Specification
Title of Invention : High-Efficiency Integrated Absorption Cooling

System Utilizing Fuel Cell Exhaust Heat

Field of the Invention
[0001] This invention relates to a double-effect absorption cooling system that utilizes
relatively low-temperature exhaust gas generated during electricity production from a
fuel cell as a heat source.
[0002] More particularly, it relates to an absorption cooling system that supplies
exhaust gas generated from a fuel cell to the high-temperature generator (HTG) of a high-

efficiency double-effect absorption chiller to use it as a heat source.

Description of the Related Art

[0003] Globally, there is a trend of increasing medium to large-scale power generation
fuel cell systems. Fuel cell systems are mainly used for power generation with
phosphoric acid fuel cells (PAFC) and solid oxide fuel cells (SOFC). Meanwhile, for
power generation fuel cell systems above a certain scale, electric chillers (such as air
conditioners) are installed to alleviate the heat load of the electrical room where power is
produced and converted.

[0004]

[0005] For phosphoric acid fuel cells (PAFC), systems have been developed that



use a single-effect absorption chiller to produce chilled water from exhaust heat
generated as hot water at approximately 60~90 degrees Celsius. However, the low
cooling coefficient of performance (COP) of about 0.7 when using exhaust heat is
considered a disadvantage. Additionally, high power consumption due to the operation of
chilled water and cooling water pumps for the absorption chiller, and the unavoidable
white smoke generation from the cooling tower, have been identified as drawbacks.
[0006]

[0007] In the case of solid oxide fuel cells (SOFC), exhaust gas at about 300~400
degrees Celsius is generated along with electricity, but the exhaust gas discharge pressure
is very low at 10~50mmAgq, and the exhaust gas temperature is not sufficient at 300~400
degrees Celsius, limiting the system integration with high-efficiency double-effect
absorption chillers.

[0008]

[0009] Cooling systems that can be applied to such medium to large-scale power
generation fuel cell systems are increasingly in demand for cooling needs in data centers,
smart farms, etc., which require both power load and cooling load and can be linked with
power generation facilities. However, efficient cooling systems utilizing the exhaust heat

of power generation fuel cells have not yet been developed.

Detailed Descption of the Invention
Technical Problem

[0010] To address the above-described problems, an object of the present invention is



to provide a system for producing chilled water using a double-effect absorption chiller

that utilizes relatively low-temperature (300 to 390°C) exhaust gas generated during

power generation from a fuel cell as a heat source.

[0011]

[0012] More specifically, the invention aims to provide a system capable of improving
the overall efficiency of a fuel cell unit by recovering waste heat from exhaust gas
generated by a solid oxide fuel cell (SOFC) and supplying it to the high-temperature
generator (HTG) of a high-efficiency double-effect absorption chiller, thereby producing
chilled water for use in cooling demands.

[0013]

[0014] Additionally, another object of the present invention is to provide a cooling
system capable of preventing white plume formation in the cooling tower under
conditions of low ambient temperature and high relative humidity by introducing a
portion of the exhaust gas discharged through the high-temperature generator into an anti-

white smoke device before being released into the atmosphere.

Solution to the Problem

[0015] The absorption cooling system of the present invention includes a fuel cell unit
(100) that discharges exhaust gas generated during power generation and an absorption
cooling unit (200) that utilizes the exhaust gas as a heat source. The absorption cooling

unit (200) includes an absorption chiller (10) that receives the exhaust gas as a heat



source; an upper cooling tower (30) that lowers the temperature of the cooling water
heated by the absorption chiller; a cooling water pump (40) that controls the flow of
cooling water; a chilled water pump (50) that controls the flow of chilled water cooled by
the absorption chiller; a system control unit (90) that controls the operation of the
absorption cooling unit (200); a bypass valve (60) installed in the bypass pipe (12) that
controls the external discharge of the exhaust gas supplied from the fuel cell unit (100);
an exhaust gas introduction valve (70) installed in the exhaust gas introduction pipe (13)
that controls the supply of the exhaust gas to the absorption chiller (10); and an exhaust
gas intake device (20) that provides pressure so that the exhaust gas can be supplied to
the absorption chiller (10).

