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EXECUTIVE SUMMARY 

Johnson Matthey has developed proven technology to significantly reduce diesel 
particulate matter (PM) in both large stationary and mobile diesel engines. Use of an 
oxidation catalyst and a catalyzed particulate filter is the basis of this technology. This 
project tests a PM reduction after-treatment device on a 2007 Switcher Locomotive 
operated by Union Pacific (UPRR) in the Ports of Los Angeles and Long Beach, California. 

The project objective is to demonstrate the emissions reduction performance and 
field service durability of a Johnson Matthey diesel particulate filter in a rail application. 
Subsequent to a successful completion of this project Johnson Matthey will apply for 
verification with the California Air Resources Board (CARB) as well as move forward with 
the commercialization of these systems.  It is our intent to seek public financial incentives 
such as Carl Moyer, Proposition 1B, and other sources for switch locomotive projects in 
California and other locations in the US to assist in the commercialization process. 

INTRODUCTION AND BACKGROUND 
The purpose of this project was to demonstrate the Johnson Matthey Diesel 

Particulate Filter Technology so as to meet the 40 CFR Part 92b PM test cycle limit of 0.03 
g/(bhp-hr) PM for switch locomotives equipped with diesel engines that have PM 
emissions of ≤ 0.2 g/(bhp-hr) during a 3000-hour durability period. Johnson Matthey 
installed the Locomotive-Continuously Regenerating Technology (L-CCRT™) DPF 
aftertreatment system on a Union Pacific Railroad Company (UPRR) UPY-2755 switch 
locomotive 3GS-21B ULEL, built by NREC. Since the locomotive consists of three (3) 
engine Gensets, as shown in Figure 1, three L-CCRT™ DPF systems were installed; one 
for each engine.  
 

The L-CCRT™ DPF system is comprised of the following design features: 

 L-CCRT™ Unit – Each L-CCRT™ Unit comprises a DOC upstream of a wall-
flow DPF.  They are close coupled to minimize volume. 

 DOC – Each DOC is coated with platinum group metal (PGM) formulation to 
promote the conversion of a portion of the NO in the exhaust to NO2, which in 
turn promotes the low temperature combustion of soot collected in the filter. 

 L-CCRT™ System and Housing – Multiple L-CCRT™ Units are mounted in a 
single housing that is designed for easy access to the DOC and DPF’s for 
routine cleaning and maintenance. 

 The DPF also has a platinum group metal (PGM) formulation coating applied. 
The DOC removes CO and HC and oxidizes some of the NO in the exhaust 
gases to NO2 This NO2 then reacts with the PM trapped in the filter, producing 
NO and CO2. Some of the NO is then reoxidized to NO2 in the filter, which then 
reacts with more trapped PM. This enables the system to regenerate in 
applications with very low exhaust gas temperatures or low NOx:PM ratios in 
the exhaust gases. Its major advantage is in its wider range of operating 
conditions. 

 
The switcher provided by Union Pacific for this demonstration was a Model 

3GS21B Ultra-Low Emissions Locomotive (ULEL) built by NREC. It is certified to the 
EPA's Tier 2 switch duty cycle standards. The N-ViroMotive switcher consists of three (3)   
QSK-19-700 Diesel Engine Gensets on skid mounted frames, as shown in Figure 1. This 
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locomotive is powered by three engine-driven generator sets, Model 572RDL. The 19 liter 
Cummins QSK19C engine is an in-line six cylinder configuration, turbocharged, air-to-air 
after-cooled, and is common rail injected. Each of the three engines is capable of 
developing 700 horsepower (522 kW) for a total locomotive power output of 2,100 
horsepower (1,570 kW) with a nominal ISO 8178 D2 weighted PM emission factor of 0.2 
g/(bhp-hr). 

 
            

 
Figure: 1 Union Pacific UPY-2755 schematic of 3 GS-21B ULEL Switch Locomotive 

 
PROJECT BUDGET 

The proposed ARB grant agreement budget for this project is set at $692,356 with 
a contribution of $346,178 provided by the ARB. The participants, not to include ARB, are 
required to provide the other 50% of the total project expenses, as part of the agreement.  

Table 1: Project Budget 

Task 

No. Task Name Duration Start Finish

JM Project 

Costs

Project Admin 

Costs incurred 

by POLA

AQIP Project 

Funding 

Amount

AQIP Admin 

Funding 

Amount

AB 118 Project - EPA Tier 4 PM Retrofit System 1088 12/10/2010 12/2/2013

Phase 1 - Installation and Zero-Hour Test of DPF System 111 12/10/2010 3/31/2011

Project Kickoff Meeting 1 12/10/2010 12/10/2010  $    24,617.00  $    10,000.00  $    24,617.00  $      10,000.00 

