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AbstrAct
This paper discusses the development of 
small modular reactor technology and how 
this technology differs from traditional 
nuclear power. Small modular reactors have 
been suggested as an option to tackle global 
reliance on fossil fuels for power generation. 
The focus these reactors place on safety and 
versatility have the potential to make them 
the future of nuclear power. 

I.  INTRODUCTION
 The modern world is reliant on 
a consistent supply of energy. Since the 
construction of the domestic power grid, 
access to electricity has become a hallmark 
of the developed world. Trends show that 
world energy consumption is increasing. 
Data collected by the International Energy 
Association (IEA) shows that between the 

years of 1990 and 2008, global energy use per 
capita has increased by 10%, accompanied by a 
27% increase in global population [1]. Member 
nations of the Organization for Economic 
Co-operation and Development (OEDC) 
consumed 9,512 Terawatt hours (TWh) in 
2016 and have experienced an average 3.3% 
increase in energy consumption per year 
between 1974 and 2016 [2]. This trend has put 
a strain on power generation infrastructure 
which is a leading contributor to global CO2 
emissions. The Intergovernmental Panel 
on Climate Change (IPCC) reports energy 
production is the leading source of man-
made carbon emission, contributing ~35% of 
global greenhouse gas output worldwide [3]. 
Therefore, to reduce global carbon emissions 
and meet rising power demands, governments 
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A.  Core Type and Purpose
 The reactor core is where the fuel 
undergoes fission and produces thermal 
energy. The core consists of a pressure vessel 
which houses the fuel rods and control rods. 
The fuel rods contain the material undergoing 

fission. The control rods are constructed out 
of a material with a large cross section for 
neutron absorption such as hafnium, boron, 
and cadmium [7].

1)  Breeder Reactors: Breeder reactors are used 
to convert a fissionable material to a fissile 
material. Typically, U238 will be converted to 
Pu239 through neutron capture. The Pu239 
can then be used as fuel in a reactor or used 
in the production of nuclear weapons. Due 
to the potential for nuclear proliferation, the 
use of commercial breeder reactors is widely 
contested [8].
 
2)  Burner Reactors: Burner reactors are a 
type of reactor designed with the primary 
purpose of energy production. These reactors 
use a fissile fuel mixture, typically enriched 
uranium, to generate energy [9].  
3)  Converter Reactors: Converter reactors 
operate in a manner similar to breeder 

must invest in methods of electrical production 
with minimal carbon footprints. One such 
method is production through nuclear power 
plants. 
Nuclear power has many advantages over 
other forms of alternate energy like solar 
and wind, namely, that it is not dependent 
on environmental factors.  In the United 
States, nuclear power plants account for 
20% of electrical production with each plant 
producing ~ 1 GW of power [4]. However, 
nuclear power plants do possess a number 
of drawbacks; capital investment, plant size, 
specialized engineering, and environmental 
concerns to name a few. In order to increase the 
applicability of nuclear power, a new reactor 
type referred to as small modular reactors 
(SMR)s are gaining traction.
The International Atomic Energy Association 
(IAEA), defines an SMR as “advanced reactors 
that produce electricity of up to 300 MW(e) 
per module” [5]. These reactors are designed 
to be constructed off-site and transported 
to their location of operation. These designs 
tend to place an emphasis on safety, reliability, 
and ease of installation. Because of this, SMR 
designers seek to provide greater geographic 
flexibility for isolated or underdeveloped 
regions [6]. The reduced size of SMRs also 
means that they typically have a lower initial 
investment when compared to traditional 
reactor designs.

II.COMPONENTS OF NUCLEAR 
REACTOR DESIGN

 While there are hundreds of different 
designs for fission reactors, almost all 
designs possess the same fundamental design 
elements. These are the reactor core, coolant, 
and moderator. 

Uranium Disk [39]
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reactors in that they create fissile material. 
The difference in the case of converters is that 
they use this material as additional fuel to 
further power the core [10].

B.  Coolant
 The reactor coolant severs two main 
purposes, transfer thermal energy from the 
core to the generator turbines and maintain 
a safe reactor temperature [11]. Various 
coolants are used in reactor designs, each 
having advantages and disadvantages.

1)  Light Water: Natural water (H2O), referred 
to as light water to distinguish it from heavy 
water (2H2O). Light water is the most 
commonly used reactor moderator [12]. Light 
water has many advantages, it is radiologically 
stable, its chemical properties are well 
understood, and it is inexpensive.

2) Heavy Water: Deuterium Oxide (2H2O), 
commonly referred to as heavy water, is a 
chemical formed by replacing the hydrogen 
atoms of a water molecule with the hydrogen 
isotope deuterium. 

3) Other Coolants: Excluding those previously 
discussed, there are a few other coolants used 
in commercial reactors. These include molten 
sodium and carbon dioxide which constitute a 
small fraction of active reactors.

