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This paper addresses the development of a waste heat utilization using thermoelectric generator network
for nuclear power generation facilities including nuclear power plants such as CANDU and PWR, and Gen-
IV reactor designs such as molten salt reactor (MSR). The Thermoelectric Generator Safety System
(TEGSS) provides maximum power from the waste heat, which has potential to be used as a backup
power source in the event of loss of power following accidents as well as in normal operation. Power
is generated utilizing thermoelectric generators which extracts the waste heat energy from the reactor.
The power can be used for equipment in the control room or other areas as required to ensure plant sta-
tus is available at all times for critical decision making during an accident scenario.

� 2016 Published by Elsevier Ltd.
1. Introduction

Modern nuclear power plants produce heat from nuclear reac-
tion to create electrical power. Water and oil are used to transport
heat energy from the power plant to the turbine. During transport,
much of the heat energy is wasted. A solution to regain the wasted
heat is to place thermoelectric devices, or thermoelectrics, in-line
with the path of the fluid. The technology behind thermoelectric
devices is the temperature differences between the two plates.
An electrical insulator is placed between the two plates. The ther-
moelectric generators use heat exchanging technology to produce
the power; in the order of watts. The temperature of the fluids
are relatively low, under 300 �C (Niu et al., 2009). Capturing the
excess heat from that area with the thermoelectric generators pro-
vides auxiliary energy production (Serway and Jewett, 2004;
Thermoelectric Generator Safety System, 2015).

The thermoelectric generator (TEG) network was designed to
lengthen the useable life of the Class I & II power supply systems
in the Canadian deuterium-uranium (CANDU) reactors, pressure
water reactors (PWR), and molten salt reactors (MSR) Chaplin,
2014. These systems consisted of battery banks that were to be
capable of maintaining their maximum load functions for approx-
imately 40 min upon the loss of power from upper class (class III &
IV) buses (Froats, 2013). Without the Class I & II power supply,
monitoring capabilities of the reactor are lost. The purpose of the
TEGSS design is to extend the lifetime of the Class I & II batteries
in order to provide an increased useful time; hopefully providing
sufficient time to regain Class III power to the unit(s).

While evaluating the potential integration locations within a
CANDU six nuclear power plants (CANDU, 2012), it was deter-
mined that the thermoelectric generator network would be highly
applicable in powering auxiliary systems. In an emergency situa-
tion, such as the Fukushima incident, the reactor is shut down
immediately following loss of class IV power. The steam produc-
tion of the plant quickly diminishes to an unusable amount for a
TEG system. In contrast, it was concluded that the use of the TEG
network could have a strong, positive effect towards increasing
the secondary side plant efficiency by producing electrical power
from waste heat.

More specifically, the purpose of the TEG network design is to
directly supply supplemental class IV loads to reduce demand on
normal class IV supply. It is more efficient to provide electrical
power directly to specific loads than the general plant class IV out-
put, as that would require extensive voltage step ups.
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The purpose of this paper is to evaluate the optimization of the
thermoelectric generator network for the CANDU reactors. The
research uses commercially-made heat exchanging thermoelectric
generators for experimentation on the TEG network. There is a dis-
cussion on the theory behind the thermoelectric generator. A dis-
cussion of the methodology, in both the simulation and the
experimental set-up. The results show the outcomes from the sim-
ulations and experiment. The discussion and conclusion sections
explain the use of the TEGSS in the CANDU power plants.

2. Background theory

Thermoelectric generators function by converting the difference
in temperature between two bodies into electrical current by the
way of the Seebeck effect. The Seebeck effect occurs where two dis-
similar metals have different temperatures. In between the dissim-
ilar metals, there are p and n junction semi-conductors which
functions as a barrier. Fig. 1 illustrates the phenomenon
(University of Waterloo, N.D).