[0016] In one embodiment, the absorption chiller (10) is a double-effect absorption
chiller including a high-temperature generator (HTG), and the high-temperature
generator (HTG) includes a regenerator exhaust gas pipe (16) through which the exhaust
gas supplied from the fuel cell unit (100) moves, and the exhaust gas intake device (20) is
installed at the rear end of the regenerator exhaust gas pipe (16).

[0017] In one embodiment, the system further includes an exhaust gas discharge pipe
(14) that discharges the exhaust gas emitted from the exhaust gas intake device (20)
externally; an anti-white smoke inlet pipe (15) connected to the exhaust gas discharge
pipe (14) delivering the exhaust gas to the upper cooling tower (30); and a cooling tower
introduction valve (80) controlling the anti-white smoke inlet pipe (15).

[0018] In one embodiment, the bypass valve (60) is controlled by the system control

unit (90) to maintain the exhaust backpressure within a specified range in the fuel cell



unit (100) when the absorption cooling unit (200) is driven for cooling, and the opening
rate is controlled depending on the cooling operation conditions of the absorption cooling
unit (200).

[0019] In one embodiment, the cooling operation conditions of the absorption cooling
unit (200) include an operation degree of the exhaust gas intake device (20), an opening
rate of the exhaust gas introduction valve (70), an operation degree of the cooling water
pump (40), and an operation degree of the chilled water pump (50).

[0020] In one embodiment, when the absorption cooling system is at maximum load
(S§320), by the system control unit (90), the exhaust gas introduction valve (70) is opened
to the maximum extent, the exhaust gas intake device (20) is driven within the set high
load operation Hz range, and the opening rate of the bypass valve (60) is adjusted to
maintain the exhaust backpressure within a specified range in the fuel cell unit (100).
[0021] In one embodiment, when the absorption cooling system is at partial load
(S330), according to the cooling load of the absorption chiller (10), the operation degree
of the exhaust gas intake device (20) is adjusted by the system control unit (90), and the
opening rate of the bypass valve (60) is adjusted to maintain the exhaust backpressure
within a specified range in the fuel cell unit (100).

[0022] In one embodiment, the absorption chiller (10) further includes an exhaust gas
input temperature sensor (S1); an exhaust gas output temperature sensor (S2); and a high-
temperature generator temperature sensor (S3), and when the absorption chiller (10) is
determined to be in an over-concentration state, the bypass valve (60) is fully opened, the

exhaust gas introduction valve (70) is fully closed, and the exhaust gas intake device (20)



is stopped, and these states are maintained until the current chilled water outlet
temperature of the absorption chiller (10) rises above the freeze prevention release
temperature.

[0023] In one embodiment, the upper cooling tower (30) includes a fan (31), a cooling
water sprinkling device (33) spraying the cooling water, packing material (34), and an
anti-white smoke device (32), and the anti-white smoke device (32) receives the exhaust
gas from the anti-white smoke inlet pipe (15) controlled by the cooling tower
introduction valve (80) when conditions for white smoke occurrence are detected in the
upper cooling tower (30) and supplies the exhaust gas into the cooling tower (30) to
prevent the white smoke phenomenon.

[0024] In one embodiment, the anti-white smoke device (32) is located at the lower
part of the upper cooling tower (30) and supplies the exhaust gas from the lower to the

upper direction into the packing material (34).

Effects of the Invention

[0025] According to the present invention, it is possible to utilize exhaust gas having a

temperature of approximately 300 to 400°C and discharged from a fuel cell at a relatively

low pressure (10 to 50 mmAq) as a cooling heat source for a high-efficiency double-
effect absorption chiller. As a result, the invention provides a fuel cell-based absorption
cooling system capable of achieving high-efficiency cooling with a COP of 1.1 to 1.4 or

higher.



