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ABSTRACT

There is currently a sustained interest in biofuels as they
represent a potential alternative to petroleum derived fuels.
Biofuels are likely to help decrease greenhouse gases
emissions and the dependence on oil resources. Biodiesels
are Fatty Acid Methyl Esters (FAMEs) that are mainly
derived from vegetable oils; their compositions depend from
the parent vegetables: rapeseed ("RME”), soybean (“SME”),
sunflower, palm etc. A fraction of biodiesel has also an
animal origin (“tallow”).

A key factor for the use of biofuels in gas turbines is their
Emissions Indices (NOx, CO, VOC, PM) in comparison with
those of conventional “petroleum gasoils”. While biodiesels
reduce carbon-containing pollutants, experimental data from
diesel engines show a slight increase in NOx. The literature
relating to gas turbines is very scarce. Two recent,
independent field tests carried out in Europe (RME) and in
the USA (SME) showed slightly lower NOx while a lab test
on a microturbine showed the opposite effect.

To clarify the NOx index of biodiesels in gas turbines, a
study has been undertaken, taking gasoil and natural gas
(NG) as reference fuels. In this study, a calculation of the
flame temperature developed by the 3 classes of fuels has
been performed and the effect of their respective
compositions has been investigated. The five FAMESs studied
were RME, SME and methyl esters of sunflower, palm and
tallow; these are representative of most widespread vegetable
and animal oil bases worldwide. The software THERGAS
has been used to calculate the enthalpy and free energy
properties of the fuels and GASEQ for the flame temperature
(Ty), acknowledging the fact that “thermal NOX” represents
the predominant form of NOx in gas turbines. To complete
the approach to structural effects, we have modeled two NG
compositions (rich and weak gas) and three types of gasoil
using variable blends of eleven linear/branched/cyclic
molecules.

The results are consistent with the two recent field tests and
show that the FAMESs lie close to petroleum gasoils and
higher than NG in terms of NOx emission. The composition
of the biodiesel and regular diesel fuel influences their
combustion heat: methyl esters with double bonds see a
slight increase of their Ty and their NOx index while that of
gasoil is sensitive to the aromatic content.

INTRODUCTION

Biomass-derived fuels can be used in many combustion
equipments and may represent a valuable alternative to fossil
fuels for reducing greenhouse gases (GHG). A key
consideration for the success of any alternative liquid fuel is
its emission signature in comparison with diesel oil which is
the paradigmatic liquid fuel. In this respect, NOx emission
has a critical importance as far as gas turbines (GT) are
concerned.

While a relatively high number of studies have been devoted
to the combustion of biofuels in diesel engines, few work
and scarce information are currently available for biofuels in
gas turbine applications.

Diesel Engines: As far as diesel engines are concerned, two
interesting reviews of the effect of FAME on emissions have
been published recently [1]-[2]. Most works show a slight
increase in NOx emissions when using biofuels instead of
conventional diesel fuel while some of them found that NOx
increases only in certain operating conditions. Some authors
did not find any effect with respect to diesel fuel or even
found a decrease in NOx emissions when using biofuels. The
increase in NOx is mainly explained by an advanced
injection time that is tied with the physical properties of
FAMEs. The higher compressibility bulk modulus of
biofuels leads to a quicker pressure rise produced by the fuel
pump which propagates towards the injectors [1][2].

Some authors investigated the influence of the type of
biodiesel fuel. Graboski et al. [3] found that the NOx



emission decreased when the mean carbon chain length
increased and that the presence of double bonds impacted
NOx emissions: NOx was found to increase linearly with the
iodine number, which quantifies the number of multiple
bonds in the fuel. The authors suggested that this effect
could be due to differences in both physical and chemical
properties of the FAMEs. Knothe et al. [4] compared pure
methyl esters behavior in engines to conventional diesel fuel
and found a decrease in NOx with saturated C,, and Cy
methyl esters while mono-unsaturated C,s increased slightly
the emission. The authors explained their results by a change
in the adiabatic flame temperature. Based on numerical
simulations of ideal reactors, Ban-Weiss et al. [5] proposed
recently that the increase in the NOx emission when using
FAMEs would be due to higher flame temperature,
especially when the fuel contains double bonds. The NOx
formation in such conditions is due to the thermal Zeldovich
mechanism, which is predominant at high temperature. Their
calculation are however based on C; and C, hydrocarbons,
and methyl butanoate and methyl butenoate that are far to be
representative of diesel or biodiesel fuels. Nabi et al. [6]
calculated adiabatic flame temperature for a real diesel fuel
and neem oil from the elementary C/H/O analyses of both
fuels. They found that the Vegetable Oil had a slightly lower
flame temperature than the conventional fuel.

