Occasional repetition of data (especially regarding curtailment figures)
could be reduced for brevity.

e The highlighted case studies, such as Troll A, are effective illustrations of
real-world applicability.

5. Suggestions for Further Enhancement

¢ Pilot Project Insights: Including any preliminary or simulated results
from pilot installations—if available—would provide tangible evidence for
TSTM's effectiveness.

e Sector Coupling: TSTM's role in coupling electricity, heat, and transport
is noted. Extending the discussion to more specific sector coupling use
cases might appeal to policy-makers and technology developers.

e Stakeholder Engagement: A short section on stakeholder analysis
(utilities, port authorities, shipping companies, regulators) could clarify
how to accelerate acceptance and deployment.

6. Overall Remarks

The concept of modular, high-pressure storage for both land-based and
maritime applications offers a fresh angle for addressing the twin challenges
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of renewable energy curtailment and limited transport infrastructure. The
authors do well to situate TSTM within current policy and market trends,
underscoring how it could alleviate bottlenecks that restrain renewable-
scale expansion. By drawing on extensive real-world examples (such as the
North Sea and the Gulf of Mexico), the paper demonstrates a keen
awareness of market-driven and geopolitical realities.

The manuscript lays a solid foundation for future exploration of TSTM's
reliability, safety, and economic performance across various regions. It
contributes usefully to the literature on multi-vector energy systems and
maritime decarbonization strategies. The broader community—ranging from
policymakers to engineering professionals—may find this work beneficial for
identifying how to ease grid congestion and facilitate cross-sector energy
storage.

End of Review
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