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The future of nuclear power over the
next few decades is murky everywhere.
Today, nuclear power provides about 10
percent of the world’s electricity, down
from its historical maximum of nearly
18 percent in 1996. In the U.S. and
other industrialized countries, a looming
question is whether, when the current
nuclear power plants are retired, they will
be replaced by other nuclear plants. In
China and other industrializing countries,
the central question is how much nuclear
power will be built. Both a continuation
of the current steady decline and an
expansion driven by the developing world
are conceivable.

+ Families

See the full report at
http://acee.princeton.
edu/distillates. It
includes an appendix:
“Key Concepts and
Vocabulary for
Nuclear Energy.”

of Small
Modular Reactors
Four families emerge when the numerous
versions of small modular reactors are grouped
by the main objective that guides their design:
1 Ready to Build.
2 Succeeding the Second Time Around.
3 Reducing the Burden of Nuclear Waste.
4 Comes with Fuel for Lifetime.

Family 1:

Ready to Build. These reactors are small
versions of the pressurized-water reactors that
dominate the electricity market today. The fuel
is the same, vendors of components already
exist, and licensing should be less arduous.
Performance and costs are relatively predictable.

Family 2:

Succeeding the Second Time Around. These
reactors are based on past reactor designs
that lost out in the 1970s to pressurized-water
reactors that became the dominant technology.
Two examples are pebble-bed reactors and
molten-salt reactors. Both operate at a much

If nuclear power expands, there may be
either a major or minor role for “small
modular reactors.” A reactor is called
“small” if its capacity is less than 300
megawatts, roughly three times smaller
than the 1,000-megawatt reactors
common today. Two quite different
deployments are being considered: 1) in
groups, where several small reactors are
an alternative to one large one; and 2)
individually, in remote, isolated locations
where a large reactor is unsuitable. This
report introduces small modular reactors
to the non-expert.

higher temperature than pressurized-water
reactors, raising the efficiency in converting
fission heat to electricity and enabling certain
non-electricity industrial applications.

Family 3:
Reducing the Burden of Nuclear Waste. The
primary goal of several small modular reactor
concepts is to destroy isotopes in spent nuclear
fuel that would otherwise remain radioactive
for thousands to millions of years, which might
help with the siting and licensing of longterm geological storage. Geological storage
complements shorter-term (many-decade)
storage in dry casks at the nuclear reactor site.

Family 4:
Comes with Fuel for a Lifetime. A sealed nuclear
“battery” reactor that does not require onsite
refueling throughout its commercial life (perhaps
30 years) offers countries the option of acquiring
nuclear power without the associated nuclear
fuel infrastructure that induces linkages between
nuclear power and nuclear weapons. A variant
is a reactor that can be serviced without the
involvement of the host nation, such as a reactor
being constructed by Russia that would reside on
a ship moored in a nation’s coastal waters.
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+ Siting Flexibility

At a site where a large nuclear plant is to be
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modularwater
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competes with 1) building a
new large nuclear plant, 2) using the site for
non-nuclear power production or some other
purpose, and 3) abandoning the site. Continuing
the use of the site for nuclear power, whether
in large or small units, postpones the need for
“decommissioning,” which is expensive.

Large versus small
200 megawatts

1,000 megawatts

A small reactor may allow
siting where a large one
is unsuitable, or a cluster
of small reactors could
substitute for a large one.

+ Linkages to Nuclear
Weapons
Uranium and plutonium link nuclear power and
nuclear weapons. Uranium enrichment “at the
front end of the fuel cycle” where the reactor
fuel is produced, and plutonium separation “at
the back end of the fuel cycle” where the fuel
Nuclear
is disposed of, are more dangerous than the
capital cost
reactors themselves.
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ranges widely, but it is always below 20 percent
(sometimes, just below). However, because any
enrichment facility producing fuel for a reactor
can be modified to produce fuel for a bomb, all
enrichment is of concern.
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enrichment
to more
than 20%

plutonium
(fueling
reactors)

