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(57) ABSTRACT 

An engine controller determines the cost of operating a com 
bustion engine and the cost of operating an emissions after 
treatment device. Accordingly, the engine controller adjusts 
parameters for operation of the engine and the after-treatment 
device to ensure cost-effective use of the engine and the 
after-treatment device while complying with exhaust emis 
sions requirements. In particular, the engine controller 
receives the price of fuel consumed by the engine and the 
price of reductant used by the after-treatment device to deter 
mine the respective cost of operation. Specifically, the fuel is 
diesel fuel used in a diesel engine; the reductant is urea use in 
a urea-based Selective Catalytic Reduction (SCR) system; 
and the regulated exhaust emissions is nitrogen oxide (NOX) 
emissions. The engine operating parameters may include 
cooled exhaust gas recirculation airflow, fuel injection tim 
ing, fuel injection pressure, and air-to-fuel ratio. The SCR 
system operating parameters may include the Volume of urea 
injected. 
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SYSTEMAND METHOD FOR NOX 
REDUCTION OPTIMIZATION 

BACKGROUND OF INVENTION 

0001 1. Technical Field 
0002 The present system and method relate generally to 
the reduction of pollutants from emissions released by auto 
motive engines, and more particularly to the optimization of 
reduction of pollutants in exhaust emissions where param 
eters for operation of the engine and an after-treatment device 
are adjusted according to the cost of operation. 
0003 2. Description of the Related Art 
0004. Due to very high thermal efficiencies, the diesel 
engine offers good fuel economy and low emissions of hydro 
carbons (HC) and carbon monoxide (CO). Despite these ben 
efits, more efficient operation of diesel engines results in 
higher emissions of nitrogen oxides, i.e., NO or NO, known 
collectively as NOX. In diesel engines, the air-fuel mixture in 
the combustion chamber is compressed to an extremely high 
pressure, causing the temperature to increase until the fuel's 
auto-ignition temperature is reached. The air-to-fuel ratio for 
diesel engines is much leaner (more airper unit of fuel) than 
for gasoline engines, and the larger amount of air promotes 
more complete fuel combustion and better fuel efficiency. As 
a result, emissions of hydrocarbons and carbon monoxide are 
lower for diesel engines than for gasoline engines. However, 
with the higher pressures and temperatures in the diesel 
engine, NOx emissions tend to be higher, because the high 
temperatures cause the oxygen and nitrogen in the intake air 
to combine as nitrogen oxides. 
0005 NOx emissions from diesel engines pose a number 
of health and environmental concerns. Once in the atmo 
sphere, NOx reacts with Volatile organic compounds or 
hydrocarbons in the presence of Sunlight to form oZone, lead 
ing to Smog formation. OZone is corrosive and contributes to 
many pulmonary function problems, for instance. 
0006 Due to the damaging effects, governmental agencies 
have imposed increasingly stringent restrictions for NOX 
emissions. Two mechanisms can be implemented to comply 
with emission control regulations: manipulation of engine 
operating characteristics and implementation of after-treat 
ment control technologies. 
0007. In general, manipulating engine operating charac 

teristics to lower NOx emissions can be accomplished by 
lowering the intake temperature, reducing power output, 
retarding the injector timing, reducing the coolant tempera 
ture, and/or reducing the combustion temperature. 
0008 For example, cooled exhaust gas recirculation 
(EGR) is well known and is the method that most engine 
manufacturers are using to meet environmental regulations. 
When an engine uses EGR, a percentage of the exhaust gases 
are drawn or forced back into the intake and mixed with the 
fresh air and fuel that enters the combustion chamber. The air 
from the EGR lowers the peak flame temperatures inside the 
combustion chamber. Intake air dilution causes most of the 
NOx reduction by decreasing the O. concentration in the 
combustion process. To a smaller degree, the air also absorbs 
Some heat, further cooling the process. 
0009. In addition to EGR, designing electronic controls 
and improving fuel injectors to deliver fuel at the best com 
bination of injection pressure, injection timing, and spray 
location allows the engine to burn fuel efficiently without 
causing temperature spikes that increase NOx emissions. For 
instance, controlling the timing of the start of injection of fuel 
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into the cylinders impacts emissions as well as fuel efficiency. 
Advancing the start of injection, so that fuel is injected when 
the piston is further away from top dead center (TDC), results 
in higher in-cylinder pressure and higher fuel efficiency, but 
also results in higher NOx emissions. On the other hand, 
retarding the start of injection delays combustion, but lowers 
NOx emissions. Due to the delayed injection, most of the fuel 
is combusted at lower peak temperatures, reducing NOx for 
mation. 

