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ABSTRACT 

In industry, under real time conditions, describing the state of production in a finite time 

interval often requires processing of great volume of information. This requires 

developing a system that would process the coming information in parallel and high 

level of reliability. One of the approaches that meet the above requirements is Neural 

Networks. 

In this thesis the development of quality prediction system for Crude Distillation Unit 

(CDU) products is considered. The analysis and technological description of CDU is 

given. Quality of the products depends on many parameters. The main technological 

parameters that influence to the output products of CDU have been observed. Artificial 

Neural Network is used to predict product quality in the CDU technological process. 

The mathematical models of Neural Network and its learning algorithm are given. 

Using Neural Network structure the development of the quality prediction is carried out. 

For prediction the Naphtha 95 % Cut Point property is chosen. 

Using statistical data taken from technological process and implementing the back 

propagation learning algorithm, product quality prediction for naphtha 95 % Cut Point 

has been performed. Development of the system is realized using Neuroshell software 

package and NNinExcell software package and results of simulation with both packages 

are analyzed. 
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INTRODUCTION 

In response to demand for increasing oil production levels and more stringent product 

quality specifications, the intensity and complexity of process operations at oil 

refineries have been exponentially increasing during the last three decades. To reduce 

the operating requirements associated with these rising demands, plant designers and 

engineers are increasingly relying upon automatic control systems. It is well known that 

model based control systems are relatively effective for making local process changes 

within the specific range of operation. However, the existence of highly nonlinear 

relationships between the process variables (inputs) and product stream properties 

(outputs) have bogged down all efforts to come up with reliable mathematical models 

for large scale crude fractionation sections of an oil refinery. The implementation of 

intelligent control technology based on soft computing methodologies such as neural 

network (NN) can remarkably enhance the regulatory and advance control capabilities 

of various industrial processes such as oil refineries. 

Presently, in the majority of oil refineries (such as Tupras Refinery, in izmit, Turkey), 

product samples are collected once or twice a day according to the type of analysis to be 

performed and supplied to the laboratory for analysis. If the laboratory results do not 

satisfy the specification within the acceptable tolerance, the product has to be 

reprocessed to meet the required specification. This process is costly in terms of time 

and money. In order to solve this problem in a timely fashion, a continuous on-line 

method for predicting product stream properties and consistency with and pertinence to 

column operation of the oil refinery are needed. 

In general, on-line analyzers can be strategically placed along the process vessels to 

supply the required product quality information to multivariable controllers for fine 

tuning of the process. However, on-line analyzers are very costly and maintenance 

intensive, To minimize the cost and free maintenance resources, alternative methods ~. 
should be considered. 
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In this thesis, the utilization of artificial neural network (ANN) technology for the 

inferential analysis of crude fractionation section of Tupras Refinery, in izmit , Turkey 

is presented. The implementation of several neural network models using back 

propagation algorithm based on collection of real-time data for a four months operation 

of a plant is presented. The proposed neural network architecture can accurately predict 

various properties associated with crude oil production. The result of the proposed 

work can ultimately enhance the on-line prediction of crude oil product quality 

parameters for the crude distillation ( fractionation) processes of various oil refineries. 

The thesis consists of four chapters and a conclusion. First two chapters give an 

introduction about the background of this work; technological process described 

focusing on Crude Distillation Unit and Neural Networks learning and the last two 

chapters explain the work done. 

In Chapter 1, description of the refinery process including basics of crude oil as raw 

material of refinery process and major refinery products are presented. Since this thesis 

will be focused on the process of the Crude Distillation Unit, which is the starting point 

for all refinery operations, complete process description of the Crude Distillation Unit 

will be given. 

In Chapter 2, an introduction about the neural networks, development of neural 

networks, structure of neural networks that is included biological neural networks, 

artificial models and components of artificial neuron are presented. Also classification 

of neural network learning as supervised and unsupervised will be described. Finally, 

back propagation and its algorithm will be explained in details. 

In Chapter 3, development of neural network system of product quality prediction is 

described. A structure of neural network system to predict product quality will be 

presented. Selection of process variables that have influence to product quality is 

determined. The main steps for development of neural network system to predict ..•.. 
naphtha cJi point will be explained in details. 
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In Chapter 4, the neural network learning structure and the training procedures as well 

as the results of the modelling for naphtha 95 % cut point will be analyzed. 

In the Conclusion, the results of this work will be explained. 
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1. TECHNOLOGICAL PROCESS DESCRIPTION 

1.1 Overview 

This chapter gives description of the refinery process including basics of crude oil as 

raw material of refinery process and major refinery products. Since this thesis will be 

focused on process of the Crude Distillation Unit that is the starting point for all refinery 

operations, complete process description of the Crude Distillation Unit will be given. 

