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(57) ABSTRACT

An integrated load bank and exhaust heater for a diesel genset 
exhaust aftertreatment system of the type having a diesel 
particulate filter (DPF) and a selective catalytic reduction 
(SCR) section. The load bank/heater can function as a load 
bank when testing the genset, as a heat source to optimize 
SCR efficiency, as to thermally regenerate the DPF filter.
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INTEGRATED LOAD BANK AND EXHAUST 
HEATER SYSTEM FORA DIESEL GENSET 

EXHAUST AFTERTREATMENT SYSTEM

TECHNICAL FIELD

[0001] The present invention relates generally to generator/ 
engine sets (gensets). In particular, the invention is an exhaust 
aftertreatment system and operating method for gensets.

BACKGROUND

[0002] Diesel and other engine-powered generators 
(gensets) used as power sources (e.g., as stand-by or back-up 
power sources) are typically periodically tested to ensure 
their availability and reliability when needed. During these 
tests the generator can be connected to a load bank—a device 
that develops an electrical load and dissipates the power gen­
erated by the genset. The exhaust from the engines powering 
gensets is sometimes processed by aftertreatment systems to 
reduce emissions. Exhaust aftertreatment systems of these 
types are disclosed, for example, inthePierzetal. U.S. Patent 
Application Publication No. 2010/0186373 and the van 
Niekerk U.S. Patent Application Publication No. 2012/ 
0121475. There remains, however, a continuing need for 
improved exhaust aftertreatment systems.

SUMMARY

[0003] Embodiments of the invention are exhaust after- 
treatment systems and methods of operation that provide 
enhanced efficiency. One embodiment is a method for oper­
ating a control system to control the application of power 
from a genset to a load bank/heater in an exhaust aftertreat­
ment (AT) system of the type having a selective catalytic 
reduction (SCR) section coupled to the genset. The method 
includes: (1) applying power from the genset to the load 
bank/heater during genset operation to heat exhaust from the 
genset, (2) monitoring temperature of the exhaust in the AT 
system, and (3) regulating the amount of power applied from 
the genset to the load bank/heater during the genset operation 
to maintain the monitored temperature of the exhaust in the 
AT system within an SCR operating temperature range. The 
operating temperature of the SCR section can be optimized 
by this embodiment of the invention.
[0004] Another embodiment is a method for operating a 
control system to control the application of power from a 
genset to a load bank/heater in an exhaust aftertreatment (AT) 
system of the type having a diesel particulate filter (DPF) 
section and selective catalytic reduction (SCR) section 
coupled to the genset. The method includes: (1) operating the 
AT system in a run mode, (2) applying power to the load 
bank/heater during the run mode operation to heat exhaust 
from the genset, (3) monitoring temperature of the exhaust 
during the run mode operation, (4) regulating the amount of 
power applied to the load bank/heater during the run mode 
operation to maintain the temperature of the exhaust in the AT 
system within an SCR operating temperature range, (5) oper­
ating the AT system in a DPF filter regeneration mode, (6) 
applying power to the load bank/heater during the filter regen­
eration mode operation to heat exhaust from the genset, and 
(7) regulating the amount of power applied to the load bank/ 
heater during the filter regeneration mode operation to main­
tain the temperature of the exhaust in the AT system within a 
DPF filter regeneration temperature range. Optionally AT 
system can also be run in one or more of: (1) a start-up regen

mode when the genset is started, (2) a deep clean regen mode 
to extensively clean the DPF filter when monitored backpres­
sure in the AT system exceeds certain levels, (3) a manual load 
mode by which an operator can use the AT system as a load 
bank during genset tests and select the load, and (4) a manual 
DFP filter regen mode. Effective operation of the DPF filter 
can be maintained by this embodiment of the invention.
[0005] Yet another embodiment is a method for operating a 
control system to control the distribution of power from a 
genset having an output power capacity to an electrical load 
powered by the genset and to a load bank/heater in an exhaust 
aftertreatment (AT) system coupled to the genset. The method 
includes: (1) applying power from the genset to the electrical 
load, (2) applying power from the genset to the load bank/ 
heater to heat exhaust from the genset (3) monitoring power 
demand on the genset while applying power to the electrical 
load and the load bank/heater, and (4) reducing the amount of 
power applied to the load bank/heater when the monitored 
power demand on the genset is greater than the genset output 
power capacity. In some embodiments, reducing the amount 
of power applied to the load bank/heater includes reducing 
the amount of power applied to the load bank/heater by at 
least an amount about equal to an amount that the power 
demand on the genset exceeds the genset output power capac­
ity. In other embodiments reducing the amount of power 
applied to the load bank/heater includes discontinuing the 
application of power to the load bank/heater when the amount 
of power demanded by the electrical load about equals or 
exceeds the genset output power capacity. The embodiment 
enables the AT system to be operated without the need to 
derate the genset unless the external load demand exceeds the 
genset capacity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a diagrammatic illustration of a genset 
coupled to an exhaust aftertreatment system and control sys­
tem in accordance with an embodiment of the invention.
[0007] FIG. 2 is a detailed exploded illustration of an 
embodiment of the load bank/heater shown in FIG. 1.
[0008] FIG. 3 is a diagrammatic illustration of the operation 
of the aftertreatment system and control system shown in 
FIG. 1 in accordance with one embodiment of the invention.
[0009] FIG. 4 is a diagrammatic illustration of the operation 
of the aftertreatment system and control system shown in 
FIG. 1 in an overload-based load shed mode.