The Seebeck effect is a function of Ohm’s law in which the elec-
tromotive force from the temperature difference takes into effect
(Yu and Zhao, 2007). Therefore, Ohm’s law in the Seebeck effect
is the summation of the electric field and the electromotive force,

J ¼ rðEþ Eemf Þ; ð1Þ
where J, r, E, and Eemf are the current density, conductivity, local
electric field, and electromotive force, respectively. The electromo-
tive force in the Seebeck effect is the product of the Seebeck coeffi-
cient (SSeebeck) and the temperature (T) gradient,

Eemf ¼ �SSddbeck � rT: ð2Þ
The Seebeck coefficient, also known as thermopower coeffi-

cient, is material dependent (Thermoelectric Generator Safety
System, 2015).

The thermoelectric generator works as heat exchangers. The
semiconducting materials are placed in between the hot and cold
fluid channels. As the fluids pass through the channels, the differ-
ential temperature causes the production of the electrical power
(Çengel and Ghajar, 2010; Chih, 1996).

3. Methodology

In this study, simulation and experimental work were con-
ducted. The simulation features a three-dimensional finite element
analysis of the fluid flow through the pipes in both parallel and
Fig. 1. Seebeck effect (University of Waterloo, N.D).
serial configurations. In the simulations, the thermoelectric gener-
ator box has been removed for simplicity. The assumptions are dis-
cussed further in the paper. The experimental work consists of a
single 48 V thermoelectric generator to verify the system, and
two 24 V thermoelectric generators configured both in parallel
and serial to observe the power generation from each TEG. Fig. 2
shows the 3D-model of the thermoelectric generator.
3.1. Simulation

The simulation consists of two configurations, mentioned previ-
ously in this paper: parallel and serial. The purpose of simulating
these configurations is to test the overall power dissipation, in
which the thermoelectric generators collects the energy to convert
to electrical energy. Figs. 3 and 4 displays the parallel and serial
configurations. The parallel configuration consists of three hot fluid
channels going through the thermoelectric generators and the fluid
combines at the end of the exchange. The serial configuration con-
sists of a single hot fluid channel going through three thermoelec-
tric generators. All the cold fluid channels are independent to the
thermoelectric generators.

There are some assumptions made in the simulations in order
to ease calculations without sacrificing accuracy:

1. Assuming thin walls of the pipes,
2. Mass flow rate is constant,
3. Ambient pressure is one atmosphere.

Sieman’s NX software is used in order to model the simulation
in three-dimension. The models are then imported into ANSYS Flu-
ent to use for the simulation. The specifications of the simulation
are listed in Table 1.

The Reynolds numbers are calculated in order to find whether
the fluid flow is turbulent or laminar. The Reynolds number is
(Wendt, 2009; Bar-Meir, 2011)

Re ¼ quD
l

; ð3Þ

where q, u, D, and l are the density, speed, hydraulic diameter, and
dynamic viscosity, respectively (Wendt, 2009; Bar-Meir, 2011). The
Fig. 2. Thermoelectric Generator Unit Model in Siemen’s UG NX 9.0. The blue
cylinder represents the cold fluid flow while the red cylinder represents the hot
fluid flow. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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Fig. 3. Parallel configuration with hot fluid flow directions. The cold fluid flow is in
the same direction.
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Fig. 4. Serial configuration with hot fluid flow directions. The cold fluid flow is in
the same direction.
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results for both the hot and cold water are 345.8�103 and 56.8�103
respectively. This signifies that both flows are turbulent.

Since the flow in turbulent, the standard Navier-Stokes model
would not suffice. In this case, the k (kinetic energy) – e (dissipa-
tion rate) model is used to solve for the fluid flow of the system.
The k-e model is shown in equation set 4 (Wendt, 2009):

r � ðquÞ ¼ 0; ð4aÞ

qðu � ruÞ ¼ r �
�
�p1þ ðlþ lTÞ ruþ ðruÞT

� �

� 2
3
ðlþ lTÞðr � uÞ1� 2

3
qk1

�
þ F; ð4bÞ

qðu � rÞk ¼ r � lþ lT

rk

� �
rk

� �
þ Pk � q�; ð4cÞ

qðu � rÞ ¼ r � lþ lT

r�

� �
r

� �
þ Cc1

�
k
Pk � Cc2q

�2

k
; ð4dÞ

� ¼ ep; ð4eÞ
Table 1
Specifications and initial values in the simulation.