00.10 Engine control modules (ECMs), also known as 
engine control units (ECU’s), control the engine and other 
functions in the vehicle. ECM’s can receive a variety of inputs 
to determine how to control the engine and other functions in 
the vehicle. With regard to NOx reduction, the ECM can 
manipulate the parameters of engine operation, such as EGR 
and fuel injection. 
0011 Reducing NOx by manipulating engine operation 
generally reduces fuel efficiency. Moreover, the mere 
manipulation of engine operation may not sufficiently reduce 
the amount of NOx to mandated levels. As a result, after 
treatment systems also need to be implemented. In general, 
catalysts are used to treat engine exhaust and convert pollut 
ants, such as carbon monoxide, hydrocarbons, as well as 
NOx, into harmless gases. In particular, to reduce NOx emis 
sions, diesel engines on automotive vehicles can employ a 
catalytic system known as a urea-based Selective Catalytic 
Reduction (SCR) system. Fuel efficiency benefits of 3 to 10% 
can result from using SCR systems to reduce NOx rather than 
manipulating engine operation for NOx reduction which 
negatively impacts fuel efficiency. Urea-based SCR systems 
can be viewed according to four major Subsystems: the injec 
tion Subsystem that introduces urea into the exhaust stream, 
the urea vaporization and mixing Subsystem, the exhaust pipe 
subsystem, and the catalyst subsystem. Several SCR catalysts 
are available for diesel engines, including platinum, Vana 
dium, and Zeolite. 
0012 ECM’s can also control the operating parameters of 
catalytic converters, such as urea injection in an SCR system. 
For instance, the ECM can meter urea solution into the 
exhaust stream at a rate calculated from an algorithm which 
estimates the amount of NOx present in the exhaust stream as 
a function of engine operating conditions, e.g. Vehicle speed 
and load. 

0013 The diesel vehicle must carry a supply of urea solu 
tion for the SCR system, typically 32.5% urea in water by 
weight. The urea solution is pumped from the tank and 
sprayed through an atomizing nozzle into the exhaust gas 
stream. Complete mixing of urea with exhaust gases and 
uniform flow distribution are critical in achieving high NOx 
reductions. 