[0026]
[0027] In addition, when the outside air is cold and humid, white plume (i.e.,
condensation of moisture in saturated air) may occur in the cooling tower due to exhaust

discharged into the atmosphere. The present invention prevents such white plume

formation by introducing part of the low-temperature (80 to 150°C) exhaust gas—already

used as a cooling heat source in the double-effect absorption chiller—into an anti-white

smoke device in the cooling tower, thereby preventing freezing of surrounding facilities

caused by white plume during the winter season.

Brief Description of the Drawings

[0028] FIG. 1 is a configuration diagram of a high-efficiency integrated absorption
cooling system utilizing exhaust heat from a fuel cell according to the present invention.
[0029] FIG. 2 is a configuration diagram showing a part of the absorption cooling
system according to the embodiment of FIG. 1.

[0030] FIG. 3a to FIG. 3c are flowcharts showing the operation of the absorption
cooling system according to the embodiment of FIG. 1.

[0031] FIG. 4a is a configuration diagram showing the cooling tower of the absorption
cooling system according to the embodiment of FIG. 1.

[0032] FIG. 4b is a configuration diagram showing the cooling tower of the absorption

cooling system according to another embodiment of the present invention.



Detailed Description of the Invention

[0033] Hereinafter, preferred embodiments will be described with reference to the
accompanying drawings. In this process, the thickness of lines or the size of components
shown in the drawings may be exaggerated for clarity and convenience of explanation.
Also, the terms described below are defined in consideration of the functions in the
present invention, and may vary according to the user's or operator's intention or custom.
Therefore, the definitions of these terms should be made based on the entire content of
this specification.

[0034] In this specification, a module may refer to a functional and structural
combination of hardware for performing the technical idea of the present invention and
software for driving the hardware. For example, the module may refer to a logical unit of
predetermined code and hardware resources for executing the predetermined code, and it
is not necessarily meant to refer to physically connected code or a single type of
hardware, which can be easily inferred by an average expert in the technical field of the
present invention.

[0035] Also, when it is mentioned that a component is "connected" or "connected" to
another component, it should be understood that it may be directly connected or
connected to the other component, but other components may exist in between. On the
other hand, when it is mentioned that a component is "directly connected" or "directly
connected" to another component, it should be understood that no other components exist
in between.

[0036] The singular expression includes the plural expression unless the context



clearly indicates otherwise. Also, throughout this specification, when a part is said to
"include" a component, it means that it may include other components in addition to the
component, unless specifically stated otherwise. It is apparent to those skilled in the art
that the present invention can be embodied in other specific forms without departing from
the essential characteristics of the present invention.

[0037] In addition, the following embodiments are presented as examples and are not
intended to limit the scope of the present invention, and various embodiments may be
implemented through the technical idea of the present invention. Hereinafter,
embodiments of the present invention will be described in detail with reference to the

drawings. The same reference numerals in the drawings refer to the same elements.

[0038]

[0039] Configuration of the Cooling System

[0040]

[0041]

[0042] FIG. 1 is a configuration diagram of a high-efficiency integrated absorption
cooling system utilizing exhaust heat from a fuel cell according to the present invention.
[0043]

[0044] Referring to FIG. 1, the high-efficiency integrated absorption cooling system
(1000) utilizing fuel cell exhaust heat includes a fuel cell unit (100) and an absorption
cooling unit (200).

[0045]
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[0046] The fuel cell unit (100) may use a solid oxide fuel cell (SOFC), with the
primary purpose of generating electricity, but it also produces exhaust gas at
approximately 300~400 degrees Celsius simultaneously with electricity generation. The
absorption cooling unit (200) utilizes the exhaust gas emitted from the fuel cell for
cooling purposes. The exhaust gas emitted from the fuel cell does not meet the normal
operating range of temperature or pressure compared to the heat source applied to
conventional absorption chillers, thus requiring additional devices compared to
conventional absorption chillers.

