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Opportunities in the U.S. and Japan
to Decarbonize Energy Supplies by 2050:
Roles for Renewable and Nuclear Energy

Peter B. Lyons*

In 2020, the world witnessed many climate-related disasters. An alphabetical list of names is
prepared each year in the U.S. to label major storms. In 2020, the large number of storms used the
entire list, and more names were added from the Greek alphabet. In California, more than 4 million
acres have burned in wildfires. Colorado experienced the three largest wildfires in its history.!
Cyclone Amphan killed many people in India and Bangladesh; its storm surge exceeded 16 feet and
extended almost ten miles inland.? Super Typhoons Haishen and Maysak hit both Japan and Korea
with major blows within a single week.? In 2019, the second greatest cost ($20 Billion) of extreme
weather was in Japan from Typhoons Faxai and Hgibis, along with serious loss of lives.* The
Northern Hemisphere had its hottest summer on record in 2020° and the atmospheric concentration
of carbon dioxide established a new record of 417 ppm.® Thus, the world moved closer to the 430-
ppm level determined by the United Nations’ Intergovernmental Panel on Climate Change (IPCC) as

a danger point for exceeding 1.5°C in global temperature increase.

A 2019 study of 26 countries found that climate change is perceived as the greatest threat. That
study reported that 75% of Japanese citizens expressed concern on climate change.” In 2020, in the
United States, 81% believe the earth has been warming for the last 100 years and 82% of people with
that belief point to human activity as the cause. However, despite the many indications above, 19%
of Americans deny that global warming is happening.® In addition, 97% of U.S. climate scientists

conclude that human-caused climate change is occurring.’

These divergent views trace to the politicization of the climate change issue in the U.S., the
world’s #2 carbon emitter, rather than respecting the consensus scientific view. The Trump
Administration, elected in 2016, rejected anthropogenic climate change, strongly favored fossil fuels
as the backbone of U.S. energy independence and argued that efforts to sharply reduce emissions
would have devastating economic consequences. In contrast, in the November 3, 2020 U.S. election,
a new Administration was elected on a platform that U.S. response to climate change is essential and
that economic consequences will be positive with a net creation of jobs in clean industries. On
November 4th, the Trump Administration’s prior decision to withdraw from the Paris Climate
Agreement became official.!® President-elect Biden has called for 100% clean electricity by 2035
and carbon neutrality by 2050.!" His vision includes all sources of clean energy, from renewables to

nuclear. He has stated that the U.S. will rejoin the Paris Accord early in his term.!? Despite the Trump
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Administration’s position against climate change, many U.S. states, cities, companies, and utilities

have pledged to reach carbon neutrality by 2050.

A major step toward global carbon neutrality occurred when Prime Minister Suga on October
26, 2020, committed Japan, the world’s #6 carbon emitter, to reach carbon neutrality by 2050. In his
remarks, the PM suggested greater use of renewable energy and nuclear power."* Japan’s Fifth
Strategic Energy Plan suggests 20-22% of energy from nuclear power by 2030.!* Japan announced
on October 13 the start of deliberations for its Sixth Plan that should incorporate PM Suga’s vision. '

Other countries have also stepped forward to achieve carbon neutrality. The European
Commission, #3 in carbon emissions, has called for a climate-neutral Europe by 2050.!¢ In September
2020, President Xi Jinping of China told the United Nations that China, #1 in carbon emissions,
would strive to be carbon-neutral by 2060.!” On October 28, President Moon Jae-in of South Korea,

#9 in carbon emissions, announced carbon-neutrality by 2050.'8

The importance of limiting climate-induced temperature rise to 1.5°C is discussed in many
publications including those of the IPCC', which also discuss the dire consequences if future
temperatures exceed that level.?’ In addition, global warming is not uniformly distributed across the

globe; already about 10% of the planet has warmed by 2°C.?!

The recent actions in Japan, China, EU, and South Korea as well as the U.S. plans for a new
focus on climate change provide grounds for optimism, but all nations will have significant
difficulties fulfilling their plans. For example, 80% of U.S. energy in 2019 came from fossil fuels?
and, for the year ending in March 2019, Japan derived 77% of its energy from fossil fuels.?

With significant global interest in zero carbon emissions by 2050, many studies have explored
paths to reach that goal. These studies, such as major ones by the International Energy Agency (IEA),
typically depend, along with improved efficiency, on substantial electrification of all sectors
including transportation, clean electricity generation, and/or use of hydrogen as a clean energy source.
Renewable energy sources must increase substantially along with requirements for additional zero-
carbon baseload generation, such as nuclear. Use of fossil fuels without Carbon Capture, Utilization
and Storage (CCUS) drops substantially.>* Even in a case that achieves zero emissions by 2070, 601
GW of nuclear are necessary according to the IEA, versus current capacity around 450 GW.% In
another study, the IEA Executive Director noted that, “Without action to provide more support for
nuclear power, global efforts to transition to a cleaner energy system will become drastically harder
and more costly.” That same study found several vital actions that are needed, such as: extend
lifetimes of nuclear plants wherever it is safely possible, value the dispatchability of nuclear power,
and value its environmental and energy benefits.?® These recommendations should be followed in the
U.S. and Japan!. Studies at MIT confirm that costs of decarbonizing electricity are far higher when
only renewables are employed instead of inclusion of a baseload carbon-free source.?” Another MIT
study noted that using intermittent renewables for 80% of electricity might be possible, but moving