1.1 Design DPF System 12 12/10/2010 12/22/2010

1.2 Fabricate and install three DPF systems, one on each engine 88 12/23/2010 3/21/2011

1.3 Analyze data and generate report 2 3/22/2011 3/24/2011

1.4

Deliverable:  Initial test report after installing the DPF 

systems 6 3/25/2011 3/31/2011  $    86,544.00  $    86,544.00 

Phase 2-Durability Test of DPF System for 1500 Hrs 227 4/1/2011 11/14/2011

2.1 Conduct 1500 hour field trial 206 4/1/2011 10/24/2011

2.2

Test locomotive emissions per Part 92 and inspect DPF 

system 6 10/25/2011 10/31/2011

2.3 Analyze data and generate report 5 5/15/2012 5/20/2012

2.4 Deliverable: Phase 2 Summary Report 0 6/1/2012 6/1/2012  $    86,545.00  $    86,545.00 

Phase 3 -Durability Test of DPF System for Remaining 1500 

Hrs 348 6/1/2012 5/15/2013

3.1 Conduct second 1500 hour field trial 348 6/1/2012 5/15/2013

3.2

Test locomotive emissions per Part 92 and inspect DPF 

systems 31 3/15/2013 4/15/2013

3.3 Analyze data and generate report 16 4/15/2013 5/1/2013  $    86,545.00  $    86,545.00 

3.4 Deliverable:  Phase 3 Summary Report (3000 Hrs) 215 5/1/2013 12/2/2013  $    41,927.00  $    10,000.00  $    41,927.00  $      10,000.00 

TOTAL  $ 326,178.00  $    20,000.00  $ 326,178.00  $      20,000.00 

Project Total  $346178  $346178  
 

PROJECT TIMELINE  

 
The scope of this project took place from December 2010 to the December 2, 

2013. There were three phases in this project, which include installation, durability 
operations, and the completion of the verification period. During Phase 1, the after-

Genset 
#1 

Genset 
#2 

Genset 
#3 
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treatment system was installed, the initial emissions tests were completed, and the first 
durability period took place. After the first durability period of 1500 hours took place, 
Phase two began.  

During Phase two, a 2
nd

 FTP was completed to verify that the system continued to 
perform at PM reductions levels below the Tier 4 limit. After this was completed, a 2

nd
 

round of durability testing took place. Once the 2
nd

 Phase was completed, the locomotive 
returned to Southwest Research Institute Locomotive Technology Center (SWRI-LTC) in 
order to complete the final round of FTP testing, Phase-3.   After validating that the 
exhaust PM reduction met the Tier 4 Requirements, the project completed the main 
objective of this endeavor.  

Due to some engine related malfunctions, the project schedule was pushed back to 
a completion date of December 2013, as compared to June 2013; see Appendix-C. The 
mechanical failures experienced during the demonstration have been deemed unrelated to 
the installation and independent of the use of the Johnson Matthey L-CCRT™ system 
DPF retrofit by Union Pacific mechanical staff. The new schedule, which included the 
project delays and new projections, is shown in Figure 2. At this point, all phases have 
been completed, and verification testing has successfully proven the performance of the L-
CCRT™. 

 

 
Figure 2: Project Timeline 

 
The 3000-hour exhaust emission tests using the Federal Test Procedure (FTP) for 

locomotives, as detailed in Title 40 of the U. S. Code of Federal Regulations (CFR), Part 
92, Subpart B, were performed on 4/12/13, 04/15/13 and 08/06/13. The durability 
operation of the locomotive began on 6/23/11, as it was picked up from the Southwest 
Research Institute Locomotive Technology Center (SWRI-LTC) and transported to the 
Union Pacific Railroad Company (UPRR) Mead Yard in Wilmington, California. The 
accumulation of 3000 hours was completed on 03/13/13. The rate of accumulation of the 
3000-hours between those dates is presented in Figure 3. 
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Figure 3: Durability Hour Accumulation for 3000 Hour Durability Period 

 
While conducting the normal durability operations in the Los Angeles Basin, Engine 

#3 was disabled due to a malfunction that caused the engine cooling system to exceed its 
normal operating temperature, see Appendix G for the repair report. The initial malfunction 
was reported on February 20, 2012. Since the locomotive had accumulated 1300 hours at 
the time of the malfunction, a decision was made to disable the Genset #3 for the 
remainder of the first durability period and to run the switch locomotive on Gensets #’s 1 
and 2. Once the durability period was completed, the locomotive was moved to the SWRI-
LTC (203 Milam Street San Antonio, TX  78202) for repairs and follow on 1500-hour FTP 
testing. The root cause of the malfunction was observed to be a defect in the casting of 
the #5 cylinder head intake port of the engine.  

While conducting an inspection of the L-CCRT™ it was found that no significant 
impact was imparted to the system during the malfunction of the engine. Further, after the 
engine repairs were completed the Genset #3, with the L-CCRT™ installed, was run and 
monitored for back-pressure and temperature. Results of this preliminary test found that all 
performance parameters were within normal operation, and further validated the engine 
repairs and the normal operation of the DPF system.  

Once the 1500-hour Test was completed, the 2
nd

 part of the 3000-hour durability 
period of the Locomotive Verification Plan began. During this 2

nd
 durability period, the 

locomotive returned to revenue service in Southern California’s LA Basin and carried out a 
second 1500 hour period of service. During this second period, an engine malfunction 
caused the temporary removal of the switch locomotive from service, at about 2600 hours 

1500-Hr 
Testing @ 
SWRI-LTC 

Genset #3 disabled 
due to overheating 

(see Table 7) 

Genset #3 disabled 
due to excessive oil 

consumption         
(see Table 7) 
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of durability service, and an inspection of the L-CCRT filters ensued. It was found that 
during periodic maintenance of the switch locomotive, i.e. federally mandated 90 day 
regular maintenance, oil was overfilled in the oil sump, causing excess oil consumption to 
be ingested into the combustion system, and causing an accelerated L-CCRT™ Filter 
backpressure increase. This effect was isolated to Genset #3, and is described in more 
detail in Appendix H of this report. After inspection of the filters and catalyst elements, it 
was found that unburned hydrocarbons and an excess level of soot accumulation on the 
face of these elements was exhibited. Inspection of the L-CCRT™ filters of Genset #1 and 
2 found normal conditions, as was indicated by the backpressure monitoring trend.  After 
meeting with the members of the AQIP project, it was agreed that the filters and catalyst 
elements could be cleaned via CARB approved cleaning methods. However, a detailed 
report of the malfunction would be needed to determine the root cause of the malfunction, 
as detailed in Appendix H. After the filters and catalyst elements were cleaned, and the 
engine was repaired, the switch unit was re-assembled and returned to revenue service.  