DETAILED DESCRIPTION

[0010] FIG. 1 is a diagrammatic illustration of a genset 8 
coupled to an exhaust aftertreatment (AT) system 10 and 
control system 12 in accordance with embodiments of the 
invention. Genset 8, which can be a commercially available 
device, includes an electrical generator 14 powered by a 
diesel or other engine 16. Electric power produced by the 
genset 8 is coupled to an external load (not shown). For 
example, genset 8 can be a back-up power supply for a build­
ing. The engine exhaust port 18 from the genset 8 is coupled 
to the exhaust aftertreatment system 10 for processing (e.g., 
the removal of emissions such as gas and/or particulate). The 
illustrated embodiment of aftertreatment system 10 includes 
a load bank/exhaust heater 20, diesel emission fluid (DEF) 
injection section 22, diesel particulate filter (DPF) 24 and 
selective catalytic reduction (SCR) section 26. As described 
in greater detail below, the load bank/heater 20 is configured

ANA0000887

EXHIBIT 1004



US 2014/0150407 A1
2

Jun. 5, 2014

to function both as a heater to heat the exhaust gas in connec­
tion with the operation of the aftertreatment system 10, and to 
function as a load bank for the genset 8 (e.g., during genset 
tests when the genset is not connected to the external load, 
such as during a test operation or a periodic (monthly, bi­
weekly) standby genset exercise mode operation). Power 
from the genset 8 is applied to the load bank/heater 20 through 
a power transfer switch 28 in response to a command signal 
from the control system 12 to provide the load bank and 
exhaust heating functions.

[0011] As shown, the illustrated embodiment of the control 
system 12 includes a controller 30 that is coupled to an after- 
treatment system pressure sensor 32 and temperature sensor 
34, as well as to a genset output power sensor 36 and the 
power switch 28. Controller 30 is a programmed processor- 
based device and includes program memory 40 in the illus­
trated embodiment. Program instructions, set point data and 
other information causing the controller 30 to provide the 
functionality described herein can be stored in the memory 
40. The controller 30 can take other forms, such as a pro­
grammed logic controller (PLC) or hardwired discrete circuit 
elements in other embodiments. A user interface 42 is 
coupled to the controller 30 to enable the operation of the 
aftertreatment system 10 and control system 12. The user 
interface includes a keypad 44 and display 46 in the illustrated 
embodiment, but user interfaces such as touch screen graphic 
user interfaces can be used in other embodiments.

[0012] Pressure sensor 32 monitors the pressure in the 
aftertreatment system 10 at a location upstream from the DPF 
filter 24 (i.e., the back pressure in the aftertreatment system), 
and provides signals representative of the monitored pressure 
to the controller 30. Temperature sensor 34 monitors the 
temperature in the aftertreatment system 10 and provides 
signals representative of the monitored temperature to the 
controller 30. The controller 30 produces a command signal 
representative of the amount of power to be coupled from the 
genset 16 to load bank/heater 20. In one embodiment the 
power switch 28 is a silicon controlled rectifier (SCR)-based 
switch that is responsive to the command signals from the 
controller 30. In the illustrated embodiment the power sensor 
36 is coupled to a current transformer 38 and provides signals 
to the controller 30 representative of the total power demand 
on (and produced by) the genset 16 (i.e., the sum of the power 
demand by the external load and the power applied to the load 
bank/heater). Because of the control of power switch 28, the 
controller 30 has information representative of the amount of 
power that is being applied to the load bank/heater 20. The 
controller 30 can compute the power demand from the exter­
nal load by subtracting the load bank/heater power from the 
power measured by power sensor 36. In other embodiments 
of the invention the amount of power demanded by the exter­
nal load and the load bank/heater can be determined by other 
approaches and power sensors.

[0013] FIG. 2 is a detailed exploded illustration of a load 
bank/heater 20 in accordance with one embodiment of the 
invention. As shown, the load bank/heater 20 includes a hous­
ing 50 having an inlet end 52 and an outlet end 54. A set of 
resistive elements 56 are located in the housing 50 between 
the inlet end 52 and the outlet end 54 (the elements are shown 
outside the housing in FIG. 2 for purposes of illustration) and 
are electrically coupled to the power switch 28. Exhaust from 
the genset engine 16 is coupled to the inlet end 52 of the 
housing 50, and will flow past the resistive elements 56 before 
exiting the housing at outlet end 54. Power applied to the

resistive elements 56 through power switch 28 will heat the 
resistive elements and therefore the exhaust flowing past the 
resistive elements. The amount of exhaust heating by the load 
bank/heater 20 can be controlled through the amount of 
power applied to the resistive elements 56. Other embodi­
ments of the invention can use other load bank/heaters. In one 
embodiment the duty cycle of the power applied to the resis­
tive elements 56 is modulated to control the load presented to 
the genset, such as by silicon controlled rectifiers or other 
electrical switch element. In yet another embodiment, resis­
tive elements 56 are individually electrically coupled or 
decoupled to control the amount of the presented load. In one 
embodiment of the present invention, the load bank/heater 20 
allows control of the exhaust gas temperatures to within 
+/—10° F. of a selected target.

[0014] As shown in FIG. 1, the exhaust from the load bank/ 
heater 20 flows to the DEF injection section 22. A DEF 
injector 60 injects diesel emission fluid (DEF) such as urea 
into the injection section 22 where it is dispersed into and 
mixed with the exhaust. The exhaust then passes through the 
DPF filter 24 which removes particulate matter such as soot 
from the exhaust stream. The filtered exhaust then passes 
through the catalyst-containing SCR section 26 where the 
injected DEF and NOx (nitrogen oxides) in the exhaust react 
in an oxidizing atmosphere to chemically wash out the NOx 
before the exhaust is released into the environment through 
the outlet 27. For example, in systems using automotive grade 
DEF such as a urea-based solution, the DEF is injected into 
the exhaust upstream of the catalyst. The urea decomposes 
and hydrolyzes to form ammonia (NH3) which, in the pres­
ence of the SCR catalyst, reacts with the NOx in the exhaust to 
produce nitrogen, water and carbon dioxide (C 02). An after- 
treatment system 10 that can be used in connection with the 
genset 8 and control system 12 is described in greater detail in
copending U.S. patent application Ser. N o .______ , filed on
even date herewith and entitled Exhaust Aftertreatment Sys­
tem For A Diesel Genset, the entire disclosure of which is 
expressly incorporated herein by reference for all purposes. A 
DEF injector 60 that can be used in connection with the 
aftertreatment system 10 is described in greater detail in
copending U.S. patent application Ser. N o .______ , filed on
even date herewith and entitled Diesel Exhaust Fluid Injector 
Assembly, the entire disclosure of which is expressly incor­
porated herein by reference for all purposes. In the illustrated 
embodiment of the invention the DPF filter 24 can be uncata­
lyzed, allowing the DPF filter to be located downstream of the 
DEF injection section 22 without significant risk of the 
injected DEF degrading a subsequent DPF filtration catalyst. 
Other aftertreatment systems and DEF injectors can be used 
in other embodiments of the invention. Still other embodi­
ments of the invention do not include one or the other of the 
DPF filter 24 and the SCR section 26.