1.2 Description of the Refinery Process 

The petroleum industry began with the successful drilling of the first commercial oil 

well in 1859, and the opening of the first refinery two years later to process the crude 

into kerosene. The evolution of petroleum refining from simple distillation to today's 

sophisticated processes has created a need for technological improvement. To those 

unfamiliar with the industry, petroleum refineries may appear to be complex and 

confusing places. Refining is the processing of one complex mixture of hydrocarbons 

into a number of other complex mixtures of hydrocarbons. Petroleum refining has 

evolved continuously in response to changing consumer demand for better and different 

products. The original requirement was to produce kerosene as a cheaper and better 

source of light than whale oil. The development of the internal combustion engine led to 

the production of gasoline and diesel fuels. The evolution of the airplane created a need 

first for high-octane aviation gasoline and then for jet fuel, a sophistic~ted form of the 

original product, kerosene. Present-day refineries produce a variety of products 

including many required as feedstock for the petrochemical industry [ 1]. Although here 

description of refinery process is given, attention will be focused on Crude Distillation 
Unit operation. 
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1.3 Crude Oil 

1.3.1 Basics of Crude Oil 

Crude oils are complex mixtures containing many different hydrocarbon compounds 

that vary in appearance and composition from one oil field to another. Crude oils range 

in consistency from water to tar-like solids, and in color from clear to black. An 

"average" crude oil contains about 84% carbon, 14% hydrogen, 1 %-3% sulfur, and less 

than 1 % each of nitrogen, oxygen, metals, and salts. Crude oils are generally classified 

as paraffinic, naphthenic, or aromatic, based on the predominant proportion of similar 

hydrocarbon molecules. Mixed-base crude has varying amounts of each type of 

hydrocarbon. Refinery crude base stocks usually consist of mixtures of two or more 

different crude oils. 

Crude oils are defined in terms of API (American Petroleum Institute) gravity. The 

higher the API gravity, the lighter the crude. For example, light crude oils have high 

API gravities and low specific gravities. Crude oils with low carbon, high hydrogen, 

and high API gravity are usually rich in paraffins and tend to yield greater proportions 

of gasoline and light petroleum products; those with high carbon, low hydrogen, and 

low API gravities are usually rich in aromatics. 

Crude oils that contain appreciable quantities of hydrogen sulfide or other reactive 

sulfur compounds are called "sour." Those with less sulfur are called "sweet." Some 

exceptions to this rule are West Texas crude, which are always considered "sour" 

regardless of their H2S content, and Arabian high-sulfur crude, which are not considered 

"sour" because their sulfur compounds are not highly reactive [l]. 

1.3.2 Major Refinery Products 

• Gasoline: The most important refinery product is motor gasoline, a blend of 

hydrocarbons with boiling ranges from ambient temperatures to about 400 °F. The 

important qualities for gasoline are octane number (antiknock), volatility (starting 

and vapor loe~), and vapor pressure (environmental control). Additives are often 
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used to enhance performance and provide protection against oxidation and rust 

formation. 

• Kerosene: Kerosene is a refined middle-distillate petroleum product that finds 

considerable use as a jet fuel and around the world in cooking and space heating. 

When used as a jet fuel, some of the critical qualities are freeze point, flash point, 

and smoke point. Commercial jet fuel has a boiling range of about 375°-525 °F, and 

military jet fuel 130°-550 °F. Kerosene, with less-critical specifications, is used for 

lighting, heating, solvents, and blending into diesel fuel. 

• Liquified Petroleum Gas (LPG): LPG, which consists principally of propane 

and butane, is produced for use as fuel and is an intermediate material in the 

manufacture of petrochemicals. The important specifications for proper performance 

include vapor pressure and control of contaminants. 

• Distillate Fuels: Diesel fuels and domestic heating oils have boiling ranges of 

about 400°-700 °F. The desirable qualities required for distillate fuels include 

controlled flash and pour points, clean burning, no deposit formation in storage 

tanks, and a proper diesel fuel cetane rating for good starting and combustion. 

• Residual Fuels: Many marine vessels, power plants, commercial buildings and 

industrial facilities use residual fuels or combinations of residual and distillate fuels 

for heating and processing. The two most critical specifications of residual fuels are 

viscosity and low sulfur content for environmental control. 

• Coke and Asphalt: Coke is almost pure carbon with a variety. of uses from 

electrodes to charcoal briquettes. Asphalt, used for roads and roofing materials, must 

be inert to most chemicals and weather conditions. 

