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Thorium Molten Salt Reactors
That Open the Gate of the
Second Atomic Energy Age

By Yutaka Takahashi, Thorium Tech Solution Inc.
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Light water reactors, which are mainstream conventional nuclear reactors, generates clean energy
with low cost, but their safety has been reevaluated. This article outlines one of the low-cost small new in-
novative reactors that are clean, highly safe, and suitable for local generation and local consumption, name-
ly thorium molten salt reactors that can eliminate plutonium.
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Current Energy Strategy of Japan

The newly inaugurated Yoshihide Suga administra-
tion announced in the general policy speech by the Prime
Minister on October 26, last year that it would achieve
“carbon neutrality” with zero global warming gas emis-
sions by 2050. He has greatly raised the previous goal
of reducing the emissions amount by 80% or more from
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From Agency for Natural Resources and Energy "Trends after the formulation of the basic energy plan and the

direction of future measures", December 27, 2018
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1990 level, signaling his willingness to tackle the clean
energy problem head-on at home and abroad.

The government reviews the basic energy plan ev-
ery three years. The current Fifth Plan was decided by
the Cabinet in July 2018, but it has set a goal to reduce
the ratio of fossil fuels in the power source composition
from 81% as of FY 2017 to 56% in FY 2030 through the
abolition of low-efficiency coal power plants, etc., increase
the ratio of non-fossil fuels instead, increase the ratio of
renewable energy from 16% to 22-24%, and increase the
ratio of nuclear power, which had to be stopped one after
another due to the Fukushima nuclear power plant No. 1
accident, etc., from 3% to 20-22%.

From Prime Minister Suga’s speech, the 6th Basic
Energy Plan, which will be released this year, is expect-
ed to undergo major changes, but on December 25, last
year, but the Resources and Energy Agency announced
the government’s action plan “Green Growth Strategy”
for 2050 with goals of decarbonization in 14 key fields in
3 sectors including energy, transportation/manufactur-
ing, and home/office. The energy-related industries fo-
cus on the four fields of offshore wind power generation,
ammonia, hydrogen, and nuclear power as key fields. The
nuclear power industry includes small modular reactors
(SMR), high-temperature gas reactors, and nuclear fu-
sion. It emphasized the importance of developing next-
generation nuclear power generation that was supported
by highly safe and innovative technology.
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Hydrogen industry
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Nuclear power industry
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SMR, nuclear power for generating hydrogen
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From the Ministry of Economy, Trade and Industry “Green Growth Strategy for Carbon Neutrality by 2050”
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Future response
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Development of various
technological elements needed
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-Basic design and development in collabora-

tion with overseas demonstration projects
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-Voluntary development of small modular re-
actors (SMR) by Japanese companies only

EEHETOS T FAOEE

Participation in International
Collaboration Project
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-Support the efforts of Japanese companies
in collaboration with overseas demonstration
projects aiming at start of operation at the
end of 2020s with safety, economic efficiency,
supply chain buildup, and regulatory compli-
ance in mind

with various needs in mind
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ada for safety toward licensing
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production

Verification of safety and economic
efficiency of revolutionary technology
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-Ongoing process in the US, the UK and Can-

-Economic efficiency pursued through mass

AL THAT ST B RIMIREZ % 2. HdfibAZE -
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-Participation in technological development

and demonstration based on more advanced
regulation-making
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-Japanese companies participate in the proj-
ects as major players and contribute to safety
demonstration of SMR which represents de-
carbonization technology, secure the status of
major suppliers; After overseas development
of the first SMR unit at the end of 2020s;
achieve global deployment and mass produc-
tion system through international collabora-
tion

BBEEEE 12050 FA—RYZa—rIILICHESTU-VEREEE) KDRFHER/NEIF (SMR) OERRZRE
Excerpt of the segment of the nuclear industry small modular reactor (SMR) from the Ministry of Economy, Trade and
Industry “Green Growth Strategy for Carbon Neutrality by 2050”

REME—ERELETHESR.
EE_DEFHER] OMZH< | ZH%E
BB TR NX —BORKOMEE KE L YT, WEE 12
H8 H., Ri#bhis—REBRMET B0 FHIHMY o
ZHL | 2R A4 MVIGEHIDEI N, WY LTy 7Y
Va—ayOl)IHERELERED T Y AEEEF ) B
WOWTOEZIT - 72

FHW M) v H2HEE, BEZTOE T
K3, GEIE R FHIRRZNZTVS W ERT
H 5,
IANF—BEROEE P MZ TVWE 2K TH D

Lecture Meeting titled “Opening the
Gate of the Second Atomic Energy
Age!” Held at the First Members' Office
Building of the House of Representa-
tives

As the government makes a major shift in energy
policy, the Lecture Meeting titled “Opening the Gate of the
Second Atomic Energy Age!” was held at the First Mem-
bers’ Office Building of the House of Representatives on
December 8, last year. President Masaaki Furukawa of
Thorium Tech Solution Inc. gave a lecture on the devel-
opment of “thorium molten salt reactor”.

