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Abstract

In this paper, we explore the efficacy of (1) reducing the iodine value of soy-derived biodiesel
fuels through increasing the methyl oleate (methyl ester of oleic acid) content and (2) addition of
cetane improvers, as strategies to combat the biodiesel NO, effect: the increase in NO, emissions
observed in most studies of biodiesel and biodiesel blends. This is accomplished by spiking a
conventional soy-derived biodiesel fuel with methyl oleate or with cetane improver. The impact on
bulk modulus of compressibility, fuel injection timing, cetane number, combustion, and emissions
were examined. The conventional B20 blend produced a NO, increase of 3—5% relative to petroleum
diesel, depending on injection timing. However, by using a B20 blend where the biodiesel portion
contained 76% methyl oleate, the biodiesel NO, effect was eliminated and a NO, neutral blend was
produced. The bulk modulus of petroleum diesel was measured to be 2% lower than B20, yielding a
shift in fuel injection timing of 0.1-0.3 crank angle. The bulk modulus of the high methyl oleate B20
blend was measured to be 0.5% lower than B20, not enough to have a measurable impact on fuel
injection timing. Increasing the methyl oleate portion of the biodiesel to 76% also had the effect of
increasing the cetane number from 48.2 for conventional B20 to 50.4, but this effect is small
compared to the increase to 53.5 achieved by adding 1000 ppm of 2-ethylhexyl nitrate (EHN) to
B20. For the particular engine tested, NO, emissions were found to be insensitive to ignition delay,
maximum cylinder temperature, and maximum rate of heat release. The dominant effect on NO,
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emissions was the timing of the combustion process, initiated by the start of injection, and
propagated through the timing of maximum heat release rate and maximum temperature.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Renewable fuels continue to be of interest to achieve a sustainable energy economy and
reduce the effects of fossil fuel utilization. Use of renewable transportation fuels is
expanding, and a national 5% renewable fuel standard has been proposed in recently
considered energy-related legislation. The primary renewable transportation fuels are
ethanol and fuels derived from animal fats and vegetable oils. In the latter case, the fatty
acid methyl esters from transesterified animal fats and vegetable oils, referred to as
biodiesel, can provide significant reductions in particulate matter, carbon monoxide and
hydrocarbon emissions [1]. However, in direct injection diesel engines there is a well-
documented increase in NO, emissions of 2—4% for “B20” blends (e.g., a blend of 20
vol.% biodiesel in diesel fuel) and as much as 10% for B100 [1]. As shown by Van Gerpen
et al., the NO, increase resulting from biodiesel fueling with certain types of injection
systems is at least partly attributable to an inadvertent advance of fuel injection timing.
This is caused by the higher bulk modulus of compressibility in the fuel blend, which
increases the speed of sound, causing a more rapid transferal of the pressure wave from the
fuel pump to the injector nozzle, and advancing needle lift [2,3]. Advancing injection
timing is well known to cause an increase in NO, emissions from diesel engines [4]. These
observations have recently been confirmed and extended by Szybist and Boehman,
showing through measurements of the dynamic injection timing via spray imaging that
biodiesel leads to a timing advance in injection [5].

Even prior to the work of Van Gerpen noted above, a number of studies were done to
examine the impact of changing fuel injection timing on biodiesel NO, emissions. Results
from two of these studies are shown in Fig. 1 [1]. Injection timing retard was successful at
reducing NO, emissions to the same or lower levels as observed for conventional diesel;
however, a significant fraction of the PM emission benefit was lost. Additionally, in the
United States and most other countries changing injection timing constitutes changing of
an engine’s emission control system and would require re-certification of the engine’s
compliance with emissions standards.

While the reason for the biodiesel NO, effect largely may be attributable to the
difference in bulk modulus between diesel fuels and biodiesel fuels, a strategy to overcome
this effect still needs to be determined. Various techniques are possible, including detection
of the presence of biodiesel in the fuel and retarding of the static injection timing [6], and
blending with other fuels or with additives to prevent the NO, increase [7]. Van Gerpen et
al. have pursued a fuel sensor strategy wherein biodiesel content is detected by measuring
the conductivity of the fuel and then enacting some shift to return to a NO, neutral
injection timing [6]. McCormick et al. showed a roughly NO, neutral B20 biodiesel fuel
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