PROCESS AND EQUIPMENT OF USING SEAWATER TO SCRUB AND CLEAN
EXHAUST GAS OF ENGINE IN OCEAN ENGINEERING WITH ZERO ENERGY

CONSUMPTION

FIELD OF THE INVENTION

The present invention relates to a process and an equipment of using seawater to scrub and
clean exhaust gas of engine in ocean engineering with zero energy consumption, which can be
applied for the aftertreatment of exhaust gas discharged from motive facilities of ocean
engineering such as marine ships and offshore platforms, and belongs to the technical field of

ocean engineering and clean energy.

DESCRIPTION OF RELATED ART

In recent years, there has been a conflict between the implementation of the low-sulphur
decree of the Convention of United Nations for the Prevention of Atmosphere Pollution From
Ships industry and the general requirement of improving energy efficiency and reducing carbon
emissions in ocean shipping. More and more districts are required to implement the low-sulphur
decree mandatorily. If low-sulphur fuel is used alternatively, the oil refining industry will have to
increase a large number of carbon emissions due to the extract of a large number of low-sulphur
fuels. If the Exhaust Gas Cleaning (EGC) technology is used to replace the low-sulfur fuel,
although the total energy consumption is not large and the increment in carbon emissions is far
less than one of fuel refining industry of low-sulfur fuel, the user will be concerned for the
Energy Efficiency Design Index (EEDI) of ships because energy consumption of EGC for ships
is a net increment. On the other hand, the unused thermal energy of exhaust gas of internal

combustion engine of a ship is about one third of all the thermal energy of fuels, but inefficient
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gas-solid heat transferring mode is generally adopted in existing heat recovery boilers of ships,
which produces very little effect. It has been expected by people for a long-time to solve the

problem on how to improve the heat recovery efficiency of exhaust gas.

SUMMARY OF THE INVENTION

The objects of the present invention is to overcome the disadvantage of low Energy
Efficiency Design Index of ships due to the energy consumption of existing EGC technology, and
to provide a process and an equipment of using seawater to scrub and clean exhaust gas of engine
in ocean engineering with zero energy consumption for ocean engineering facilities such as
marine ships and offshore platforms. In the present invention, the unused thermal energy is
recycled at the same time that the exhaust gas of engine is scrubbed and cleaned, and the value of
energy consumption of EGC is equivalent to near zero or even negative, so that the low-sulfur
decree can be implemented on marine ships in a mode of low carbon and the Energy Efficiency
Design Index of ships will not be lowered but even be improved.

The process of using seawater to scrub and clean exhaust gas of engine in ocean engineering
with zero energy consumption of the present invention comprises the steps as below.

A process of using seawater to scrub and clean exhaust gas of engine in ocean engineering
with zero energy consumption comprises steps of:

leading the exhaust gas of engine into a scrubbing tower of a scrubbing and cleaning system;

pumping seawater into the scrubbing tower with a seawater pump;

scrubbing the exhaust gas of engine with the seawater in the scrubbing tower; and

discharging clean exhaust gas and scrubbing seawater out of the scrubbing and cleaning
system after scrubbing;

wherein a step of recycling thermal energy of the scrubbing seawater is carried out before



the scrubbing seawater is discharged out of the scrubbing and cleaning system, and in the step of
recycling thermal energy, the thermal energy of the scrubbing seawater is recycled and used as
the power of the seawater pump.

Preferred embodiments are provided as below.

In the step that the thermal energy of the scrubbing seawater is recycled and used as the
power of the scawater pump, the temperature difference between the scrubbing seawater and
environmental seawater is utilized to generate the electric energy and the generated electric
energy is used as the power of the seawater pump.

In the step of recycling thermal energy of the scrubbing seawater, the thermal energy is used
for heating and/or refrigeration and/or seawater desalination, so that the load of original power
system of marine facilities is reduced to save electric power, and the saved electric power is
transmitted out through the power system of marine facilities and used as the power of the
seawater pump.

In the step that the temperature difference is utilized to generate the electric energy and the
generated electric energy is used as the power of the seawater pump, the electric quantity
generated in the thermoelectric power generation is used to adjust the seawater flow of the
seawater pump to realize a stable and constant-temperature self-run of the seawater scrubbing and
cleaning system.

The technical solution of the equipment of using seawater to scrub and clean exhaust gas of
engine in ocean engineering with zero energy consumption of the present invention is provided as
below.