[0047]

[0048] The absorption cooling unit (200) includes an absorption chiller (10), an
exhaust gas intake device (20), and an upper cooling tower (30), as well as a cooling
water pump (40), a chilled water pump (50), a bypass valve (60), an exhaust gas
introduction valve (70), a cooling tower introduction valve (80), and a system control unit
(90).

[0049]

[0050] The absorption chiller (10) may be a high-efficiency double-effect absorption
chiller. In addition to the absorption chiller (10), the absorption cooling unit (200)
includes a cooling water pump (40) that supplies cooling water applied to a typical
absorption chiller (10), a chilled water pump (50) that introduces and discharges chilled
water, an upper cooling tower (30) that cools the cooling water, and a system control unit
(90) that drives/controls various pumps, valves, and devices.

[0051]
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[0052] In particular, to apply the exhaust gas generated from the fuel cell to the
absorption chiller (10), an exhaust gas intake device (20) is included. Additionally, to
control the incoming exhaust gas, a bypass valve (60) and an exhaust gas introduction
valve (70) are installed. The bypass valve (60) and the exhaust gas introduction valve (70)
can be configured as a single three-way valve.

[0053]

[0054] The exhaust gas intake device (20) is installed at the rear end of the regenerator
exhaust gas pipe (16) to be described later, and it adjusts the intake pressure of the
exhaust gas, providing not only the pressure at which the exhaust gas is supplied to the
absorption chiller (10) but also the pressure for external discharge and the supply
pressure for the cooling tower (30) to prevent white smoke.

[0055]

[0056] The exhaust gas at approximately 300~400 degrees Celsius generated
simultaneously with electricity production in the fuel cell unit (100) is supplied to the
high-temperature generator (HTG) of the absorption chiller (10) through the exhaust gas
introduction pipe (11). The supplied exhaust gas can be discharged externally through the
bypass pipe (12) controlled by the bypass valve (60), and at the same time, it is provided
to the absorption chiller (10) through the exhaust gas introduction pipe (13) controlled by
the exhaust gas introduction valve (70). If the absorption chiller (10) is a high-efficiency
double-effect absorption chiller, it is provided to the high-temperature generator (HTG),
and the exhaust gas heat can be transferred to the high-temperature generator (HTG)

through the regenerator exhaust gas pipe (16) within the high-temperature generator.
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[0057]

[0058] At this time, to control the exhaust backpressure of the exhaust gas supplied to
the absorption chiller (10), an exhaust gas intake device (20) is provided, and the exhaust
gas intake device (20) is discharged externally through the exhaust gas discharge pipe
(14). The exhaust gas discharge pipe (14) is provided to the anti-white smoke device (32)
of the upper cooling tower (30) for white smoke prevention through the anti-white smoke
inlet pipe (15) controlled by the cooling tower introduction valve (80).

[0059]

[0060] The cooling water pump (40), chilled water pump (50), as well as the bypass
valve (60), exhaust gas introduction valve (70), cooling tower introduction valve (80),
exhaust gas intake device (20), and cooling fan (31) are controlled by the system control
unit (90).

[0061]

[0062]

[0063]

[0064] As explained the above, the exhaust backpressure of the exhaust gas generated
from the fuel cell is typically at a very low level of 10~50mmAgq, so it is not naturally
supplied to the absorption chiller. However, the exhaust gas intake device (20), a feature
of this invention, allows the application of exhaust gas to the absorption chiller, and the
exhaust gas intake device (20) induces the optimal exhaust gas input amount through
rotational speed control.

[0065]
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[0066] If the exhaust gas intake pressure in the exhaust gas intake device operates
excessively, the pressure of the fuel cell stack may decrease, and the power generation
efficiency may decline, making the maintenance of the fuel cell's exhaust backpressure a
very important part.