[0015] SCR section 26 typically operates at optimum effi­
ciency within a certain temperature range. For example, some 
urea-based SCR sections can operate efficiently at tempera­
tures in a range around about 600° F. As described in greater 
detail below, control system 12 can operate to control the load 
bank/heater 20 to heat and maintain or regulate the tempera­
ture of the exhaust in the system 10 within a predetermined 
SCR operating temperature range. In one embodiment, con­
trol of the load bank/heater 20 is used to guarantee a minimal 
exhaust temperature floor. The SCR operating temperature 
range can include all or part of the optimum SCR operating 
temperature to enhance the performance of the SCR section
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26. It is also noted that this feature of the present invention 
also enables the use of alternative catalysts or aftertreatment 
approaches that have differing temperature ranges or smaller 
optimum operating temperatures.

[0016] DPF filter 24 collects particulate such as soot 
present in the exhaust. The amounts of particulate in the 
exhaust and collected by the DPF filter 24 can depend on a 
number of factors such as the length of time that the engine 16 
is running and the load on the generator. For example, at 
moderate to high loads the DPF filter will be experiencing 
higher temperatures in the exhaust stream and have a ten­
dency to bum off or oxidize trapped particulate matter as a 
matter of course, while at low loads particulate matter will 
tend to accumulate due to the lower exhaust temperature 
being experienced. As the filtered particulate collects or accu­
mulates on the DPF filter 24 the filter can become plugged and 
constrict the exhaust flow through the filter and system 10. 
The pressure in the system 10 upstream from the DPF filter 
24, sometimes referred to as the backpressure, increases as a 
result of the constricted exhaust flow. As described in greater 
detail below, to clear or regenerate the DPF filter 24, control 
system 12 can operate to control the load bank/heater 20 to 
heat and maintain the temperature of the exhaust in the system 
10 to a temperature and/or time period that causes the par­
ticulate to bum off the DPF filter 24 and oxidize, thereby 
regenerating the DPF filter. It is noted that the load imposed 
by the load bank/heater 20 to heat the exhaust in the system 10 
will also have the beneficial secondary effect of increasing the 
load on the engine of the genset, thereby additionally increas­
ing the exhaust temperature. For example, temperatures in a 
range around about 960° F. are suitable to recharge some DPF 
filters. Because at least portions of the DPF filter regeneration 
temperature are typically higher than the optimum SCR oper­
ating temperature range, it can be advantageous to minimize 
the amount of time that the system 10 is operated at the DPF 
filter regeneration temperatures. In addition, higher exhaust 
gas temperatures can degrade the DEF and/or increase NOx 
production, reducing DEF effectiveness and requiring an 
increased DEF injection rate.

[0017] FIG. 3 is a diagrammatic illustration of the manner 
by which control system 12 operates the exhaust aftertreat­
ment system 10 in accordance with embodiments of the 
invention. Run mode 100 is the default or “normal” operating 
mode in which the aftertreatment system is typically oper­
ated. During the run mode 100 the control system 12 causes 
the aftertreatment system 10 to operate at temperatures that 
are suitable or advantageously optimized for efficient opera­
tion of the SCR section 26. Control system 12 periodically 
switches the aftertreatment system 10 between the run mode 
100 and operation in a regen mode 110. During the regen 
mode 110 the control system 10 causes the aftertreatment 
system 10 to operated in a manner that will regenerate the 
DPF filter 24. In some embodiments the aftertreatment sys­
tem 10 is operated in a start-up regen mode 114 when the 
genset 8 is started from a stopped condition. In the start-up 
regen mode the aftertreatment system 10 is operated in a 
manner that will regenerate the DPF filter 24 immediately 
after start-up. It is noted that this start-up regen mode will also 
have the effect of heating the aftertreatment system up to 
operating temperature quickly, assisting in overcoming the 
cold thermal mass of the aftertreatment system and bringing 
the SCR and DPF up to operating temperature so that they 
“light o ff’ and begin treatment of particulate material and 
NOx in the exhaust. Other embodiments of the invention

include a deep clean regen mode 116 in which the aftertreat­
ment system 10 is operated in a manner that can produce a 
more extensive regeneration of the DPF filter 24 than the 
regen mode 110. Through actuation of the user interface 42 an 
operator can optionally cause the control system 12 to operate 
the aftertreatment system 10 in one of both of a manual load 
mode 118 and a manual regen mode 120. In the manual load 
mode 118 the control system 12 causes an amount of electri­
cal power selected by the operator to be applied to the load 
bank/heater 20 (i.e., power is applied to the load bank/heater 
as a function of the operator-selected settings). In the manual 
regen mode 120 the control system 12 causes the aftertreat­
ment system 10 to be operated in a manner that will regener­
ate the DPF filter 24.

[0018] Run Mode 100—As noted above, run mode 100 is 
the default or “normal” operating mode for the aftertreatment 
system 10. During the run mode 100 the controller 30 regu­
lates the amount of power applied to the load bank/heater 20 
to maintain the temperature of the exhaust in the SCR section 
26 within a predetermined SCR operating temperature range. 
As discussed above, the SCR operating temperature range 
can include temperatures at which the SCR section 26 oper­
ates most efficiently. In one embodiment of the invention the 
SCR operating temperature range can be around an SCR 
temperature of about 600° F. This SCR operating temperature 
can be the same or higher than the temperature of the exhaust 
as it exits the engine 16. Setpoint and other data representative 
of control parameters such as the desired SCR temperature 
and the predetermined operating range can be stored in the 
memory 40. The exhaust temperature in the aftertreatment 
system 10 can be monitored by the temperature sensor 34 and 
used by the controller 30 during the run mode 100.