The locomotive returned to the SWRI-LTC to carry out the final triplicate set of Part 
92b tests on April 4

th
, 2013. The purpose of these follow up tests was to verify the            

L-CCRT™ system performance after the 3000 hours of revenue service-environment of 
the switch locomotive. The 3

rd
 Part 92b tests resulted in PM output emissions lower than 

the Tier 4 Switch Locomotive EPA Limits and the L-CCRT™ DPF system met the 
objectives of the project. 
  

PROJECT MILESTONES 

 
The project milestones are enumerated below. These milestones reflect the major 

events in the project, as well as the expected outcomes.  All milestones were completed. 
 
1. Design DPF System   
The test locomotive will be inspected and measured to determine the size, shape, 
mounting details, and exhaust piping arrangement for the DPF system.  At least one 
Johnson Matthey engineer and one electrical engineer will inspect the locomotive and take 
dimensional measurements.  They will return to the home office and design the emission 
control system including electronic controls.  The DPF system will be custom designed to 
fit the available space in the locomotive and provide the PM reduction required to meet 
Tier 4 standards while meeting the exhaust back pressure limit and expected 6 month 
cleaning interval.                  - COMPLETED 
 
2. Fabricate and install three DPF systems, one on each engine  
Johnson Matthey will create the custom fabrication drawings and electrical schematics for 
the DPF system.   The electro-mechanical hardware will be fabricated and then shipped to 
SwRI.    SwRI will be contracted to install the DPF systems.   The existing silencers will be 
removed from the engine exhaust systems and replaced with the DPF systems.  The roof 
of the locomotive will be modified to fit the DPF systems.                             - COMPLETED 
 
3. Test locomotive emissions per Part 92 – “Zero Hour Test” 
The locomotive stacks will be combined and the common exhaust pipe will be connected 
to analytical equipment and the exhaust will be analyzed to determine treated emissions 
levels for CO, NOx, PM, exhaust temperatures, and flow rates.   Prior to testing, a 20-hour 
degreening phase will take place, in order to thermally stabilize the catalyst performance 
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(Knafl, 2006). The locomotive will be tested according to EPA CFR Title 40 Part 92 test 
methods.                                    - COMPLETED 
 
4. Analyze data and generate report 
The SwRI data will be analyzed and presented in the initial report.    Baseline emissions 
will be calculated and reported with the EPA switch locomotive duty cycle weighting 
applied.                                                                                                          - COMPLETED 
 
5. Deliverable:  Initial test report after installing the DPF systems 
                - COMPLETED 
 
6. Conduct 1500 Hour field trial 
The locomotive will be released to UP.  UP will send the locomotive to California for field 
testing.   During the field trial, Johnson Matthey will monitor the exhaust system back 
pressure, exhaust temperature, and duty cycles with a cell based data acquisition system.                                                                       

      - COMPLETED 
 
7. Test locomotive emissions per Part 92 and inspect DPF system.  
The locomotive will be returned to SwRI and the locomotive exhaust stacks will be 
connected to analytical equipment and the exhaust will be analyzed to determine 
emissions levels for CO, NOx, PM, exhaust temperatures, and flow rates.   The engine will 
be tested according to EPA CFR Title 40 Part 92 test methods.   The DPF system will be 
visually inspected to determine if electrical controls and mechanical hardware, including 
filters and catalyst, are still intact with no damage, loose components, corrosion, etc.   A 
JM engineer will perform the visual inspection.                                                                       

      - COMPLETED 
 
 
8. Analyze test data and generate report  
The SwRI data including results of the visual inspection will be presented in the final 
Phase 1 summary report.                                                                           

      - COMPLETED 
 
9. Deliverable:  Phase 1 Summary Report                                                                        

      - COMPLETED 
 
  
10. Conduct second 1500 Hour field trial  
The locomotive will be released to UP.  UP will send the locomotive back to California for 
additional field testing.   During the field trial, Johnson Matthey will monitor the exhaust 
system back pressure, exhaust temperature, and duty cycles with a cell based data 
acquisition system.                                                                          

      - COMPLETED 
 
 
11. Test locomotive emissions per Part 92 and inspect DPF systems  
The locomotive will be returned to SwRI and the test engines will be connected to 
analytical equipment and the exhaust will be analyzed to determine emissions levels for 
CO, NOx, PM, exhaust temperatures, and flow rates.   The engines will be tested 
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according to EPA CFR Title 40 Part 92 test methods.   The DPF systems will be visually 
inspected to determine if electrical controls and mechanical hardware, including filters and 
catalyst, are still intact with no damage, loose components, corrosion, etc.   A JM engineer 
will perform the visual inspection.    

                  - COMPLETED 
 
12. Analyze test data and generate report  
The SwRI data including results of the visual inspection will be presented in the final 
Phase two summary report.    3000 hour emissions will be calculated and reported with 
the EPA switch locomotive duty cycle weighting applied.    

