ANNEX 7 �COMPARISON TO CALIFORNIAN REFERENCE FUEL
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��1. Background

Upon the request of the Commission to compare the EPEFE fuel matrix to the California certification reference fuel, a complementary exercise was conducted at Southwest Resarch Institute (SwRI), San Antonio, USA. The tests were performed on a Detroit Diesel (DDC) Series 60, model year 1991 prototype engine that has been used in many California fuel certifications. 

2. Fuels

EPD 6, EPD 9 and EPD 11 were selected for testing against the reference fuel (RFCAL). The characteristics of the fuels are summarised below:

Fuel�Density

[kg/m³]�Poly-aromatics

[% mass]�Total aromatics

[% mass]�Cetane No.�T 95

[° C]��EPD 6�855.5�7.6�25.6�50.2�371��EPD 9�855.4�8.0�27.3�59.1�344��EPD 11�827.0�0.9�18.6�57.1�329��RFCAL�844.5�1.1�9.2�49.9�330��3. Programme

Contrary to the EPEFE programme, the US heavy duty transient cycle was used, since it is the official test cycle in California. The test sequence was designed as a screening programme in principal accordance with the California protocol, and is shown below. However, the test number with three hot tests for each of the three candidate fuels and six hot tests for the reference fuel was lower than required for an official approval test.

Day�Test Sequence��1�RFCAL	EPD 9		EPD 6		EPD 11 	RFCAL��2�RFCAL	EPD 11	EPD 9		EPD 6 		RFCAL��3�RFCAL	EPD 6		EPD 11	EPD 9 		RFCAL��The tests allow a general comparison of the relative performance of the California and EPEFE fuels. The full statistical procedure for a certification of the EPEFE fuels cannot be applied due to the lack of a sufficient number of tests. In this part of the programme, it was not intended to draw conclusions from these tests on the impact of specific fuel properties on emissions of the DDC 60 engine. Equally, the EPEFE regression equations, developed on the European 13-mode cycle cannot be extrapolated to cover the different conditions of the transient cycle.  

�4. Results

The results from the tests are shown in the following table. The California protocol only requires NOX,  PM and SOF (Soluble Organic Fraction) for judging fuel quality. However HC, CO and BSFC are also included in the table. It should be noted that direct comparison of the emission levels from the DDC 60 and the EPEFE engines cannot be made, since the test cycles are different and the test results are reported in g/BHP-hr, rather than in g/kWh as used for the EPEFE study. It should also be noted that the sulphur contents of the EPEFE fuels were slightly lower than that of RFCAL (0.04% for EPEFE fuels, 0.048% for RFCAL), and this will have a small (less than 1%) effect on particulates.  

Fuel�Test No.�NOX�PM�SOF�HC�CO�BSFC��EPD 6�1�4.282�0.179�0.038�0.342�1.585�176.9���2�4.250�0.186�0.033�0.368�1.646�176.0���3�4.241�0.185�0.034�0.354�1.649�176.9���Mean�4.258�0.183�0.035�0.355�1.627�176.6��EPD 9�1�4.293�0.184�0.035�0.319�1.344�177.4���2�4.217�0.192�0.032�0.341�1.450�178.3���3�4.255�0.189�0.033�0.296�1.466�178.3���Mean�4.255�0.188�0.033�0.319�1.420�177.9��EPD 11�1�4.268�0.155�0.033�0.368�1.296�174.2���2�4.174�0.160�0.032�0.397�1.348�174.2���3�4.237�0.159�0.032�0.372�1.363�173.3���Mean�4.226�0.158�0.032�0.379�1.336�173.9��RFCAL�1�4.107�0.165�0.026�0.379�1.609�177.4���2�4.141�0.166�0.034�0.400�1.633�177.4���3�4.149�0.170�0.031�0.387�1.637�177.8���4�4.117�0.165�0.027�0.344�1.603�177.8���5�4.125�0.167�0.027�0.374�1.631�175.5���6�4.160�0.171�0.030�0.371�1.697�176.4���Mean�4.133�0.167�0.029�0.376�1.635�177.0��Fuels EPD 6, 9 and 11 were chosen to represent the range of the EPEFE matrix.  Of the three fuels, EPD 11 gave the lowest overall emissions. Compared to the California reference fuel the mean emissions of EPD11 were :

		2.3% higher for NOX				0.8% higher for HC

		5.4% lower for PM				18.3% lower for CO

		10.3% higher for SOF				1.8% lower for BSFC

5. Conclusions

The overall performance of EPD11 approached that of the Californian Reference Fuel although none of the three fuels matched the conditions for use as a commercial fuel in California.

Where differences exist, the reasons cannot be fully explained from the fuels tested in this study.

Because of the different test cycle and engines used, the results cannot be directly transferred to European conditions.
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