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Environmental, Health, and Safety Mission
and Guiding Principles

MISSION The members of the American Petroleum Institute are dedicated to continuous efforts

to improve the compatibility of our operations with the environment while
economically developing energy resources and supplying high quality products and
services to consumers. We recognize our responsibility to work with the public, the
government, and others to develop and to use natural resources in an
environmentally sound manner while protecting the health and safety of our
employées and the public. To meet these responsibilities, APl members pledge to
manage our businesses according to the following principles using sound science to
prioritize risks and to implement cost-effective management practices:

To recognize and to respond to community concerns about our raw materials,
products and operations.

PRINCIPLES

e To operate our plants and facilities, and to handle our raw materials and products
in a manner that protects the environment, and the safety and health of our
employees and the public.

e To make safety, health and environmental considerations a priority in our
planning, and our development of new products and processes.

e To advise promptly, appropriate officials, employees, customers and the public of
information on significant industry-related safety, health and environmental
hazards, and to recommend protective measures.

e To counsel customers, transporters and others in the safe use, transportation and
disposal of our raw materials, products and waste materials.

e To economically develop and produce natural resources and to conserve those
resources by using energy efficiently.

o To extend knowledge by conducting or supporting research on the safety, health
and environmental effects of our raw materials, products, processes and waste
materials.

e To commit to reduce overall emission and waste generation.

e To work with others to resolve problems created by handling and disposal of
hazardous substances from our operations.

e To participate with government and others in creating responsible laws,
regulations and standards to safeguard the community, workplace and
environment.

o To promote these principles and practices by sharing experiences and offering
assistance to others who produce, handle, use, transport or dispose of similar raw

materials, petroleum products and wastes. Documents |
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FOREWORD

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE,
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED.

API1 IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANUFAC-
TURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER
LOCAL, STATE, OR FEDERAL LAWS.

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU-
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV-
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL-
ITY FOR INFRINGEMENT OF LETTERS PATENT.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or transmitted by any
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the
publisher. Contact the publisher, API Publishing Services, 1220 L Street, N.W., Washingion, D.C. 20005.

Copyright © 1997 American Petroleum Institute
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EXECUTIVE SUMMARY

A test program was conducted to measure the effect of changing fuel sulfur content on the
exhaust emissions of a 1993 Honda Civic VX certified to meet California Transitional Low
Emission Vehicle (TLEV) standards. The type of exhaust aftertreatment device on this vehicle
had been tested in prior programs sponsored by the Coordinating Research Council (CRC)(1)"
and the Petroleum Environmental Research Forum (PERF)(2). The CRC study had generated
debate as to how well the results represented “real world” conditions. The present test program

provided an opportunity to address this question and related issues from the previous studies.

Exhaust emissions and catalyst oxygen storage (OSC) measurements were obtained on four
catalysts designed for a 1993 Honda Civic VX TLEV. The measurements were made using two
test fuels. One was a California emissions certification test fuel with a sulfur content of 35 ppm.
This fuel was doped with additional sulfur to create a gasoline with a sulfur content of 600 ppm.
The four catalysts included: (a) the original catalyst on the vehicle when purchased new; (b) two
stock replacement catalysts which had been artificially aged to 100,000 miles on gasolines with
40 ppm sulfur and 1000 ppm sulfur, respectively; and (c) a “field-aged” catalyst obtained from
an “in-use” 1993 Honda Civic VX TLEV with approximately 100,000 odometer miles.