An equipment of using seawater to scrub and clean exhaust gas of engine in ocean
engineering with zero energy consumption for carrying out the process of the present invention
comprises: a scrubbing tower, a seawater pump, an unit of utilizing thermal energy and a electric
controller, wherein a seawater outlet of the seawater pump is connected to a seawater inlet of the
scrubbing tower, and a scrubbing-water outlet of the scrubbing tower is connected a
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scrubbing-water inlet of the unit of utilizing thermal energy, and a scrubbing-water discharging
outlet of the unit of utilizing thermal energy is communicated with a water discharging outlet of a
scrubbing device, and the unit of utilizing thermal energy is electrically connected to the electric
controller, and the electric controller is electrically connected to the seawater pump.

Preferred embodiments are provided as below.

The unit of utilizing thermal energy is a semiconductor thermoelectric power generator, and
the electric controller is a switch controller, which is connected to a startup power source, and/or
a controller, which is connected to the power system of marine facilities.

The seawater pump is a motor pump in which the flow is adjustable based on inputted
electric power.

The unit of utilizing thermal energy is composed of a heating and heat preserving device for
ship oil tank and/or a lithium bromide refrigerating device and/or a seawater desalination device,
and the electric controller is a controller which is connected to the power system of marine
facilities.

The technical principle and effects of the process and equipment of using seawater to scrub
and clean exhaust gas of engine in ocean engineering with zero energy consumption of the
present invention are set forth as below.

The gas-liquid-solid heat transferring mode is adopted to recycle the unused heat of the
exhaust gas of engine in the present invention, that is, the heat of the exhaust gas enters intq the
scrubbing seawater, and then the heat of the scrubbing seawater is transferred to the heat
recycling device, thus the heat recovery efficiency is high. In the present mnvention, the
appropriate utilization mode of low-temperature heat source is adopted, and the results of high
efficiency of reducing emissions and low energy consumption can be achieved in seawater
scrubbing process. Therefore, in the present invention, the unused thermal energy can be recycled
at the sarné time that the exhaust gas of engine is scrubbed and cleaned, so that the energy
consumption of the EGC system of seawater scrubbing can be equivalent to nearly zero or even
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negative. So, the low-sulfur decree can be implemented on marine ships in a mode of low carbon
and the Energy Efficiency Design Index of ships will not be lowered but even be improved.

Therefore, the invention has remarkable technical effects.

BRIEF DESCRIPTION OF THE DRAWINGS

Names of components or structures corresponding to the reference numbers in the drawings
are provided as below.

Figure 1 is a schematic diagram showing an example of the process of using seawater to
scrub and clean exhaust gas of engine in ocean engineering with zero energy consumption of the
present invention.

Figure 2 is a schematic diagram showing an example of the equipment of using seawater to
scrub and clean exhaust gas of engine in ocean engineering with zero energy consumption of the

present invention.

In the drawings, 1-scrubbing tower, 2-seawater pump, 3-unit of utilizing thermal energy,
3.1- thermoelectric power generator, 3.2-heat exchanger, 4- electric controller, 5-engine of ocean
engineering, 6-bottom gate for entering of seawater, 7-outlet for discharging clean exhaust gas,
8-scrubbing-seawater discharging outlet, 9-electric circuit for connecting unit of utilizing thermal
energy and electric controller, 10-electric circuit for connecting electric controller and seawater

pump, 11-ship’s hold.

DETAILED DESCRIPTION OF THE PRERERRED EMBODIMENTS

Combined with the figures and examples, the further description on the process and the
equipment of using seawater to scrub and clean exhaust gas of engine in ocean engineering with

zero energy consumption of the present invention is provided as below.

Example 1



This is a basic example of the process of using seawater to scrub and clean exhaust gas of
engine in ocean engineering with zero energy consumption of the present invention. As shown in
Figure 1, the process comprises steps of:

leading the exhaust gas of engine into a scrubbing tower of a scrubbing and cleaning system;

pumping seawater into the scrubbing tower with a seawater pump;

scrubbing the exhaust gas of engine with the seawater in the scrubbing tower; and

discharging clean exhaust gas and scrubbing seawater out of the scrubbing and cleaning
system after scrubbing;

wherein a step of recycling thermal energy of the scrubbing seawater is carried out before
the scrubbing seawater is discharged out of the scrubbing and cleaning system, and in the step of
recycling thermal energy, the thermal energy of the scrubbing seawater is recycled and used as

the power of the seawater pump.

Example 2

This is an example based on Example 1. In the step that the thermal energy of the scrubbing
seawater is recycled and used as the power of the seawater pump, the temperature difference
between the scrubbing seawater and environmental seawater is utilized to generate the electric
energy and the generated electric energy is used as the power of the seawater pump.