C. Neutron Moderator
 Neutrons can exist at various energy 
levels, referred to as neutron temperature. The 
cross section for absorption of a given fuel is 
dependent on the kinetic energy of the neutron 
[13]. In order to produce an efficient rate of fuel 
fission, the fast neutrons released from fission 
must be slowed. These neutrons are referred 
to as thermal neutrons and this slowing is the 
role of the moderator. Many reactor designs 

will use a single substance which serves as 
both the coolant and moderator. 

1)  Light Water: The use of light water as a 
moderator carriers many of the same benefits 
of a light water coolant, namely, stability, 
availability, and cost. 

2) Heavy Water: When compared to light 
water, heavy water is a vastly superior neutron 
moderator [14].  Heavy water is such an effective 
neutron moderator that heavy water reactors 
can use natural uranium as fuel, eliminating 
the cost of enrichment. This however, requires 
the production of heavy water which can be 
prohibitively expensive [15]. The most notable 
commercial heavy water reactor would be the 
Canadian Deuterium (CANDU) series.

III.  TRADITIONAL REACTOR DESIGNS
 While there exists a large variety of 
reactor designs, most commercial reactors use 
light water as both a coolant and moderator. 
The most common sub-types of light water 

Nuclear Fuel Inspection Training [40]
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reactors are the boiling water reactor and the 
pressurized water reactor.

A.  Boiling Water Reactors (BWR)s
 In a BWR, steam generation occurs 
in the reactor pressure vessel. This steam is 
directly supplied to the turbines to generate 
electricity. This design minimizes the number 
or moving parts in the nuclear steam supply 
system (NSSS), reducing the likelihood of 
mechanical failure [16]. Because BWRs 
use a single loop thermal hydraulic system, 
all components of the NSSS are subject to 
radiological exposure from the core making 
radiation containment a concern. Due to their 
high operating temperatures, BWRs have an 
average efficacy of ~ 34% [17]. 
B.  Pressurized Water Reactors (PWR)s

 Pressurized water reactors or PWRs 
are the most common form of reactor in 
commercial energy production [18]. Unlike 
BWRs, PWRs consist of two distinct loops, 
one containing pressurized water flowing from 
the reactor to the steam generator (primary) 

and another from the steam generator to the 
generator turbines (secondary). The high 
pressure in the primary loop prevents the 
water from boiling in the reactor vessel. The 
steam generator allows for heat transfer from 
the primary loop to the secondary loop where 
boiling occurs [19]. Because these loops are 
separated, all water that enters the reactor 
core is isolated in the primary loop. Therefore, 
the rest of the NSSS is not exposed to radiation 
unlike BWRs.

IV. APPLICATION OF SMALL 
MODULAR REACTORS

 In recent years, a there has been an 
increased desire to develop SMRs using both 
new and existing reactor technology across 
all reactor sub-types. SMRs have the potential 
to provide power where the construction of 
larger plants would not be feasible [20]. SMRs 
would be able to supply power to remote areas 
without the need for large scale fuel supply 
chains. The off-site construction of SMR’s 
allows for purpose-built design infrastructure 
to serve multiple distinct reactor sites.

 A. Land-Based SMRs
The majority of SMRs currently in development 
are land based models [21]. These designs fit 
the roll that has traditionally been filled by 
large reactors and non-nuclear power plants. 
Modularity is a key aspect of SMR design 
philosophy that allows for the production and 
assembly of key reactor systems at a dedicated 
fabrication site [22]. These components can 
then be transported to the intended reactor 
site. This reduces the amount of labor and 
specialized equipment required for reactor 
installation.
Land-based SMRs have the advantage of 
scalability, using multiple SMRs operating 
in parallel to achieve a desired level of power 

“SMRs have the 
potential to provide 
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plants would not be 
feasible [20]. SMRs 
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without the need for 

large scale fuel supply 
chains.”
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output. If the demand for power increased, 
a land-based plant could add more SMRs 
to their layout rather than constructing an 
entirely new reactor facility [23]. SMR design 
allows for SMRs to be installed in existing 
reactor facilities. In contrast to a traditional 
plant, this would allow for the maintenance or 
replacement of a single reactor while allowing 
the others to continue to operate. Newer 
generations of reactor could be installed in 
place of older reactor without the need for 
construction of an entirely new reactor facility.
 SMRs are better suited to power 
operations in remote regions. The Ontario 
Ministry of Energy published a feasibility 
study in which they recommend the use of 
SMRs to power remote mining operations 
in the ring of fire region of northern Ontario 
[24]. Without access to a power grid, these 
mining operations currently rely on multiple 
diesel gensets to fulfill energy demand. The 
necessary diesel fuel is shipped on barges 
to the mining sites [25]. The installation of 
SMRs has the potential to greatly increase the 
energy independence of these remote sites.

