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FIG. 1

(57) Abstract: An engine (1) exhaust gas control system for internal combustion engine (1), the system comprising: - an exhaust gas
line (2) is provided for leading the engine (1) exhaust gases out, - the exhaust gas line (2) comprises an exhaust gas aftertreatment
device (3) for reducing unwanted emissions of the engine (1), - an exhaust gas heat recovery heat exchanger (4) is in the exhaust gas
line (2) downstream of the exhaust gas aftertreatment device (3), - an exhaust gas heating device (5) is in the exhaust gas line (2) up-
stream of the exhaust gas aftertreatment device (3), - a heating medium line (45) from the exhaust gas heat recovery heat exchanger
(4) to the exhaust gas heat- ing device comprises (5) a compressor (43) for providing heating medium to the exhaust gas heating
device (5), - a heating medium line (54) from the exhaust gas heating device (5) to the exhaust gas heat recovery heat exchanger (4)
comprises an expansion unit (53) to expand and lower the pressure of the heating medium.
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Engine exhaust gas control system
TECHNICAL FIELD

[001] The present invention concerns in general the technical field of internal
combustion engine exhaust systems. Especially the invention concerns an en-
gine exhaust gas control system for internal combustion reciprocating engine,
the system comprising:

- an exhaust gas line is provided for leading the engine exhaust gases out,
- the exhaust gas line comprises an exhaust gas aftertreatment device for re-
ducing unwanted emissions of the engine.

BACKGROUND OF THE INVENTION

[002] In modern internal combustion piston engines the burning process is well
under control, but the high burning temperature causes part of the nitrogen of
the intake air to convert in to NOy and there may also be in exhaust gas other
unwanted substances such as unburned fractions of the fuel (or unburned hy-
drocarbons UHC) such as methane (CH,). For the purpose of reducing un-
wanted substances and converting those in to less harmful substances there
are different exhaust gas aftertreatment devices, which utilize different catalytic
processes for said purpose.

[003] Selective catalytic reduction (SCR) is a means of converting nitrogen ox-
ides, also referred to as NOy with the aid of a catalyst into diatomic nitrogen,
No, and water, H,O. A gaseous reductant, typically anhydrous ammonia,
aqueous ammonia or urea, is added to a stream of flue or exhaust gas and is
adsorbed onto a catalyst. Carbon dioxide, CO, is a reaction product when urea
is used as the reductant. Commercial selective catalytic reduction systems are
typically found on large utility boilers, industrial boilers, and municipal solid
waste boilers and have been shown to reduce NO, by 70-95%. More recent
applications include diesel engines, such as those found on large ships, diesel
locomotives, gas turbines, and even automobiles. A SCR system needs stable
exhaust gas entry temperature to work properly. Also the temperature needs to
be between certain limits.

[004] Different new technologies within the engine technology have resulted in
a significant rise in engine overall performance and efficiency. At the same
time the emissions are decreased and thus the engine causes less pollution. If
gas turbines and reciprocating gas engines are compared, the reciprocating
engines may still have relatively higher content of unburned hydrocarbons
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(UHC) in the exhaust. There are some reasons for this, it is mainly due to the
non-continuous combustion in reciprocating engines, but other reasons are
crevices in the combustion chamber, cold walls, and a possible carry over from
intake valve to exhaust valve during scavenging.

[005] By improvement of combustion chamber design this emission has been
reduced. But as the combustion process is non-continuous in the engine there
will be a limit how low it is possible to go with the emissions. Aftertreatment of
the flue gasses is necessary for this. Oxidation catalysts have been success-
fully used for CO reduction purposes. Within the field of exhaust gas after-
treatment systems a number of tests have also been carried out for using oxi-
dation catalysts for reduction of the unburned hydrocarbons, especially me-
thane, as this has a relatively large greenhouse gas potential. Earlier tests
have shown that oxidation catalysts can reduce unburned hydrocarbons. How-
ever, as gas engines have become more efficient and the combustion leaner,
the exhaust temperatures are too low to ensure good and continuous reduc-
tion.

[006] From the state of the art it is known WO 2006/031910 A2 —publication
which discloses an emissions control system that utilizes otherwise wasted
heat to efficiently reduce emissions in a main exhaust flow. Heat stored in ex-
haust from an auxiliary generator (i.e., auxiliary exhaust) may be used to con-
vert urea to ammonia used by a Selective Catalytic Reducer (SCR) system,
and/or the auxiliary exhaust may be used to heat the main exhaust flow before
entry into an SCR. Additionally, a heat exchanger may be used to transfer heat
from a hot clean flow out of the SCR, to the main exhaust flow entering the
SCR. The publication explains that previously, mobile emissions control sys-
tems have not used SCR systems to reduce NOx because of the cost and
space required for heater fuel. The efficient use of otherwise wasted heat re-
duces fuel cost and fuel storage requirements, and thereby makes an SCR
systems feasible for use in mobile emissions control systems.