In a further example, in the step that the temperature difference is utilized to generate the
electric energy and the generated electric energy is used as the power of the seawater pump, the
electric quantity generated in the thermoelectric power generation is used to adjust the seawater
flow of the seawater pump to realize the stable and constant-temperature self-run of the seawater

scrubbing and cleaning system.



Example 3

This is another example based on Example 1. In the step of recycling thermal energy of the
scrubbing seawater, the thermal energy is used for heating.

In another example, in the step of recycling thermal energy of the scrubbing seawater, the
thermal energy is used for refrigeration. |

In another example, in the step of recycling thermal energy of the scrubbing seawater, the
thermal energy is used for seawater desalination.

In all of above examples, the load of original power system of marine facilities is reduced to
save electric power, and the saved electric power is transmitted out through the power system of
marine facilities and used as the power of the seawater pump. In this way, the purpose that the
thermal energy of the scrubbing seawater is recycled and used as the power of the seawater pump

can also be realized.
Example 4

This is a basic example of the equipment of using seawater to scrub and clean exhaust gas of
engine in ocean engineering with zero energy consumption for carrying out the process of using
seawater to scrub and clean exhaust gas of engine in ocean engineering with zero energy
consumption of the present invention. As shown in Figure 2, the equipment comprises a
scrubbing tower 1, a seawater pump 2, an unit of utilizing thermal energy 3 and a electric
controller 4, wherein a seawater outlet of the seawater pump 2 is connected to a seawater inlet of
the scrubbing tower, and a scrubbing water outlet of the scrubbing tower 1 is connected a
scrubbing water inlet of the unit of utilizing thermal energy 3, and a scrubbing-water discharging
outlet of the unit of utilizing thermal energy 3 is communicated with a water discharging outlet of
a scrubbing device, and the unit of utilizing thermal energy 3 is electrically connected to the
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electric controller 4, and the electric controller 4 is electrically connected to the seawater pump 2.
In a further example, the unit of utilizing thermal energy 3 comprises a thermoelectric power
generator 3.1 and a heat exchanger 3.2. The exhaust gas discharged from engine of ocean
engineering 5 is led into the scrubbing tower 1 and scrubbed and cleaned and then discharged out
through an out let for discharging clean exhaust 7. The seawater is pumped into the scrubbing
tower 1 by the seawater pump 2 to scrub the exhaust gas through a bottom gate for entering of
seawater 6 of the ship. The hot scrubbing seawater, which heats up after scrubbing the exhaust
gas, passes through the unit of utilizing thermal energy 3, and then is discharged out through the
scrubbing-seawater discharging outlet 8. The unit of utilizing thermal energy 3 is electrically
connected to the electric controller 4 through electric circuit 9. The electric controller 4 is
electrically connected to the seawater pump 2 through electric circuit 10. The whole set of

equipment using seawater for scrubbing and cleaning is installed in ship’s hold 11.

Example 5

This is a further example based on Example 4. The unit of utilizing thermal energy
comprises a semiconductor thermoelectric power generator 3.1, and the electric controller 4 is a
switch controller, which is connected to a startup power source. The semiconductor
thermoelectric power generator 3.1 is composed of multigroup semiconductor thermoelectric
power generating modules connected in series and in parallel. The number of combined
generating modules is determined by matching the current and voltage generated under rated
conditions with the rated power of the seawater pump. As shown in Figure 2, the hot side of the
semiconductor thermoelectric power generator 3.1 is configured to fit the pipe of scrubbing water
discharged from the scrubbing tower 1 in a way of thermal closeness, and the cold side of the
semiconductor thermoelectric power generator 3.1 is configured to fit the steel plate of the ship in
a way of thermal closeness, so that the temperature difference between the scrubbing seawater
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and environmental seawater can be utilized to generate the electric energy. The generated electric
energy is used for driving the seawater pump 2 through the electric controller 4. The electric
controller 4 is connected to a startup power source to realize the cold start of the EGC system. In
another embodiment, the cold side of the semiconductor thermoelectric power generator 3.1 is
configured to fit the seawater pipe in a way of thermal closeness.

In another example, the electric controller 4 is a controller which is connected to the power
system of marine facilities, so that the electric energy generated from the thermoelectric power
generator joins the power system of marine facilities through the electric confroller, and then is
used to drive the seawater pump through the controller of the power system of marine facilities.