                  - COMPLETED 
 
 
13. Deliverable:  Phase Two Summary Report and Final Report 

                  - COMPLETED 
 
 

AFTER-TREATMENT INSTALLATION 
 

The L-CCRT Installation began on April 2011 and was competed on May 20, 2011. 
The installation of the 3 L-CCRT’s is shown in Figures 4 and 5, below; which show the 
locomotive UPY-2755 before and after the retrofit installation. 

 
Figure 4: Union Pacific Switch Locomotive UPY-2755 fully equipped with 3 L-CCRT’s 

 

L-CCRT™ 
#1 

L-CCRT™ 
#2 

L-CCRT™ 
#3 
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Figure 5: Union Pacific Switch Locomotive UPY-2755 in original state 

 
Description of Locomotive CCRT (L-CCRT) 

 
The installation of the L-CCRT’s required modification to the engine skid on each of 

the three Gensets, as shown in Figure 6. The removal of the original engine muffler 
provided the necessary space to install the unit. 

 

 
Figure 6: L-CCRT Installed on one Genset of UPY-2755, with Engine Exposed 
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The design of the L-CCRT is intended to operate in a harsh mechanical environment. 
The mounting design takes into consideration the following: 

1. High G-Shock loads related to the switcher coupling during normal revenue 
service. The design is expected to sustain a high-cycle of 5-G-Shock loads. 

2. The High temperature environment (~1050 °F) of the engine exhaust will result in 
large thermal expansion of the unit during operation. This type of growth was 
accounted for, and is expected to work in tandem with the 5-G-Shock load rating, 
as described above. 

 

 
Figure 7: L-CCRT™ Installed on one genset of UPY-2755, Genset #2 

 
 

It is expected that the filter element of the L-CCRT DPF System will have to be 
periodically cleaned of collected ash.  The cleaning can be carried out by removing the top 
lid of the housing to gain access to the filters, see Figure 7. The period between cleanings 
is dependent on how much lubricating oil the engine burns and the number of hours of 
operation in idle mode. 
 

Johnson Matthey’s best estimate for cleaning cycle for locomotive engine operation 
is somewhere between 4100 and 6000 hours of service depending on the operational 
performance of the engines.  While this is a broad range for a cleaning frequency, the 
actual cleaning frequency for each engine can be determined from the Onboard               
L-CCRT™ Diagnostic Monitoring System (CRTdm).  The CRTdm monitors the genset’s 
engine exhaust-gas-pressure (EGP) and exhaust temperature (EGT). Once the EGP gets 
to within 90% of the maximum operating limit, an amber warning light is emitted to inform 
the operator of the maintenance requirement. Once 100% of the maximum operating limit 

L-CCRT™ 
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is achieved, a red warning light is emitted to inform the operator to stop the use of the 
genset until maintenance is completed. 
 

3000-Hour EVALUATION RESULTS 
The locomotive engine test procedure is designed to determine the brake specific 

emissions of particulates, as per 92.123 of 40 CFR Part 92 Subpart B. The test procedure 
consists of measurements of brake specific emissions at each throttle position as engine 
power is increased. Since there are three engines in this locomotive, an exhaust collector 
was fabricated to join the exhaust to a single output, as shown in Figures 8 and 9. The 
regulations require three tests be repeated as shown in Table 2, below. The sample times 
for all the test modes was increased to 600 seconds, versus the minimum of 360 seconds, 
in order to acquire a measurable amount of particulate matter for each test. 

Exhaust emissions testing for this project was performed by Southwest Research 
Institute at the SwRI-LTC in San Antonio, Texas. SwRI performed baseline exhaust 
emission tests using the FTP for locomotives, as detailed in Title 40 of the U. S. CFR, Part 
92, Subpart B. In accordance with the FTP, emissions of HC, CO, NOX, and PM were 
measured for each throttle notch. This data was used to calculate the US EPA Switch 
Cycle weighted composite emission level for each pollutant. Since the switch locomotive is 
not equipped with a dynamic brake, Mode Numbers 1, 1a, and 2 are equivalent. 
 

Table 2:  Test sequence for locomotives and locomotive engines  

B124–1 of 40 CFR Part 92 Subpart B Section 92.124  

Mode 
No. 

Notch setting Time in notch 
Emissions 
measured 

Power, and fuel 
consumption 

measured 

Warm 
up 

Notch 8 5 ±1 min None None 

Warm 
up 

Lowest Idle 
15 min maximum (after engine speed 
reaches lowest idle speed) 

None None 

1a Low Idle 6 minutes minimum (600 seconds actual) All Both 

1 Normal Idle 6 minutes minimum (600 seconds actual) All Both 

2 Dynamic Brake 6 minutes minimum (600 seconds actual) All Both 

3 Notch 1 6 minutes minimum (600 seconds actual) All Both 

4 Notch 2 6 minutes minimum (600 seconds actual) All Both 

5 Notch 3 6 minutes minimum (600 seconds actual) All Both 

6 Notch 4 6 minutes minimum (600 seconds actual) All Both 

7 Notch 5 6 minutes minimum (600 seconds actual) All Both 

8 Notch 6 6 minutes minimum (600 seconds actual) All Both 

9 Notch 7 6 minutes minimum (600 seconds actual) All Both 

10 Notch 8 15 min minimum All Both 
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Figure 8: UPY2737 Setup for Baseline Testing by Combining All Three Exhaust Stacks 

