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Table 1

 

       Summary of Results

 

Effect of Las Palmas Viscon Polymer Additive on Exha

ust Emissions

 

After 1000 Hours of Durability Testing

 

Caterpillar Model 3306 Diesel Engine

 

Hot Start ISO

-

8178 8

-

Mode Engine Dynamometer Data 

 

…………………………..Grams per bhp

-

hour…………………

 

Test No. 

 

Avg. HP

 

THC

 

CO 

 

NOX

 

NO

 

PM 

 

8MLPC012

 

137.3

 

0.93

 

1.60

 

5.43

 

4.96

 

0.163

 

13

 

136.8

 

0.94

 

1.60

 

5.37

 

4.98

 

0.165

 

14

 

136.6

 

0.92

 

1.54

 

5.06

 

4.58

 

0.155

 

15

 

136.6

 

0.98

 

1.60

 

5.30

 

4.80

 

0.156

 

16

 

136.5

 

0.95

 

1.61

 

5.27

 

4.77

 

0.156

 

Std. Deviation

 

0.321

 

0.023

 

0.028

 

0.141

 

0.163

 

0.005

 

 95

% C.L. of Average *

 

0.281

 

0.020

 

0.025

 

0.123

 

0.142

 

0.004

 

Viscon Average After

 

Durability Testing

 

136.76

 

0.94

 

1.59

 

5.29

 

4.82

 

0.159

 

Baseline Average Before

 

 Durability Testing 

 

137.66

 

1.29

 

2.56

 

7.09

 

0.308

 

% Improvement

 

Compared to Ba

seline

 

-

0.7

 

26.8

 

37.9

 

25.4

 

48.4

 

Heavy Viscon Dosage at 10 Times Normal Concentrations 

 

10 oz/20 gallons of fuel

 

…………………………..Grams per bhp

-

hour…………………

 

Test No. 

 

Avg. HP

 

THC

 

CO 

 

NOX

 

NO

 

PM+H7

 

8MLPHD01

 

136.4

 

0.92

 

1.52

 

5.28

 

4.80

 

0.154

 

8MLPHD02

 

136.5

 

0.88

 

1.49

 

5.12

 

4.60

 

0.147

 

8MLPHD03

 

136.6

 

0.88

 

1.57

 

5.25

 

4.72

 

0.156

 

Viscon Heavy Dose After

 

1000 hours 

--

 Average 

 

136.5

 

0.89

 

1.53

 

5.22

 

4.71

 

0.152

 

Std Deviation

 

0.10

 

0.02

 

0.04

 

0.09

 

0.10

 

0.00

 

95% C.L.

 

0.11

 

0.

03

 

0.05

 

0.10

 

0.11

 

0.01

 

% Improvement

 

Compared to Baseline

 

-

0.8

 

30.7

 

40.4

 

26.4

 

50.5

 

  * Provides the +/

-

 confidence interval of the average values. The average or mean value is expected to be 

 

    within this +/

-

 range with 95% confidence.

 

 

                    All data were obtained at the ISO 9000

-

2001 Registered Olson

-

EcoLogic Engine Testing Laboratory in Fullerton, California
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SUMMARY REPORT

Emission and Fuel Consumption Data

Obtained in Accordance with CARB Retrofit Verification Protocol.

For Verification of Particulate and NOx Reductions When

Operating with Viscon Polymer Treated Diesel Fuel

November 26, 2004

Conducted for 

Las Palmas Oil and Dehydration Company

3121 Standard Street

Bakersfield, California 93308

By 

Olson-EcoLogic Engine Testing Laboratory

ISO 9001-2000 Registered  

Note: This summary report provides all of the corrected data for the tests listed in each table, but the individual emission test data sheets showing measured and corrected data for all gaseous and particulate data plus the measured operating and ambient variables for each test have not been included in this summary report.  Those data will all be included in the complete and final emission test report.  

Executive Summary:
This summary report contains a compilation and listing of all emission data accumulated during the Las Palmas project to measure effectiveness of the Viscon Polymer additive when mixed with California specification No. 2 diesel fuel and used in the operation of a Model 3306 Caterpillar heavy-duty diesel engine for off-road applications. 

A previous summary report dated August 19, 2003 provided the data comparisons for baseline testing with diesel fuel only and with the same fuel containing the nominal concentration of the Viscon Polymer additive.  This summary report provides the average data from that previous testing for reference purposes.  Subsequently the test engine was relocated at the client’s facility and operated by the client 1000 hours over a repetitive cycle for durability testing using the same diesel fuel treated with the Viscon Polymer additive.  The engine was then returned to the Olson-Ecologic Engine Testing Lab in Fullerton, California to obtain the additional emission test data reported here.