• Solvents: A variety of products, whose boiling points and hydrocarbon 

composition are closely controlled, are produced for use as solvents. These include 

benzene, toluene, and xylene. 
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• Petrochemicals: Many products derived from crude oil refining, such as 

ethylene, propylene, butylenes, and isobutylene, are primarily intended for use as 

petrochemical feedstock in the production of plastics, synthetic fibers, synthetic 

rubbers, and other products. 

• Lubricants: Special refining processes produce lubricating oil base stocks. 

Additives such as demulsifiers, antioxidants, and viscosity improvers are blended 

into the base stocks to provide the characteristics required for motor oils, industrial 

greases, lubricants, and cutting oils. The most critical quality for lubricating-oil base 

stock is a high viscosity index, which provides for greater consistency under varying 

temperatures [ 1]. 

1.4 Petroleum Refining Process 

Petroleum refining begins with the distillation, or fractionation, of crude oils into 

separate hydrocarbon groups. The resultant products are directly related to the 

characteristics of the crude processed. Most distillation products are further converted 

into more usable products by changing the size and structure of the hydrocarbon 

molecules through cracking, reforming, and other conversion processes as discussed in 

this chapter. These converted products are then subjected to various treatment and 

separation processes such as extraction, hydro treating, and sweetening to remove 

undesirable constituents and improve product quality. Integrated refineries incorporate 

fractionation, conversion, treatment, and blending operations and may also include 

petrochemical processing. 

1.4.1 Refining Operations 

Petroleum refining processes and operations can be separated into five basic areas: 

• Fractionation ( distillation) is the separation of crude oil in atmospheric and 

vacuum distillation towers into groups of hydrocarbon compounds of differing 

boiling-point i'!nges called "fractions" or "cuts." 

4 



• Conversion processes change the size and/or structure of hydrocarbon 

molecules. These processes include: 

Decomposition ( dividing) by thermal and catalytic cracking; 

Unification ( combining) through alkylation and polymerization; and 

Alteration (rearranging) with isomerization and catalytic reforming. 

• Treatment processes are intended to prepare hydrocarbon streams for additional 

processing and to prepare finished products. Treatment may include the removal or 

separation of aromatics and naphthenes as well as impurities and undesirable 

contaminants. Treatment may involve chemical or physical separation such as 

dissolving, absorption, or precipitation using a variety and combination of processes 

including desalting, drying, hydrodesulfurizing, solvent refining, sweetening, 

solvent extraction, and solvent dewaxing. 

• Formulating and Blending is the process of mixing and combining hydrocarbon 

fractions, additives, and other components to produce finished products with specific 

performance properties. 

• Other Refining Operations include: light-ends recovery; sour-water stripping; 

solid waste and wastewater treatment; process-water treatment and cooling; storage 

and handling; product movement; hydrogen production; acid and tail-gas treatment; 

and sulfur recovery. 

Auxiliary operations and facilities include: steam and power generation; process and 

fire water systems; flares and relief systems; furnaces and heaters; pumps and valves; 
' 

supply of steam, air, nitrogen, and other plant gases; alarms and sensors; noise and 

pollution controls; sampling, testing, and inspecting; and laboratory, control room, 

maintenance, and administrative facilities [ 1]. 
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Figure 1.1 Refinery process chart 

1.5 Crude Oil Distillation Process 

1.5.1 Description 

The crude distillation unit (CDU) is the starting point for all refinery operations. The 

first step in the refining process is the separation of crude oil into various fractions or 

straight-run cuts by distillation in atmospheric and vacuum towers. The .separation of 

crude oil into raw products is accomplished in the crude unit by fractional distillation in 

fractionating columns, based on their distillation range. The process does not involve 

any chemical changes. The main fractions or "cuts" obtained have specific boiling-point 

ranges a~. can be classified in order of decreasing volatility into gases, light distillates, 

middle distillates, gas oils, and residuum. 
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1.5.2 Atmospheric Distillation Tower 

A schematic representation of the crude oil and product flow is presented in Fig 1.2. 
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Figure 1.2 Atmospheric Distillation Unit 

The crude feed pump, located near the crude storage tanks, supplies the feed to the unit. 

The feed to the unit is passed through a desalter where the chlorides of calcium, 

magnesium and sodium are removed. These salts form corrosive acids during process­ 

ing and therefore are detrimental to process equipments. By injecting water to the crude 

oil stream these salts are dissolved in the water and the solution is separated from the 

rude by means of an electrostatic separator in a large vessel. The electrically charged 

grids coalesces the water and aids separation from the crude. After desalting the crude 

is heated through a series of heat exchangers and then by a furnace to a temperature of 

00°F anlradmitted to the flash zone of the atmospheric distillation tower [2]. 
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