0014 Urea-based SCR systems use gaseous ammonia to 
reduce NOX. During thermolysis, the heat of the gas breaks 
the urea (CO(NH)) down into ammonia (NH) and hydro 
cyanic acid (HCNO). The ammonia and the HCNO then meet 
the SCR catalyst where the ammonia is absorbed and the 
HCNO is further decomposed through hydrolysis into ammo 
nia. When the ammonia is absorbed, it reacts with the NOx to 
produce water, oxygen gas (O), and nitrogen gas (N). The 
amount of ammonia injected into the exhaust stream is a 
critical operating parameter. The required ratio of ammonia to 
NOx is typically stoichiometric. The ratio of ammonia to 
NOX must be maintained to assure high levels of NOx reduc 
tion. However, the SCR system can never achieve 100% NOx 
reduction due to imperfect mixing, etc. In addition, too much 
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ammonia cannot be present. Ammonia that is not reacted will 
slip through the SCR catalyst bed and exhaust to the atmo 
sphere. Ammonia slip is a regulated parameter which may not 
exceed a fixed concentration in the SCR exhaust. 
0015 Urea-based SCR catalysts can be very effective in 
reducing the amount of NOx released into the air and meeting 
stringent emissions requirements. However, the use of urea 
based SCR is met with infrastructure and distribution consid 
erations. As described above, diesel vehicles employing urea 
based SCR generally carry a Supply of aqueous solution of 
urea, so a urea distribution system is required to allow 
vehicles to replenish their supplies of urea. The United States 
currently has no automotive urea infrastructure. The cost of 
urea is likely to be volatile in the U.S. even as the first pieces 
of an infrastructure are put in place, because the development 
of the urea infrastructure is likely to be slow. 
0016. In areas, such as Europe, where the price of diesel 
fuel is generally much higher than the expected price of urea, 
the SCR system can use as much urea as necessary to reduce 
NOX and achieve maximum fuel economy during combustion 
in the engine, notwithstanding any problems with urea distri 
bution. In contrast, the use of urea in the U.S. will probably be 
more measured, because the price of urea will be closer to the 
price of diesel. Moreover, the problems with urea distribution 
and pricing are coupled with fluctuations in diesel fuel prices. 

SUMMARY OF THE INVENTION 

0017. As discussed previously, reducing the content of 
NOX in exhaust emissions by controlling aspects of engine 
operation, such as EGR or fuel injection, generally reduces 
fuel efficiency, because these methods attempt to lower the 
temperature at combustion to prevent the formation of NOX. 
This is disadvantageous when the price of fuel is very high 
and a premium is placed on fuel efficiency. On the other hand, 
reducing NOx emissions by increasing the use of a urea 
based SCR system, requires more urea, and this is disadvan 
tageous when the price of urea is very high. Because the prior 
art does not dynamically adjust the use of fuel and reductants, 
Such as urea, to achieve cost-effective operation of the 
vehicle, the present invention is a system and method that 
determines the optimal operating parameters for an engine 
and an emissions after-treatment device according to the cost 
of operating the engine and the emissions after-treatment 
device. 
0018. An embodiment of the invention employs a combus 
tion engine which produces exhaust emissions after combus 
tion of fuel according to engine operating parameters, an 
exhaust after-treatment device which acts on the exhaust 
emissions according to after-treatment parameters, and an 
engine controller, such as an ECM, which controls the engine 
and the after-treatment device. The engine controller deter 
mines a cost to operate the engine and a cost to operate the 
after-treatment device. The engine controller then adjusts the 
engine operating parameters and/or the after-treatment 
parameters, at least partially based on a comparison of the 
cost to operate the engine with the cost to operate the after 
treatment device. The engine controller may also adjust the 
engine operating parameters and/or the after-treatment 
parameters based on emissions requirements which specify 
limits on parts of the overall system exhaust. 
0019. The engine controller may receive the price of fuel 
and the price of reductant as inputs. Moreover, the engine 
controller may receive data from sensors in the engine and the 
after-treatment system in order to calculate fuel consumption 
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and urea consumption. The engine controller can then deter 
mine the costs of operating the engine and the after-treatment 
device through an algorithm which combines the price inputs 
and the consumption calculations to derive the cost of fuel 
consumption and urea consumption. 
0020. In an exemplary embodiment, the engine is a diesel 
engine and the after-treatment device is a urea-based SCR 
system using urea as a reductant to reduce NOx emissions. 
When the cost of fuel consumption is higher than urea con 
Sumption, the engine controller changes operating param 
eters in favor of using the SCR system to reduce NOx and to 
maintain a high combustion temperature for higher fuel effi 
ciency. When the cost of urea consumption is higher than the 
cost of fuel consumption, the engine-controller changes oper 
ating parameters in favor of using the engine to reduce the use 
of urea while sacrificing some fuel efficiency. While the 
present invention may be discussed particularly in terms of 
implementing an ECM and a urea-based SCR system to 
reduce NOX exhaust emissions, the present invention contem 
plates any after-treatment device for reducing any component 
of exhaust emissions. The embodiments described here are 
examples to provide a better understanding of the present 
invention. 
0021. If the cost of operating the engine is less than the 
cost to operate the after-treatment device, the engine control 
ler may adjust the engine operating parameters and/or the 
after-treatment parameters by retarding the fuel injector tim 
ing, decreasing the air-to-fuel ratio, decreasing the fuel injec 
tion pressure, increasing the cooled exhaust gas recirculation 
airflow, and/or decreasing from the reductant injection Vol 
ume. On the other hand, if the cost of operating the engine is 
greater than the cost to operate the after-treatment device, the 
engine controller may adjust the engine operating parameters 
and/or after-treatment parameters by advancing the fuel 
injector timing, increasing the air-to-fuel ratio, increasing the 
fuel injection pressure, decreasing the cooled exhaust gas 
recirculation airflow, and/or increasing the reductant injec 
tion Volume. However, the present invention contemplates 
any means for controlling parameters for the operation of the 
engine and the after-treatment device. 
0022. In many cases, the engine controller must also 
ensure that the Supply of reductant, such as urea, is not com 
pletely depleted. Thus, in another embodiment, the engine 
controller monitors the level of reductant in the reductant 
supply and reduces reductant usage when the level falls below 
a critical threshold. In yet another embodiment, the engine 
controller determines an optimal rate of reductant usage, 
which represents the greatest rate of reductant consumption 
that will allow the vehicle to travel a certain number of miles 
starting with a specific amount of reductant without depleting 
the Supply. The optimal rate of reductant usage can be calcu 
lated from input data such as the number of route miles to be 
driven and the starting Supply of reductant. Thus, the engine 
controller can ensure that its output signals to the after-treat 
ment device do not require the after-treatment device to use 
more than this optimal rate of reductant usage. 