The reason why the title referred to “Second” means
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that the first atomic energy age up to now is about to en-
ter the second atomic energy age.

I have given a lengthy initial explanation to allow
readers to realize that we are in the transformation pe-
riod of the energy policy, I want to get into the main top-
ic on the meaning of “Opening the Gate of the Second
Atomic Energy Age” and “What is going to open the gate
of the Second Atomic Energy Age”. Here, I will proceed
on the assumption that many readers, including this au-
thor, are not nuclear power researchers. For those who
want a detailed theoretical and technical explanation, I
recommend them to read the great book “Nuclear Power
Plant Safety Revolution” (Bunshun Shinsho) by the late
Dr. Kazuo Furukawa, who was a nuclear power research-
er and a world-famous designer of the thorium molten

salt reactor “FUJI".

First Atomic Energy Age

In 1942, Enrico Fermi of the University of Chi-
cago in the United States succeeded in the chain reac-
tion of nuclear fission, which is the principle of nuclear
power generation, in an experimental reactor. A nucle-
ar power plant experimental reactor was built in 1951, a
nuclear power plant started operation in 1954, and as of
January 1, 2020, 437 nuclear power plants are in oper-
ation worldwide ((one company) Japan Nuclear Indus-
try Association materials). Most of them are light water
reactor types that use uranium solid fuel, and many of
them generate 1 million kWh. Unlike solar or wind pow-
er generation, nuclear power generation is a base load
power source that stably supplies a constant amount of
power at low cost regardless of the season, weather, day
or night like thermal power generation, and also have an
advantage of being clean energy that does not emit CO2
unlike thermal power generation. But the biggest weak-
ness is the issue of safety. In the event of a serious ac-
cident, there is a risk of explosion, core meltdown, and
diffusion of radioactive materials into the surrounding
area. In addition, the location is far from the city center
with a large amount of energy loss associated with long-
distance power transmission, so it is necessary to repro-
cess spent nuclear fuel and secure a place to receive nu-
clear waste materials. From a security perspective, plu-
tonium produced by burning uranium fuel can be used
for the production of nuclear weapons, so the Japan-US
Nuclear Cooperation Agreement requires the reduction
of plutonium that has no purpose for use.

Prime Minister Suga’s response to the Diet on No-
vember 4, last year, saying, “We do not anticipate the
construction of additional nuclear power plants at this
time,” can be perceived as the indication that the First
Atomic Energy Age, namely the era of mainstream con-
ventional light water reactor type nuclear power gener-
ation, which has major safety problems, is beginning to
be phased out. At the same time, Minister of Economy,
Trade and Industry Hiroshi Kajiyama said, “We will con-
tinue to make efforts to improve safety, such as techno-
logical development including new innovative reactors,”
and his statement can be perceived as the indication of
the dawning of the Second Atomic Energy Age and his

expression of expectations for it.
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Requirements of the Second Atomic
Energy Age

Then, what are the requirements for nuclear reac-
tors in the Second Atomic Energy Age? The requirements
include not losing the strength of nuclear power gener-
ation, including low cost, base load power source capa-
ble of stable supply, and no CO2 emissions, and achiev-
ing the level of safety that is hard to imagine the occur-
rence of a severe accident like the one that occurred at
Fukushima Daiichi Nuclear Power Station. Even if the re-
actor is shut down, radioactive materials should not be
scattered in the surrounding area. In addition, it should
be small and suitable for local power generation and lo-
cal consumption, and it should not require long-distance
power transmission, so there should be little energy loss.
Furthermore, there should be no need to reprocess spent
nuclear fuel, and even if nuclear waste materials are gen-
erated the amount should be small, and they should be
stored on the reactor premises and don’t need to be carried
out of the premises, and plutonium for nuclear weapons
that requires reduction for security should not be gener-
ated. It can be said that a nuclear reactor that meets all
of these requirements can open the gate of the Second
Atomic Energy Age. Is it really possible to develop such

a dream-like nuclear reactor?

Thorium molten salt reactors that open
the gate of the Second Atomic Energy Age

The reactor that opens the gate is the thorium mol-
ten salt reactor introduced below.