Property Value

Pipe diameter [mm]
Length of cold water pipe [mm]
Length of hot water pipe (parallel configuration) [mm]
Length of hot water pipe (serial configuration) [mm]
Length of common pipe (parallel configuration) [mm]
Velocities of the hot water [m/s] 4.00
Volumetric flow rate of the hot water [cm3/min] 508
temperature of the hot water [degrees Celsius] 50
Velocity of the cold water [m/s]
Volumetric flow rate of the cold water [cm3/min]
temperature of the cold water [degrees Celsius]
lT ¼ qCl k2

�
; ð4fÞ
Pk ¼ lT ru : ðruþ ðruÞTÞ � 2
3
ðr � uÞ2

� �
� 2
3
qkr � u: ð4gÞ

The variables q, u, p, l, and F, are the density, velocity vector,
pressure, dynamic viscosity, and external forces, respectively. The
full description of the equations is dependent on the reader’s
knowledge (Wendt, 2009).

Along with the turbulent flow model, the simulation also calcu-
lates the heat transfer of the fluid. The equations for the heat trans-
fer is shown in Eq. (5) (Çengel and Ghajar, 2010)
qCpu � rT ¼ r � ðjrTÞ ð5Þ
where Cp, T, j, are the specific heat of the fluid, the temperature of
the fluid, thermal conductivity of the fluid, respectively (Bose,
2004).
3.2. Experiment

Two experiments were performed during this study. The first
experiment consists of a single, 48 V thermoelectric generator from
(Thermonamic (2015) in which the heat transfer between the flu-
ids creates the electrical energy. The semi-conductors in the ther-
moelectric generator is made of Bismuth-Telluride (specific heat
capacity of 544.28 J/(kg K)) FerroTec, 2016. The maximum output
of the generator is rated at 200 W. The purpose of the experiment
is to validate the manufacturer’s specifications and to compare to
the simulation results. It is in an open-loop system. The open-
loop parameter is the hot water flows through the pipe and exits
the system. The temperature is considered constant.

The second experiment is the use of two 24 V thermoelectric
generators from the same manufacturer in series and parallel.
The purpose of this portion is to verify the power distribution in
the network. The system is running in a close-loop. In a close-
loop configuration, the hot water is pumped and recycled. In this
scenario, the temperature is not constant and there is no
insulation.

The set-up of the thermoelectric generator is hot water between
50 and 100 degrees Celsius flows through the thermoelectric gen-
erator while being cooled by cold water of 4 to 12 degrees. The hot
water is pumped using a standard suction pump with the rated
flow rate of 19 L/min (Electric Co. Inc., 2008). A needle valve is
placed between the pump and the hot water to control the flow
rate, which is set to 0.7 L/min or 700 cm3/min, measured from a
flow meter. The measured quantities in the experiments are the
voltage and current to provide the overall electrical power.
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4. Results

4.1. Simulations

The graphed results of the simulations are illustrated in Figs. 5–
12. The figures show the power from the individual generators and
the average output coming from all generators. Figs. 5–8 show the
fluid power dissipation. It is calculated from equation 6, (Bar-Meir,
2011).

Pfluid ¼ p � _V ð6Þ

where _V is the volumetric flow rate in m3/s. Figs. 9–12 show the
heat dissipation form the heat exchanging. It is calculated from
Eq. (7), (Çengel and Ghajar, 2010)

Pheat ¼ j � Nu � ADT
L

; ð7Þ

where Nu, L, and A are the Nusselt number, diameter of the channel,
and area normal to the heat flow, respectively.