[0067]

[0068] The exhaust gas flow rate is determined by the power generation load of the
fuel cell, but it does not match the flow rate required by the absorption chiller. Therefore,
the absorption chiller reads the set target chilled water outlet temperature and the current
chilled water inlet/outlet temperature to detect the cooling load and controls the
introduction of the corresponding amount of exhaust gas.

[0069]

[0070] The optimal exhaust gas input amount applied at this time can be implemented
through inverter control in the system control unit (90) by detecting the required cooling
load and the power generation load of the fuel cell unit (100). The control means utilize
the inverter rotational speed control of the intake device (20) and the bypass valve (60)
and exhaust gas introduction valve (70).

[0071]

[0072]

[0073]

[0074]

[0075] Operation of the Cooling System

[0076]
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[0077]

[0078] FIG. 2 is a configuration diagram showing a part of the absorption cooling
system according to the embodiment of FIG. 1. FIG. 3a to FIG. 3c are flowcharts
showing the operation of the absorption cooling system according to the embodiment of
FIG. 1.

[0079]

[0080] Referring to FIG. 3a, the operation of the absorption cooling system according
to this embodiment includes a pre-operational cooling stop step (S100), a cooling start
step (5200), a cooling operation step (S300), a forced stop step (S400) and a cooling end
step (S500). In the pre-operational cooling stop step (S100), the fuel cell unit (100) is
operational, but the absorption cooling unit (200) is not operational. The absorption
cooling unit (200) begins initial operation in the cooling start step (S200). The absorption
cooling unit (200) operates according to the state of the exhaust gas and the required
cooling load in the cooling operation step (S300). The operation is stopped according to
conditions set for equipment protection in the forced stop step (S400). The cooling is
terminated in the cooling end step (S500).

[0081]

[0082] First, the cooling stop step (S100) is a step where the absorption cooling unit
(200) is not operational. In this step, to prevent the use of exhaust gas for cooling
operation, the bypass valve (60) is fully opened, and the exhaust gas introduction valve
(70) is fully closed. Additionally, the exhaust gas intake device (20) remains in a stopped

state. All exhaust gas generated from the fuel cell unit (100) is discharged externally.
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[0083]

[0084] In the cooling start step (S200), the absorption chiller (10) of the absorption
cooling unit (200) is started. In the cooling start step of the present embodiment, the
exhaust gas introduction valve (70) is fully opened, and the exhaust gas intake device (20)
is operated at maximum load.

[0085]

[0086] In the cooling operation step (S300), operation is controlled in different ways
depending on the operating environment. This is due to the characteristic of controlling
the operation of the absorption chiller by the exhaust gas of the fuel cell. The specific
steps are as follows, and this does not mean that each step must proceed sequentially
according to the operating conditions.

[0087]

[0088] The bypass valve control operation step (S310) controls the current exhaust
backpressure value (P1_pv) to satisfy the required target exhaust backpressure value
(P1_cv), and this must proceed while maintaining the normal power generation efficiency
(G-normal) of the fuel cell unit (100). Therefore, to adjust the required current exhaust
backpressure value (P1_pv), the opening rate of the bypass valve (60) is adjusted
depending on other operating conditions. The first constraint for the operation of the
absorption cooling unit (200) is that it should not affect the power production of the fuel
cell unit (100), and excessive intake of exhaust gas can affect power production, so to
prevent this, the function of adjusting the bypass valve (60) to reach the target exhaust

backpressure value (P1_cv) is essentially added. The bypass valve control operation step



16

(S310) proceeds in parallel with the operation of the following three steps.

