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If shipping was a country, it would have been the 6th largest emitter of CO2, just above Germany (Olmer et
al., 2017), and the current trajectory implies a doubling by 2030 (Argyros et al., 2014). Despite intensive
research, there are not any realistic options for the decarbonization/the electrification of the deep-sea fleet
or for smaller ships that operate for longer periods of time at sea (Emblemsvåg, 2021).
Yet, nuclear options are not considered, probably
because of the perception among laymen.
Furthermore, Thorium-based Molten Salt Reactors
(TMSR) are largely unknown in the public space
(Kamei, 2011). Again, this is not strange since even
textbooks on nuclear engineering have excluded
this technology since the late 1970s (Furukawa et
al., 2008). In this context, (Emblemsvåg, 2021)
suggests that over the course of 30 years, more than
60 MUSD can be saved per vessel using TMSR
compared to the traditional heavy fuel oil.
The idea of a liquid, chemical device instead of the
traditional fuel rods in a mechanical device is
attributable to the Nobel laureates Eugene Wigner
and Harold Urey, and Wigner recommended the
‘molten fluoride’ as the starting-point (Weinberg,
1997). Alvin M. Weinberg lead a large team of
researchers to develop MSR through at Oak Ridge
National Laboratory. The first prototype operated
between 1965 and 1969 at 7-MW thermal power
level using thorium (Moir & Teller, 2005). It
operated successfully for 17,655 hours (Furukawa
et al., 2008) and virtually all nuclear engineering
issues were solved (Furukawa et al., 2005).
Unfortunately, the technology never received the
political support and the organizational support
within the Atomic Energy Commission that the
fast-breeder received (Weinberg, 1997) even
though the first sentence of the Summary of the
Task Force Report (TID-8505) of the Atomic Energy
Commission stated that “The Molten Salt Reactor
has the highest probability of achieving technical
feasibility” (MacPherson, 1985). Hence, the
“Molten-Salt Breeder Experiment” in 1976 was cut
allegedly for budgetary reasons.
When the idea of thorium power was first revived
in recent years, the new focus of discussion was its

inherent proliferation resistance due to 9/11, see
(Kazimi 2004), but using traditional solid fuel
reactors. However, the TMSR quickly resurfaced,
and Newsweek described it as a ‘lost chance’ stating
that “The most promising path forward is to return
to the road not taken 50 years ago”1.
Newsweek is right. There are many arguments for
selecting a TMSR over the traditional nuclear
power technology and also in general (Furukawa
et al., 2008):
1.
2.

3.

4.

5.

6.
7.

8.

Unlike the conventional systems there is no
scenario called ‘fuel melt down’.
Excess reactivity is small since there is no need
to provide for xenon over-ride, and with online
refueling no need to make provision for fuel
consumption. Thus, there is no chance for
large power surges, an important safety
concern in conventional reactors.
Most gaseous fission products (Xe, Kr, etc.) are
continuously removed so there is no danger of
release of these radioactive products, even
under accident conditions.
Molten fluorides are stable to the reactor irradiation, because they are simple ionic liquids,
and do not undergo any violent chemical reactions with air or water.
Reactors have full passive safety. Under accident conditions the fuel is automatically
drained into passively cooled critically safe
storage tanks.
The reactor can use a variety of fuels (233U,
Enriched uranium, plutonium and even TRU2).
No fuel fabrication is required, and this is
advantageous when you have feed materials
with a widely varying isotopic composition.
This also makes transmutation of TRU easy.
High temperature of the fuel salt permits
higher conversion efficiency and even holds

1 Newsweek in 2006, see https://www.newsweek.com/lost-chance-105291
2 Trans-Uranium materials. Major factors of TRU are americium and curium. Total amount of these elements produced in the same condition mentioned above is 0.3 g
from TMSR, which is much smaller than the 25 kg produced from uranium Light Water Reactor (LWR), see (Kamei, T. 2011).
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Discount rate
Country

3%

7%

10 %

Belgium

51.5

84.2

116.8

China

28.2

42.4

56.6

Finland

46.1

77.6

109.1

France

50.0

82.6

115.2

Hungary

53.9

89.9

125.0

Japan

62.6

87.6

112.5

South Korea

28.6

40.4

51.4

Slovakia

53.9

84.0

116.5

UK

64.4

100.8

135.7

USA

54.3

77.7

101.8

(Moir, 2002) calculated the cost of electricity and
found the TMSR to be competitive with 3.8, 4.1 and
4.2 ¢/kWh for TMSR, Pressurized Water Reactor
(PWR) and coal, respectively. Note that these
calculations are based on standards defined in
1978 for all technologies.

promise for other heat-based applications such
as hydrogen production.
9. Several non-proliferation advantages.
10. The thorium resources necessary to produce
900 TWe years will be only 2–3 million tons, if
the breeding fuel cycle is established.