The Carnot efficiency of the thermoelectric generators is calcu-
lated from the Seebeck coefficients of the n-type and p-type
materials,

gCE ¼ 1� Tc
Th

� �
�

ffiffiffiffiffiffiffiffi
1þZT

p �1ffiffiffiffiffiffiffiffi
1þZT

p þTc
Th

;

ZT ¼ ðSp�SnÞ2ffiffiffiffiffiffiffiffi
qn �kn

p
þ

ffiffiffiffiffiffiffiffi
qp �kp

p � ðTh�Tc Þ
2 ;

ð8Þ

where Tc, Th, ZT, Sp, Sn, qp, and qn are the hot water and cold water
temperatures, dimensionless figure of merit, Seebeck coeffients of
the p and n type materials, and density of the p and n types, respec-
tively. The p and n type materials in the thermoelectric generators
are 25% Bi2Te3 – 75% Sb2Be3 and 75% Bi2Te3 – 25% Bi2Be3, respec-
tively. Therefore, the electrical power output from the heat dissipa-
tion is

Pelectrical ¼ Pheat � gCE: ð9Þ
The results of the electrical power are shown in Figs. 13–16.
One notable aspect of the simulation results is in the parallel

configuration, the power dissipation both in the fluid and heat
increases as the hot water temperature increases. Yet in the serial
configuration, the power dissipation remains stagnant despite the
temperature of the fluid. This is due to the friction loss from the
pipe. Equation (6) predicted the power dissipation from the fluid.
Another notable aspect is the power dissipation in respect to the
fluid velocity. As the fluid velocity increases in the parallel config-
uration, all of the generators produce the same power, both in fluid
and heat. However, in the serial configuration, the third generator
lags behind in power generation during fluid transport.
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Fig. 5. Fluid Power dissipation vs. Temperature fixed a
Tables 2 and 3 show the ratio between the fluid and heat power
dissipation in the parallel and serial configurations. The higher the
ratio, the higher the heat dissipation in the system. Notably, the
ratio in the parallel configuration is nearly 1:1 throughout. Com-
paring to the serial configuration, the ratio is between 32% and
45%, essentially losing a lot of fluid power during mass transport.
This is due to friction loss through the pipes. Regarding the first
generator in each network configuration, the parallel configuration
has a higher fluid-heat power ratio than the serial configuration;
despite both have the same initial velocity conditions. The reason
for this discrepancy is the different initial pressures. As the exhaust
pressure remains constant for both serial and parallel conditions,
the initial pressure varies by length.

At constant fluid velocity and varying temperatures, the total
heat dissipation (Eq. (7)) in the parallel configuration is
597.15 W on average; in the serial configuration, the total heat
dissipation is 507.62 W on average. In comparison to a constant
temperature with varying fluid velocity, the total heat dissipation
in both parallel and serial configurations are 650.54W and
649.89 W, respectively. This shows that at varying temperatures,
the parallel configuration dissipates more heat through the
thermoelectric generators than the serial configuration by nearly
90W.

Note that the ratio does not indicate the Carnot efficiency of the
thermoelectric generator, it is showing the efficiency of the heat
exchangers. The Carnot efficiency of the thermoelectric generator
is measured from the heat power input and the electrical output.
Table 4 shows the calculated the Carnot efficiency of the thermo-
electric generator at various temperatures.

Figs. 13 and 14 illustrate the electrical power performance in a
parallel configuration. One major aspect of the results are the
power outputs from all three generators are nearly identical,
regardless of the fluid speed and temperature. In this scenario,
the total electrical power is the multiple of thermoelectric genera-
tors in parallel. Figs. 15 and 16 illustrate the electrical power per-
formance in a serial configuration. The performance increases as
either the fluid flow rate or temperature increases. The power gen-
eration diminishes as the fluid flows through the channels. After a
few thermoelectric generations in series, the output electrical
power is statistically too low for use. Therefore, in a series config-
uration, the temperature and velocity must be high.