[0019] In some embodiments of the invention the aftertreat­
ment system 10 discontinues operation in the run mode 100 
after certain run mode durations or intervals. In one embodi­
ment the run mode interval is variable and based on factors 
such as the average load on the genset 8 during the run mode 
100. For example, if the average load is relatively high, the 
exhaust produced by the genset 8 may have relatively low 
amounts of particulate, resulting in the need for less frequent 
and/or shorter duration regenerations of the DPF filter 24. 
Similarly, more frequent and/or more extensive DPF filter 24 
regeneration cycles may be appropriate if the genset 8 is 
running at loads and is producing relatively more soot that is 
collected by the DPF filter or has run too long at low loads or 
idle. In still other embodiments the run mode 100 has a 
predetermined duration. Setpoint and other data representa­
tive of the control parameters used to control the interval or 
duration ofthe runmode 100 can be stored in the memory 40. 
The average load on the genset can be determined by the 
controller 30 from the signals representative of monitored 
power provided by the power sensor 36 or recent engine 
throttle settings.

[0020] Regen Mode 110—The control system 12 switches 
the aftertreatment system 10 from the run mode 100 to a regen 
mode 110 following completion of the run mode interval or 
duration in one embodiment of the invention. During the 
regen mode 110 the control system 12 regulates the applica­
tion of power to the load bank/heater 20 to maintain the 
temperature in the aftertreatment system 10 within a prede­
termined DPF filter regen temperature range, and for a suffi­
cient time, to regenerate (i.e., remove particulate from) the 
DPF filter 24. As noted above, the load imposed by the load 
bank/heater 20 to heat the exhaust in the system 10 will also
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have the effect of increasing the load on the system 10, 
thereby having the effect of additionally increasing the 
exhaust temperature. Typically the regen temperature is 
greater than the SCR operating temperature. In one embodi­
ment of the invention the regen temperature range can be a 
range around a regen temperature of about 960° F. The dura­
tion of the regen mode 110 is about 1 hour in some embodi­
ments of the invention, but can be other lengths in other 
embodiments. In still other embodiments the duration of the 
regen mode 110 can vary based on one or more factors such as 
the length of time that the aftertreatment system 10 operated 
in the run mode 100. In the illustrated embodiment the control 
system 12 causes the aftertreatment system 10 to switch from 
the regen mode 110 back to the run mode 100. In this embodi­
ment the aftertreatment system 10 periodically cycles 
between the run mode 100 and the regen mode 110 during 
routine operation. Setpoint and other data representative of 
the control parameters such as the desired regen mode tem­
perature, the regen temperature range and the duration of the 
regen mode can be stored in the memory 40. The exhaust 
temperature in the aftertreatment system 10 can be monitored 
by the temperature sensor 34 and used by the controller 30 
during the regen mode 110.

[0021] Start-Up Regen Mode 114—In some embodiments 
of the invention, when the genset 8 is started from a stopped 
state (e.g., when stand-by power is demanded from the 
genset, or when the genset is being tested), the control system 
12 can operate the aftertreatment system 10 in a start-up regen 
mode 114 before switching to the run mode 100. During the 
start-up regen mode 114 the control system 12 regulates the 
application of power to the load bank/heater 20 to maintain 
the temperature in the aftertreatment system 10 within a pre­
determined DPF filter start-up regen temperature range, and 
for a sufficient period of time, to regenerate the DPF filter 24 
before operating the system in the run mode 100. Any par­
ticulate remaining in the DPF filter 24 following the shut­
down of the genset 8 is thereby removed. In one embodiment 
of the invention the start-up regen temperature range can be a 
range around a regen temperature of about 960° F. The dura­
tion of the start-up regen mode 114 is about 1 hour in some 
embodiments of the invention, but can be other lengths in 
other embodiments. As noted above, this start-up regen mode 
also aids in overcoming the thermal mass of the cold after- 
treatment system, heating the aftertreatment system up to 
operating temperature quickly and helping to quickly begin 
treatment of particulate material and NOx in the exhaust. In 
still other embodiments the duration of the start-up regen 
mode 114 can vary based on one or more factors. Following 
completion of the start-up regen mode 114 the control system 
operates the aftertreatment system 10 in the run mode 100 in 
the illustrated embodiment.

[0022] Deep Clean Regen Mode 116—Control system 12 
can optionally operate the aftertreatment system 10 in a deep 
clean regen mode 116 in some embodiments of the invention. 
During the deep clean regen mode 116 the control system 12 
regulates the application of power to the load bank/heater 20 
to maintain the temperature in the aftertreatment system 10 
within a predetermined DPF filter deep clean regen tempera­
ture range, and for a sufficient time period, to regenerate the 
DPF filter 24. Operation of the aftertreatment system 10 in the 
deep clean regen mode 116 will typically provide a more 
extensive or thorough regeneration of the DPF filter 24 than 
operation in the regen mode 110. In one embodiment of the 
invention, for example, the deep clean regen temperature

range can be a range around a deep clean regen temperature of 
about 960° F., but can be other temperatures in other embodi­
ments. The duration of the deep clean regen mode 114 is 
about 2 hours in some embodiments of the invention, but can 
be other lengths in other embodiments. In still other embodi­
ments the duration of the manual regen mode 110 can vary 
based on one or more factors such as the back pressure moni­
tored by the pressure sensor 32.

[0023] In embodiments of the invention the control system 
12 automatically switches the aftertreatment system 10 to the 
deep clean regen mode 116 when monitored factors or con­
ditions indicate the need for regeneration of the DPF filter 24. 
This deep clean regen mode 116 occurs asynchronously from 
the usual cycle of the run mode 110 and regen mode 110. In 
one embodiment of the invention, for example, control sys­
tem 12 monitors the back pressure in the system 10 and 
initiates the deep clean regen mode 116 when the monitored 
back pressure exceeds a predetermined set point (i.e., a pres­
sure indicating excessive soot loading of the DPF filter 24). 
Setpoint and other data representative of the control param­
eters such as the desired deep clean regen temperature, the 
deep clean regen temperature range, the duration of the deep 
clean regen mode and the backpressure that triggers the deep 
clean regen mode can be stored in the memory 40. Following 
completion of the deep clean regen mode 114 the control 
system operates the aftertreatment system 10 in the run mode 
100 in the illustrated embodiment. In other embodiments of 
the invention (not shown) the deep clean regen mode 116 can 
be entered from and discontinued into other operating modes.