BRIEF SUMMARY OF THE DRAWINGS 

0023 FIG. 1 provides a chart illustrating how the overall 
system NOX is created according to various characteristics of 
the engine and a urea-based SCR system. 
0024 FIG. 2 provides a chart illustrating an exemplary 
embodiment with the data that are input into an ECM and how 
output signals are directed. 
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0025 FIG. 3 provides a chart illustrating exemplary out 
put signals from the ECM to maximize fuel efficiency when 
the cost of operating the engine is higher than the cost of 
operating the SCR system. 
0026 FIG. 4 provides a chart illustrating exemplary out 
put signals from the ECM to minimize urea usage when the 
cost of operating the engine is lower than the cost of operating 
the SCR system. 
0027 FIG. 5 provides a chart illustrating another embodi 
ment of the present invention which utilizes additional input 
regarding the urea Supply. 
0028 FIG. 6 provides a chart illustrating exemplary out 
put signals from the ECM to minimize urea usage when the 
Supply of urea usage drops below a critical threshold level. 

DETAILED DESCRIPTION OF THE INVENTION 

0029 Engine controllers, such as ECM's, currently do not 
account for the monetary cost of operating the engine and the 
monetary cost of operating an after-treatment system. More 
specifically, price inputs for fuel and reductants, such as urea, 
are not currently specified for ECM algorithms. As a result, no 
ECM's, or the vehicles that use them, are able to dynamically 
adjust the use of fuel and reductants, such as urea, to achieve 
cost-effective operation of the vehicle while complying with 
emissions regulations. 
0030 The following presents a detailed description of a 
system and method that determines the optimal operating 
parameters for an engine and an emissions after-treatment 
device according to the cost of operating the engine and the 
after-treatment device. To demonstrate the features of the 
present invention, the present invention is discussed in terms 
of an exemplary embodiment implementing an ECM to 
reduce total NOx exhaust emissions from a diesel engine by 
determining appropriate operating parameters for engine 
components and for a urea-based SCR system according to 
the price of diesel fuel and the price of urea. However, this 
preferred embodiment is not meant to limit the present inven 
tion. 
0031 Referring to FIG. 1 of the accompanying drawings, 
overall system NOx 400 represents the amount of total NOx 
exhaust emissions from the entire vehicle, which must fall at 
or below mandated environmental regulations. Engine NOx 
200 represents the NOx exhaust emissions from the operation 
of the engine 100. The overall system NOx 400 also repre 
sents the NOx exhaust emissions that result after the engine 
NOX 200 passes through the urea-based SCR system 300. 
0032 Various characteristics of the engine 100 which can 
affect the amount of engine NOx 200 include, but are not 
limited to, the EGR system 110, the injection timing 120, the 
injection pressure 130, and the coolant temperature 140. 
These engine attributes are merely representative of the dif 
ferent ways that the engineNOx 200 can be controlled and are 
provided only as an illustration of how the present invention 
may be implemented. Moreover, the engine in the present 
invention generally covers all aspects of the vehicle, not just 
those related to fuel delivery and combustion, that occur 
before emissions are exhausted to the after-treatment device, 
which in turn specifically acts to reduce the pollutants in the 
emissions. 
0033. Various characteristics of the urea-based SCR sys 
tem 300 which can affect the level of reduction of NOx in the 
engine NOx 200 include, but are not limited to, the urea 
injection volume 310, the catalyst temperature 320, and the 
age of the catalyst 330. These SCR system attributes are 
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merely representative of how the operation of the SCR system 
300 can be influenced and are provided only as an illustration 
of how the present invention may be implemented. 
0034. Thus, as summarized in FIG. 1, the operation of 
engine 100 produces the engine NOx 200, and the amount of 
engine NOx 200 depends on various characteristics of the 
engine 100. The engine NOx 200 is then introduced into the 
SCR system 300 which reduces the amount of NOx in the 
engine NOx 200 according to the various characteristics of 
the SCR system 300. The final amount of NOx emissions is 
the overall system NOx 400. 
0035. As shown in the exemplary embodiment of FIG. 2, 
an ECM 610 is employed for the present invention. The ECM 
610 can be one or more microprocessors and other associated 
components, such as memory devices which store data and 
program instructions. The ECM 610 generally receives input 
signals from various sensors throughout the vehicle as well as 
possible external input data from end users. The ECM 610 
then reads the program instructions and executes the instruc 
tions to perform data monitoring, logging, and control func 
tions in accordance with the input signals and external input 
data. The ECM 610 sends control data to an output port which 