It is important to be aware of the fact that nuclear
power is capital intensive, and the capital costs
account for at least 60 % of the Levelized Cost of
Energy (LCOE) (World Nuclear Association, 2019).
Hence, the LCOE will change significantly
depending on the discounting factor, see Tab. 1. It is
also interesting to note the differences between
countries due to factors such as degree of standardization, politics and more.
A specific type of TMSR is a small reactor (7 MWe)
called mini-Fuji and a mid-size reactor (155 MWe)
called Fuji-II (Furukawa et al., 2005). TMSR can
play a significant role in the decarbonization of
shipping operations. MSRs can be implemented
directly as main energy source for ships.
Emblemsvåg, (2021) showed the application of
TMSR in deep-sea shipping, reflecting its
commercial and technical feasibility. These
reactors can also be implemented in power barges
or replenishment vessels. One example of the latter
is ULSTEIN THOR, shown as a 3D rendering in
Fig. 1.

The drastic shortening of the life span of the waste,
and the huge reduction in the amount of waste are
also key aspects. Finally, the simplicity of the chemical device has significant cost implications.
The researchers at ORNL made very comprehensive cost calculations3. Using their information,

THOR, as a replenishment vessel, foresees enabling
zero emission shipping operations. Using as
application case exploration cruises in Antarctica,
THOR is designed to provide zero-emission power
to full electric vessels during their operations.
TMSR plays a central role as main energy source for

|

|

Tab. 1
Projected nuclear LCOE costs for plants built 2015 – 2020 [USD/MWh] using
average numbers for China: (World Nuclear Association, 2019).

Fig. 1
The THOR concept by Ulstein, used with kind permissions.

3 We should thank Kirk Sorensen for making all the documents from ONRL available through www.energyfromthorium.com
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The FUJI reactor has an internal reactor vessel with
a second containment vessel built around. Outside
the second containment vessel, we find a concrete
wall for the final protection. The final protection
wall can also consist of lead. The reactor vessel is
5.4 m diameter and 4.0 m high and filled mostly by
graphite (93.9 vol. %) and fuel-salt only as shown
in Figure 2. Note that below the reactor we find a
drain/emergency tank, which will only be used in
the unlikely event of an emergency.
The miniFUJI is suitable for THOR with a reactor of
only 1.8 meters in diameter and 2.1 meters high,
weighing approximately 1650 tonnes including
primary salt loop and heat exchanger. Yet, the
miniFUJI has an output of 7 MWe (Furukawa et al.,
2005). We see that the miniFUJI has a lower effect/
mass ratio than the FUJI, because the shielding is
the same for both reactors. Steam turbine is
envisaged providing 43 % thermal efficiency (Moir
& Teller, 2005).
Marine applications of TMSR must be based on
modular and standardized design because with
high capital costs, effective project execution to
minimize the Overnight Construction Cost (OCC)
is key (Lovering et al., 2016; World Nuclear
Association, 2019). Standardization also reduces
complexity and hence makes training possible for
others than nuclear scientists and nuclear
engineers, which is key for truly industrial scale.

Since the Technology Readiness Level (TRL) for the
TMSR is still in the early demonstration stage,
further research is required both concerning the
technology itself (primarily materials and salt
chemistry) and documenting its economic
performance. As the late industrialist, and
America’s Greenest CEO4, Ray Anderson
emphasized (Anderson, 1998); we must seek
solutions where we ‘can do well by doing good’. The
TMSR is one such technology.
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Fig. 2
The FUJI concept blueprint [main piping: 8 cm in diameter] (Furukawa et al.,
2005)..

4 Named by Fortune Magazine as America’s Greenest CEO.
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reliable and green power charging next-generation
batteries. With only one TMSR unit, TMSRs can
provide power to up to four cruise vessels
simultaneously.

33

atw Vol. 67 (2022) | Ausgabe 4 ı Juli