The results of this test program show the following:

o The effects of sulfur on exhaust emissions of a 1993 Honda Civic certified to California
TLEV standards were similar to those seen in other vehicle test programs such as those
conducted by PERF and the Auto/QOil AQIRP. (1) (3) Emissions were lower on the 35 ppm
sulfur fuel than on the gasoline with 600 ppm sulfur. The differences in emissions between
fuels were statistically significant for the group of four test catalysts as a whole, but
differences between fuels in individual catalysts were often not significant. Averaging over
all catalysts, lowering fuel sulfur content from 600 to 35 ppm reduced FTP emissions by 21
to 27% depending on the pollutant.

e Exhaust emissions were lowest for the original catalyst and highest for the field-aged,
100,000 mile in-use catalyst (M9). The differences in emissions between the original catalyst
and M9 were statistically significant for all pollutants over the FTP,

! Numbers in () denote references listed at the end of the report.
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o Fuel sulfur content did not have an effect on the long-term emissions performance of
catalysts which had been artificially aged using the RAT-A cycle. Catalysts M7 and M8 were
aged for 100 hours on a dynamometer using the RAT-A cycle for 100 hours on 40 and 1600
ppm sulfur fuels, respectively. There was no difference in overall emissions or sulfur effects
between these two catalysts.

o Rapid catalyst aging did not have a large effect on sulfur response compared to in-use aging.
All catalysts responded directionally the same to sulfur and there was no difference in the
“magnitude of the sulfur effect among the four catalysts.

¢ An identical catalyst from a Honda TLEV was tested in the CRC Sulfur/OBD-II laboratory
reactor program. A comparison of the data generated from the two programs suggests that
laboratory results may (a) overstate sulfur effects as measured from a vehicle and (b)
represent hot vehicle performance better than cold operation. Reducing fuel sulfur content
from 600 to 40 ppm in the CRC laboratory reactor program lowered the Honda TLEV HC
and NOy emissions by 57% or more than twice the percentage effect seen over the FTP in the
present study. However, the sulfur effects on HC that were observed during the warmed-up
phases of the FTP (Bags 2 and 3) of the present study were similar to those measured in the
CRC lab reactor program under steady-state, warmed-up conditions.

e Gasoline sulfur content did not have a significant effect on catalyst oxygen storage capacity.
Differences in OSC between the original and the aged catalysts were much larger than any
differences attributable to fuel sulfur content. OSC was roughly twice as high in the original
catalyst compared to the three aged catalysts, all of which had similar OSC.
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Section 1

INTRODUCTION

Over the past several years, interest in evaluating the effect of fuel sulfur content on motor
vehicle emissions has prompted the initiation of a number of test programs which have focused

on advanced technology vehicles.

In 1993, for example, the Petroleurn Environmental Research Forum (PERF) sponsored a study
to evaluate the effect of fuel sulfur content on exhaust emissions from low-mileage production
vehicles designed to meet California’s Transitional Low Emission Vehicle (TLEV) standards. (1)

One of the TLEVs tested as part of that program was a 1993 Honda Civic VX.

An identical catalyst from a 1993 Honda Civic VX TLEV model also was tested as part of a
recent study sponsored by the Coordinating Research Council (CRC). (2) The CRC project was
designed to measure the effect of fuel sulfur level on the conversion efficiencies and oxygen
storage capacities of various rapidly aged automobile emissions control catalysts. The
measurements in that program were performed using a steady-state bench reactor because three
of the four catalyst formulations that were tested were prototypes for which no suitable vehicle
platforms were available at the time for FTP emissions tests. Equivalent fuel sulfur levels were
obtained in the CRC program by varying the content of the SO, feedgas to the bench reactor.
However, this raised the question as to whether the results of steady-state emissions tests
performed in a laboratory bench reactor were truly representative of those which would occur

under in-use transient conditions as measured by the Federal Test Procedure.

Since identical catalysts were used in the CRC and PERF studies, the 1993 Honda Civic VX
TLEV model provided an opportunity for a further program to compare sulfur effects in “real
world” conditions on a vehicle which had accumulated a history of emissions testing to those
observed in a steady-state bench reactor. It also provided a means to determine if the catalyst
aging procedures in the CRC program impacted the sulfur responses differently from vehicle
aging of catalysts. This program was performed under contract to the American Petroleum

Institute (API) by Chevron Research and Technology Co.
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Section 2
TEST VEHICLES, CATALYSTS AND FUELS