[0024] Manual Load Mode 118—Embodiments of the 
invention optionally enable the operator to use the control 
system 12 to operate the aftertreatment system 10 in one or 
more manual modes including a manual load mode 118 and a 
manual regen mode 120. The manual load mode 118 can, for 
example, be used by an operator to when it is desired to use 
the load bank/heater 20 as a load bank when testing the genset
8. An operator can actuate the user interface 42 to select the 
manual load mode 118 and the amount of power to be applied 
to the load bank/heater 20 to select the amount of load (or 
resistance) presented to the genset 8. In response, the control 
system 12 will apply the selected amount of power to the load 
bank/heater 20. During operation in the manual load mode 
118 the operator can adjust the load up or down using the 
interface 42, and the control system 12 will respond accord­
ingly. In one alternative embodiment, an exhaust temperature 
is selected by the operator and the load is varied to maintain 
this temperature. The operator can also discontinue or stop 
the manual load mode 118 through use of the user interface 
42. In the illustrated embodiment the manual load mode 118 
can only be entered from the run mode 100, and operation of 
the aftertreatment system 10 switches back to the run mode 
when the manual load mode is discontinued. In other embodi­
ments of the invention (not shown) the manual load mode 118 
can be entered from and discontinued into other operating 
modes.

[0025] Temperature-Based Load Shed Operation—Con­
trol system 12 performs a temperature-based load shed opera­
tion during the manual load mode 118 in some embodiments 
of the invention. This load shed operation can help prevent 
damage to the SCR section 26 or other components of the 
aftertreatment system 10 that might be caused by excessive 
exhaust gas heat. Setpoint and other data representative of a 
manual mode maximum temperature is stored inmemory 40. 
During operation in the manual load mode 118, controller 30
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uses the temperature sensor 34 to monitor the temperature in 
the aftertreatment system 10. If the monitored temperature in 
the aftertreatment system 10 exceeds the manual mode maxi­
mum temperature, the controller 30 controls the power switch 
28 to reduce the amount of power applied to the load bank/ 
heater 20 to reduce the temperature of the exhaust gas to 
appropriate levels. In effect, the temperature-based load shed 
operation during the manual load mode 118 overrides the load 
selected by the operator to prevent possible damage to the 
aftertreatment system 10.

[0026] Manual Regen Mode 120—By selecting a manual 
regen mode 120 the operator can run a regeneration cycle of 
the DPF filter 24 asynchronously with filter regenerations 
during other operating modes such as 110,114 and 116. The 
operator can initiate the manual regen mode 120 by actuating 
the user interface 42. During the manual regen mode 120 the 
control system 12 regulates the application of power to the 
load bank/heater 20 to maintain the temperature in the after- 
treatment system 10 within a predetermined DPF filter 
manual regen temperature range that will regenerate the DPF 
filter 24 (e.g., about 960° F. in one embodiment). In one 
embodiment, control system 12 is configured to operate after- 
treatment system 10 in the manual regen mode 120 for a 
predetermined period of time (e.g., two hours) after the mode 
is initiated. In other embodiments the length of the manual 
regen mode can vary based on factors such as the pressure 
monitored by the pressure sensor 32. In still other embodi­
ments the operator can end or discontinue the manual regen 
mode 120 by actuating the user interface 42. In the illustrated 
embodiment the manual regen mode 120 can only be entered 
from the run mode 100, and operation of the aftertreatment 
system 10 switches back to the run mode when the manual 
regen mode 120 is discontinued. In other embodiments of the 
invention (not shown) the manual regen mode 120 can be 
entered from and discontinued into other operating modes.

[0027] In still other embodiments, operation of the after- 
treatment system 10 can be initiated using interfaces (not 
shown) other than the user interface 42. For example, in 
embodiments the control system 12 can be coupled to other 
control systems such as an industrial control system control­
ling the overall operation of a facility that includes genset 8 
and aftertreatment system 10, in addition to other equipment. 
In yet other embodiments the control system 12 can be 
coupled to a genset controller. In still other embodiments the 
control system can be coupled to devices used by service 
personnel. Any or all of these devices, which may be at 
locations remote from control system 12, can be used to 
initiate operation of the aftertreatment system 10 in the 
manual regen mode 120. Similarly, other operating modes of 
the aftertreatment system 10 can be initiated using other 
interfaces and/or from other locations.

[0028] Overload-Based Load Shed Mode—Control system 
12 operates the aftertreatment system 10 in an overload-based 
load shed mode 122 when the total power demand on the 
genset 8 (i.e., the sum of the external load and the load 
bank/heater load) exceeds the maximum capacity of the 
genset or a selected maximum genset output load level. The 
overload-based load shed mode 122 can be described with 
reference to FIG. 4. As shown, during a full load region when 
the external load demands relatively low loads, the load bank/ 
heater 20 can demand any load up to the maximum capacity 
of the load bank/heater. When the external load demands 
relatively higher amounts of power and the total power 
demand on the genset is greater than the genset capacity (or