4.2. Experiment

The experimental results show the projected power generation
of a single 48 V thermoelectric generator, and two 24 V TEGs in
parallel and series. The parallel and series are both closed loop.
Fig. 17 illustrates the power generation of the 48 V TEG. The volu-
metric flow rate is 700 cm3/min. This graph confirms the power
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Fig. 6. Fluid Power dissipation vs. velocity fixed at temperature of 160 �C in a parallel configuration.
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Fig. 7. Fluid Power dissipation vs. Temperature fixed at the flow rate of 8 m/s in a serial configuration.
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Fig. 8. Fluid power dissipation vs. Velocity fixed at temperature of 160 �C in a serial configuration.
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Fig. 9. Heat dissipation vs. temperature fixed at the flow rate of 8 m/s in a parallel configuration.
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Fig. 10. Heat dissipation vs. velocity fixed at temperature of 160 �C in a parallel configuration.
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Fig. 11. Heat dissipation vs. temperature fixed at the flow rate of 8 m/s in a serial configuration.
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Fig. 12. Heat dissipation vs. velocity fixed at temperature of 160 �C in a serial configuration.
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Fig. 13. Electrical power vs. temperature fixed at the flow rate of 8 m/s in a parallel configuration.
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Fig. 14. Electrical power vs. velocity fixed at temperature of 160 �C in a parallel configuration.
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Fig. 15. Electrical power vs. velocity fixed at the flow rate of 8 m/s in a serial configuration.
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Fig. 16. Electrical power vs. velocity fixed at temperature of 160 �C in a serial configuration.

Table 2
Fluid-Heat Power Ratio in a Parallel Configuration.

Temperature (�C) Velocity (m/s) Fluid-heat power ratio (%)

Generator 1 Generator 2 Generator 3 Average

50 8.00 94.32 96.03 106.30 98.61
100 8.00 95.76 97.82 107.08 99.99
160 4.00 109.51 110.13 120.01 113.02
160 6.31 101.09 102.23 112.29 104.98
160 8.00 95.89 97.30 106.75 99.76
160 16.0 86.88 88.42 102.76 92.18
230 8.00 94.95 96.26 106.10 98.87
275 8.00 94.34 96.19 104.69 98.20

460 H.A. Gabbar et al. / Annals of Nuclear Energy 101 (2017) 454–464
generation projection comparing to the specifications from the
manufacturer. The notable observation in the experiment is the
standard deviations of the voltage and current are large. This
observation could be sought out that the flow rate is not constant
due to the pump. To remedy that, the observation is averaged over
a minute.



Table 3
Fluid-Heat Power Ratio in a Serial Configuration.

Temperature (�C) Velocity (m/s) Fluid-heat power ratio (%)

Generator 1 Generator 2 Generator 3 Average

50 8.00 54.55 26.39 24.59 34.09
100 8.00 55.62 22.53 24.18 33.15
160 4.00 41.45 26.47 28.01 31.31
160 6.31 46.05 25.69 28.78 31.90
160 8.00 48.15 25.26 29.28 32.19
160 16.0 71.61 44.84 25.88 45.23
230 8.00 58.56 28.98 24.56 36.15
275 8.00 59.66 30.01 30.79 38.37

Table 4
Carnot Efficiencies.

Temperature (�C) Carnot efficiency (%)

50 1.28
100 3.30
160 5.59
230 8.07
275 9.57
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Figs. 18 and 19 are the temperature versus time profiles of the
hot and cold water close-loops. The hot water loop loses about 40%
of its temperature after 15 min of the water looping. In the cold
water loop, the temperature remains fairly stagnant throughout
the 15 min of the loop. What this signifies is the heat exchanger
is working well to cool the hot fluid, as well as the ambient envi-
ronment is cooling the hot fluid by natural convection.

Figs. 20 and 21 are the average power output of the system in
contrast to temperature. What this shows that the serial configura-
tion has a higher power output than the parallel configuration.
Figs. 22 and 23 are the average power output of the system over
time. A notable aspect of the results is both the parallel and serial
configurations suffers the same drop in power, 70%, over the
fifteen-minute interval in the close-loop.