relays output signals to a variety of actuators controlling the 
engine or the SCR system, generally depicted by the engine 
controls 800 and the SCR system controls 900. In general, the 
present invention can be implemented with most commer 
cially available ECM’s and no changes to the ECM will be 
required. Although this exemplary embodiment includes an 
ECM, any system of controlling operation of engine compo 
nents and after-treatment devices according to specified 
instructions may be employed to implement the present 
invention. 
0036. According to the exemplary embodiment of the 
present invention, the end user or some input mechanism 
transmits the unit price of diesel fuel 500 and the unit price of 
urea 510 as input parameters into the ECM 610 through the 
input device 600. The input device 600 may include, but is not 
limited to, a computer, personal digital assistant (PDA), or 
other entry device with a data link connected physically, 
wirelessly, or by any data transmission method, to the ECM 
610. Moreover, the input device 600 may include an auto 
mated system or network which transmits data to the ECM 
610. Automatic updates are particularly advantageous where 
the unit price of diesel fuel 500 and the unit price of urea 510 
may change frequently. If no input parameters are entered, the 
ECM can use default settings that reflect the most likely 
prices for diesel fuel and urea. 
0037. After receiving the unit price of diesel fuel 500 and 
the unit price of urea 510, the ECM 610 determines whether 
it is more cost-effective to increase NOx reduction with the 
engine 100 or with the SCR system 300. The engine sensor 
data 700 from the engine 100 and the SCR system sensor data 
710 from the SCR system 300 provide additional input for the 
ECM 610 to determine optimal operating parameters and to 
allow the system to change the parameters dynamically 
according to changing conditions. The engine sensor data 700 
provides the ECM 610 with data, such as engine speed and 
load, required to calculate current fuel consumption, so that 
the ECM 610 can compute the current cost of fuel consump 
tion using the unit price of diesel fuel 500. In addition, the 
SCR sensor data 710 provides the ECM 610 with data 
required to calculate current urea consumption, such as the 
amount of engine NOx 200, so that the ECM 610 can compute 
the current cost of urea consumption using the unit price of 
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urea 510. Moreover, the ECM 610 receives data from a sensor 
in the SCR system outflow that indicates overall system NOx 
to ensure that the operating parameters are adjusted in com 
pliance with environmental regulations. Based on the cost 
calculations, the ECM 610 then sends output signals to the 
engine controls 800 and the SCR system controls 900 direct 
ing how the engine 100 and the SCR system 300 should 
operate to optimize NOx reduction. As the engine sensor data 
700 and the SCR system sensor data 710 change, the cost 
calculations may change requiring the ECM 610 to adjust its 
output signals. 
0038 If the current cost of fuel consumption is higher than 
the current cost of urea consumption, the ECM 610 will 
attempt to maximize fuel efficiency by maintaining a high 
temperature at combustion. For example, as shown in FIG. 3, 
the ECM 610 can maximize fuel efficiency by reducing the 
flow of cooled exhaustair back into the combustion chamber. 
The ECM 610 monitors signals from sensors indicating the 
RPM of the turbocharger in EGR system 810 and sensors 
indicating engine speed and directs the EGR system 810 to 
adjust the airflow to increase fuel efficiency. 
0039. In addition, the ECM 610 can send signals to cali 
brate the fuel system 820 to maximize fuel efficiency. The 
ECM 610 can control the rate of fuel delivery and the timing 
of injection through actuators. The ECM 610 can also control 
the pressure at which the fuel is injected. Advancing the fuel 
injection, increasing the pressure of injection, and making the 
air-fuel mixture leaner can be controlled alone or in combi 
nation to effect an increase in fuel efficiency. An engine speed 
signal may be a necessary sensor input for the ECM 610 to 
properly regulate the fuel system 820. 
0040. Meanwhile, since the higher temperatures during 
combustion increase the engine NOx 200, the ECM 610 can 
direct the SCR system injection controls 910 to increase the 
amount of urea injected into the SCR system 300 to reduce 
overall system NOx 400 and ensure compliance with envi 
ronmental regulations. 
0041. On the other hand, if the current cost of urea con 
Sumption is higher than the current cost of fuel consumption, 
the ECM 610 will attempt to minimize the need for urea by 
lowering the temperature at combustion and reducing the 
engine NOx 200. For example, as shown in FIG. 4, the ECM 
610 can minimize the engine NOx 200 by increasing the flow 
of cooled exhaust air back into the combustion chamber. The 
ECM 610 monitors signals from sensors indicating the RPM 
of the turbocharger in EGR system 810 and sensors indicating 
engine speed and directs the EGR system 810 to adjust the 
airflow to decrease the formation of NOX in the combustion 
chamber. 