Nuclear power generation system is a device that
continuously causes a nuclear fission chain reaction (criti-
cality) and generates electricity using a steam turbine op-
erated by the enormous heat generated with such chain
reaction. There are two types of natural raw materials
that can be used as materials for fission chain reactions,
namely uranium and thorium. Uranium produces pluto-
nium in the fission reaction, and thorium produces ura-
nium but not plutonium. (Details on the fission reaction
and the structure of the reactor are described in detail in
“Nuclear Power Plant Safety Revolution” by Kazuo Furu-
kawa, referred to earlier).

There are three major differences between the ura-
nium solid fuel light water reactor that represents the First

Atomic Energy Age, and the thorium molten salt reactor.

1. EFEEEL vs TIEREREL ~  Solid fuel vs liquid fuel
2. DSV vs FUDLEE 7 Uranium fuel vs thorium fuel

3. KB (100 5 kW i2E) vs /MBI Q0B kWIATF)
Large (about 1 million kW) vs small (200,000 kW or less)

IN5DEWVICED . B—DRFIFAODRERFHEBOFRZRR L. BEZORFAHKRZLZ S EHARETH S,

These differences make it possible to overcome the weaknesses of nuclear power generation in the First Atom-
ic Energy Age and welcome the Second Atomic Energy Age.




ZHYS—L

Salaam Quarterly Bulletin

B—DEFHR] DEFIF
=Bl AR T S EIF
Reactor in the First Atomic Energy Age
=Solid Fuel Reactor/Uranium Fuel Reactor

AR K B B KIE

Light Water Reactor(Pu-themal)

72 > Plutonium + U238 (MOX fuel)

EZORTFHENI ORFIF

=TRIEEENET MU LAER

Reactor in the Second Atomic Energy Age
= Liquid Fuel Reactor/Thorium Fuel Reactor

)2 LiERiR IR

|

kU LARIMEIR
MSR for plutonium transmutation(Pu-MSR)

k1) 7 Ly Plutonium (+ trans-uranium element)

IR | Bk - meES D (BRRE) SERIERIAIRE - IREEL L (TIRAE)
Nuclear fuel Solid fuel/fuel rod No molten salt liquid fuel/fuel rod
(regular replacement required) (no replacement required)
ARUIBREBEN S EMZ RSB
7K /Water .
Molten salt liquid fuel also serves as coolant
AN
Coolant BE (SERSE) 5 E QTR RN % 1658
High pressure Liquid fuel at atmospheric pressure circulates
(high pressure container required) in the reactor
i 73 100 5K WME (KER) 20 F KW (hELR)
Pu&rggsiis;ng 0.3 tons/year/1 million kW 0.2 tons/year/200,000 kW
R BEXWNRMHE - HIEHEM RIENICRS - BEEM
Safety measures required Safe in principle
EIEE] /Str)l/Jctu ral com pl%xity /Simplegtruct% re
IR B B TSNS BALIE ISR
Nuclear fuel

reprocessing

Reprocessing plant required

No reprocessing plant required

®IX b

Power
generation
cost

158/ kWh (FHFRDBSE)
15 JPY/kWh (when newly installed)

10,/ kWh (FBrE)
10 JPY/kWh (restart)

5,/ kWhIU{TF
5 JPY/kWh or less
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High safety and economic advantage

The characteristics of the thorium molten salt re-
actor are described below in comparison with the light
water reactor in terms of safety and economy, which are
important for power generation.

<High safety>

The safety of the thorium molten salt reactor is
mainly due to the operation as liquid fuel like a chemi-
cal plant. By dissolving thorium in a molten salt (a FLiBe
type molten salt of liquid fluoride), the normal pressure
state is maintained even if a fission reaction occurs, and
fuel rods that can cause a meltdown are unnecessary.
Since water is not used for cooling, hydrogen gas is not
generated. Even if the circulation pump stops, the liquid
fuel continues to circulate by natural convection and car-
ries the heat of the core to the outside, and if the circula-
tion speed slows down, the nuclear reaction speed of the
core slows down and heat generation decreases, so core
overheating does not occur. In an emergency, the drain
valve (exhaust port) at the bottom of the core automati-
cally opens even when the power is turned off, and the
liquid fuel falls into the underground tank, and at the
same time it hardens into a glass, so the radioactive ma-
terials are trapped and do not go out. Therefore, unlike
the Fukushima Daiichi Nuclear Power Station, hydrogen
gas explosion, nuclear fuel meltdown, and outflow of ra-
dioactive materials to the outside do not occur.

Since it is equipped with such principle safety and
passive safety (preventing accidents), it is difficult to as-
sume a severe accident.

