

















Figure 14 Bathymetry modeling for the Arctic region.
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7  Nuclear Energy

7.1 Technology description

Nuclear power is derived from heat generated from nuclear fission reactions. The resulting heat
from such reactions is used to produce steam, which is then used to drive turbines and generators
for electricity generation, see Fig. 15. There are many different types of nuclear reactors and the
distinction is made amongst them based on their fuel (e.g. uranium-235 and plutonium-239),
coolant (used to remove heat from the core to the turbine), and moderator (controls the fission
chain reactions).

Steam Line
Steam —
Generator
~a
Turbine Transmission
Generator Lines

Control Rods

!

Reactor
Core

v

Cooling water

condenser
Structure Pump

Containment

Cooling Tower

Figure 15 Illustration of a nuclear power plant.

Nuclear reactor designs are also categorized as Generation I, II, III (III+) or IV. Generation I
reactors are those that matured in the 1960s with typical electrical capacities of <200 MW; most
of these are now shut down. Generation II reactors are those most are familiar with today having
matured in the 1990s and represent all the reactors now in operation. These reactors are
physically larger with electrical generating capacities ranging from several hundred to over 1000
MW. Generation III and III+ reactors are ‘next stage’ designs; those whose designs that have
been recently completed and are, in principle, ready to enter the commercial market. However,
the only model that has already done so is the Advanced Boiling Water Reactor (ABWR). Lastly,
Generation IV reactors are based on designs intended to provide improved safety and economy,
which differ substantially from previous generations. Such designs are only conceptual at this
time and are not anticipated to be developed until 2020 or later.
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At present, there is renewed interest in the nuclear power industry, in particular, in the form of
modular nuclear reactors (considered Generation III), which are intended for a variety of
applications such as seawater desalination plants, distributed generation and off-grid operations.
Russia, for example, is actively pursuing floating nuclear reactors for use in the Russian Arctic,
which are capable of providing 70MW of electricity and 300 MW of heat.

Modular nuclear reactors are intended to be smaller both in physical size and power generation
capacity (megawatts versus gigawatts), scalable, and feature passively or inherently safe features.
Instead of relying on traditional pumps and pipes to deliver water to an overheated core, a passive
design may, for example, take advantage of gravity to cool and control the reactor; cooling water
may be stored in tanks directly above the reactor vessel whereby in an emergency, valves would
open and the water would be dumped directly to cool it. Another concept is to bury the core in a
cavity underground.

Not surprisingly, there is a plethora of modular reactor designs being pursued. These include:
innovative high temperature gas cooled reactors (which includes the well-publicized pebble bed
modular reactors e.g. Eskom), liquid metal-cooled fast neutron reactors (e.g. Hyperion Power
Generation Inc.) and pressurized and light water reactors (Nuscale, Babcock and Wilcox)[26].
Targeted power and thermal generation capacities vary, however, are often tens to several
hundreds of MW in electricity and thermal generation.

Of the various reactor-types mentioned above, the liquid metal-cooled fast neutron reactor being
pursued by Hyperion Power Generation Inc. seems particularly suited to remote locations. At the
core of their technology is the Hyperion Power Generation module (HPM), which measures ~ 1.5
m across and 2.5 m in height; its small size allows it to be easily transported. The sealed HPM
modules, which will contain the uranium nitride fuel, are to be buried underground to provide a
layer of protection from tampering, see Fig. 16 [27]. Additionally, the system is being designed
so that it never goes supercritical or overheats. The HPM module will be capable of providing
electricity and heat for approximately 7-10 years. After this period of time, the module can be
replaced or refuelled at the factory. The targeted capacity is 25 MW electricity and 75SMW
thermal generation. The HPM is still several years from being realized. According to the World
Nuclear Association, in March 2010, Hyperion notified the US Nuclear Regulatory Commission
that it planned to submit a design certification application in 2012. The initial price of this system
is $50 million USD [27].