[0089]

[0090] In the maximum load operation step (S320), operation proceeds under the
condition that the current chilled water outlet temperature (T_pv) is greater than the
target chilled water temperature (T_cv) applied with the high load judgment band
(T_band_H). The rated output of the fuel cell must be maintained, and operation is
conducted under the condition of maximizing the cooling load. At this time, the exhaust
gas introduction valve (70) is fully opened (S321), and simultaneously, the bypass valve
(60) is closed to nearly O, and the exhaust gas intake device (20) is operated at the
maximum allowable value within the set high load operation Hz range (S322). Even at
this time, the fuel cell power generation efficiency (G_normal) and the current exhaust
backpressure value (P1_pv) are detected and adjusted, and rated cooling operation is
conducted.

[0091]

[0092] The partial load operation step (S330) is when the load of the fuel cell unit (100)
is operated at rated load, but the cooling load is at partial load. It corresponds to the case
where the current chilled water outlet temperature (T_pv) is less than the target chilled
water temperature (T_cv) applied with the high load judgment band (T_band_H) and
greater than the target chilled water temperature (T_cv) applied with the low load
judgment band (T_band_L). At this time, the cooling load is read from the absorption
chiller (10) to adjust the amount of exhaust gas. Primarily, the output of the exhaust gas

intake device (20) is adjusted, and the bypass valve (60) is adjusted based on the power
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generation efficiency (G_normal) of the fuel cell and the exhaust gas pressure (P1_pv) to
minimize cooling load adjustment and power consumption of the exhaust gas intake
device (20).

[0093]

[0094] The minimum load operation step (S340) is when the cooling load is operated
at minimum load, and in this case, the exhaust gas intake device (20) is stopped or
operated at minimum Hz, and the minimum load is maintained through the control of the
exhaust gas introduction valve (70).

[0095]

[0096] The forced stop step (S400) is a step to prevent over-concentration of the
absorption chiller. It occurs when the current chilled water outlet temperature (T_pv) falls
below the freezing prevention temperature (T_limit_L) (S410). The over-concentration
state of the absorption chiller is detected by sensing the high-temperature generator
sensor (S3) and the exhaust gas temperature sensors (S1, S2). At this time, since over-
concentration may occur, the chiller is forcibly stopped (S420). The bypass valve (60) is
fully opened, the exhaust gas introduction valve (70) is closed, and the exhaust gas intake
device (20) is stopped. In some cases, if the concentration exceeds the standard value, the
exhaust gas introduction valve (70) can be urgently closed to protect the equipment. The
forced stop state is maintained until the current chilled water outlet temperature (T_pv)
rises above the freeze prevention release temperature (T_limit_H) (S430).

[0097]

[0098] In the cooling end step (S500), cooling is terminated, and the operating
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conditions are the same as in the cooling stop step (S100). In this step, to prevent the use
of exhaust gas for cooling operation, the bypass valve (60) is fully opened, and the
exhaust gas introduction valve (70) is fully closed. Additionally, the exhaust gas intake
device (20) remains in a stopped state. All exhaust gas generated from the fuel cell unit
(100) is discharged externally.

[0099]

[00100]

[00101]

[00102] Anti-White Smoke Function

[00103]

[00104] FIG. 4a is a configuration diagram of the cooling tower of the absorption
cooling system according to the embodiment of FIG. 1.

[00105]

[00106] Referring to FIG. 4a, the upper cooling tower (30) of the absorption cooling
system in the present embodiment includes an anti-white smoke device (32) to prevent
white smoke that occurs when the outside air is cold and humid. The upper cooling tower
(30) in the present embodiment includes packing material (34), a cooling water sprinkling
device (33), and a cooling tower fan (31), in addition to the anti-white smoke device (32)
utilizing exhaust gas and a cooling tower introduction valve (80).