SUMMARY OF THE INVENTION

[007] An objective of the invention is to present a system for reducing the un-
wanted or harmfull emissions, such as NOx, CO, UHC emissions of an engine
by providing a relatively simple system that maintains the necessary conditions
for different exhaust gas aftertreatment processes.
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[008] The objects of the invention are reached by system as defined by the
respective independent claims. In more detail it is an engine exhaust gas con-
trol system for internal combustion engine, the system comprising:

- an exhaust gas line is provided for leading the engine exhaust gases out,
- the exhaust gas line comprises an exhaust gas aftertreatment device for re-
ducing unwanted emissions of the engine,

- an exhaust gas heat recovery heat exchanger is in the exhaust gas line
downstream of the exhaust gas aftertreatment device,

- an exhaust gas heating device is in the exhaust gas line upstream of the ex-
haust gas aftertreatment device,

- a heating medium line from the exhaust gas heat recovery heat exchanger to
the exhaust gas heating device comprises a compressor for providing heating
medium to the exhaust gas heating device,

- a heating medium line from the exhaust gas heating device to the exhaust
gas heat recovery heat exchanger comprises an expansion unit to expand and
lower the pressure of the heating medium.

[009] The system as presented above enables the use of heat at the exhaust
gas to be effectively used so that the process conditions for different exhaust
gas aftertreatment devices can be maintained at a proper level. This also ena-
bles the location to the exhaust gas aftertreatment system to be located at a
position more remote to the engine where the exhaust gas temperature is oth-
erwise already decreased. Without the present system the heat delivered by
the exhaust gas would not necessary be high enough to ensure the proper
high temperature for aftertreatment and furthermore the energy of heat would
be wasted if not recovered for some other purpose.

BRIEF DESCRIPTION OF THE DRAWINGS
[010]In figure 1 it is presented a schematic view of the present system.
DETAILLED DESCRIPTION

[011] In Fig. 1 it is presented an engine 1 exhaust gas control system for inter-
nal combustion engine 1, the system comprising:

- an exhaust gas line 2 is provided for leading the engine 1 exhaust gases out,
- the exhaust gas line 2 comprises an exhaust gas aftertreatment device 3 for
reducing unwanted emissions of the engine 1,

- an exhaust gas heat recovery heat exchanger 4 is in the exhaust gas line 2
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downstream of the exhaust gas aftertreatment device 3,

- an exhaust gas heating device 5 is in the exhaust gas line 2 upstream of the
exhaust gas aftertreatment device 3,

- a heating medium line 45 from the exhaust gas heat recovery heat exchanger
4 to the exhaust gas heating device comprises 5 a compressor 43 for providing
heating medium to the exhaust gas heating device 5,

- a heating medium line 54 from the exhaust gas heating device 5 to the ex-
haust gas heat recovery heat exchanger 4 comprises an expansion unit 53 to
expand and lower the pressure of the heating medium.

In Fig. 1 the exhaust gas aftertreatment device 3 is a device utilizing a pro-
cess or processes for reducing unwanted emissions such as NO,, unburned
fractions of the fuel (or unburned hydrocarbons UHC) such as methane (CH,)
or carbon oxide CO. The exhaust gas aftertreatment device 3 can be for ex-
ample a selective catalytic reduction device or a methane oxidation catalyst
device. These are both examples of reduction processes which require rather
high operating temperature and there is a possibility that the exhaust gas tem-
perature is not high enough to ensure the catalytic process to be performed as
designed. For example, the Selective Catalytic Reduction —process requires
exhaust gas temperature of about 300 °C to perform effectively. In more detail,
the minimum operating temperature for SCR in general is 300 2C and for bio
fuels 340 °C. Higher sulphur content of the fuel requires a higher operating
temperature. For instance a sulphur content of 2% in the fuel requires an ex-
haust gas temperature of 350°C. As an other example, the methane oxidation
catalyst requires the minimum temperature ranges:

a) catalytic 500-600°C and

b) non-catalytic 800-900°C to perform effectively.