After 1000 hours of durability testing particulates (PM) were reduced by 48.4% and NOx by 25.4% when operated on the Viscon treated fuel as compared to the baseline emission measurements with diesel fuel only at the beginning of the project.  These results were based on steady-state 8-mode engine dynamometer testing of a Model 3306 Caterpillar diesel engine.  The 8-mode emission/fuel consumption testing was done in exact accordance with CARB, California Code of Federal Regulations, Title 13, Chapter 14 and EPA regulations as defined in the applicable sections of 40 CFR, Part 89.  This emission testing protocol is designated for heavy-duty diesel engines in off-road applications.

A complementary emission comparison after the 1000 hours of durability testing was also accomplished with a 5% blend of biodiesel fuel in the Viscon treated diesel fuel. This fuel mixture consisted of 5% biodiesel fuel and 1 ounce/20 gallons of Viscon mixed into the same baseline diesel fuel as was used in all of the other testing.  The mixture is labeled Super B5 Biodiesel Fuel.  With this fuel the PM emissions were reduced 45.4%and the NOx emissions were reduced 24.3% compared to the original baseline data. 

Emission data with the Viscon additive mixed into the diesel fuel at 10 times the normal concentration were also required by CARB.  Triplicate tests showed that there was no adverse effects on emissions when compared to the baseline data or to the Viscon data admixed with normal concentrations.  With this heavy dose concentration of Viscon the PM emissions were reduced 50.5% and the NOx emissions were reduced 26.4%.

All emission and fuel consumption testing was accomplished by Olson-EcoLogic Engine Testing Laboratories in Fullerton, California at their ISO 9001-2000 registered facility.  The company is CARB/EPA recognized and listed as a qualified emission testing facility for the work reported here.  The particular emission test cell where all the work was done consists of a full electric 450 horsepower engine dynamometer for precise control 

of speed and load.  All fuel consumption was measured gravimetrically.  Raw gaseous emissions of THC, CO and CO2 were measured with Horiba analyzers.  NOx and NO measurements wire made with heated Beckman/Rosemont chemiluminscent analyzers.  PM was sampled and properly diluted with a Sierra state-of-the-art Model BG-2 particulate sampler and captured on pre-weighed filter media.  All raw data measurements were corrected with the applicable factors for humidity, temperature and pressure and both raw and corrected emissions are tabulated in the individual test data sheets.  Baseline test protocols and test protocols with the Viscon and Biodiesel treated fuels were conducted in exactly the same manner in the same test cell with the same instrument complement. 

The average PM and NOx differences between the five baseline tests at the project beginning, the five tests with only Viscon treated fuel after 1000 durability miles, the five tests with the Super B5 Biodiesel Fuel after 1000 hours of durability testing and the final testing with a heavy dose of Viscon are provided in attached Tables 1 and 2 and are summarized below.









        Grams per bhp-hour










   PM 
          NOx
Original baseline testing with diesel fuel only


0.308

7.09

1.  With Viscon treated fuel after 1000 hours of durability
0.159

5.29
 

Percent improvement with Viscon treated fuel

Compared to the baseline data




48.4%

25.4%

2.  With Super B5 Biodiesel Fuel 




0.167

5.36

Percent improvement with Super B5 Biodiesel Fuel



Compared to the baseline data




45.8%

24.3%

3.  With heavy dose (10X) of Viscon treated fuel

0.152

5.22

Percent improvement with heavy dose of Viscon

Compared to the baseline data




50.5%

26.4%

These data demonstrate that for the engine tested in this project admixture of the Viscon Polymer additive reduces PM in the range of 45-50% and NOx on the order of 25% for both diesel fuel only and for diesel fuel with 5% biodiesel fuel admixed.  

Introduction:

This report summarizes the emission data and describes the testing protocol for satisfaction of the California Air Resources Board (CARB) Verification Protocol for additive fuel solutions to reduce particulates (PM) and optionally oxides of nitrogen (NOx)

The test protocol is designed to verify the emissions for off-road engine applications in accordance with 40 CFR, Part 89

Test Engine:

A six-cylinder Model 3306 Caterpillar diesel engine rated at 265 horsepower was used in this project.  The Caterpillar Corporation prior to beginning of the project rebuilt this manually controlled diesel engine and preliminary testing started with only a few hours of previous operation. 

Test Fuel:

A California specification commercial No. 2 diesel fuel was used for all of the testing before, during and after durability testing (see fuel inspection data in the Appendix).  The Viscon additive was mixed into the baseline fuel in standard concentrations by the client, and biodiesel fuel was added to the baseline fuel to provide a 5% biodiesel concentration in the Viscon treated diesel fuel.