TEST VEHICLES

Two vehicles were used in this test program and are described in Table 2-1. The first vehicle
was a 1993 Honda Civic VX that was certified as a California Transitional Low Emissions
Vehicle (TLEV). It is the same vehicle that was used in Petroleum Environmental Research
Forum (PERF) Project 93-12. (1) At the time of the PERF testing, the odometer on this vehicle
showed between 4,000 and 5,000 miles. In the current program, accumulated mileage on the

1993 Honda Civic VX was between 10,000 and 11,000 miles.

The 1993 Honda Civic VX was instrumented to permit exhaust samples to be drawn upstream of
the catalyst and to measure temperature and oxygen content of exhaust before and after the
catalyst. Since the vehicle was not equipped for California on-board diagnostics (OBD II), this

included installation of a second exhaust gas oxygen sensor.

Table 2-1: Description of Test Vehicles

Model Year 1993 1996
Model ‘ Honda Civic VX | Honda Civic LX
California Emissions Standard Certification TLEV LEV (OBD II)

The second vehicle was a 1996 Honda Civic LX loaned to the project by Honda R&D Americas,
Inc. (HRA). This vehicle was an OBD II certified California Low Emissions Vehicle (LEV) and
was used as a platform for obtaining catalyst oxygen storage measurements. The same catalysts
tested on the 1993 model also were tested in this vehicle. HRA modified the exhaust manifold

and catalyst plumbing on the 1996 test vehicle to enable use of a tool for diagnosing catalyst

oxygen storage and release times.
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TEST CATALYSTS

Four catalysts designed for use on a production 1993 Honda Civic VX model were tested in this
program. (See Table 2-2.) The “original” catalyst was the stock catalyst originally installed on
the 1993 vehicle and used in the prior PERF study. It was included in the current program
primarily to provide a connection to the PERF study and to determine whether normal aging had
influenced its tolerance for sulfur. Two new catalysts were provided by HRA. These were stock
replacements for the original catalyst. They were aged by Southwest Research Institute using the
RAT-A cycle for 100 hours. One catalyst was aged using California Phase 2 Certification
gasoline. The other was aged using the same gasoline with sulfur level raised to 1000 ppm. (See
Appendix A for a description of the aging procedure used by SWRI.) HRA also provided a
fcatalyst which they had obtained from a customer. This catalyst had been taken from a 1993

‘Honda Civic VX which had accumulated 107,000 odometer miles in customer service.

Table 2-2: Test Catalysts

Catalyst Code | Catalyst Description
ORIG OEM Catalyst used in PERF study
M7 Replacement catalyst aged 100 hrs on 40 ppm S on RAT-A cycle
M8 Replacement catalyst aged 100 hrs on 1000 ppm S on RAT-A cycle
M9 100k catalyst aged in field in customer use

TEST FUELS

Two test fuels were used in this program. The base fuel was a California Phase 2 Certification
gasoline containing about 35 ppm sulfur. The second test fuel was made by spiking the base fuel
with di-fert-butyl disulfide (DTBS) to achieve a level of about 600 ppm sulfur. Inspection results
are listed in Table 2-3.
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Table 2-3: Test Fuel Analyses

Fuel Property Fuel Code
FR12652 FR24491

Sulfur, ppm 35 600

API Gravity 60.1 not measured
Aromatic, Vol. % (uncorrected FIA) 25.8 not measured
Olefin, Vol. % (uncorrected FIA) 54 not measured
Paraffin, Vol. % (uncorrected FIA) 68.8 not measured
Hydrogen, Mass Fraction (NMR) 1365 not measured
D86 T, ° Fahrenheit 139 not measured
D86 Tsg, © Fahrenheit 205 not measured
D86 Tyg, ° Fahrenheit 294 not measured
MTBE, Vol. % 10.8 not measured

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

) Full document details: APl Publ 4667-1997 scan

2-3

Not for Resale

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/api-publ-4667-1997-scan
http://www.avadocuments.com/doc/api-publ-4667-1997-scan