Contrary to diesel engine where ignition time during the
cycle is an important parameter, flame temperature is the
essential driver for the NOx emission in gas turbines.

Gas turbines:

As already stressed, there is a very reduced number of data
available for the combustion of biodiesel in gas turbines.

In 2006, a field test has been performed on a 40 MW, E class
gas turbine (Frame 6B) using a rapeseced methyl ester
(RME), which led to the following emissions [7]:

- 247 mg/Nm® on NG

- 367 mg/Nm’ on DF

- 360 mg/Nm’ on RME

In 2007, a similar field test has been performed on a 80 MW,
E class gas turbine (Frame 7EA) with gasoil-soy methyl
ester blends (SME) [8]. The results showed again a lower
NOx figure with BF3 which was about 83% that of DF.
Since numerous papers published by the diesel engine
community pointed higher NOx with biodiesel, it was
considered rather necessary to clarify these isolated results.
On the other hand, a recent comparison of biofuel and diesel
distillate #2 in a microturbine generator (30kW Capstone
C30) showed an increase in NOx emissions by switching
from gasoil to biofuel [9]. The most sensitive parameter
seems to be a change in the atomization patterns of the fuel.

NUMERICAL APPROACH
In order to elaborate a rational statement about the NOx
mdices of biodiesel and diesel fuel, a thermochemical
approach has been used to evaluate the adiabatic flame
temperatures. NOx production is directly linked to
temperature and this parameter allows a simple comparison
of the different fuels, whatever the real combustion device 1s.
The following fuels were investigated:

- individual chemical compounds belonging to the

chemical families involved in gas turbine fuels in order
to assess the influence of each chemical family,
- various FAME blends that are representative of the most
common biodiesel productions worldwide,
- various blend models representative of petroleum gasoil,
- various natural gas compositions.
This approach was intended to get at the same time (i) a
comparison of the emission indices of the different fuel
classes (i) an analysis of the influence of their chemical
structures on flame temperature and thus on NOx emission.

Composition of Biodiesel fuels (FAME)

The world production of vegetable oil (“VO?) is rapidly
increasing and has been estimated to 101 Mt in 2003, when it
reached only 86 Mt in 1999. Estimations are around 130 Mt
for 2010. Another important production of fat material is 20
to 25 Mt of animal greases per year [10]. Soybean oil is the
main production (more than 30% of the total amount), with
palm oil (ca 28%). Rapeseed and sunflower oils are the next
important productions, around 13% and 9%, respectively.
Soybean and palm oil have enjoyed the most important
production increases during the past years. Regional
specificities can be noted: soybean oils are produced in
America while sunflower and rapeseed are essentially
produced in Europe and palm oils in Asia. VOs essentially
consist of triglycerides, i.e. triesters of glycerol and fatty
acids. Table 1 displays the proportions of the different fatty
acids that are contained in these four major VOs. As far as
animal greases are concerned, five categories can be
distinguished: lard from pigs, tallow from bovines and
sheeps, poultry grease and fish oils. The latter cannot be used
in combustion because of its high content of unsaturated
molecules that causes the formation of gums and polymers.

Table 1: Typical composition of fatty acids in VOs (wt%) [10].

VO1 VO2 VO3 VO4

Rapeseed Sunflower Soybean Palm
C14.0 1
C16:.0 5 6 10 44
C18:.0 25 5 4 6
C18:1 59 18 23 38
c18:2 21 69 53 10
Cc18:3 9 <05 8 <05
C20:.0 <05 <05 <05 <05
C20:1 1 <05 <05
C22.0 <05 1 <05
C22:1 1




Table 2: Compositions of the 5 selected biodiesels (% mol) (BF1 to 4 derive from the VO1 to 4 of table 1; BF5 from tallow )

BF 1 BF 2 BF 3 BF 4 BF 5
Name Formula Rapeseed Sunflower Soybean Palm Tallow

myristic acid C14:.0 0 0 0 1 4
palmitic acid C16:.0 5 6 10 44 27
stearic acid C18:.0 3 5 4 6 24
oleic acid C18:1, A9 59 18 23 38 40
linoleic acid C18:2,A9,12 21 69 53 10 3
linolenic acid C18:3, A9,12, 15 9 1 8 05 05
arachidic acid C20:0 05 05 1 05 05
gadoleic acid C20:1, A9 1 05 05 0 1
behenic acid C22:0 05 0 05 0 0
erucic acid C22:1,A13 1 0 0 0 0

However, due to their natural origin, vegetable oils also
contain cholesterol, fatty alcohols that can be free or
esterified by fatty acids, and other minor compounds [11]
that can be classified as follows, by decreasing content:

- triglycerides (or triesters of fatty acids),

- free fatty acids,

- minor components (sterols, phospholipids...)

