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Abstract  Crude oil characterization plays a key 
role in upstream as well downstream operations of 
petroleum supply chain It is usually carried out by a 
batch distillation process known as true boiling point 
(TBP) distillation, which represents a "footprint" of 
the crude oil composition profile, once its shape de-
pends on the amount and volatility of components in 
a given crude oil. In the last decades, crude oil cha-
racterization methods by continuous distribution 
models have been proposed, as an option to the clas-
sic (discrete) pseudo component approach. The com-
parative performance of five continuous distribution 
models – Beta, Gamma, Riazi, Weibull and Weibull 
extreme – in characterizing the TBP crude oil distil-
lation curve is presented in this work. A large TBP 
database of different types of Brazilian crude oil is 
used to identify the optimal characterization para-
meters of these models by a least-squares statistical 
criterion. The modeling performance of each conti-
nuous distribution model was measured using statis-
tical estimators. The Weibull extreme model pre-
sented the most adequate performance in terms of 
the root mean squared error (RMSE) for all crude 
oils. In general, the model parameters uncertainties 
increase with the crude oil API density, despite the 
reversed behavior shown by Gamma model. 
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I. INTRODUCTION 
In the crude oil supply chain, different crude oil charac-
terization systems are used for several different decision 
processes across upstream operations (i.e. exploration 
and production) as well downstream operations (market-
ing, transport and refining). 

Crude oil assays are one of the most widely used 
characterization systems, which are the primary data 
source for petroleum refineries and crude oil marketers. 
Crude oil assays are used to know the potential distilla-
tion yields and physico-chemical properties that a crude 
oil will produce when distilled. Process operating condi-
tions analysis and crude oil economical evaluations are 
often based on these results. 

True boiling point (TBP) distillation, which reports 
experimental data of cumulative mass or volume distil-

lation yields according to the boiling point temperatures, 
is largely employed in crude oil assays. As distillation 
curves are based on several experimental temperature-
yield data, there is a need of interpolating those using 
cubic splines methods or probability distribution func-
tions (Nelson, 1968; Whitson, 1983), which offers more 
accurate adjustment. 

Literature presents many distribution functions that 
have been used for calculations on petroleum industry. 
Gamma distribution was used to characterize crude oil 
and the parameters of the fitted distribution were related 
to API gravity in Behrenbruch and Dedigama (2007). 
Sánchez et al. (2007) analyzed 25 probability distribu-
tion functions for a total of 137 distillation curves and 
Weibull extreme, Kumaraswamy and Weibull functions 
were found to be the best distribution functions for fit-
ting distillation data. Riazi et al. (2004) presents differ-
ent options for characterization of different types of 
crude oils and also appropriate methods of basic para-
meter estimation for thermodynamic models. 

The present study was developed with the main ob-
jective of compare the fitting performance of five prob-
ability distribution functions – Beta, Gamma, Riazi 
(Riazi et al., 2004), Weibull and Weibull extreme (Sán-
chez et al., 2007) – for Brazilian crude oil characteriza-
tion. 

II. CONTINUOUS DISTRIBUTION MODELS 
A mathematical function, called distribution function 
(DF), can be used to model the frequencies of occur-
rences of entities or events. If the event is discrete, it 
can be biunivocaly associated to a discrete random vari-
able and the distribution function maps the frequency of 
occurrence of each value of the variable; if the event is 
continuous, it can be associated to a continuous random 
variable and integrals of the distribution function maps 
the frequency the variable falls within intervals (Abra-
mowitz and Stegun, 1965). Once boiling points are con-
tinuous variables, only continuous distribution functions 
will be analyzed on this study. 

The probabilities of a continuous random variable 
are modeled using continuous distribution functions. In 
this context, cumulative distribution function (CDF) can 
also be used to map the amount of entities that has boil-
ing points lower than a particular temperature. Cumula-