[012] In Fig. 1 there is an exhaust gas heat recovery heat exchanger 4 is in
the exhaust gas line 2 downstream of the exhaust gas aftertreatment device 3.
The function of the exhaust gas heat recovery heat exchanger 4 is to take heat
out of exhaust gas. Exhaust gas temperature is dependent on several factors
of the engine and the used fuel. For example a turbocharger is utilizing energy
of high pressure, velocity and temperature of exhaust gas. After the turbo-
charger the parameters above have decreased but still the exhaust gas is con-
tains plenty of thermal energy. The exhaust gas heat recovery heat exchanger
4 is configured to recover heat from the exhaust gas (primary flow) and ex-
change it to a medium of a secondary flow. Then the heated medium is trans-



WO 2015/086905 PCT/F12014/050982

10

15

20

25

30

5

ported through a heating medium line 45 to a compressor 43 where the medi-
um is further compressed and where the temperature of the medium raises still
more. After the compressor the temperature of the medium is higher than the
temperature of the exhaust gas before the exhaust gas heating device 5. In the
exhaust gas heating device 5 the heat is exchanged back to the exhaust gas
and the medium is cooling correspondingly.

[013] The cooled medium is led through a heating medium line 54 to expan-
sion unit 53 where the pressure of the medium is lowered such that the tem-
perature of the medium decreases below the exhaust gas temperature after
the exhaust gas aftertreatment device 3. Thus the circuit explained above
transfers heat from the downstream side of the exhaust gas aftertreatment de-
vice 2 to the upstream side of the exhaust gas aftertreatment device 2. This
causes the exhaust gas temperature to increase before entering to the exhaust
gas aftertreatment device 3 and cooling at the downstream end of the exhaust
gas line 2.

[014] The compressor 43 of the system needs to fulfill certain criteria to be
suitable for the purpose. First of all it needs to be able to compress the medi-
um at relatively high temperatures of up to about 700 °C. According to one
embodiment the compressor 43 is steam driven. According to an other embod-
iment the compressor 43 is an absorption heat pump. Still more, according to
an embodiment the compressor 43 is mechanically or electrically driven. The
selection of the compressor 43 type is not dependent of the selected exhaust
gas aftertreatment device 2 and can be used with both the Selective Catalytic
Reduction device and the Methane Oxidation Catalyst device.

[015] As evident to those skilled in the art, the invention and its embodiments
are not limited to the above-described embodiment examples. Expressions
representing the existence of characteristics, such as "the system comprising
an exhaust gas line”, are non-restrictive such that the description of character-
istics does not exclude or prerequisite the existence of such other characteris-
tics which are not presented in the independent or dependent claims.
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The reference signs in the figures:

1 engine

2  exhaust gas line

3  exhaust gas aftertreatment device

4  exhaust gas heat recovery heat exchanger
43 compressor

45 heating medium line

5  exhaust gas heating device

53 expansion unit

54  heating medium line

PCT/F12014/050982



WO 2015/086905 PCT/F12014/050982

10

15

20

25

Claims

1. An engine (1) exhaust gas control system for internal combustion engine
(1), the system comprising:

- an exhaust gas line (2) is provided for leading the engine (1) exhaust gases
out,

- the exhaust gas line (2) comprises an exhaust gas aftertreatment device (3)
for reducing unwanted emissions of the engine (1),

characterized in that

- an exhaust gas heat recovery heat exchanger (4) is in the exhaust gas line
(2) downstream of the exhaust gas aftertreatment device (3),

- an exhaust gas heating device (5) is in the exhaust gas line (2) upstream of
the exhaust gas aftertreatment device (3),

- a heating medium line (45) from the exhaust gas heat recovery heat ex-
changer (4) to the exhaust gas heating device (5) comprises a compressor
(43) for providing heating medium to the exhaust gas heating device (5),

- a heating medium line (54) from the exhaust gas heating device (5) to the
exhaust gas heat recovery heat exchanger (4) comprises an expansion unit
(53) to expand and lower the pressure of the heating medium.

2. System according to patent claim 1, characterized in that the exhaust
gas aftertreatment device (3) is a selective catalytic reduction device.

3. System according to patent claim 1, characterized in that the exhaust
gas aftertreatment device (3) is a methane oxidation catalyst device.

4. System according to patent claim 1, characterized in that the compres-
sor (43) is steam driven.

5. System according to patent claim 1, characterized in that the compres-
sor (43) is an absorption heat pump.

6. System according to patent claim 1, characterized in that the compres-
sor (43) is mechanically or electrically driven.
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