0042. In addition, the ECM 610 can calibrate the fuel 
system 820 to minimize the need for urea. The ECM 610 can 
control the rate of fuel delivery and the timing of injection 
through actuators. The ECM 610 can also control the pressure 
at which the fuel is injected. Retarding the fuel injection, 
decreasing the pressure of injection, and making the air-fuel 
mixture less leaner all help to increase fuel efficiency. An 
engine speed signal may be a necessary sensor input for the 
ECM 610 to properly regulate the fuel system 820. 
0043. Since the lower temperatures during combustion 
minimize the engine NOx 200, the ECM 610 can direct the 
SCR system injection controls 910 to reduce the amount of 
urea injected into the SCR system 300 since less urea is 
needed to comply with environmental regulations. It is also 
understood, however, that urea usage likely cannot be com 
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pletely avoided, since there may be limits to the amount that 
the engine NOx 200 can be reduced. 
0044. A sensor may also be required to monitor ammonia 
slip to make Sure that too much urea is not being introduced 
and to ensure compliance with regulations governing ammo 
nia slip. 
0045 FIGS. 3 and 4 are only exemplary in nature. Con 
trolling the EGR system and the fuel system in the manner 
described above are only examples of how to affect the com 
bustion temperature and thereby control the amount of NOX. 
There are also other ways of controlling the amount of urea 
needed in the SCR system. The examples provided are not 
intended to limit the methods by which combustion tempera 
ture or urea usage are controlled. Moreover, the ECM 610 
does not have to adjust all the available operating parameters 
that affect fuel efficiency and NOx emissions. For instance, 
the ECM 610 may be able to increase fuel efficiency without 
having to increase urea usage if the SCR sensor data 710 
indicates that the overall system NOx 400 will remain at or 
below mandated limits after the adjustment. Thus, the ECM 
610 might only send signals to adjust engine controls 800. 
Similarly, if the overall system NOx 400 will remain at or 
below mandated limits, the ECM can send signals to the SCR 
system injection controls 910 to reduce the amount of urea 
injected into the SCR system 300 without having to reduce 
fuel efficiency. 
0046 FIG. 5 illustrates an additional embodiment of the 
present invention where the route miles 520 and the starting 
supply of urea 530 may also be entered via input device 600 
into ECM 610. The ECM 610 determines an optimal rate of 
urea usage 620 which represents the greatest rate of urea 
consumption that will allow the vehicle to travel the route 
miles 520 with the starting supply of urea 530 without com 
pletely depleting the supply. The ECM 610 can then prevent 
complete depletion of urea by ensuring that its output signals 
to the SCR system do not require the SCR system to use more 
urea than this optimal rate of urea usage 620. Preventing 
complete depletion eliminates the need to rely on an unreli 
able urea distribution infrastructure to refill urea tanks or to 
make unscheduled stops to replenish. Moreover, it is likely to 
be more cost-effective for fleets to utilize their own supplies 
of urea. 