[00107]

[00108] The upper cooling tower (30) functions to dissipate the heated cooling water of

the absorption chiller, which operates when a cooling load occurs, into the atmosphere to
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lower the cooling water temperature. The anti-white smoke device (32) automatically
introduces part of the exhaust gas, which is generated by the fuel cell, supplied to the
absorption chiller, used, and discharged at about 80~150 degrees Celsius, into the anti-
white smoke device (32) through the cooling tower introduction valve (80) when
conditions for white smoke occurrence are detected in the upper cooling tower (30). The
introduced portion of the exhaust gas enters through coils or multiple open holes at the
top of the coils inside the anti-white smoke device (32), passing through the packing
material (34) and exchanging heat or mixing with saturated air. As a result, the
temperature of the saturated air rises, and the relative humidity decreases, preventing the
white smoke phenomenon.

[00109]

[00110] FIG. 4b is a configuration diagram of the cooling tower of the absorption
cooling system according to another embodiment of the present invention.

[00111]

[00112] Referring to FIG. 4b, the anti-white smoke device (32) is installed at the lower
part of the upper cooling tower (30) and the coil is installed in the direction of the
packing material (34) so that the saturated air passing through the packing material (34)
passes through the anti-white smoke coil (35), is heated, and the relative humidity is
lowered, preventing the white smoke phenomenon. Additionally, a hole is formed at the
top of the coil section, allowing the exhaust gas to be discharged to the top of the coil and
finally mixed with the heated air, further preventing white smoke.

[00113]
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[00114] Also, in FIG. 4a and FIG. 4b, the cooling tower introduction valve (80) can
adjust the amount of exhaust gas under white smoke occurrence conditions, and a drain
pipe (not shown) can be additionally installed to discharge condensate of exhaust gas in
the coil to the outside.

[00115]

[00116]

[00117]

[00118]

[00119] As described above, although the embodiments have been explained with
limited diagrams, those skilled in the art can apply various technical modifications and
variations based on the above. For example, the described technologies can be performed
in a different order than described, and/or the components of the described systems,
structures, devices, circuits, etc., can be combined or combined in a different form than
described, or replaced or substituted by other components or equivalents, achieving
appropriate results. Therefore, other implementations, other embodiments, and

equivalents to the claims below are also within the scope of the claims.

Industrial Applicability

[00120] According to the present invention, exhaust gas having a temperature of

approximately 300 to 400°C and discharged from a fuel cell at a relatively low pressure

(10 to 50 mmAq) can be effectively utilized as a cooling heat source in a high-efficiency
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double-effect absorption chiller. This enables the implementation of a fuel cell-based
absorption cooling system capable of achieving a high cooling efficiency with a
coefficient of performance (COP) of 1.1 to 1.4 or higher.

[00121]

[00122] Furthermore, when the ambient air is cold and humid, a white plume
phenomenon (i.e., condensation of moisture in saturated air) may occur in the cooling

tower. The present invention prevents such white plume formation by introducing a

portion of the low-temperature (80 to 150°C) exhaust gas—already used as a heat source

for the absorption chiller and discharged into the atmosphere—into an anti-white smoke

device in the cooling tower. This also helps prevent the freezing of nearby facilities

during winter caused by the white plume.
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Description of FIG. 3C is provided together with FIGS. 3A and 3B.
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What is Claimed:

1. An absorption Cooling System comprising:
a fuel cell unit (100) discharging exhaust gas generated during power generation

and an absorption cooling unit (200) utilizing the exhaust gas as a heat source,

wherein the absorption cooling unit (200) includes:

an absorption chiller (10) receiving the exhaust gas as a heat source;

an upper cooling tower (30) lowering a temperature of cooling water heated by
the absorption chiller;

a cooling water pump (40) controlling a flow of the cooling water;

a chilled water pump (50) controlling a flow of chilled water cooled by the
absorption chiller;

a system control unit (90) controlling the operation of the absorption cooling
unit (200);

a bypass valve (60) installed in a bypass pipe (12) controlling external discharge
of the exhaust gas supplied from the fuel cell unit (100);