Test Protocol and Procedures:

All emission testing was done by use of the EPA/CARB specified 8-mode steady-state test protocols defined in the applicable Federal Register (40 CFR Part 89) for off-road heavy-duty engine applications.  Raw emissions were sampled and measured under each of eight operating modes, corrected for temperature, humidity and barometric pressure and finally weighted to reach the final emission result stated in grams per brake horsepower hour (gm/bhp-hr).  Particulates were simultaneously sampled, captured on a pre-weighed filter media for all eight modes, weighed and also reported in grams per brake horsepower hour (gm/bhp-hr).  

The test procedure involves engine warm-up under prescribed conditions with instrument zero and span checks immediately followed by engine operation for five minutes at each of the test modes.  Emissions are averaged from second-by-second recordings for the last two minutes of each mode, corrected, weighted for the individual modes and displayed.  PM filters are stored in humidity and temperature controlled environment and weighed within one day of collection.  

Project Objective:
The objective of this work was to collect the emission data required by CARB to satisfy the CARB Verification protocol for retrofit applications with a proprietary diesel fuel additive and to quantify the magnitude of reductions obtained when operating a typical diesel heavy-duty engine for off-road applications. CARB requires a minimum 25% reduction in PM and as an option, at least 15% reduction in NOx emissions to obtain official recognition of verification.

Test Additive: 

The diesel fuel additive used in this project is named “Viscon”.  It is a high-molecular weight, pure hydrocarbon polymer.  The base chemical component for Viscon is polyisobutylene (PIB) polymer.  This additive was mixed with the diesel fuel by the client in a concentration of 1 ounce to 20 gallons of diesel fuel for all official testing.  

Test Equipment and Instrumentation:
 The engine dynamometer test cell is equipped with a 450 Hp full electric dynamometer capable of holding the engine to speeds and loads within the required +/- 2% variation.  Engine airflow is measured and recorded continuously with a calibrated Sierra mass flow sensor.  Inlet air temperature is measured within 20 cm. of the turbocharger inlet and relative humidity is measured continuously at the engine air inlet.  Fuel consumption is measured gravimetrically using a calibrated scale with measurements recorded during the last two operating minutes of each mode.  

Exhaust gas is sampled through a heated probe and pre-filter at the exhaust stack.  It then passes through a heated sample line (350 degrees F) to the Horiba flame ionization detector hydrocarbon analyzer.  Another sample line routes raw exhaust gas through a refrigerated condensate trap/filter to the Horiba conventional CO and CO2 NDIR analyzers.  This same exhaust stream is also routed simultaneously to the parallel connected and heated Rosemont NOx and NO chemiluminescent analyzers.  Another sample probe as part of the Sierra PM sampler system in the exhaust stack routes the exhaust gas into a dilution chamber (with programmed air dilution ratios for the different operating modes) for ultimate capture on pre-weighed filter media.  The Sierra BG-2 Particulate Sampler is a state-of-the-art sampling system that has been accepted by EPA and CARB as an appropriate instrument for the proper capture of exhaust gas particulates.  It is calibrated prior to every test.  

The dynamometer operation, all calibration functions and collection of raw data are controlled and performed through a proprietary Windows based and modified Wonderware program.  This program stores all the raw data and conducts preliminary calculations on the raw data.  The final calculations are performed separately using a proprietary computer template encompassing all the CFR corrections and related 

formulas.  The raw and corrected data are then printed out in the format shown in this report.  All test numbers are consecutive and if a test is aborted or discontinued the next test automatically records the subsequent test number.   

Olson-EcoLogic Engine Testing Laboratory:
Olson-Ecol\Logic (O-E) conducted all of the engine emission testing reported here at their ISO 9001:2000 registered facility in Fullerton, California.  The company is CARB and EPA listed and recognized as a capable facility for conducting emission testing in accordance with CARB/EPA protocols and requirements as defined in the applicable Federal Register and in the California Code of Regulations – Title 13. All of the work reported here has been conducted under the direct supervision and responsibility of Donel R. Olson, a registered professional engineer in the State of California.  The data have been subjected to rigorous quality audit protocols and checking procedures.

Testing Tasks and Chronology:

The test engine was initially installed, instrumented and mapped on the electric engine dynamometer.  It was then operated over a repetitive load cycle for approximately 100 hours with the baseline diesel fuel only.  This preliminary operation was to stabilize the engine and reach equilibrium baseline emission levels.  Five official baseline tests were then conducted (test nos. 8MBL024-8MBL028) and the averages were used for subsequent comparison to all of the data obtained with Viscon treated fuel. 

Upon completion of baseline emission testing the engine was operated over the same repetitive cycle for an additional 100 hours with the additive treated baseline fuel.  Five additional 8-mode emission tests were conducted with the Viscon treated baseline fuel (test nos. 8MLPF12-8MLPF16).  The test engine was then released to the client for durability testing at their facility.  After 1000 hours of engine durability operation with the Viscon treated diesel fuel the engine was returned to Olson-Ecologic for continuation of the emission proof testing.  