<Economic advantage>

The thorium molten salt reactor is estimated to
cost less than 5 yen per 1kWh, and can supply electrici-
ty at a much lower price than renewable energy, thermal
power, and even light water reactors (see the table below).
In the first place, nuclear material used as fuel is an ef-
ficient energy resource that produces energy equivalent
to 1 ton (million times) of oil from 1 gram of it. In addi-
tion, since thorium molten salt reactor uses thorium as a

TR R +EEE / Comparison of power generation costs

1 L AR AR EF7 /Nuclear A% /Coal LNG y=p::plelll KBk % LES
As 0f 2030 Thorium MSR Solar Offshore wind
BRIKIF /LWR XF] [Fire X 7] [Fire X7 [Fire
BIX b+
(.7 kwh) 5MUF
Cost of power 10.3 12.9 134 28.9~41.7 12.7~15.6 30.3~34.7
generation Below 5.0
(JPY/kwWh)
< #R — HRI XL —FEE 2030 FEFIL
Estimated Materials of the Agency for Natural Resources and Energy

7
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Molten salt experimental reactor MSRE {ﬂﬁfﬁﬁﬁﬁﬁ%ﬁ%@:
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National Laboratory, USA from 1965 to 1969
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liquid fuel, it does not require complicated fuel rods that
require regular replacement, has a simple structure, and
does not require multiple layers of safety measures like a
light water reactor, so the reactor can be manufactured at
alow cost. In addition, since the speed of the fission reac-
tion can be controlled by changing the flow velocity of the
liquid fuel, it is compatible with renewable energy, such
as compensating for the instability of renewable energy.

Furthermore, since the molten salt reactor can use
not only thorium but also plutonium as fuel, the effect
of two birds with one stone can be expected to create a
highly profitable industry while eliminating troublesome
plutonium in the molten salt reactor. In addition, while
uranium is unevenly distributed and monopolized, tho-
rium is universal and abundant all over the world, so it
is cheaper and less vulnerable to competition for secur-
ing resources.

Thanks to the efforts of Dr. Wigner and Dr. Wein-
berg, the molten salt experimental reactor has a track
record of having operated accident-free for four years
from 1965 to 1969 at the Oak Ridge National Laborato-
ry in the United States, and it is technologically estab-
lished. Compared to other types of new innovative reac-
tors, it has advantages in terms of development time and
development cost.

Excluded from development options due
to judgment of being ‘militarily worthless'

Although it is a new innovative reactor, the molten
salt reactor is not a technology that has emerged in the
last few years. As mentioned earlier, despite four years of
accident-free operation, the development of a molten salt
reactor was suddenly terminated in the United States in
1976, and development has been
suspended until recently. It is said
that the reason for the cancellation
was due to the political judgment
that the thorium molten salt reac-
tor is 'militarily worthless' because
it does not produce plutonium suit-
able for the production of nuclear
weapons, reflecting the interna-
tional situation at that time. Unfor-
tunately, this has resulted in most
nuclear power plants around the
world becoming light water reac-
tors that produce plutonium, which
are inferior in safety and economic
efficiency but have military value.
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Molten salt reactor "FUJI" designed by Kazuo Furukawa, founding president of Thorium Tech Solution Inc.
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The Second Atomic Energy Age has begun

However, as light water reactor type nuclear power
plants in the First Atomic Energy Age is about to reach the
end of its life cycle (40 years of operation in Japan, the op-
eration can be extended only once for about 20 more years
with the approval of the Atomic Energy Commission) one
after another, the review of nuclear power generation is in
full swing around the world. The review focuses on the de-
velopment of a small modular reactor (SMR: tens of thou-
sands of kWh in scale) by a venture company, in which the
private sector takes the initiative in development that em-
phasizes safety and economic efficiency with support from
the government, instead of the government-led develop-
ment as in the past. Twenty development ventures around
the world, centered on 14 in the United States, have already
submitted a bid and are competing. The trend is reaching
Japan, and the Ministry of Economy, Trade and Industry
started the “Innovative Nuclear Technology Development
Support Project to Meet Social Demand” in FY 2019, and
FY 2020 is the second year. The development of a molten
salt reactor by Thorium Tech Solution Inc. has also been
adopted as a project for support, and the company is pro-
ceeding with the development of a plutonium-eliminating
molten salt reactor peculiar to Japan and a thorium mol-
ten salt reactor with an eye on the world market.

In conclusion

While the importance of global environmental con-
servation such as mitigation of global warming increas-
es, in order to meet the rapidly growing global energy de-
mand centered on emerging countries, it is necessary to
promote energy saving and supply a large amount of safe,
clean and low-cost electricity. At the same time, human-
kind is seeking a ‘reactor for peace’ that does not produce
plutonium suitable for the production of nuclear weapons.
This author has great expectations and hopes for the tho-
rium molten salt reactor as a leader in the Second Atomic
Energy Age that can meet these needs.
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