the selected maximum genset output level) but the external 
load demand is less than the genset capacity, the control 
system 12 operates the aftertreatment system 10 in a load shed 
region. In the load shed region the amount of power applied to 
the load bank/heater 20 is reduced by an amount proportional 
to the amount by which the total power demand exceeds the 
genset capacity. In one embodiment, for example, the control 
system 12 will reduce the power applied to the load bank/ 
heater 20 by an amount generally equal to the amount by 
which the total power demand exceed the genset capacity. 
When the external load demands amounts of power greater 
than the genset capacity, the control system 12 operates the 
aftertreatment system 10 in a load cutoff dead band at which 
no power is applied to the load bank/heater 20. ft is noted, 
however, that in this dead band region the exhaust tempera­
ture will be naturally elevated due to the load present on the 
genset. Data representative of the overload-based load shed 
operation including a setpoint characterizing the full load 
region-load shed region transition and a load shed power set 
point characterizing the transition from the load shed region 
to the load cutoff dead band (e.g., a setpoint representative of 
the maximum capacity of the genset) can be stored in the 
memory 40 and used by the controller 30. The overload-based 
load shed mode 122 effectively prevents the genset 8 from 
being artificially “derated” or placed into an overload condi­
tion when the aftertreatment system 10 is demanding power 
by providing precedence to the external load demand over the 
load bank/heater demand, ft is noted that this load demand 
may not be uniform and so in one embodiment, the genset 
utilizes hysteresis or a time window after experiencing a spike 
in load demand that has caused load shed, requiring that either 
load drop below a selected level or that a selected time period 
has passed before restoring power to load bank/heater 20. In 
yet another embodiment, the differential, second order differ­
ential, or simple rate of change of an increase in demand is 
used to preemptively shed load by the load bank/heater 20 if 
the rate of increase is deemed to be to great and likely to cause 
a load shed event In the embodiment illustrated in FIG. 3, the 
overload-based load shed mode 122 can be entered from all of 
operating modes 100,110,114,116,118 and 120, and opera­
tion of the aftertreatment system 10 switches back to the 
mode in which the system was operating when the overload- 
based load shed mode was entered. In other embodiments the 
overload-based load shed mode 122 can be entered from one 
or more but not all of operating modes 100,110,114,116,118 
and 120, and can be discontinued into other operating modes. 
Still other embodiments of the invention do not include the 
overload-based load shed mode 122.

[0029] In another embodiment of the invention (not 
shown), the load bank/heater 20 can also be connected to a 
power source different than the genset 8, and operated by 
controller 12 using the alternative power source to preheat or 
maintain the temperature of the aftertreatment system 10 
above the surrounding ambient temperature when the genset 
8 is not operating or in a standby mode, ft is noted that in this 
mode of operation a small blower can be used to flow air 
through the aftertreatment system 10, possibly with a small 
recirculation duct to efficiently keep and transfer heat within 
the system 10. The aftertreatment system 10 can then be 
brought up to operating temperatures more quickly when the 
genset 8 is started, increasing the efficiency of operation.

[0030] Mass Flow-Based Load Shed Operation—For 
example, in some embodiments (not shown) the genset 8 and 
power switch 28, and therefore load bank/heater 20, are
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coupled in parallel to a power supply bus coupled to one or 
more additional gensets. In such embodiments, some or all of 
the power to the load bank/heater 20 may be provided by the 
other genset(s). In these embodiments the proper operation 
and service life of the load bank/heater 20 may rely upon a 
cooling effect of the exhaust passing through the load bank/ 
heater. If the genset 8 coupled to the load bank/heater 20 was 
to be operated at a relatively low load and was not generating 
sufficient exhaust flow to maintain the load bank/heater 
within appropriate temperatures, the operation and/or service 
life of the load bank/heater might be detrimentally impacted. 
To reduce the possibility of any such impact, control system 
12 optionally operates in a mass flow-based load shed mode 
in some or all of the operating modes described above. During 
the mass flow-based load shed operation the control system 
12 limits the power applied to the load bank/heater 20 as a 
function of the load provided by the genset 8 to which the load 
bank/heater is coupled through exhaust port 18. The load 
provided by the genset 8 is representative of the amount of 
exhaust gas flowing through the load bank/heater 20. In one 
embodiment the controller 30 includes a mass flow heater 
limit setpoint (e.g., 50 kW in one embodiment) stored in 
memory 40. During operation, controller monitors the power 
provided by the genset 8, and limits the power applied to the 
load bank/heater 20 to a value equal to the sum of the moni­
tored power from the genset and the mass flow heater limit 
setpoint. By this load shed operation the amount of power 
applied to the load bank/heater 20 can be maintained to within 
levels that may not detrimentally impact the load bank/heater.
[0031] Aftertreatment and control systems in accordance 
with the invention offer important advantages. They can, for 
example, increase the DPF filter and/or SCR section operat­
ing efficiency. Generator fuel and DEF consumption can be 
enhanced while at the same time decreasing the amounts of 
detrimental particulate and gas in the exhaust. In one embodi­
ment the exhaust temperatures can be maintained to within 
+/—10° F. of desired temperatures.
[0032] Various modifications and additions can be made to 
the exemplary embodiments discussed without departing 
from the scope of the present invention. For example, while 
the embodiments described above refer to particular features, 
the scope of this invention also includes embodiments having 
different combinations of features and embodiments that do 
not include all of the described features. Accordingly, the 
scope of the present invention is intended to embrace all such 
alternatives, modifications, and variations as fall within the 
scope of the claims, together with all equivalents thereof.

1. A method for operating a control system to control the 
application of power from a genset to a load bank/heater in an 
exhaust aftertreatment (AT) system of the type having a selec­
tive catalytic reduction (SCR) section coupled to the genset, 
including:

applying power from the genset to the load bank/heater 
during genset operation to heat exhaust from the genset;

monitoring temperature of the exhaust in the AT system; 
and

regulating the amount of power applied from the genset to 
the load bank/heater during the genset operation to 
maintain the monitored temperature of the exhaust in the 
AT system within an SCR operating temperature range.

2. The method of claim 1, wherein regulating the amount of 
power applied from the genset to the load bank/heater during 
the genset operation to maintain the monitored temperature of 
the exhaust in the AT system within an SCR operating tem­

perature range includes maintaining the monitored tempera­
ture of the exhaust in the AT system above a selected mini­
mum floor temperature.

3. The method of claim 1, and further including maintain­
ing the AT system at a selected standby temperature with the 
load bank/heater while the genset is shut off and in a standby 
mode.

4. The method of claim 1, wherein:
applying power to the load bank/heater includes applying 

power to the load bank/heater during genset test opera­
tions when there is no power demand from a load, and 
applying power to the load bank/heater during genset 
run operations when there is power demand from the 
load; and

regulating the amount of power applied to the load bank/ 
heater includes regulating the amount of power applied 
to the load bank/heater to maintain the temperature of 
the exhaust in the aftertreatment system within the SCR 
operating temperature range during both the genset test 
operations and the genset run operations when there is 
power demand from the load.

5. The method of claim 4, wherein during the genset test 
operations the load is disconnected from the genset and the 
load bank/heater provides a test load.