Re-installation of the engine on the same engine dynamometer with new engine mapping was conducted.   The engine was then operated for 25 hours on the same Viscon treated diesel fuel that was used in all of the previous testing to stabilize emissions after the 1000 hours of durability testing. Five 8-mode emission tests were conducted with the Viscon treated fuel in exactly the same manner as previous tests using the same instrument complement described earlier in this report (test nos. 8MLPC012-8MPLC016).  The next emission-testing phase involved 5% biodiesel fuel admixed to the standard Viscon treated diesel fuel.  Five additional emission tests were conducted in exactly the same manner as all previous testing using the same instrument complement (test nos. 8MBIOC01-8MBIOC05).

Finally, triplicate emission tests were conducted with the same baseline test fuel treated with a ten times (10X) dosage of Viscon (10 ounces/20 gallons of diesel fuel).  This heavy dosage operation is a required task of the CARB retrofit verification protocol.  The tests are numbered 8MLPH01-8MLPH03.

All sets of data for emission and fuel consumption averages have been used to calculate the standard deviation of the data and the corresponding 95% confidence limits of the mean values.  All data are within a typical range with normal variances.        

Prior to starting the official baseline emission tests and again prior to starting tests with the Viscon treated fuel the engine oil and oil filters and fuel filters were changed to provide the same start-up conditions for baseline and additive treated fuel operation.  All test conditions, calibrations and operating protocols were within CARB specified limits and the same from test-to-test.

Test Results:

The exhaust emission and fuel consumption results of this comparative testing are summarized in the following Tables 1 and 2 (and in the Executive Summary) for the testing conducted after the 1000 hours of durability operation was completed.  The original data obtained before the 1000 hour durability operation are provided and described in an earlier report dated August 19, 2003, but the baseline emissions (without Viscon treatment) are referenced here and the averages are listed in this report for defining effectiveness of the Viscon additive treatment as compared to the original baseline data at the beginning of the testing project.

The raw data for each mode and individual calculations for each test are provided in the Appendix for all the tests along with the fuel inspections.
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5 test Baseline average

before durability testing
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Test No. 
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THC 
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0.92
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5.40
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1.43

5.30
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8MBIOC04

136.6

0.94

1.50

5.37

0.167
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136.4

0.95
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5.34

0.149

Average of 5 tests

136.28

0.934

1.486

5.364

0.168

Std. Dev.

0.653

0.011

0.053

0.045

0.012

95% C.L.

0.573

0.010

0.047

0.039

0.010

% Improvement

Compared to Baseline

-1.0%

27.6%
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                           ………….Grams per BHP-Hr…………….

Las Palmas Super Biodiesel

Table 2



Super Biodiesel B5 in No. 2 diesel fuel

after 1000 hours of durability engine operation

All Data Obtained at Olson-EcoLogic Independent Engine Testing Laboratory

ISO 8178 8-Mode Steady-State Test Protocol

Caterpillar Model 3306 Diesel Engine

Grams per BHP-Hr


Table 3 (preliminary)

Las Palmas Oil and Dehydration Company

Caterpillar Model 3306 Diesel Engine

ISO 8178 8-Mode Steady-State Emission Testing

All Testing was Accomplished at Olson-EcoLogic Engine Testing Laboratory

	Super Biodiesel B20 in No. 2 diesel fuel

	after 1000 hours of durability engine operation

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	                           ………….Grams per BHP-Hr………….

	 
	Test No. 
	HP
	THC 
	CO
	NOx
	NO
	
	PM

	 
	 
	 
	 
	 
	 
	 
	
	 

	 
	8MBIOC06
	136.9
	0.80
	1.29
	5.89
	4.92
	
	0.150

	 
	8MBIOC07
	135.1
	0.75
	1.29
	5.93
	4.91
	
	0.169

	 
	8MBIOC08
	136.7
	0.76
	1.31
	6.00
	4.80
	
	0.169

	 
	 
	 
	 
	 
	 
	 
	
	 

	 
	Average of 3 tests
	136.21
	0.770
	1.297
	5.940
	4.877
	
	0.163

	 
	Std. Dev.
	0.968
	0.026
	0.012
	0.056
	0.067
	
	0.011

	 
	95% C.L.
	1.096
	0.030
	0.013
	0.063
	0.075
	
	0.012

	
	
	
	
	
	
	
	
	

	 
	% Improvement
	 
	 
	 
	 
	 
	
	 

	 
	Compared to Baseline
	-1.1%
	40.3%
	49.3%
	16.2%
	
	
	47.2%
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After 1000 Hours of Durability Testing
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  * Provides the +/- confidence interval of the average values. The average or mean value is expected to be 







    within this +/- range with 95% confidence.







                     All data were obtained at the ISO 9000-2001 Registered Olson-EcoLogic Engine Testing Laboratory in Fullerton, California
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