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ObjectivesObjectives

To Evaluate Sensitivities of The Control System Performance To Evaluate Sensitivities of The Control System Performance 
To Fuel Variables To Fuel Variables 

To Determine The Regulated And Unregulated Emissions W. To Determine The Regulated And Unregulated Emissions W. 
&W/O Emission Controls&W/O Emission Controls

To Examine The Emission Control System DurabilityTo Examine The Emission Control System Durability

To Sample Toxic Emissions For Analysis By Outside LabTo Sample Toxic Emissions For Analysis By Outside Lab

RR

* Low Pressure Loop EGR* Low Pressure Loop EGR

To Demonstrate Low Emissions Performance of Advanced To Demonstrate Low Emissions Performance of Advanced 
Diesels+LPL EGR*+Urea SCR+DPF (2 Different Systems)Diesels+LPL EGR*+Urea SCR+DPF (2 Different Systems)
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Technical Approach--Development (φ1)Technical Approach--Development (φ1)
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Test SetupTest Setup
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Engine DescriptionEngine Description (on consignment to the project)(on consignment to the project)

Caterpillar C12Caterpillar C12

12.0 L/12.0 L/430 hp430 hp

InIn--Line/6 CylindersLine/6 Cylinders

Turbocharged/IntercooledTurbocharged/Intercooled

Rated Speed: 1800 rpmRated Speed: 1800 rpm

Peak Torque: 1650 lbPeak Torque: 1650 lb--ftft

Peak Torque Speed:Peak Torque Speed:1200 rpm1200 rpm

Emission Calibration: MY 2000Emission Calibration: MY 2000

System Components--EngineSystem Components--Engine
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System Components--FuelsSystem Components--Fuels

Fuel 1: Fuel 1: Baseline Baseline ----3 ppm S 3 ppm S 

Fuel 2: Fuel 2: Durability/Emission Durability/Emission EvalEval. . ----8 8 ppmppm SS

Fuel 3: Fuel 3: Research/Emission Research/Emission EvalEval..----15 15 ppmppm SS

Fuel 4: Fuel 4: BP 15BP 15

Fuel 5: 30 Fuel 5: 30 ppmppm (Excursions)(Excursions)
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System Components--EGR SystemSystem Components--EGR System
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Scope of Work--Post-Combustion Emission ControlsScope of Work--Post-Combustion Emission Controls
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CBCB--DPFDPF--RR
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Engine PerformanceEngine Performance
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Steady-State Emissions--350ppm Cert. 2D FuelSteady-State Emissions--350ppm Cert. 2D Fuel2D Fuel
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Transient Emissions--350ppm Cert. 2D Fuel -- Hot StartsTransient Emissions--350ppm Cert. 2D Fuel 2D Fuel ---- Hot StartsHot Starts
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Steady-State Emissions Comparison--As-Received W. 
Cert. Fuel 350ppm S and W.EGR*--DECSE 3ppm Fuel
Steady-State Emissions Comparison--As-Received W. 
Cert. Fuel 350ppm S and W.EGR*--DECSE 3ppm FuelFuel
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EGR* : Low Pressure Loop EGR With CBEGR* : Low Pressure Loop EGR With CB--DPFDPF

0.
02 0.
07 0.
11

0.
85

1.
46

3.
55

0.
00

7

0.
06

7 0.
36

6

0.
37

0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

g/
bh

p-
hr

BSHC BSCO BSNOx BSPM BSFC

W. EGR As-Received

RR

Transient Emissions Comparison--As-Received W. Cert. 
Fuel 350ppm S and W.EGR*--DECSE 3ppm Fuel -- Hot Starts
Transient Emissions Comparison--As-Received W. Cert. 
Fuel 350ppm S and W.EGR*--DECSE 3ppm Fuel Fuel ---- Hot StartsHot Starts



Steady-State Emissions Comparison--As Received w. 
350 ppm vs. EGR*/CB-DPF/SCR--DECSE 3 ppm Fuel
Steady-State Emissions Comparison--As Received w. 
350 ppm vs. EGR*/CB-DPF/SCR--DECSE 3 ppm FuelFuel
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Transient Emissions Comparison--As Received w. 350
ppm vs. EGR*/CB-DPF/SCR--DECSE 3 ppm Fuel -- Hot starts
Transient Emissions Comparison--As Received w. 350
ppm vs. EGR*/CB-DPF/SCR--DECSE 3 ppm Fuel Fuel ---- Hot startsHot starts
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Short-Term Sensitivity To Fuel Sulfur--Steady-State Composite Emissions --
Average of 2 OICA Tests
Short-Term Sensitivity To Fuel Sulfur--Steady-State Composite Emissions --
Average of 2 OICA Tests
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Summary and ConclusionsSummary and Conclusions
The C-12 Caterpillar test engine had an EPA Transient NOx/PM emissions of 

3.5/0.07 g/bhp-hr.

The LPL EGR system was installed and calibrated to yield:

−over 50% NOx reduction and,

− about 90%PM reduction

SCR System A was installed and urea injection was optimized for the OICA as well 
as  the transient cycle.

System A (including LPL EGR) yielded NOx/PM of 0.18/0.004 g/bhp-hr in the OICA 
test.

System A calibration for the EPA transient test cycle yielded composite results of 
0.22 to 0.24 g/bhp-hr NOx and 0.004 to 0.008 g/bhp-hr PM.

The next step for System A is 6,000 hours of durability.
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