6. A method for operating a control system to control the 
application of power from a genset to a load bank/heater in an 
exhaust aftertreatment (AT) system of the type having a diesel 
particulate filter (DPF) section and selective catalytic reduc­
tion (SCR) section coupled to the genset, the method includ­
ing:

operating the AT system in a run mode;
applying power to the load bank/heater during the run 

mode operation to heat exhaust from the genset;
monitoring temperature of the exhaust during the run mode 

operation;
regulating the amount of power applied to the load bank/ 

heater during the run mode operation to maintain the 
temperature of the exhaust in the AT system within an 
SCR operating temperature range;

operating the AT system inaDPF filter regeneration mode;
applying power to the load bank/heater during the filter 

regeneration mode operation to heat exhaust from the 
genset; and

regulating the amount of power applied to the load bank/ 
heater during the filter regeneration mode operation to 
maintain the temperature of the exhaust in the AT system 
within a DPF filter regeneration temperature range.

7. The method of claim 6 wherein at least portions of the 
DPF filter regeneration temperature range are above portions 
of the SCR operating temperature range.

8. The method of claim 7 and further including periodically 
switching between run mode operation and DPF filter regen­
eration mode operation.

9. The method of claim 8 wherein periodically switching 
between run mode operation and DPF filter regeneration 
mode operation includes switching from run mode operation 
to DPF filter regeneration mode operation following a prede­
termined run mode duration.

10. The method of claim 8 wherein periodically switching 
between run mode operation and DPF filter regeneration 
mode operation includes switching from run mode operation 
to DPF filter regeneration mode operation following a time 
interval determined as a function of a load on the genset 
during the run mode operation.
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11. The method of claim 8 wherein periodically switching 
between run mode operation and DPF filter regeneration 
mode operation includes switching from DPF filter regenera­
tion mode operation to run mode operation following a pre­
determined DPF filter regeneration mode duration.

12. The method of claim 6 and further including:
operating the AT system in a DPF filter deep clean regen­

eration mode;
applying power to the load bank/heater during the DPF 

filter deep clean mode operation to heat exhaust from the 
genset; and

regulating the amount of power applied to the load bank/ 
heater during the filter deep clean mode operation to 
maintain the temperature of the exhaust in the AT system 
within a DPF filter deep clean temperature range.

13. The method of claim 12 wherein:
the method further includes monitoring pressure in the AT 

system; and
operating the AT system in the DPF filter deep clean mode 

includes operating the AT system in the DPF filter deep 
clean mode when the monitored pressure is above a 
target pressure indicating soot loading of the DPF filter.

14. The method of claim 13 wherein at least portions of the 
DPF filter deep clean temperature range are above portions of 
the SCR operating temperature range.

15. The method of claim 14 wherein operating in the DPF 
filter deep clean mode includes operating the AT system in the 
DPF filter deep clean mode for a predetermined deep clean 
mode duration.

16. The method of claim 13 wherein:
monitoring pressure in the AT system includes monitoring 

pressure in the AT system during run mode operation; 
and

operating the AT system in the DPF filter deep clean mode 
includes switching from the run mode to the DPF filter 
deep clean mode when the monitored pressure is above 
the target pressure indicating soot loading of the DPF 
filter.

17. The method of claim 16 and further including switch­
ing from the DPF filter deep clean mode to the run mode 
following completion of the deep clean mode.

18. The method of claim 12 and further including switch­
ing from the DPF filter deep clean mode to the run mode 
following completion of the deep clean mode.

19. The method of claim 18 and further including switch­
ing from the run mode to the DPF filter deep clean mode.

20. The method of claim 6 and further including:
operating the AT system in start-up quick heat mode when

the genset is started;
applying power to the load bank/heater during the start-up 

quick heat mode operation to heat exhaust from the 
genset;

regulating the amount of power applied to the load bank/ 
heater during the start-up quick heat mode operation to 
increase the temperature of the exhaust in the AT system 
until a selected operating temperature range is attained; 
and

switching from the start-up quick heat mode to the run 
mode following attaining the selected operating tem­
perature range.

21. The method of claim 6 and further including:
operating the AT system in start-up regeneration mode

when the genset is started;

applying power to the load bank/heater during the start-up 
regeneration mode operation to heat exhaust from the 
genset;

regulating the amount of power applied to the load bank/ 
heater during the start-up regeneration mode operation 
to maintain the temperature of the exhaust in the AT 
system within a start-up regeneration temperature range, 
wherein at least portions of the start-up regeneration 
temperature range are above portions of the SCR oper­
ating temperature range; and

switching from the start-up regeneration mode to the run 
mode following completion of the start-up regeneration 
mode.

22. The method of claim 21 wherein operating in the start­
up regeneration mode includes operating the AT system in the 
start-up regeneration mode for a predetermined start-up mode 
duration after the genset is started.

23. The method of claim 6 and further including: 
receiving a manual regeneration mode start command in

response to operator actuation of an operator interface 
during the run mode;

operating the AT system in a manual regeneration mode 
when the manual regeneration start command is 
received;

applying power to the load bank/heater during the manual 
regeneration mode operation to heat exhaust from the 
genset;

regulating the amount of power applied to the load bank/ 
heater during the manual regeneration mode operation 
to maintain the temperature of the exhaust in the AT 
system within a manual regeneration temperature range, 
wherein at least portions of the manual regeneration 
temperature range are above portions of the SCR oper­
ating temperature range; and

switching from the manual regeneration mode to the run 
mode following completion of the manual regeneration 
mode.

24. The method of claim 23 wherein operating in the 
manual regeneration mode includes operating the AT system 
in the manual regeneration mode for a predetermined manual 
regeneration mode duration.

25. The method of claim 24 and further including: 
receiving a manual regeneration stop command in response

to operator actuation of an operator interface during the 
manual regeneration mode operation; and 

switching from the manual regeneration mode to the run 
mode following receipt of the manual regeneration stop 
command.

26. The method of claim 23 and further including: 
receiving a manual regeneration stop command in response

to operator actuation of an operator interface during the 
manual regeneration mode operation; and 

switching from the manual regeneration mode to the run 
mode following receipt of the manual regeneration stop 
command.