7.2 Relevance to CFS ALERT

Modular nuclear reactors such as that from Hyperion Power Generation Inc. appear to be quite
attractive to meet the sustained electricity and thermal needs of remote places with challenging
climate and geography such as CFS ALERT. However, the use of nuclear power sources at this
site presents its own unique set of challenges, which include:

(1). satisfying all federal regulatory requirements for health, safety, security and environmental

protection. This will likely involve a rigorous and lengthy licensing and approval process through
the Canadian Nuclear Safety Commission (CNSC)
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Figure 16 Conceptual illustration of Hyperion Power Generation power plant.

(i1). recognizing that the target generating electricity and thermal capacities of reactors being
developed currently far exceeds the requirements that are needed at CFS ALERT by at least one
to two orders of magnitude

(iii). constructing a containment building to house the nuclear reactor. In the case of the reactor
core being placed above ground, specially designed concrete-lined containment structures must
be built in the event the core goes supercritical. With the severe cold temperatures at Alert, this
may present some challenges for construction and maintaining the integrity of such structures
over long periods of time. In the event the core is buried underground, there is a knowledge gap
of how the cold permafrost will affect or influence the design of the reactor, which may
complicate the licensing and certification process

(iv). having a nuclear power source at CFS ALERT will require a dedicated core group of highly
trained and certified personnel to manage day to day issues, which will increase the ownership
costs of the technology

(v). there is no clear policy by the Government of Canada on the use of nuclear power sources in
the Arctic. Severe criticism of the 1987 Defence White Paper, which proposed the acquisition of a
nuclear powered submarine fleet suggests there likely opposition to this. In addition to the
objections of cost, the 1987 proposal was perceived as undermining support for the
non-proliferation treaty. While CFS ALERT is expected to be converted to civilian use in the
future, similar resistances can be expected by environmental groups, as well as being in conflict
with current Arctic Treaties and Agreements.
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8 Energy Storage

8.1  Technology Description

Renewable energy resources such as solar and wind are highly intermittent producing electricity
and heat (in the case of solar thermal) when the resource is available. In practice, it is not
uncommon to find wind turbines or solar PV panels hybridized with diesel generators and may
further be coupled to energy storage systems. An energy storage strategy generates electricity
when the resource is plentiful and stores it for later use demand is up and supplies are short, see
Fig. 17. The use of energy storage systems has several advantages such as ensuring power

quality, bridging power (when, for example, switching from one source of generation to another),
and energy management such as load levelling.
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Figure 17 Illustration of energy storage systems to store excess capacity during low demand and
supplying this during peak demands.

For electricity generation, the idea of such systems is that when the resource (solar or wind) is
supplying more power than is needed by the load, the diesel engine generators can be shut down.
During interruptions in the resource supply, the energy storage device can be discharged to the
load to provide the required power. If the duration of the interruption is prolonged or the energy
storage system becomes discharged, the engine generator can be started to take over supplying the
load. Studies have indicated that most interruptions in power from the wind are of limited
duration, and using energy storage to cover these short time periods can lead to significant
reductions in the consumption of fuel, generator operational hours, and reduced generator starts.

Several variations of energy storage systems are available with varying levels of maturity; the
choice of which to use is dependent on the application. They can be divided in terms of thermal,
electrical, mechanical, chemical and biological. For the purposes of this report, energy storage
systems commonly used with solar and wind turbine systems are briefly discussed here. These
include thermal energy storage systems, batteries, flywheels and hydrogen storage.
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8.1.1 Thermal Energy Storage

Thermal energy storage technologies can store heat from active solar thermal collectors for later
use for space and hot water heating or to generate electricity. Heat can be stored in different ways,
which is determined by the thermodynamics of the storage process. If a storage medium is heated
up or cooled down the storage is called sensible. If a phase change of the medium occurs in the
temperature change (e.g. liquid to vapour), the thermal energy storage is called latent. Latent
thermal storage systems can provide higher storage capacities and a constant discharging
temperature. The use of hot water tanks is one of the best known sensible TES technologies.
Other variants of sensible TES systems include boreholes, cavern storage, pit storage and
underground aquifers, which use a natural underground layer as a storage medium for the
temporary storage of heat or cold. The transfer of thermal energy is realized by extracting
groundwater from the layer and then re-injecting it at the different temperature level at another
location nearby when needed. Latent TES system may use molten eutectic salts and salt hydrates
such as sodium sulphate decahydrate or calcium (II) chloride hexahydrate. The main advantages
of latent TES systems are the high thermal energy storage capacities per unit mass and a small
temperature range of operation since the heat interaction occurs at constant temperature [28]
Thermal energy storage systems can be divided based on the duration of storage: short (few hours
to a day), medium (few weeks to months) and long term (seasonal e.g. from summer to winter).
Practical active solar heating systems typically have storage to satisfy a few hours to 1-2 days of
thermal demand.