- traces of metals (calcium, potassium...)

Some of these components can create operational issues in
thermal equipments; in addition, vegetable oils are generally
very viscous fluids. Therefore, while they can be used as raw
products in boilers, VO are often processed to produce
biodiesel that suit better the operational constraints of diesel
or gas turbine engines. For that purpose, a transesterification
reaction transforms the heavy triglycerides into monoesters
of methanol: the Fatty Acid Methyl Ester. Interestingly
FAMEs have physical and thermal properties (viscosity,
LHYV) close enough to that of petroleum diesel for a use in
combustion without significant hardware modifications.
Based on Table 1, four VO-derived biodiesels will be
considered in this study; they are representative of the most
important biodiesel classes worldwide. Table 2 displays the
composition of these mixtures. Tallow and lard consist
mainly of C;; to Cy fatty acids but contain higher
proportions of saturated acids than VOs. Typically, they
involve more than 50% of saturates and less than 5% of
polyunsaturated acids, which explains that they have a
higher viscosity than VO-derived FAMEs. Based on a
typical composition of tallow [12], the fifth case (BF5) can
be taken as representative of a biodiesel yielded by the
transesterification of an animal grease.

Compositions of Conventional Diesel Fuels (“DF”)

Table 3 summarizes the 3 blends (DF1 to 3) selected as
models for petroleum diesels. Diesel fuels are actually
complex mixtures of hundreds of molecules, most of them
containing from 7 to 15 carbon atoms. Since modeling in
detail such blends is currently unpractical, synthetic mixtures
have been proposed in the literature. Although n-heptane has
been widely modeled [13], its chemical and physical
properties remain far from a real diesel fuel. A more refined
blend model (DF1) has been recently proposed which
contains four linear, branched and cyclic molecules [14] that
account for all the chemical families involved in a real diesel
fuel used in engines. Another representative surrogate (DF2)
is proposed based on the analysis of a commercial diesel fuel

[15]. A single molecule represents each chemical family; C,q
isomers are considered as the most representative molecular
weights. One can note that for a conventional diesel fuel,
H/C is in the range of 1.9-2.1 [15]. A last blend (DF3)
represents a non conventional gasoil called Light Cycle Oil
(LCO), that is rich in aromatic and polycyclic molecules
[16]. In this case, C,, isomers are considered since the mean

molecular weight is higher for this type of fuel.

Table 3: Composition of the synthetic diesel fuels (mol%)

Name Formula DF1 DF2 DF3
n-decane n-C1oH22 31
n-tetradecane Nn-C14Hs30 14
n-hexadecane n-CiHas 235
n-propyl
cyclohexane CqHis 26.9
(PCYH)
n-butyl 39
cyclohexane CioH2o
(BCYH)
n-propyl benzene
(PBZ) CoH12 22.9
n-butyl benzene
(BBZ) CioH14 16
n-octyl benzene
(OBZ) CisH2 29
naphthalene (NP) CioHs 7.7
a-methyl
naphthalene (MNP) ~ CH™ 14
a-butyl
naphthalene (BNP) ~ CHe 55
H/C ratio 1.86 1.80 1.51

Compositions of Natural Gas fuels (“NG”)

The composition of commercial natural gas depends on the
production field and actually from the particular extraction
well it stems from. In particular, NGs can contain different
amounts of hydrocarbons heavier than methane that impact
on their LHV. Two NG compositions have been considered
that correspond to pure methane gas and to a “rich gas” [17]
respectively. They are displayed in Table 4.