B. Marine SMRs
 SMRs have been proposed for use 
in commercial ship propulsion. Nuclear 
propulsion systems have been successfully 
operating in military vessels since the 
1960’s. The emphasis SMR designers place 
in simplicity and ease of operation make 
their implementation in the civilian ship 
design feasible. Large specialize ships such 
as Ultra Large Crude Carriers (ULCC)s and 
icebreakers could benefit greatly from the 
energy sustainability afforded by SMRs [26].
 
 Operational benefits aside, seaborne 
SMR technology serves to curb fossil fuel 
emissions. A 2009 International Maritime 
Organization (IMO) report cited commercial 

shipping as the contributor of ~3.3% of 
global CO2 emissions [27]. This figure places 
shipping as the six highest contributor of 
anthropogenic emissions when compared to 
all countries. Emissions from shipping are 
predicted to increase 119% - 204% between 
2007 and 2050 [28]. With an approximate total 
power capacity of 410 GW(t) [29], merchant 
shipping requires a long-term solution that 
minimizes emissions while still fulfilling large 
power requirements. Table 1 compares the 
emission of various types of ship propulsion 
[30]. 

V. BENEFITS OF SMALL 
MODULAR REACTORS

 While providing flexible deployment 
options, SMRs have several unique advantages 
over tradition large nuclear plants.

A.  Production and Installation
 SMR components are factory 
constructed and transported to the final reactor 
site [31]. This reduces the time and complexity 
of construction. Factory construction also 
allows for greater manufacturing precision 

Trojan Nuclear Power Plant [41]
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in a controlled environment. This allows 
for improved quality control, reliability, and 
oversight by regulatory authorities. 

B. Economic Viability and Capital Investment
 The reduced construction timeline 
of SMRs translates to smaller up-front 
cost to investors. SMRs are predicted to be 
economically competitive with conventional 
reactor facilities by compensating for lack 
of reactor size with an increased number of 
units [32]. Furthermore, because fuel cost is a 
significantly smaller portion of nuclear reactor 
operating costs, SMRs are less susceptible to 
fluctuations in fuel cost when compared to 
natural gas and coal [33]. A 2018 IAEA case 
study which looked to economic indicators 
to determine likely candidates for SMR 
deployment identified various economic factors 
that would promote SMRs [34]. It identified 
emerging industrialized economies and highly 
developed infrastructure economies as the 
most likely candidates for SMR development. 
 SMR plants constructed with multiple 
cores exhibit a redundancy that increases their 
reliability. If a single reactor must shutdown 
for refueling or maintenance, the others can 
continue to operate and generate revenue.

C.  Safety in Design
 Due to their reduced size, safety 
features for SMRs can generally be simplified 
when compared to traditional reactors. 
Safety features can be classified in two ways; 
active which require operator intervention 
to activate and passive which do not require 
operator intervention. Many SMR designs 
place an emphasis on passive safety features. 
Features like passive heat removal allow 
coolant circulation without external power by 
means of gravity, convection, or evaporation 
[35]. This allows the SMR to operate safely 
with minimal human intervention. SMRs are 

easier to passively cool because heat can be 
more effectively removed from the surface of 
smaller systems [36]. For example, multiple 
reactors placed in a large pool of water would 
be better able to radiate heat than traditional 
nuclear power plants while outputting the 
same amount of power. This increases the time 
required for a core meltdown, thus extending 
the time to mitigate such an incident.

VI. OUTLOOK
 SMRs have the potential to reduce 
emissions, increase reactor safety, and have 
application in areas inaccessible to traditional 
reactors. In 2012 the US Department of 
Energy initiated the SMR Licensing and 
Technical Support (LTS) program to assist 
SMR developers with overcoming economic 
and regulatory barriers to bringing SMRs 
to market [37]. The Nuclear Regulatory 
Commission (NRC) predicts a rollout of 
commercial SMRs in the next 10 – 15 years 
[38]. 

“SMRs have the 
potential to reduce 
emissions, increase 
reactor safety, and 
have application in 

areas inaccessible to 
traditional reactors.”
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VII. ANNEX
A.  Acronyms
BWR  Boiling water reactor
GW  Gigawatt
GW(t)  Gigawatt (thermal)
IAEA  International Atomic Energy 
Association
IEA  International Energy Agency
IMO  International Maritime 
Organization 
IPCC  International Atomic Energy 
Association
MW(e)  Megawatt (electric)
NRC  Nuclear Regulatory Commission
NSSS  Nuclear Steam Supply System
OEDC Organization for Economic Co-
operation and Development
PWR  Pressurized water reactor
SMR  Small modular reactor
TWh  Terawatt hour
ULCC  Ultra Large Crude Carrier
USDOE United States Department of 
Energy 
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