an exhaust gas introduction valve (70) installed in an exhaust gas introduction
pipe (13) controlling supply of the exhaust gas to the absorption chiller (10); and

an exhaust gas intake device (20) providing pressure in order to supply the

exhaust gas to the absorption chiller (10).
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2. The absorption Cooling System of claim 1,

wherein the absorption chiller (10) is a double-effect absorption chiller including
a high-temperature generator (HTG),

wherein the high-temperature generator (HTG) includes a regenerator exhaust
gas pipe (16) through which the exhaust gas supplied from the fuel cell unit (100) moves,

wherein the exhaust gas intake device (20) is installed at rear end of the

regenerator exhaust gas pipe (16).

3. The absorption Cooling System of claim 1, further comprising:

an exhaust gas discharge pipe (14) discharging the exhaust gas emitted from the
exhaust gas intake device (20) externally;

an anti-white smoke inlet pipe (15) connected to the exhaust gas discharge pipe
(14) delivering the exhaust gas to the upper cooling tower (30); and

a cooling tower introduction valve (80) controlling the anti-white smoke inlet

pipe (15).

4. The absorption Cooling System of claim 1,

wherein the opening rate of the bypass valve (60) is controlled depending on
cooling operation conditions of the absorption cooling unit (200) by the system control
unit (90),

in order to maintain exhaust backpressure within a specified range in the fuel
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cell unit (100) when the absorption cooling unit (200) is driven for cooling.

5. The absorption Cooling System of claim 4,

wherein a cooling operation conditions of the absorption cooling unit (200)
include an operation degree of the exhaust gas intake device (20), an opening rate of the
exhaust gas introduction valve (70), an operation degree of the cooling water pump (40),

and an operation degree of the chilled water pump (50).

6. The absorption Cooling System of claim 4,

wherein, when the absorption cooling system is at maximum load (S320), by the
system control unit (90),

the exhaust gas introduction valve (70) is opened to the maximum extent,

the exhaust gas intake device (20) is driven within the set high load operation Hz
range, and

the opening rate of the bypass valve (60) is adjusted to maintain the exhaust

backpressure within a specified range in the fuel cell unit (100).

7. The absorption Cooling System of claim 4,

wherein, when the absorption cooling system is at partial load (S330), by the
system control unit (90) according to the cooling load of the absorption chiller (10),

an operation degree of the exhaust gas intake device (20) is adjusted, and

the opening rate of the bypass valve (60) is adjusted to maintain the exhaust
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backpressure within a specified range in the fuel cell unit (100).

8. The absorption Cooling System of claim 1,

wherein the absorption chiller (10) further includes an exhaust gas input
temperature sensor (S1); an exhaust gas output temperature sensor (S2); and a high-
temperature generator temperature sensor (S3),

wherein when the absorption chiller (10) is determined to be in an over-
concentration state,

the bypass valve (60) is fully opened, the exhaust gas introduction valve (70) is
fully closed, and the exhaust gas intake device (20) is stopped,

states of the bypass valve (60), the exhaust gas introduction valve (70), and the
exhaust gas intake device (20) are maintained until the current chilled water outlet
temperature of the absorption chiller (10) rises above the freeze prevention release

temperature.

9. The absorption Cooling System of claim 3,
wherein the upper cooling tower (30) includes a fan (31), a cooling water
sprinkling device (33) spraying the cooling water, packing material (34), and an anti-

white smoke device (32),

wherein the anti-white smoke device (32) receives the exhaust gas from the anti-

white smoke inlet pipe (15) controlled by the cooling tower introduction valve (80) when
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conditions for white smoke occurrence are detected in the upper cooling tower (30) and
supplies the exhaust gas into the cooling tower (30) to prevent the white smoke

phenomenon,

10. The absorption Cooling System of claim 9,

wherein the anti-white smoke device (32) is located at the lower part of the
upper cooling tower (30) and

supplies the exhaust gas from the lower to the upper direction into the packing

material (34).