Table 5 : Ideal gas phase thermodynamics properties

. . i’ . _— 1y
D H iy 1S expressed in keal.mol and S and C,(T )aregivenin cal.mol . K.
D
Species A Hie Sk 300K 400K 500K 600K 800K  1000K 1500 K
N> 0.00 4577 6.95 7.01 7.08 7.19 7.50 7.83 8.32
CH4 -17.92 4452 8.49 9.81 11.15 12.50 15.13 17.43 21.07
CoHe -20.29 54 85 12.59 15.76 18.67 21.31 25.80 29.37 36.24
CsHs -24.88 64.51 17.64 22.60 26.99 30.85 37.10 41.83 49.95
CaHio -30.23 7412 23.36 29.69 35.31 40.25 48.24 5424 64.51
n-C1oH22 -59.81 129.96 56.05 71.35 84.71 9629 11475 12816  149.00
N-C1sH20 -7962  167.35 77.94 99.18 11769 13368  159.11 17751 20599
N-C1eHaq -89.49  186.10 8888 113.06 13414 15235 18127 20213 23441
PCYH -45.40 9973 43.36 58.44 71.56 8289 10078 11348 13156
BCYH -50.35  109.07 48.86 65.38 79.80 9225 11189 12581 145.82
PBZ 1.91 95.61 36.28 47.53 57.18 65.38 78.03 86.74 99.77
BBZ -3.38 104.76 42.07 54 .85 65.81 75.13 89.50 9943 11454
OBz -2283 14237 63.65 82.30 9839 11212 13348 14840 170.97
NP 35.91 82.35 31.99 42.94 52.06 59.58 70.73 78.26 93.19
MNP 28.24 9258 3714 49.34 59.65 68.27 81.32 9025 10591
BNP 1313 11941 5444 70.57 84.59 9659 11495 12667 13362
C14:.0 -157.81 19242 8749 10990 12063 14674 17356 19128 201.94
Cc16:.0 -167.70 21113 9844  123.81 14610 16543 19574 21594 23042
c18:0 17760 22985 10937 137.73 16259 18412 217.90 24060 25892
C18:1 -14948 22647 10494 13269 157.02 178.07 210.95 23285 24988
c18:2 -120.84 22425 10197 12898 15266 17314 20510 22631 24197
Cc18:3 -9220 222.02 99.00 12528 14830 16820 19925 21978  234.02
C20:0 -187.49 24856 12034 15159 179.04 20282 24010 26522  287.41
C20:1 -159.38 24518 11587 14660 17350 196.75 23312 25752  278.38
C22:0 -197.38 26727 13127 16552 19553 22150 26226 289.90 31591
C22:1 -16927 26390 12682  160.51 18998 21544 25520 28217  306.87

Table 4 : Composition of the natural gas fuels (mol%)

Formula NG 1 NG 2
Alaska Libya
CH, 100 70
CoHs 15
CiHs 10
CqH1o 4
N> 1

CALCULATION METHOD

Thermochemical data

The thermochemical data used in the calculation of the
adiabatic flame temperature of the different fuels have been
computed by using the software THERGAS [18] and based
on the group additivity method proposed by Benson [19].
The data used herein for the group contributions are mostly
those proposed by Domalski and Hearing [20]. Since most of
the natural unsaturated fatty acids have a cis conformation of
their double bond, all FAMEs have been considered as cis
isomers (a cis double-bond induces an enthalpy of
1 keal mol™ higher than a trans double bond which is quite
insignificant). Table 5 summarizes the standard data in gas

phase calculated at 298 K for species involved in the
surrogate fuels studied here.

Flame temperature calculation

The adiabatic flame temperature (Tr) at constant pressure is
evaluated by calculating the temperature at which the
enthalpy of the combusted air/fuel mixture is minimal, air
and fuel being considered as perfect gases. The calculation is
performed using the software GASEQ developed by C.
Morley [21]. The method is based on the minimization of the
Gibbs Free Energy G of the mixture at constant pressure by
fixing a set of reaction products. The temperature is adjusted
iteratively until the equilibrium composition has an enthalpy
which is the same as that of the reactants. No chemical
equation is thus necessary.

The proportions of nitrogen, oxygen and argon in air are
0.7809, 0.2095, and 0.0096, respectively. Species considered
for the equilibrium calculation are Ar, N,, H,O, CO,, CO,
0,, OH, H, O, H,, and NO.

Adiabatic flame temperatures under 1 atm with fresh gases at
300 K were first calculated for molecules of each chemical
family present in conventional diesel fuels or in biofuels.
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Figure 1: Adiabatic flame temperatures of chemical species contained in fuels as a function of H/C ratio

These calculations allowed to compare the range of
temperatures that are reached by the various chemical
families and to quantify the influence of the composition on
the flame temperature and then on the NOx index. For each
surrogate mixture defined above, three calculations have
been performed:

—Case 1: a standard case considering a stoichiometric
mixture of combustible in air, at 300 K under 1 atm.
These conditions are far from gas turbine conditions but
comparable with data from other sources.