 
In order to simplify the timeline for this project, the locomotive baseline emissions 

test results for UPY-2737 were used. Under CARB Agreement No. 08-409, SWRI-LTC 
was contracted to perform a baseline emission test on a UPRR provided switcher 
locomotive UPY2737. The locomotive baseline testing, with all three engine gensets 
active, followed Title 40 of the U. S. CFR, Part 92, Subpart B. This locomotive, UPY-2737, 
is of the same series of locomotives as UPY-2755, including the same series QSK-19-700 
Engines.  The testing for UPY-2737 took place in January 2010. Since the switch 
locomotive model and engines are of the same series, the differences between the two 
FTP tests should be minimal.  During the baseline emissions testing of UPY-2737, the 
exhaust stacks of all three engines were combined to a single plenum, as shown in Figure 
8. The purpose of the January 2010 test was to determine the output emissions from the 
switch locomotive without an aftertreatment device. The results for the baseline tests are 
shown in Table 3. 

 

 
Figure 9: UPY-2755 equipped with 3 L-CCRT’s. Exhaust Flow is combined for Part92b Testing 
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In addition to the baseline test results, the zero-hour, 1500-hundred hour and 3000-
hour results from phases 1 and 2 are presented in Table 3, and graphically displayed in 
Figure 10. The PM outputs in all tests were well below the Tier 4 PM Limit of 0.03 g/(bhp-
hr). The final PM values are displayed under the 8

th
 column under PM (g/hp-hr). 

 

Table 3: FTP Results for Baseline, 0-hour, 1500 Hour and 3000 Hour Tests 

obs.BSFC HC CO NOx PM TB Corr. PM

Date Fuel Test lb/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr

22-Jan-10 TxLED-ULSD FTP-1 0.412 0.13 1.26 2.9 0.108

25-Jan-10 TxLED-ULSD FTP-2 0.414 0.12 1.21 3.0 0.100

25-Jan-10 TxLED-ULSD FTP-3 0.426 0.13 1.26 3.0 0.107

0.417 0.128 1.2410 3.0 0.105

3-Jun-11 EPA Cert ULSD FTP-1 0.402 0.02 0.00 2.7 0.004 0.002

3-Jun-11 EPA Cert ULSD FTP-2 0.403 0.01 0.00 2.8 0.003 0.001

4-Jun-11 EPA Cert ULSD FTP-3 0.423 0.01 0.00 2.6 0.003 0.002

0.409 0.014 0.0041 2.7 0.003 0.002

-1.93% -97% -100% -8% -97% -99%

24-Apr-12 EPA Cert ULSD FTP-1 0.417 0.03 0.00 3.0 0.007 0.006

24-Apr-12 EPA Cert ULSD FTP-2 0.408 0.01 0.00 2.8 0.011 0.008

27-Apr-12 EPA Cert ULSD FTP-3 0.418 0.03 0.00 2.6 0.011 0.010

0.414 0.021 0.0038 2.8 0.010 0.008

-1% -83% -100% -5% -91% -92%

12-Apr-13 EPA Cert ULSD FTP-1 0.425 0.01 0.01 2.8 0.022 0.022

15-Apr-13 EPA Cert ULSD FTP-2 0.434 0.01 0.01 2.8 0.019 0.017

5-Aug-13 EPA Cert ULSD FTP-3 0.421 0.02 0.00 3.0 0.022 0.020

0.427 0.01 0.01 2.9 0.021 0.019

2% -90% -99% -3% -80% -82%

3000 HOUR FTP TEST RESULTS FOR UPY-2755 with L-CCRT© DPF System

Average JM-DPF (UPY-2755)

Engine Out avg vs. JM-DPF, % diff

1500 HOUR FTP TEST RESULTS FOR UPY-2755 with L-CCRT© DPF System

Average JM-DPF (UPY-2755)

Engine Out avg vs. JM-DPF, % diff

CFR 40 Part 92b EPA Switch Cycle

Average JM-DPF (UPY-2755)

Engine Out avg vs. JM-DPF, % diff

Average Engine Out (Baseline UPY-2737)

BASELINE FTP TEST RESULTS FOR UPY-2737 without an After-treatment System

ZERO HOUR FTP TEST RESULTS FOR UPY-2755 with L-CCRT© DPF System

 
 

Due to the low PM output from the L-CCRT™ system, it was noticed that a slight 
accumulation of PM was deposited onto the surface of the test plenum, interior surfaces, 
and ducts used to measure the PM output. As such, a test was carried out to measure the 
PM released from these surfaces after the locomotive was turned off. The PM measured 
from this test was found to be a slight but significant percentage of the overall PM found 
during the test outlined in Table 2. Thus, the Tunnel Background Corrected Particulate 
Matter (TB Corr. PM) in column 9 was determined to be the PM measured minus the PM 
found during the post PM test measurements, see Appendix-A, pg. 39, Section 2.5.2 
Particulate Emissions Sampling for a more detailed description. 
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Figure 10: Part 92b PM emissions at each notch, for Baseline, 0-hour, 1500-hour and 3000-hour tests 