8.1.2 Batteries

Batteries chemically store energy and release it as electrical energy. They are the most common
form for storing electrical energy and can achieve high energy and power densities. For most
solar PV systems, lead-acid batteries are typically used for storage while for wind turbine
applications, nickel-cadmium (NiCad) and vanadium flow batteries have also been used.
Although batteries are commonplace and are prevalently used, they can be present challenges
with their limited lifetimes and need for maintenance.

8.1.3 Hydrogen

Energy can also be stored chemically in the form of hydrogen. Most commercially available
hydrogen is produced from hydrocarbons such as methane or similar fossil fuels. However,
hydrogen can also be produced by the electrolysis of water using solar PV or wind turbines. The
hydrogen produced can be stored and later combusted to provide heat or provide electricity with
the use of fuel cells. An example of a recent wind-diesel generator-hydrogen system can be found
on Ramea Island, Newfoundland [29].

8.1.4 Flywheels

Flywheels store energy through accelerating a rotor up to a very high rate of speed and
maintaining the energy in the system as rotational (kinetic) energy. As the flywheel releases its
energy, the flywheels rotor slows down until it is completely discharged. For efficiency, flywheel
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systems are operated in low vacuum environments and use magnetic bearings to reduce losses by
drag. The energy stored in a flywheel is defined as,

1
= 2t 5
E 2!-::.9 )

where 7 is the moment of inertia (kg/m®) and o is the angular momentum, (1/s%). As energy is
proportional to the momentum, there is a desire to develop high-speed flywheels for higher
energy densities. Typically, very high speeds (~ 20,000-100,000 rpm) are used. Unlike batteries,
flywheels consume energy when fully charged approaching a loss of ~ 10% per hour and, as such,
are suited for short-term storage.

8.2 Relevance to CFS ALERT

The use of solar or wind energy at CFS ALERT will require the use of energy storage systems.
For solar thermal collectors, it is unlikely that large thermal energy storage systems based on
underground storage will be feasible and that only short-term thermal storage for space and
domestic hot water heating may be possible. For electricity storage, either batteries, flywheels and
hydrogen storage is possible. However, there will be limitations placed on these systems such as
cold temperature performance of batteries and flywheels. The choice of which electrical energy
system will be suitable at CFS ALERT depends on several factors, which will require further
investigation.
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9 Summary and Conclusions

This report was tasked to investigate alternative power and energy technologies to reduce diesel
fuel consumption at CFS ALERT for electricity and heat generation. Specifically, this report
focuses on renewable energy (solar, wind, geothermal, wave and tidal) as well as nuclear power.
In addition to the environmental benefits, renewable energy technologies offers the sustainable
exploitation of natural resources and reduces the use of finite resources such as diesel.

Situated on the north eastern point of Ellesmere Island, the energy budget at CFS ALERT is
largely driven by thermal demands. Its geographical location presents significant challenges for
renewable energy technologies, which are easily adapted in more temperate and forgiving
environments. Solar energy for electricity and thermal generation are restricted for use during the
summer months. Wind energy, which may be used throughout the year, faces challenges with
icing, potentially low wind speeds and Canadian Air Force policies intended to mitigate
interference with communication radars. Also, given the site is not located along geological
features amenable to thermal wells (such as tectonic plate boundaries) and the extensive depth of
the permafrost to 600m, geothermal technologies (deep drilling and ground source heat pumps)
are not perceived as viable options. Wave and tide technologies (such as barrage systems) are not
feasible options due to the low tide heights recorded (< 1m). However, with the location of
narrow inlets and proximity of Dumbell Bay, it may be possible to take advantage of tidal current
technologies although these are in the developmental stage. Modular nuclear reactors, offer an
attractive solution for supplying both electricity and process heat. These are currently being
developed for distributed and off-grid applications, however, their targeted electricity and thermal
outputs exceeds today’s requirements at CFS ALERT by one to two orders of magnitude.
Furthermore, there are other challenges presented such as the requirement of a specially designed
containment building for the reactor as well as satisfying federal regulatory requirements for
health, safety, security and environmental protection. This situation is likely to be further
complicated by the absence of clear policy from the Government of Canada regarding the use of
nuclear sources Arctic regions, expected objections from environmental groups and potential
conflict with existing Arctic Treaties and Agreements.

