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Gasoline is produced by oil refineries from crude oil. The refining process begins from
distilling the incoming crude oil into various fractions. The individual distillation fractions
are further processed to obtain the so-called base stocks which can be used in fuels
and lubricants. In order to be a practical fuel for a modern automobile, gasoline must
satisfy a number of requirements as to its volatility, octane number, tendency to form
engine deposits, etc. Refiners can meet these requirements by mixing different base
stocks, with their selection dependent on cost, refinery capability, and quality of the
crude oil feedstocks available. The following refinery base stocks are commonly used
in gasoline blending: butane, isopentane, straight run (SR) light gasoline, low-pressure
reformate, medium-pressure reformate, high-pressure reformate, FCC gasoline
(produced by fluid catalytic cracking).

The physical properties of gasoline have a huge effect on the fuel supply and the
combustion process. A certain gasoline density range is assumed when the fuel inlet
system of an engine is designed. For instance, in Europe, conventional unleaded
gasoline must have a density in a range of 0.725 to 0.78 g/cm3, while in the US; the
range is 0.745 to 0.765 g/cm3. In practice, the highest possible density is preferable in
terms volumetric net heating value (NHV) and specific fuel consumption. However, with
increasing the density, the volatility of gasoline tends to decline, and too low a volatility
is likely to cause vehicle operating problems at cold temperatures. On the other hand,
too high a volatility may cause problems at hot temperatures, in particular, vapor lock
and percolation. Hence, gasoline volatility is always included in the specifications (see
e.g. EN 228 in Europe and ASTM D 4814 in the US).

Another important characteristic of gasoline is the octane number. The octane number
describes gasoline’s resistance to auto ignition and knock. Hence, the minimum octane
rating is also established by the specifications.

The octane rating can be boosted by certain additives. In the past, lead alkyls were
widely used for that purpose. However, with the introduction of catalytic converters in
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the 1970s, the use of leaded gasoline started to decline, and by the end of the 1990s,
the leaded gasoline has been phased out completely. However, some other additives —
such as MMT (methyl cyclopentadienyl manganese tricarbonyl) came to replace lead in
some markets. Finally, aromatic compounds, alcohols and esters that have high octane
numbers can also be used to boost the octane rating of gasoline.

However, gasoline specifications extend far above density, volatility, and octane
number. Stringent requirements for emissions and environmental protection drive the
development of reformulated gasoline (RFG) which must meet certain additional
specifications regarding the chemical composition. In particular, the aromatic, olefin
and sulfur contents are controlled. The chief contributor of olefins and sulfur in gasoline
is FCC naphtha. The production of reformulated gasoline simply accentuates the
importance of a particular fuel characteristic - the fuel's effect on emissions - in the
selection of gasoline components. In the US, the Tier 2 Gasoline Sulfur program,
finalized in 2000, reduced the sulfur content of gasoline by up to 90 percent — from 300
ppm to 30 ppm annual average — enabling the use of new emission control
technologies in cars and trucks that reduce harmful air pollution. The subsequent Tier 3
Gasoline Sulfur program has further lowered the limit down to an average of 10 ppm on
an annual basis as from January 1, 2017. The same trend has been paralleled in other
countries, see the table below:
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