 
The comparison of the baseline emissions tests and the 3000-hour Tests 

demonstrated a PM reduction of greater than 80%, or a switch cycle weighted output PM 
of 0.021 g/(bhp-hr). Given the EPA Tier-4 Switcher Cycle Output PM limit of 0.03 g/(bhp-
hr), the results of this test showed that the locomotive PM emissions were about 30% 
below the Tier-4 PM Limit, as shown in Figure 11. As shown in Figure 10, the PM output at 
each notch was significantly reduced. The Observed Brake Specific Fuel Consumption 
(obs.BSFC) in column 4 of Table 3 is representative of the fuel consumption of the 
locomotive during normal operation. As shown in Appendix A’s figure 8, there was no 
statistically significant change in fuel consumption throughout the 3000 hours of durability 
service. 
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Figure 11: PM Results (avg.) comparing the Tier 4 PM Locomotive Limit  

versus the Baseline Engine Out, the 0-hour Results, 1500-hour and the 3000-hour Results 
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3000 HOUR DURABILITY PERIOD AND PERFORMANCE 
   
 During the durability period, a data acquisition system (JM-DAQ) monitored the 
system back-pressure, EGP, engine exhaust temperature, EGT, and engine RPM. The 
purpose of this data collection is to monitor the day-to-day performance of the after-
treatment system.  
 

Table 4: NREC Rated Power at each Notch Setting 

Gen#1 Gen#2 Gen#3

Gross 

Power

Notch

Eng. 

RPM BHP BHP BHP Total HP

IDLE 1200 67 -- -- 67

N1 1500 228 -- -- 228

N2 1500 388 -- -- 388

N3 1800 685 -- -- 685

1800 547 -- --

1500 -- 390 --

1800 661 -- --

1500 -- 485 --

1800 594 -- --

1800 -- 514 --

1500 -- -- 429

1800 667 -- --

1800 -- 587 --

1800 -- -- 587

1800 697 -- --

2000 -- 686 --

2000 -- -- 686

N4

RATED POWER GENERATED BY NREC 3G21B UPY-2755 

PER ENGINE (QSK19-700)

937

1146

1537

2069N8

N7

N6

N5

1841

 
 

Given the locomotive OEM performance specifications, as provided by the 
manufacturer, NREC, in Table 4, it was possible to determine the time spent at each 
locomotive notch position, and therefore determine important durability information, as 
presented in Table 5.  

 
 
 

COMPANY 
CONFIDENTIAL 
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Table 5: Estimated Performance of UPY-2755 during the 3000 hour durability operation 

NOTCH

TIME AT 

NOTCH

Percent of 

Eng Hrs @ 

Notch

Fuel 

Consumption 

Rate (1)

Fuel 

Consumption 

Rate (1)

Fuel 

Consumption 

Traction 

Power (2)

Traction 

MWHrs

Model 

Gross 

Power (3)

Gross 

Power 

MWHrs

Estimated PM 

Output w/out         

L-CCRT (4)

Estimated PM 

Output with                 

L-CCRT (5)

# Hours % lb/hr kg/hr kg kW MWHrs kW MWHrs grams grams

IDLE 1944.5 62.1% 17.5 8.0 15465 13 25052 50 97152 13702 5190

N-1 244.5 7.8% 89.9 40.8 9971 159 38924 170 41572 5863 2221

N-2 296.6 9.5% 149.4 67.8 20103 274 81182 289 85812 12103 4584

N-3 187.6 6.0% 244.1 110.7 20771 472 88611 511 95839 13517 5120

N-4 113.4 3.6% 343.4 155.7 17665 646 73229 699 79250 11178 4233

N-5 110.3 3.5% 404.2 183.4 20225 788 86922 855 94262 13295 5035

N-6 55.1 1.8% 547.7 248.4 13685 1043 57433 1146 63138 8905 3373

N-7 39.8 1.3% 646.2 293.1 11657 1246 49536 1373 54596 7700 2916

N-8 140.3 4.5% 752.4 341.3 47869 1401 196467 1543 216412 30523 11560

# Hours % kg MWHrs MWHrs

TOTAL 3132.1 100.0% 177,411           697,355   828,032      116787 44232

Notes:

1

2

3

4

5

Fuel consumption Rate assumes the SWRI FTP average fuel rate per Notch from Zero-Hour FTP Testing Data

Traction Power (HP) assumes the SWRI FTP average Traction Power rate per Notch from Zero-Hour FTP Testing Data

Gross Power (HP) assumes the NREC average Gross Power rate per Notch from Rated Power

Estimated from Baseline Testing of UPY-2737, which had an output rate of 0.105 g/(bhp-hr) PM output. 

Estimated from Average FTP Testing of UPY-2755, which had an output rate of 0.0398 g/(bhp-hr) PM output, Tunnel Background Corrected, per 

NREC 3G21B Gen set Locomotive DPF Verifcation Testing, SwRI Project No. 03.16478  
 

Further, the data presented the notch-profile of the locomotive during the 3000-hour 
operational period, as shown in Figure 12. 

IDLE
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Figure 12: Durability Notch Profile for UPY-2755 
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The pie chart in Figure 12 demonstrates that a large part of the operational cycle of 

the switch locomotive is spent in the Idle state. Further, a full eighty percent of the time the 
operational duty cycle is spent in Idle, Notch-1 and Notch-2.  
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Figure 13: EGP at Notch-3 for zero-hour, 1500-hr and 3000-hr FTP tests, 95% C.I. error bars 

 
Test data taken during the FTP cycle at SWRI-LTC was used to determine the 

performance of the system at both the zero-hour and 1500 hour periods. The overall 
performance of the DPF system remains within the normal operating EGP of the 
aftertreatment system, i.e. less than 40 inches of water column pressure. One important 
test point demonstrating the health of the individual genset system is the Exhaust Gas 
Pressure, EGP, of the L-CCRT™ at the Notch-3 position.  
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Table 6: Notch-3 EGP FTP Results 