From this study, it is clear that the relatively mature technologies of solar and wind may have a
role to play at CFS ALERT and although in the developmental stages, tidal current technologies
should not be ruled out. Technological advances are constantly being made in these fields. For
example, for solar PV, new thin-film panel designs have recently been realized, which allow more
efficient use of solar radiation without the need for tracking systems. For wind power systems,
radar-absorbing materials are being developed to address interference issues with communication
radars and efforts are on-going with cold-temperature protection systems. Finally, with the
intermittent nature of solar, wind and tidal current resources, it must be recognized that renewable
energy technologies may never completely supplant diesel-use and it may be necessary to have
hybrid-generator designs, which include energy storage systems such as batteries, flywheels,
hydrogen generation and storage systems among others that are available.
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10 Recommended Work

With solar, wind and tidal current technologies in mind, the following recommendations are
made. It is proposed that these recommendations be formulated as an Applied Research Project
(ARP) under the Air Sustain Thrust.

1). Systems analysis study: As indicated previously, renewable energy is never likely to supplant
diesel-use completely at CFS ALERT. Consequently, it will be necessary to determine the
optimum level of technology mix that can effectively sustain operations while reducing diesel
consumption. This study will include optimum system design and integration, cost/benefit
analysis in terms of $/kWh as well as the amount of CO, reduced, amount of fuel saved and
corresponding reduction of fuel delivery payloads. For this study, knowledge of how electricity
and heat is being used is essential, which is described in the following activity.

2). Electricity and Energy/Inventory Audit: Prior to the use of renewable energy technologies,
and arguably, any alternative electricity and heat generation interim schemes (such as the
‘right-sizing’ of generators), it is imperative to understand how electricity and heat is being used
at the various buildings including those not connected to the main power plant. This will require
electricity monitoring at each building on the site at fixed continuous time periods throughout the
year. The collection of such information will give invaluable insight into daily and seasonal load
variances, which can lead to more efficient power and thermal management schemes.

3). Resource Assessments: the implementation any of renewable energy technology at CFS
ALERT will require careful analysis and planning. Detailed resource assessments particularly for
wind and tidal currents must be carried out. In the case of wind, prospective turbine installation
sites must be identified along with data collection for temperature, humidity and wind speeds at
various heights at these sites. In the case of tidal currents, measurements at Dumbell Bay, the
Narrows and Alert inlet should be collected to determine the mean potential power that can be
generated.

4). On-site Technology Evaluation: The small sizes of solar PV panels and collectors lend
themselves to a number of technology evaluations that can be done at CFS ALERT. These
include (a). solar collectors for domestic hot water heating and (b). Solyndra solar PV panels for
electricity generation. With more effort, consideration should also be given to the evaluation of
the Solarwall with PV at this site. For these evaluations, it will be necessary to identify a suitable
building that can be used for such evaluations and, which will cause the least disruption to
everyday operations.
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designation, trade name, military project code name, geographic location may also be included. If possible keywords should be selected from a
published thesaurus, e.g. Thesaurus of Engineering and Scientific Terms (TEST) and that thesaurus identified. If it is not possible to select
indexing terms which are Unclassified, the classification of each should be indicated as with the title.)

Arctic, power and energy, CFS ALERT, Renewable Energy, Solar, Wind, Tidal, Geothermal,
Nuclear, Energy Storage
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