0047. Additionally, the ECM 610 can also receive sensor 
data regarding the level of urea in the tank 720 so that when 
the amount of available urea reaches a critical level, the ECM 
610 minimizes urea consumption in order to prevent com 
plete depletion, which may cause the engine to derate. If the 
urea level falls below a critical threshold level, the ECM 610 
can reduce the use ofurea and maintain a certain level of NOX 
emissions by adjusting the engine operating parameters and 
as depicted in FIG. 6. For example, the EGR airflow is 
increased, the fuel injection timing is retarded, the air-to-fuel 
ratio is decreased, and/or the fuel injection pressure is 
decreased, while the volume of urea injected by the SCR 
system is decreased. The actions illustrated in FIG. 6 can 
override the operating parameters that take the cost of fuel 
and urea into account. Indeed, reducing the use of urea 
according to the level of the urea Supply or measuring urea 
usage according to an optimal rate of urea usage can be 
implemented without determining the costs of operating the 
engine or the SCR system. 
0048. It should be readily understood by those persons 
skilled in the art that the present invention is susceptible of 
broad utility and application. Many embodiments and adap 
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tations of the present invention other than those herein 
described, as well as many variations, modifications and 
equivalent arrangements, will be apparent from, or reason 
ably suggested, by the present invention and the foregoing 
description thereof, without departing from the Substance or 
Scope of the present invention. Accordingly, while the present 
invention has been described herein in detail in relation to its 
preferred embodiment, it is to be understood that this disclo 
Sure is only illustrative and exemplary of the present invention 
and is made merely for purposes of providing a full and 
enabling disclosure of the invention. The foregoing disclo 
sure is not intended or to be construed to limit the present 
invention or otherwise to exclude any such other embodi 
ments, adaptations, variations, modifications and equivalent 
arrangements. 
What is claimed is: 
1. A system for controlling exhaust emissions from a com 