ENGINE DATE

DURABILITY 

TIME NOTCH

EGP 

(Avg)

EGP 

(σ)

# # Hours # " W.C. " W.C.

1 7/27/2011 0 3 21.7 1.0

2 6/3/2011 0 3 25.5 1.2

3 5/27/2011 0 3 21.3 0.6

1 4/24/2012 960 3 22.1 0.3

2 4/24/2012 690 3 25.2 0.5

3 4/27/2012 1080 3 27.6 0.4

1 8/5/2013 1750.5 3 22.7 0.5

2 4/12/2013 1554.5 3 26.1 0.8

3 4/13/2013 1964.9 3 24.8 0.8  
At Notch-3, a single genset is activated and is operating at 98% of the full capacity 

of the engine. The data taken during the zero-hour, 1500-hour and 3000-hour testing was 
compared at this test point, and is presented in Figure 13 and Table 6. Since data was 
collected from each of the systems independently, it was possible to determine the 
individual run time of each Genset, despite the combined locomotive run time of 3000 
hours. During previous baseline testing on UPY-2737, it was found that the EGP of the 
Gensets with the OEM silencer was 37”W.C. (inches of water column). However, as 
shown in Figure 13 and Table 6, the EGP of the three L-CCRT™’s ranged from 22.7 to 
27.6”W.C. after 3000 hours of service.  
 

 

CONCLUSIONS 

The Johnson Matthey L-CCRT™ diesel particulate filter technology demonstrated 
significant reductions in FTP Switch cycle HC, CO and PM emissions on locomotive   
UPY-2755 after 3000 hours of field durability operation. The overall PM output after the 
3000-hour durability period was 0.021 g/(bhp-hr), or about 30% below the EPA Tier-4 
Switch Duty cycle limit of 0.03 g/(bhp-hr) and 71% below the Baseline Output Emissions.  
 

After 3000 hours of service, the performance of the L-CCRT system did not 
degrade in any significant manner. Despite exposure to the high-cycle 5-g shock loading 
mechanical environment, the robust design allowed the system to perform as expected, 
resulting in PM emissions being below the Tier 4-PM limit throughout the project. 
 

Johnson Matthey’s L-CCRT™ DPF technology achieved Tier 4 PM emission limits 
on a three genset switch locomotive.  The L-CCRT™ DPF system was demonstrated 
through this project to be reliable and durable over three years of field operation.  With this 
success, it is our intention to commercialize the L-CCRT™ for use on switch locomotive 
applications. 
 
 With the successful completion of the project, it is our intention to commercialize 
the L-CCRT™ system as a retrofit device on the existing installed base of switch 
locomotive applications in California and elsewhere in the US. 
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We have begun the process of applying for verification with the California Air 
Resources Board (CARB) and anticipate that the L-CCRT™ will receive CARB verification 
in the first quarter of 2014.  
 

We will apply for public financial incentives in California such as Carl Moyer and 
Prop 1B as well as other public funding sources outside of California for projects 
elsewhere in the US. These public Incentive funds will be used to assist in the 
commercialization of this technology to incentivize owner operators of genset switch 
locomotives to reduce emissions wherever these locomotives are located. 
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APPENDIX A: SWRI 3000-hour Test Report 
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APPENDIX F: Photos of UPY-2755 equipped with three JM L-
CCRT™ 
 

 
 
 
 
Photos of UPY-2755 equipped with three JM L-CCRT™  
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Photos of UPY-2755 equipped with three JM L-CCRT™  
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Photos of UPY-2755 equipped with three JM L-CCRT™ 

 
 
 Photos of UPY-2755 equipped with three JM L-CCRT™ 



Page 76 of 109 
Final Report of Tier IV PM Retrofit System 

 



Page 77 of 109 
Final Report of Tier IV PM Retrofit System 

Photos of UPY-2755 equipped with three JM L-CCRT™ 
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Photos of UPY-2755 equipped with three JM L-CCRT™  

 
 
Photos of UPY-2755 equipped with three JM L-CCRT™  
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Photos of UPY-2755 equipped with three JM L-CCRT™  
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APPENDIX G: SWRI-LTC Repair Report for Engine#3, 2012 
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APPENDIX H: 2600 Hour Repair Report for Engine#3, 1/16/2013 
During the second 1500 durability period, an engine malfunction caused the 

temporary removal of the switch locomotive from service, at about 2600 hours of 
durability service, and an inspection of the L-CCRT filters ensued. It was found that 
during periodic maintenance of the switch locomotive, i.e. federally mandated 90 day 
regular maintenance, oil was overfilled in the oil sump, causing excess oil consumption 
to be ingested into the combustion system, and causing an accelerated L-CCRT Filter 
backpressure increase. The scheduled maintenance for UPY-2755 is shown in the 
table labeled UPY-2755 Maintenance History Summary, below. During the highlighted 
timeframe of 1/10-1/15/12, the overfilling of oil into the engine sump was carried out.  