—Case 2: a case representative of an F-class gas turbine,
ie. a stoichiometric mixture under a temperature of
400°C (673 K) and a pressure of 16 atm.

—Case 3: a standard gas turbine case, representative of an
E-class, i.e. a stoichiometric mixture, under a temperature
of 350°C (623 K) and a pressure of 11.5 atm.

Note that these calculations does not allow any prediction of
the NOx emission in a real gas turbine, but only of a trend
when substituting a fuel to another.

RESULTS AND DISCUSSION

1. Parametric Study of T;

Figure 1 displays the adiabatic flame temperature calculated
in Case 1 for molecules of different chemical families as a
function of the H/C ratio. Focusing first on diesel fuels,
species containing between 10 and 20 carbon atoms were
studied, plus benzene. Aliphatic alkanes, alkenes, dienes, and
trienes were investigated, such as alkylcyclohexanes,
alkylbenzenes, and alkylnaphthalene as components of
conventional gasoils. In the case of FAMESs, temperatures
were calculated for linear saturated methyl esters, and for
those containing one, two, and three double bonds. The
results show that Ty increased when unsaturated bonds were

5

present in the molecule, while the H/C ratio decreased. T
rises from alkanes to trienes, and from saturated FAMESs to
FAMESs containing three double bonds. A key result of these
calculations is that FAMEs have always lower T; data than
the corresponding hydrocarbons (carbon chain without an
ester function) because the oxygenated function in which the
carbon atom is already oxidized decreases the enthalpy of
reaction (see arrows in figure 1). In other terms, the presence
of the ester function, in which a carbon atom is already
bound to two oxygen atoms within a carboxylic group, adds
virtually nothing to the heat of the combustion and a methyl
ester involving N carbon atoms has about the same thermal
effect (and the same stoichiometric air consumption) as a
similar hydrocarbon involving (N-1) carbon atoms. This
equals to say that a (1/N) fraction of the carbon content of
the FAME molecule is already oxidized and is “lost” for the
generation of heat. At the same time, the CO, molecule
generated by this carboxylic group tends to decrease Ty as it
consumes sensible heat among the reaction products. This is
the key explanation of the systematically lower T; data of
FAMEs as compared with gasoil of equivalent composition.
FAMEs with aromatic chains have not been modeled in this
work but would have shown the same effect; such FAMEs
are not representative of normal biodiesels, except for those
deriving from used frying oil (yellow greases) and having
undergone strong pyrolysis.

Alkylbenzenes and alkylnaphthalenes lead to high T; values
and low H/C ratio. The T; data of naphthenes (here:
alkylcyclohexanes) are not sensitive to the size of the alkyl
group and remain close to 2281 K, with a H/C ratio of 2. It is
worth noting that all lines are converging toward the point
(Te = 2281 K; H/C = 2) when the carbon atom number
mcreases since C,H,, 1s the limit formula for all studied



chemical families when the alkyl group grows in length i.e.
when n becomes infinite, whereby overwhelming the weight
of the other chemical functions. This limit case that
corresponds to H/C = 2 gives Ty = 2281 K. Methane and
other components of natural gas were not represented in the
figure to avoid wider scales. Methane leads to Ty= 2226 K
and H/C = 4, ethane to 2259 K and 3, respectively.
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Figure 2: Range of adiabatic flame temperature of fuels

Real fuels involve different proportions of each classes, with
an average H/C ratio of 1.8. Figure 2 summarizes the
temperature range reached by the components of the
different fuels of interest in gas turbines, i.e. diesel fuels
(DFs), biofuels (FAMES), and natural gas (NGs). The darker
area delimits the T;range of what can be considered the most
usual composition range of each fuel class: alkylbenzenes for
DFs, unsaturated methyl esters with two double bonds for
FAME’s and methane for NG. It appears that the flame
temperature of DFs and FAMEs are close even though DF
tend to have higher values. The composition of fuels is very
sensitive: a gasoil rich in alkanes and naphtenes could have a
lower flame temperature than a very unsaturated biofuel.
Reversely, an increasing proportion of aromatic species in
the diesel fuel will dramatically increase the flame
temperature. However, natural gas fuels have always lower
T data even when they contain significant amounts of C,.
alkanes.