The experimental results show similarities with the simulation
results in the previous section; therefore, it is assumed that the
serial configuration provides a much higher output. However, the
serial configuration requires higher initial pressure to have a con-
sistent fluid flow rate as the parallel configuration. The power dis-
tribution is imbalance as the first generator produces the most
electricity. The third generator in the serial configuration produced
a much smaller output than the third generator in the parallel con-
figuration. Essentially, the average output is higher in the serial
configuration, but the distribution of power is more balanced in
the parallel configuration.
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Furthermore, the experimental results are based on open-loop
conditions in both parallel and serial configurations. Thus the
ambient cooling is not affecting the system, and the temperatures
in both hot and cold are considered to be constant. In an industrial
setting, the cold water is recycled, assuming it is not going through
a thermodynamic engine cycle, and subsequently warms for every
passing. The ambient air may cool the cold water but not enough to
have a significant different after several hundred cycles. The TEG
would render less efficient as the cold water warms (see Table 4).
The closed loop cycle would affect the serial configuration more
than the parallel configuration. The reason is the temperature of
the serial configuration cools further down the pipeline. With the
cold water warming, the Carnot efficiency drops. Therefore, under
industrial setting with a close loop cold water, the parallel config-
uration is deemed superior.

5. Discussion of the application

Fig. 24 shows the use of the thermoelectric generators network
in the CANDU reactor. Even though this network can be applied to
any thermal power plant, the discussion and application of the TEG
network is focused on the CANDU reactors. With the TEG network
in place, the hot steam and cold water goes into the network, pow-
ering the TEGs via heat exchanging. The input hot steam branches
out from the reactor, making the TEG network running in parallel
to the main turbine for utility power. The output hot steam would
then go straight to the condenser. Likewise, the cold water comes
from the lake, running in parallel with the condenser. The resulting
hot water goes back into the lake.

The TEG system interfaces with a group of systems on the Sec-
ondary Side of the CANDU Nuclear Power Plant. An interruption in
the TEG system has the potential to disrupt these interfacing sys-
tems and their functions

The Station Service Water (SSW) system is a system that sup-
plies all of the service water to the plant. This include plumbing,
150 200 250 300
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loop using TEG20048V. The volumetric flow rate is 700 cm3/min.
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Fig. 18. Temperature vs. Time in a hot water loop using two TEG20024V. The hot water flow rate is 380 cm3/min and the cold water flow rate is 110 cm3/min.
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Fig. 19. Temperature vs. Time in a cold water loop using two TEG20024V. The hot water flow rate is 380 cm3/min and the cold water flow rate is 110 cm3/min.

0.00

5.00

10.00

15.00

20.00

25.00

30.00

50.0 55.0 60.0 65.0 70.0 75.0 80.0 85.0

AV
ER

AG
E 

PO
W

ER
 (W

AT
TS

)

HOT SIDE PLATE TEMPERATURE (CELSIUS)

Run #1 - Two 24 V TEGs Parallel Run #2 - Two 24 V TEGs Parallel

Fig. 20. Average power vs hot water temperature. The configuration is two 24 V TEG in parallel using two TEG20024V. The hot water flow rate is 380 cm3/min and the cold
water flow rate is 110 cm3/min.
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and more. The SSW has excess pressure and tapping into the sys-
tem has no noticeable effects on its standard operation. The outlet
of the water of the SSW cold leg of the TEG System leads to the Ser-
vice Water Discharge System, the increased temperature of the dis-
charge water does not have any impact on systems or their
functions.

