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６６６６６６６６６６６６６ HTGR Hydrogen and Heat Application Research
Research and Development on HTGR, Hydrogen Production, and Heat Application Technologies

A high temperature gas-cooled reactor (HTGR) is a nuclear 
reactor with various industrial uses, including high�e൶ciency 
power generation and hydrogen production ()ig.���). -apan 
$tomic (nergy $gency (-$($) has been conducting various 
demonstration tests using the high temperature engineering 
test reactor (+775), developing the hydrogen production 
technology and gas turbine that utili]e high�temperature heat, 
researching on commercial HTGRs for practical uses, and 
promoting international cooperation.

In 200�, the +775 was the only nuclear reactor in the world 
that can supply high�temperature heat up to ��0 �C. In 20�0, the 
reactor outlet temperature of ��0 �C was stably supplied in �0 
days of continuous operation, demonstrating the +7*5¶s stable 
supply of high�temperature heat. 7he inherent safety feature 
of the +7*5 was also confirmed in a loss�of�forced�cooling 
test without a reactor scram. (ven if the cooling and shutdown 
functions were not activated in the test, the reactor power 
dropped to ]ero, and the decay heat was naturally removed. 
$fter the *reat (ast -apan (arthTuaNe in 20��, the +775 
operation was stopped for a long time due to the safety review 
by the Nuclear 5egulation $uthority of -apan against the new 
nuclear regulatory standards established in 20��. In -une 2020, 
the +775 obtained permission to change the reactor installation, 
and restarted in -uly 202�.

In 'ecember 2020, the 0inistry of (conomy, 7rade and 
Industry executed leadership and formulated an industrial policy, 
called the “*reen *rowth Strategy 7hrough $chieving Carbon 
Neutrally in 20�0”, in response to the “20�0 carbon�neutral and 
a carbon�free society” declared by 3rime 0inister <oshihide 
Suga in 2ctober 2020. In this green growth strategy, the nuclear 

industry is designated as one of �� important fields, where future 
growth is expected. 7he targets of the nuclear industry are small 
modular reactors, high temperature gas-cooled reactors, and 
fusion energy. 7he future efforts of the +7*5 include� (�) 
utili]ation of the +775, in which the government will support, 
in addition to international safety demonstration, the necessary 
technology development for massive and low�cost carbon�free 
hydrogen production by 20�0� (2) government¶s participation 
in technology development and demonstration while giving 
thoughts to safety, economy, supply chain construction, 
regulatory compliance, and so on and government¶s creation 
of overseas Moint proMects based on the status of preceding 
overseas proMects� and (�) promotion of cooperation with the 
related organi]ations of other countries to disseminate -apanese 
standards through construction, operation.

-$($ is steadily advancing the research and development 
of the +7*5�related technology with great expectation. 
The research and development for practical uses include the 
prediction of the heat Àow behavior in the +7*5 during normal 
operation and accidents, nuclear design policy for maintaining 
the integrity of coated fuel particles, and reduction of excess 
plutonium (7opics ���–���). 5egarding the development of 
hydrogen production using the IS process, -$($ is developing 
the corrosion test for corrosion-resistant metal materials and 
separation membranes and electrode materials for improving 
the hydrogen production e൶ciency (7opics ���–���). )or the 
technical development related to the +775 operation, a utility 
tool has been developed to automatically seeN for the critical 
control rod position during a normal operation (7opic ���).

Fig.6-1  Features of the HTGR and plan of the HTTR-heat utilization test
A high temperature gas-cooled reactor (HTGR) is a helium gas-cooled and graphite-moderated thermal-neutron reactor with excellent 
inherent safety features. The HTGR meets various heat application requirements, including hydrogen production and power generation. 
The HTGR also meets the 3E+S policy targets in Japan’s Strategic Energy Plan. JAEA’s final target is the successful demonstration of 
coupling a nuclear reactor and heat application systems by connecting a gas turbine and hydrogen production facilities to Japan’s first 
HTGR, that is, the high temperature engineering test reactor (HTTR).
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・Ceramic-coated fuel with excellent heat resistance

・Graphite moderator to maintain only mild temperature changes in 

the event of an accident

・Helium gas with chemical inertness

Given these features, core meltdown does not occur.

Economic efficiency (E)

・Waste heat reduction by cascaded heat utilization (heat utilization ratio: 80%)

・Simple and highly efficient gas turbine system (efficiency: 50%)

Environment (E), Energy security (E)

・Reduced waste by high burnup fuel and highly efficient power generation

・Reduced contribution to global warming via a stable supply of CO2-free hydrogen
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