In another example, the seawater pump 2 is a motor pump in which the flow is adjustable
based on inputted electric power, so that the electric quantity generated in the thermoelectric
power generation can be used to adjust the seawater flow of the secawater pump to form a
negative feedback system. If the temperature of the scrubbing seawater rises, the electric power
of thermoelectric power generation increases, and the flow of the seawater pump increases, and
the increase of scrubbing seawater results in the reduction of temperature of the scrubbing
seawater. In this way, the stable and constant-temperature self-run of the seawater scrubbing and

cleaning system is realized.

Example 6

This is a further example based on Example 4. The heat exchanger 3.2 included in the unit
of utilizing thermal energy 3 provides heat source for the heating and heat preserving system for
oil tank of ship.

In another example, the heat exchanger 3.2 included in the unit of utilizing thermal energy 3

provides heat source for the refrigerating system.



In another example, the heat exchanger 3.2 included in the unit of utilizing thermal energy 3
provides heat source for the seawater desalination system.

The electric controller 4 is a controller which is connected to the power system of marine
facilities. In above examples, because the original heating system, refrigerating system and
sweater desalination system of the ship use the thermal energy recycled from the scrubbing
seawater, the load of original power system of marine facilities can be reduced to save electric
power, and the saved electric power is transmitted out and used as the power of the seawater
pump. In this way, the purpose that the thermal energy of the scrubbing seawater is recycled and
used as the power of the seawater pump can be realized. |

The protection scope of the claim of the present invention is not limited to the above

examples.
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Claims

1. A process of using seawater to scrub and clean exhaust gas of engine in ocean engineering
with zero energy consumption, comprising steps of:

leading the exhaust gas of engine into a scrubbing tower of a scrubbing and cleaning system;

pumping seawater into the scrubbing tower with a seawater pump;

scrubbing the exhaust gas of engine with the seawater in the scrubbing tower; and

discharging clean exhaust gas and scrubbing seawater out of the scrubbing and cleaning
system after scrubbing;

wherein a step of recycling thermal energy of the scrubbing seawater is carried out before
the scrubbing seawater is discharged out of the scrubbing and cleaning system, and in the step of
recycling thermal energy, the thermal energy of the scrubbing seawater is recycled and used as

the power of the seawater pump.

2. The process of claim 1, wherein in the step that the thermal energy of the scrubbing
seawater is recycled and used as the power of the seawater pump, the temperature difference
between the scrubbing seawater and environmental seawater is utilized to generate the electric

energy and the generated electric energy is used as the power of the seawater pump.

3. The process of claim 1, wherein in the step of recycling thermal energy of the scrubbing
seawater, the thermal energy is used for heating and/or refrigeration and/or seawater desalination,
so that the load of original power system of marine facilities is reduced to save electric power,
and the saved electric power is transmitted out through the power system of marine facilities and

used as the power of the seawater pump.

4. The process of claim 2, wherein in the step that the temperature difference is utilized to

11



generate the electric energy and the generated electric energy is used as the power of the seawater
pump, the electric quantity generated in the thermoelectric power generation is used to adjust the
seawater flow of the seawater pump to realize a stable and constant-temperature self-run of the

seawater scrubbing and cleaning system.

5. An equipment of using seawater to scrub and clean exhaust gas of engine in ocean
engineering with zero energy consumption for carrying out the process of claim 1, comprising: a
scrubbing tower (1), a seawater pump (2), an unit of utilizing thermal energy (3) and a electric
controller (4), wherein a seawater outlet of the seawater pump (2) is connected to a seawater inlet
of the scrubbing tower, and a scrubbing-water outlet of the scrubbing tower (1) is connected a
scrubbing-water inlet of the unit of utilizing thermal energy (3), and a scrubbing-water
discharging outlet of the unit of utilizing thermal energy (3) is communicated with a water
discharging outlet of a scrubbing device, and the unit of utilizing thermal energy (3) is electrically
connected to the electric controller (4), and the electric controller (4) is electrically connected to

the seawater pump (2).

6. The equipment of claim 5, wherein the unit of utilizing thermal energy (3) is a
semiconductor thermoelectric power generator, and the electric controller (4) is a switch
controller, which is connected to a startup power source, and/or a controller, which is connected

to the power system of marine facilities.

7. The equipment of claim 5, wherein the seawater pump (2) is 2 motor pump in which the

flow is adjustable based on inputted electric power.

8. The equipment of claim 5, wherein the unit of utilizing thermal energy (3) is composed of

a heating and heat preserving device for ship oil tank and/or a lithium bromide refrigerating
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device and/or a seawater desalination device, and the electric controller (4) is a controller which

is connected to the power system of marine facilities.
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