bustion engine, the system comprising: 
a combustion engine adapted to produce a first mixture of 

exhaust emissions after combustion of fuel according 
one or more engine operating parameters; 

an exhaust after-treatment device adapted to convert the 
first exhaust emissions to a second mixture of exhaust 
emissions according to one or more after-treatment 
parameters, and adapted to inject a reductant from a 
Supply of the reductant into the first exhaust emissions; 
and 

an engine controller adapted to control the engine and the 
after-treatment device, and adapted to determine the 
Supply of the reductant, 

wherein, according to the Supply of the reductant, the 
engine controller at least one of adjusts the one or more 
engine operating parameters and adjusts the one or more 
after-treatment parameters. 

2. The system for controlling exhaust emissions from a 
combustion engine according to claim 1, 

wherein the one or more engine operating parameters com 
prise at least one of a fuel injector timing, an air-to-fuel 
ratio, a fuel injection pressure, and a cooled exhaust gas 
recirculation airflow, and 

wherein the one or more after-treatment parameters com 
prise a reductant injection Volume. 

3. The system for controlling exhaust emissions from a 
combustion engine according to claim 2, wherein if the Sup 
ply of the reductant falls below a threshold, 

the engine controller at least one of adjusts the one or more 
engine operating parameters and adjusts the one or more 
after-treatment parameters by at least one of retarding 
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the fuel injector timing, decreasing the air-to-fuel ratio, 
decreasing the fuel injection pressure, increasing the 
cooled exhaust gas recirculation airflow, and decreasing 
the reductant injection Volume. 

4. The system for controlling exhaust emissions from a 
combustion engine according to claim 1, wherein the reduc 
tant is urea. 

5. A method for controlling exhaust emissions from a com 
bustion engine, the method comprising: 

determining a Supply of a reductant for an exhaust after 
treatment device; and 

at least one of adjusting one or more engine operating 
parameters and adjusting one or more after-treatment 
parameters according to the Supply of a reductant, 

wherein the one or more engine operating parameters 
determine a first mixture of exhaust emissions after 
combustion of fuel by a combustion engine, 

wherein the one or more after-treatment parameters deter 
mine a second mixture of exhaust emissions converted 
from the first exhaust emissions by the exhaust after 
treatment device, and 

wherein the exhaust after-treatment device injects the 
reductant from a supply of the reductant into the first 
exhaust emissions. 

6. The method for controlling exhaust emissions from a 
combustion engine according to claim 5. 

wherein the one or more engine operating parameters com 
prise at least one of a fuel injector timing, an air-to-fuel 
ratio, a fuel injection pressure, and a cooled exhaust gas 
recirculation airflow, and 

wherein the one or more after-treatment parameters com 
prise a reductant injection Volume. 

7. The method for controlling exhaust emissions from a 
combustion engine according to claim 6, wherein if the Sup 
ply of the reductant falls below a threshold, the step of at least 
one of adjusting the one or more engine operating parameters 
and adjusting the one or more after-treatment parameters 
includes at least one of retarding the fuel injector timing, 
decreasing the air-to-fuel ratio, decreasing the fuel injection 
pressure, increasing the cooled exhaust gas recirculation air 
flow, and decreasing the reductant injection Volume. 

8. The method for controlling exhaust emissions from a 
combustion engine according to claim 5, wherein the reduc 
tant is urea. 