fuel
fabrication

reactor

potential
use in
weapons
storage
plutonium

reprocessing

As for plutonium, it is created within the uranium
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Other small modular reactors, including moltensalt reactors and some reactors designed to
burn nuclear waste, require fuel processing to
remove certain isotopes whose build-up in the
reactor shuts down the nuclear chain reaction.
There is no need to remove plutonium to sustain
the chain reaction, but the same fuel processing
facilities could be readily modified to do so. As
the narrow arrows in the figure above suggest,
even small diversions have military significance.
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+ Economics
A nuclear power plant typically runs nearly all the
time and produces power at a constant rate. It
is more straightforward to compare its cost with
the cost of power from a natural gas power plant
running most of the time than with the cost of
intermittent renewable energy sources like sun
and wind. With many simplifying assumptions,
if a nuclear power plant’s capital cost is $5,000
per kilowatt, the breakeven gas price is 15
dollars per million Btu, a price seen not long
ago in wholesale markets in Japan, although
more recent prices there are lower. A $2,000 per
kilowatt decrease in the capital cost of a nuclear
power plant lowers the breakeven natural gas
price by five dollars per million Btu.
These breakeven results assume that there is
no price on carbon dioxide emissions. A price
on carbon dioxide makes electricity generation
from natural gas more expensive: indeed, a
price of $100 per metric ton of carbon dioxide is
equivalent to raising the price of natural gas by five
dollars per million Btu, relative to no carbon price.
But a carbon price has only a small effect on the
cost of nuclear power – a “small” but not a zero
effect, because although nuclear fission produces
no carbon dioxide, auxiliary emissions result from
the use of fossil fuels in uranium mining, uranium
enrichment, and reactor construction. Power from
natural gas at five dollars per million Btu (higher
than recent wholesale prices for natural gas in the
U.S.) doesn’t lose the competition with nuclear
power until the capital cost of the nuclear plant
falls below $5,000 per kilowatt with a $200 per
metric ton of carbon dioxide carbon price, or below
$3,000 per kilowatt with a carbon price of $100
per metric ton of carbon dioxide.

+ Safety
The severe accident in March 2011 involving
several nuclear reactors at Fukushima Daiichi
in Japan brought renewed attention to reactor
safety. The radiation release resulted in the
evacuation of towns, the deliberate destruction
of contaminated crops and food, and abundant
anxiety and distress. From a safety perspective,
reactor smallness has advantages and
disadvantages.
When a pressurized-water reactor is small
enough, safety can be enhanced by placing all
the pipes carrying high-pressure water within a
very strong vessel that is capable of withstanding
high pressures: the French submarine reactors
already do this. Moreover, with smallness comes

Two economic principles affect the competition
between a single large reactor and a group
of small reactors: “scale economies” and
“economies of serial production.” As a result of
scale economies, a 1,000-megawatt plant will
generally cost less to build and to operate than
five 200-megawatt power plants of similar design.
On the other hand, small size could enable more
extensive “modular” construction in a factory
and less construction on site, which could bring
unit costs down. If the number of small plants
constructed becomes large enough, if “learning”
is strong enough, and if the diseconomies of
small scale are weak enough, five 200-megawatt
reactors could become cheaper than one
1,000-megawatt plant.
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less radioactive material available for release
during an accident and less energy available
in the reactor to disperse this material. On
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hand, from
a systems
perspective,
interactions among multiple small modular
reactors at a single site may allow an accident at
one unit to spread to others.
A major focus of reactor safety today is the
emergency planning zone, acreage around a
nuclear reactor where special rules
apply.
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+ Policy
Many national governments are providing
financial support for the development of small
modular reactors. In 2012 and 2013, the U.S.
Department of Energy awarded separate grants
of up to $226 million to Babcock & Wilcox and
NuScale, two would-be vendors of pressurizedwater small modular reactors. China is
constructing a 210-megawatt pebble-bed reactor.
The International Atomic Energy Agency is
encouraging small modular reactor development
by coordinating the various national efforts.

At present, climate policy and nuclear power
policy are only loosely coordinated. Looking
ahead, many economic models explore how
policies responsive to climate change affect the
global energy system over the next decades.
Some models feature an increasing role for
nuclear power, while others phase out nuclear
power in favor of renewable energy, fossil fuel
use without carbon dioxide emissions (“carbon
dioxide capture and storage”), and energy
demand reduction.
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