to 100% would be prohibitively expensive.?
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Neither Japan nor the U.S. is following the IEA suggestions. In the U.S., 95 reactors are now in
operation but about ten have closed due to poor economics. The average age of U.S. plants is 39
years.”* And while most U.S. reactors are now approved for 60 years of operation, leading to many
expected closures in the 2030’s and 2040s, only four plants to date have received approval for 80
years with another four under review. In Japan, the situation is even more dire. Only 9 plants have
been approved for restart after Fukushima, and only the Genkai plant was operating in November
2020.% Japan also has significant reliance on coal power. In 2019, Japan had built 12 new coal plants
since 2012, with 15 under construction and 10 in the planning stage.’® Very few nuclear plants are
under construction in either country and both nations will need many new nuclear plants to meet their

climate goals.

New plants could use the Generation III or III+ GW-class of plant that is used in both countries
or could move to alternate designs. In the U.S. there is significant interest in GenllI+ light-water-
cooled small modular reactors (SMR). The NuScale Genlll+ SMR, recently certified by the NRC,
offers many improvements including: rapid construction using largely factory-built assemblies,
greatly improved safety with no operator actions required in any upset, no need for off-site electricity,
a very small (or site boundary) emergency planning zone, and the potential for air-cooling to avoid
the need for proximity to a river or ocean. Tentatively the first construction will supply the Utah
Associated Municipal Power Systems. NuScale plants will consist of several modules (between 4
and 12 delivering between 307 and 924 MW.), and their recent price estimate is $2850/kW.3! It could

be an attractive construction choice for Japan.

Gen IV plants, using alternative coolants, are under development in both nations for future
deployment and offer attributes like very high levels of safety requiring no or minimal operator
actions in any upset, waste re-use and disposal, and high output temperatures. Japan’s High
Temperature Engineering Test Reactor (HTTR) achieved criticality in 1998. It has demonstrated
outlet temperature of 950°C.> In the U.S. several GenlV designs are under development with gas,
liquid metal, or molten salt coolants. Many private companies are involved in these development
projects and the DOE has invested in a wide range of research projects. As part of the Advanced
Reactor Demonstration Project, the DOE recently awarded $160 Million to two companies for
demonstration of their concept, one for a sodium-cooled fast reactor with thermal energy storage and
one for a high temperature gas-cooled design.** Several micro-reactor designs with powers below 20

MW, are also development in the U.S.

To achieve complete decarbonization, clean energy must produce far more than electricity. The
IEA has explored options for the chemical, steel, and cement industries and noted that CCUS and
hydrogen are potential zero-carbon applicable technologies.** Of course, hydrogen is not a solution
unless produced with zero emissions! Nuclear power presents another strong option for cleanly
addressing these industries and studies in both countries are exploring these options using either
GenllIl+ or IV reactors. In Japan, both hydrogen production and steel production are under study.

Japan has used their HTTR, coupled to a thermo-chemical water splitting process to demonstrate
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hydrogen production.?? In the U.S. substantial research exploring coupling of nuclear and renewable
energy is under way at the Idaho National Laboratory (INL), the National Renewable Energy
Laboratory (NREL), and MIT. Approaches that directly generate heat, rather than electricity, are
more efficient since the heat demand across all sectors far exceeds electricity use, 83% to 17%. Gen
IV reactors are one source of high temperature heat.’> Additional study has focused on the use of

LWRs for these missions.3¢’

In contrast to the work in Japan using thermo-chemical processes for
hydrogen production, INL has focused on high temperature steam electrolysis.*® With the importance
of utilizing hydrogen produced with nuclear energy, several demonstration projects in the U.S. are

funded.*’

The existential imperative to move to carbon-free energy should be evident. The technologies
to accomplish this for electricity, intermittent renewables with some fraction of clean baseload power,
are available now. Fission can provide that clean baseload power today and other technologies (hydro,
geothermal and possibly concentrated solar power (CSP)) may also contribute. But of those clean
baseload options available today, only nuclear can be readily expanded with favorable economics. In
the future, other clean baseload technologies may become available like CCUS to enable clean use
of fossil fuels, long duration storage systems, and fusion power; research programs in these areas

now may prove to be vital in the future.

Extensions of renewables and nuclear into sectors beyond electricity are in the demonstration
phase in several countries for clean production of hydrogen. Several studies are exploring direct
utilization of clean high temperature reactor heat for industrial processes. Electrification of
transportation is expanding. The optimum mix of renewables and nuclear energy will vary by
location, and no one prescription will be ideal everywhere. Several regions have already developed

blueprints to achieve zero-carbon goals.

Many nations have pledged carbon-free energy by dates around 2050. But the challenges to
fulfill those pledges are immense. It remains to be seen if nations around the world are ready to make
the commitments today that will provide that reality for future generations. Substantial construction
of both renewables and nuclear energy will be needed to achieve future carbon-free societies. We can
achieve this future vision, but it remains to be proven that we have the collective willpower around

the globe to achieve success.
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