27. The method of claim 6 and further including: 
receiving manual load mode commands, including manual

load settings, in response to operator actuation of an 
operator interface;

operating the AT system in a manual load mode when the 
manual load mode commands are received; and 

applying power to the load bank/heater as a function of the 
manual load settings during the manual load mode 
operation.
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28. The method of claim 27 and further including: 
monitoring temperature of the exhaust during the manual

load mode operation; and
reducing the amount of power applied to the load bank/ 

heater when the monitored temperature of the exhaust 
during the manual load mode operation exceeds a 
manual override temperature.

29. The method of claim 28 and further including regulat­
ing the amount of power applied to the load bank/heater as a 
function of the manual load settings and the monitored 
exhaust temperature during the manual load mode operation.

30. The method of claim 28 wherein the manual override 
temperature is a temperature higher than at least portions of 
the SCR operating temperature range.

31. The method of claim 27 and further including: 
receiving a manual load mode stop command in response

to operator actuation of an operator interface during the 
manual load mode operation; and 

switching from the manual load mode to the run mode 
following receipt of the manual load mode stop com­
mand.

32. An exhaust aftertreatment (AT) system for use with a 
genset, including:

a load bank/heater configured to be powered by the genset 
and to heat exhaust from the genset; 

a selective catalytic reduction (SCR) section for treating 
the heated exhaust;

a temperature sensor to monitor the temperature of the 
exhaust; and

a control system coupled to the load bank/heater and the 
temperature sensor, to regulate the amount of power 
applied from the genset to the load bank/heater during 
genset operation to maintain the temperature of the 
exhaust in the AT system within an SCR operating tem­
perature range.

33. The exhaust aftertreatment system of claim 32 wherein 
the control system includes:

a switch coupling power from the genset to the load bank/ 
heater; and

a controller coupled to the switch and the power sensor, to 
control the switch.

34. The exhaust aftertreatment system of claim 32 wherein 
the switch switches to control a duty cycle of power applied to 
one or more resistive elements in the load bank/heater.

35. The exhaust aftertreatment system of claim 32 wherein 
the switch couples or decouples one or more resistive ele­
ments in the load bank/heater to vary the applied load.

36. An exhaust aftertreatment (AT) system for use with a 
genset, including:

a load bank/heater configured to be powered by the genset 
and to heat exhaust from the genset; 

a diesel particulate filter (DPF) section to filter the heated 
exhaust;

a selective catalytic reduction (SCR) section to process the 
heated exhaust;

a temperature sensor to monitor the temperature of the 
exhaust; and

a control system coupled to the load bank/heater and the 
temperature sensor to operate the AT system in a run 
mode and a DPF filter regeneration mode and switch the 
system between the run mode and the filter regeneration 
mode, wherein:
in the run mode the control system regulates the amount 

of power applied to the load bank/heater to maintain

the temperature of the exhaust within an SCR operat­
ing temperature range; and

in the DPF filter regeneration mode the control system 
regulates the amount of power applied to the load 
bank/heater to maintain the temperature of the 
exhaust within a DPF filter regeneration temperature 
range that is different than the SCR operating tem­
perature range.

37. The exhaust aftertreatment system of claim 36 wherein 
the control system switches the AT system from the run mode 
to the filter regeneration mode following a predetermined run 
mode duration.

38. The exhaust aftertreatment system of claim 36 wherein: 
the AT system further includes a power sensor to monitor a

load on the genset; and
the control system switches the AT system from the run 

mode to the filter regeneration mode following a time 
interval determined as a function of the monitored load 
on the genset.

39. The exhaust aftertreatment system of claim 36 wherein 
the control system switches the AT system from the filter 
regeneration mode to the run mode following a predeter­
mined filter regeneration mode duration.

40. The exhaust aftertreatment system of claim 36 wherein: 
the system further includes a pressure sensor to monitor

pressure in the AT system; and 
the control system is coupled to the pressure sensor and 

causes the AT system to operate in a DPF filter deep 
clean regeneration mode when the monitored pressure is 
above a taiget pressure indicating soot loading of the 
DPF filter, and wherein the control system regulates the 
amount of power applied to the load bank/heater to 
maintain the temperature of the exhaust within a DPF 
filter deep clean regeneration temperature range during 
the deep clean regeneration mode.

41. The exhaust aftertreatment system of claim 40 wherein 
the control system causes the AT system to switch to the run 
mode following completion of the deep clean regeneration 
mode.

42. The exhaust aftertreatment system of claim 40 wherein 
the control system causes the AT system to operate in the filter 
regeneration mode for a predetermined regeneration mode 
duration and to operate in the deep clean regeneration mode 
for a predetermined deep clean regeneration mode duration 
that is longer than the regeneration mode duration.

43. The exhaust aftertreatment system of claim 3 6 wherein: 
the control system optionally includes an operator inter­

face; and
the control system further causes the AT system to operate 

in one or more of a start-up regeneration mode when the 
genset is started, a manual load mode in response to 
manual load mode commands, including manual load 
settings, from the operator interface, and a manual filter 
regeneration mode in response to manual regeneration 
mode commands, including a start command and 
optionally a stop command, from the operator interface, 
wherein:
in the start-up regeneration mode the control system 

regulates the amount of power applied to the load 
bank/heater to maintain the temperature of the 
exhaust in the AT system within a start-up regenera­
tion temperature range that is different than the SCR 
operating temperature range, and switches the AT sys-
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tem to the run mode following completion of the 
start-up regeneration mode;

in the manual load mode the control system applies 
power to the load bank/heater as a function of the 
manual load settings, and switches the AT system to 
the run mode following completion of the manual 
load mode; and

in the manual filter regeneration mode the control sys­
tem regulates the amount of power applied to the load 
bank/heater to maintain the temperature of the 
exhaust in the AT system within a manual filter regen­
eration temperature range that is different than the 
SCR operating temperature range, and switches the 
AT system to the run mode following completion of 
the manual filter regeneration mode.

44. The exhaust aftertreatment system of claim 43 wherein 
in the manual load mode the control system reduces the 
amount of power applied to the load bank/heater when the 
monitored temperature of the exhaust exceeds a manual over­
ride temperature.

* * * * *
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