The primary indicator demonstrating a malfunction in the system was the rapid 
increase in backpressure, which was being monitored with the onboard data 
acquisition system. As shown in the figure below, the backpressure exceeded 40” w.c. 
(engines OEM maximum operating pressure) to a pressure of 47” w.c., in January 
2013. Since the 3 systems operated well below the maximum threshold for the first 
2600 hours, it was a surprise to see one system, gen #3, to exceed it within a very 
short period of time. Once this trend was found, the engine was removed from 
operation, and the inspection of the #3 generator system was requested. This effect 
was isolated to Genset #3, after inspection of the filters and catalyst elements; it was 
found that unburned hydrocarbons and an excess level of soot accumulation on the 
face of these elements were exhibited. Inspection of the L-CCRT filters of Genset #1 
and 2 found normal conditions, as was indicated by the backpressure monitoring 
trend.  However, as shown in the photographs below, the filters were saturated with 
the excess hydrocarbons from the increased oil consumption of the engine.  
 
 



Page 105 of 109 
Final Report of Tier IV PM Retrofit System 

 

0

5

10

15

20

25

30

35

40

45

50

1
2

/1
7

/1
2

1
2

/2
2

/1
2

1
2

/2
7

/1
2

1
/0

1
/1

3

1
/0

6
/1

3

1
/1

1
/1

3

1
/1

6
/1

3

1
/2

1
/1

3

G
e

n
se

t 
#3

 B
ac

kp
re

ss
u

re
 (

"w
.c

.)

 
Figure 14: EGP of Genset #3 before the incident and during the January 2013 sudden EGP increase 
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Table 7: Malfunction Schedule for UPY-2755 during the 3000-Hour Durability Period 

Incident #Date Incident/Problem Source of Problem Description of Repair Measures

1 5/5/2011

During degreening of L-CCRT™'s on UPY-

2755, engine #3 had a major engine 

malfunction during N-3 operation. The 

result of this engine malfunction was a total 

engine replacement. Coolant was injested 

into the exhasut stream, and passed 

through the L-CCRT on genset #3. 

Inspection of the engine found that coolant 

had entered the oil system, possibly from 

some crack in the crankcase system. 

However, no root cause was determined 

during engine repairs. 

Since the malfunction occurred before the 

beginning of the project, the engine #3 was 

removed and replaced with a completely 

new pod. This pod was a standalone 

replacement, provided by UPRR, and 

installed on UPY-2755 by SWRI. The L-CCRT 

was inspected and no changes were made.

2 2/20/2012

Engine #3 was disabled due to a 

malfunction that caused the engine cooling 

system to exceed its normal operating 

temperature

The root cause of the malfunction was 

observed to be a defect in the casting of the 

#5 cylinder head intake port of the engine.

During an inspection of the L-CCRT™ it was 

found that no significant impact was 

imparted to the system during the 

malfunction of the engine. Further, after 

the engine repairs were completed the 

Genset #3, with the L-CCRT™ installed, was 

run and monitored for back-pressure and 

temperature. Results of this preliminary test 

found that all performance parameters 

were within normal operation, and further 

validated the engine repairs and the normal 

operation of the DPF system. 

3 1/16/2013

During this second period, an engine 

malfunction caused the temporary removal 

of the switch locomotive from service, at 

about 2600 hours of durability service, and 

an inspection of the L-CCRT filters ensued. 

It was found that during periodic 

maintenance of the switch locomotive, i.e. 

federally mandated 90 day regular 

maintenance, oil was overfilled in the oil 

sump, causing excess oil consumption to be 

ingested into the combustion system, and 

causing an accelerated L-CCRT Filter 

backpressure increase. This effect was 

isolated to Genset #3, and is described in 

more detail in Appendix H of this report. 

After inspection of the filters and catalyst 

elements, it was found that unburned 

hydrocarbons and an excess level of soot 

accumulation on the face of these elements 

was exhibited.

It was agreed that the filters and catalyst 

elements could be cleaned via CARB 

approved cleaning methods. After the 

filters and catalyst elements were installed 

onto genset #3 and the engine was 

repaired, the switch unit was re-assembled 

and returned to revenue service. 

4 8/15/2013

During the 3000 hour testing, it was found 

that the emissions coming from genset #1 

were significantly hgiher than previously 

tested. As such, an evaluation of the 3 

gensets was carried out to verify the 

operation of the locomotive. It was found 

that 3 of the 6 fuel injectors of genset #1 

were not operational, creating a non-

optimal engine operation. It was decided, 

after review with CARB, that the injectors 

(6) from the engine would be replaced, so 

that re-testing of the 3000-hour FTP test 

could be completed

Genset #1 was diagnosed by UPRR 

technician to be operating with only 3 

functional fuel injectors; out of 6. 

All 6 fuel injectors were replaced with new 

fuel injectors on genset #1. Also, the 3 L-

CCRT's were reassembled onto UPY-2755, 

after a visual inspection was carried out. It 

was found that the L-CCRT on genset #3 

had one of the gaskets on one of the filters 

decay. This was attribued to the interaction 

of the glycol in the exhaust stream during 

the malfunctions described in #1 and #2, in 

this table. The gasket was replaced and all 

other original components were reinstalled. 

The UPY-2755 was then retested under the 

3000-hour FTP.  
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As shown in the photos above and below, the DOC’s from Genset #3 were masked 
with unburned hydrocarbons and excess soot accumulation.  
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After meeting with the members of the AQIP project, it was agreed that the filters and 
catalyst elements could be cleaned via CARB approved cleaning methods. After the 
filters and catalyst elements were cleaned, and the engine was repaired, the switch 
unit was re-assembled and returned to revenue service. As shown in Figure “13: EGP 
at Notch-3 for zero-hour, 1500-hr and 3000-hr FTP tests, 95% C.I. error bars,” the 
performance of the L-CCRT™ returned to normal operation after the repairs and 
maintenance.  
 

 


