Summary on Panel Session Il: Demonstration of Nuclear Hydrogen

The panel hosted 4 Speakers.

Mr. Andrel Balanin , Kurchatov Institute, Russian Federation
Mr. Hirofumi Ohashi, JAEA Japan

Mr. Arif Arif, PAEC, Pakistan

Mr. Tahar Zidi, COMENA, Algeria

Chaired by Shripad Revankar, Purdue University, USA



The speakers covered the following enabling methods for accelerated

commercialization of nuclear hydrogen (NH).

e Technology readiness levels (TRLSs) of nuclear hydrogen production methods,
the strategies to increase TRL for high efficient hydrogen production methods
such as IS cycle, and demonstration from pilot projects to commercial
deployment, addressing the challenges and impediments.

* Developing fast track regulatory approval while maintaining high safety and
environmental standards

e EXploring innovative financing mechanisms and public-private partnerships.
Government incentive and benefits such as carbon credits can jump start and
accelerate the process.

e Exploring new industry and application to create and stimulate market for
hydrogen,

e Providing flatform for collaboration between vendors, users and regulators,
and for global collaboration through global agencies activities such as IAEA,
through sharing best practices, technology and tools,



Key questions

1.

What key technical and economic challenges need to be addressed to scale up and
demonstration of NH production, and how can stakeholders in the energy and industrial
sectors to collaborate progress?

Challenges need to be addressed for NH demonstration are:

e Accelerating Technology Readiness and Deployment:

Technology readiness levels (TRLs) of nuclear hydrogen production methods such a steam methane
reformation and low temperature electrolysis at high level 9,followed by high temperature electrolysis
and the at low level, chemical water splitting such as lodine sulphur (IS) cycle, the strategies to increase
TRL for high efficient hydrogen production methods such as IS cycle, and demonstration from pilot
projects to commercial deployment, addressing the challenges and impediments described below. Some
technology like thermochemical hydrogen production may be economical with SMR. In addition to use
hydro-pyrolysis for fuel production using high temperature SMR.

Streamlining Regulatory Approvals and Safety Standards:

Developing fast track regulatory approval while maintaining high safety and environmental standards.
Some pathways to fast-track regulatory approvals were identified such as engaging regulators and
industry partnership at early stages of licensing process and developing one-stop shop licensing
process. Implementing needed regulatory changes to facilitate thermally coupled NH system. Some
consideration for reducing licensing burden are: (i) reduced reactor exclusion zone for small modular
reactor (SMR), thereby hydrogen plant as non-nuclear system, (ii) providing thermal storage to minimize
thermal transient in thermally coupled high temperature reactor to hydrogen plant.



Key gquestions

1. What key technical and economic challenges need to be addressed to scale up and
demonstration of NH production, and how can stakeholders in the energy and industrial
sectors to collaborate progress?

Challenges need to be addressed for NH demonstration are:

e Financing and Investment Models for Rapid Scale-Up

e Exploring innovative financing mechanisms and public-private partnerships that can lower the financial
barriers to nuclear hydrogen projects, while keeping production costs at competitive level. Government
incentive and benefits such as carbon credits can jump start and accelerate the process. Government
policy such as in Europe to phase out use of coal can drive desirable to use NH.

e Building Market Demand and Infrastructure:

e Exploring new industry and application to create and stimulate market for hydrogen, and developing
necessary infrastructure for production, storage distribution, and end use. Hydrogen rich fuels, electronic
methanol, ethanol and ammonia as liquid fuel with nuclear heat as primary energy. This can include
small scale hydrogen storage for immediate use. Co-located system matching production usage. Stored
nuclear hydrogen facilitates this process.

e Symbiosis of Renewables and nuclear as integrated energy source will advance energy demand for
various sectors and enable large scale infrastructure development.



Key questions

1. What key technical and economic challenges need to be addressed to scale
up and demonstration of NH production, and how can stakeholders in the
energy and industrial sectors to collaborate progress?

Challenges need to be addressed for NH demonstration are:

e Global Collaboration and Knowledge Sharing:

e Providing platform for collaboration between vendors, users and regulators, and for global collaboration
through global agencies activities such as IAEA, through sharing best practices, technology and tools,
harmonizing standards, and jointly investing in NH initiatives. The NH programs that have head start
can share experience for newcomers -embarking countries . Development of international standards for
nuclear hydrogen system facilitates technology adoptions.

The stakeholders for NH demonstration are vendors, users and regulators-
the partnership between them require harmonization in various phases from
concept to demonstration of NH system.
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Key questions

1. For embarking countries, how can nuclear hydrogen demonstrations play a role in decarbonizing
their emerging industrial sectors? What policy framework and international support mechanisms
are needed to help these countries integrate nuclear hydrogen into their broader energy

transitions.

NH demonstration plays two roles for in decarbonizing their emerging industrial sectors , one is it
provides a safe technology that can be adapted for energy starved power sector - which in turn
can incentivise new industrial growth, second it provides clean hydrogen for industries that drive
economic growth such as fertilizer, refineries, chemical, steel and other metal reduction

To enable these countries to integrate nuclear hydrogen into their broader energy transitions the
policy framework and international support mechanisms are needed in the following areas:

I.  Unique infrastructure needs such as small grid,

li. Regulatory and legal framework — easily adaptable through proven existing example

lii. Financial models and avenues to procure financing.

Iv. Technology knowhow, transfer of technology and knowledge— operating experience

v. Domestic political willingness and leadership that create environment for global investment.
vi. Sustainable human resource development — education, training and exchanges



Key findings of INPRO Hydrogen Study

Collaborative Project “INPRO Case Study on Nuclear Hydrogen Systems: Drivers
and Institutional, Economic and Legal Impediments

Key drivers

e Reduction carbon dioxide emissions (environmental)
e Demand. New hydrogen users
e (Government support for the development of hydrogen energy;



Opportunities. Availability of the following:

e Presence of hydrogen production, storage and transportation system on many NPPs for their own
use;

e Presence of end users in the vicinity of NPPs

e Growth of additional channels for exports or international trade

e Local availability of Water resources

e Availability of Natural uranium

e Local availability of Natural gas

e Existing Steam Methane Reforming (SMR) technology based on fossil fuels

e |[nnovations in the area of nuclear-hydrogen system (generation, storage and transportation);
Limitations:

o Lack of water

e Lack of infrastructure to transport hydrogen to end users

e Public acceptance



Impediments
e Poor industrial & transport infrastructure on global and regional scale

e Technology maturity level-low efficiency (electricity and heat)
e Cost of H2 Production ~ 3 USD/ Kg and above
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