2. Ty data of the fuel selection

Table 6 gives the calculated values of the adiabatic flame
temperatures (Ty) for the complex mixtures studied as
surrogates of the real fuels: the 5 FAMESs, the 3 DFs and the
2 NGs.

a) NG fuels: Natural gas fuels lead to lower T; values than
diesel fuels as their higher H/C ratio implies a lower
enthalpy of combustion than that of heavier molecules. NG2
contains alkanes heavier than methane and leads then to
higher T;values than NG1.

b) DF fuels: The 3 diesel fuel compositions lead to close
values of Tr. DF2, the second surrogate for commercial diesel
fuel, contains a little bit more of diaromatic molecules than
DF1 and leads to slightly higher temperatures. DF3 represent
a heavier blend such as LCO and is rich in aromatics and

polycyclic molecules. It leads to the highest temperature and
induces the worse NOx index.

¢) BF fuels: Biodiesel fuels lead to adiabatic flame
temperature data that are higher than those for NG and close
to those of DF. This outcome is consistent with calculations
performed for single molecules and with the recent results
procured by the above-mentioned field tests. As compared
with DFs, usual biodiesel fuels lead to equal or slightly
lower T: values when comparing to diesel fuels. The five
biofuels have a very similar behavior. In particular, there is a
limited difference between FAMEs obtained from rapeseed
(BF1) and soybean (BF3). A larger amount of unsaturated
bonds increases however slightly the enthalpy of
combustion. BF2 and BF3 contain the largest amounts of
insaturated bonds and lead to the highest T:aq values while
BF4 (palm oil) and BF5 (tallow) lead to smaller Taq values
due to their higher content of saturates (C s and Cg).

In summary, FAMEs have a level of LHV equal or lower
than conventional diesel fuels and, within the FAME family,
the LHV of BF4 and BE5 have the lowest ones; T; follows
the same trend as the LHV.

Table 6: Adiabatic flame temperatures (T), at constant
pressure, in Kelvin, for the different fuels

Case 1 Case 2 Case 3
BF 1 2287 2556 2519
BF 2 2291 2559 2522
BF 3 2290 2558 2521
BF 4 2279 2547 2510
BF 5 2278 2546 2509
DF 1 2290 2558 2521
DF 2 2292 2560 2523
DF 3 2309 2578 2541
NG 1 2227 2449 2454
NG 2 2245 2509 2470

BFE : biofuel, DF, diesel fuel, NG: natural gas.

The overall results obtained for realistic mixtures contradict
those of Ban-Weiss et al. [5], who proposed higher adiabatic
flame temperatures for biofuels than for conventional diesel
fuel but compared in fact small FAMEs to small alkanes,
without considering the large amount of unsaturated species
contained in a diesel fuel, especially aromatics and
naphthenoaromatics. On the other hand, our results are in
accordance with those of Nabi and al. calculated from the
elementary analyses of a diesel fuel and a neem oil [6].

CONCLUSIONS

This study was intended to clarify the question of how
biodiesel impacts on the NOx emission of gas. The adiabatic
flame temperature T; represents the highest temperature that
a combustion can produce for a specific mixture whatever
the combustion device. Thus, T, can be considered as the
major determinant of NOx emissions in gas turbine and has
been taken as criterion.



Calculations of T for various types of molecules contained in
biodiesels, gasoil and natural gas and for surrogate fuel
mixtures allowed to rank these 3 fuel classes and to point out
interesting effects within each fuel class.

The results show that diesel fuels tend to generate the highest
temperatures, natural gas the lowest and biodiesel lie in-
between. The variability of the composition of gasoils can
substantially change flame temperature, while biofuels are
less sensitive to composition variations.

This ranking complies with the finding of two recent field
tests that show, for gas turbines, a slight decrease of NOx
when passing from gasoil to biodiesel. They highlight a main
difference between gas turbines and diesel engines for which
the trend is reversely an increase of NOx when switching
from petroleum diesel to biodiesel.

The calculations performed with variable FAME
distributions show no significant effect on the exothermicity
of the combustion and thus on NOx. This result is interesting
as it tends to predict an even behavior of biodiesels
worldwide. It must be stressed that the conclusions of this
approach are valid for invariant combustion conditions
(constant geometry and air distribution in combustion
chambers; unchanged fuel nozzle sizes and atomization
conditions; prompt and organic NOx neglected). Finally
OEM’s shall be consulted for an authorized statement on
actual emissions.
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