The moisture separator is the device used to separate the mois-
ture content from the steam in the main steam cycle of the CANDU
Nuclear Power Plant. The moisture separated from the steam col-
lects at the bottom of the moisture separator and drains to the
Low Pressure Feedwater Reheater (LPFR). The TEG system inter-
faces with the MSDL, which is considered waste heat, the temper-
ature of the fluid in the drain line is decrease, but this has no effects
on the function of the moisture separator.
The moisture separator drain line (MSDL) is the line that trans-
fers the moisture separated from the steam in the moisture sepa-
rator to the Low Pressure Feedwater Reheater to be recycled in
the secondary side. The TEG system is tapped into the MSDL, and
draws heat from the component. The MSDL does not have any
functions that is effected by the drop in temperature, the fluid is
slightly cooled when it reaches the outlet at the Low Pressure Feed-
water Reheater.

The LPFR is used to reheat water from the condenser to appro-
priate temperatures for the deaerator system. The water from the
MSDL is mixed with the condenser water in this reheater. The
TEG system draws heat from the MSDL, thus reducing the temper-
ature of the fluid returned to the LPFR. The LPFR is designed to han-
dle a wide range of inlet temperatures so the lowered temperature
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Fig. 21. Average power vs hot water temperature. The configuration is two 24 V TEG in series using two TEG20024V. The hot water flow rate is 380 cm3/min and the cold
water flow rate is 110 cm3/min.
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Fig. 22. Average power vs time. The configuration is two 24 V TEG in parallel where the fluid is in a closed-loop using two TEG20024V. The hot water flow rate is 380 cm3/min
and the cold water flow rate is 110 cm3/min.
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Fig. 23. Average power vs time. The configuration is two 24 V TEG in series where the fluid is in a closed-loop using two TEG20024V. The hot water flow rate is 380 cm3/min
and the cold water flow rate is 110 cm3/min.
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of the MSDL does not have major effects on the functions of the
LPFR and the overall efficiency of the plant.

At steady-state (constant load conditions) the electrical power
output of the TEG is relatively steady and the electrical tie-in,
amplifier/direct to load supply or battery charging applications, is
stable. Each load supplied by the TEG system has an automatic
transfer switch to transfer the load from the TEG supply to the
appropriate class supply in the case the TEG system is not generat-
ing enough power. The loads are transferred off one at a time while
the TEG power decreases to continue to use the power created by
the TEG. The ability to transfer the loads with a switch would pre-
vent large interruptions in the electrical systems in the plant and
allow for normal operation whether the TEG system is in operation
or not. Environmentally, using the TEG network reduces green-
house gases as there is no direct emissions are released in the
atmosphere, rather than using stand-by diesel generators. Eco-
nomically, there is no need for additional power sources as the
wasted heat is recycled. The excess heat dissipation deteriorates
the metal pipes in the power plant. This results in additional costs
for replacements. With the TEG network, the pipes are cooled



Fig. 24. Diagram of the thermoelectric generator network placed in the CANDU reactors.
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down, and any excess power from the generation can be put into
rechargeable batteries. During accidental electrical power loss,
the backup batteries provides the emergency power needed in
the power plant. In addition, the TEG network can be used to
increase fuel efficiency of the CANDU power plant. The power out-
put from the network could reach up to the 100 kWe range when
rearranged for the purpose of providing extra electrical power for
utility.

The TEG system and its components require monitoring of their
pressures and temperatures. The TEG system also requires the
additional of control for three valves and one pump on the system.
The system controls are automatic with a manual control on the
panels in the Main Control Room. The instrumentation and con-
trols along with alarms associated is implemented to not mask
any of the current designs components.

6. Conclusion

Regarding the application of the TEGs, in the serial configura-
tion, the first generator produces the majority of the electrical
power. The problem arises from the limitations of the thermoelec-
tric generators themselves. Most TEGs from the manufacturer has
the limit of 200 W, which could cause significant problems
over time; for example, the reduction of the TEGs lifecycle. Setting
up the network correctly and efficiency would prolong the
TEGs while providing the power necessary for the auxiliary
systems (Performance Requirements: Normal Conditions, 1983;
Woodbank Communications Ltd., 2005).
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