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History and Development of Refining Processes Kinds of Refineries

1.1 Petroleum is a complex mixture of hydrocarbons found naturally in the Earth in liquid,

gaseous, or solid states. While the term "petroleum” is often associated specifically with its liquid

form, it also encompasses natural gas and solid bitumen. The word "petroleum,” meaning "rock

oil," originates from the Latin words Petra (rock or stone) and Oleum (oil). This term was first

documented in 1556 in a treatise authored by Georg Bauer.
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Crude oil (or petroleum) is becoming increasingly important in the world, day after day and
exceeds uses and derives strategic importance of crude oil from two facts:

1. Itis being a source of energy.

2. Itis being the basic raw material for the chemical industry and the branches of various

petrochemical.
Exhorts crude oil good position between the different energy sources for the following
reasons:

1. Contain many products can be separated from each other by refining and represent a
variety of sources in fuel use and production assistant lubrication oils products and
asphalt and petroleum solvents, as some of its derivatives important materials in
Petrochemical industries.

The presence of natural gas with crude oil under the surface of the earth.

3. It can be transferred to long distances easily.

4. Low cost of production, transportation and refining.
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1.2 Origin Petroleum
There are two theories on the origin of carbon fuels: the abiogenist theory and the biogenic theory
(Kenney et al., 2001, 2002). The two theories have been intensely debated since the 1860s, shortly
after the discovery of widespread occurrence of petroleum.
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1.2.1 Abiogenist Origin:
There have been several attempts at formulating theories that describe the detail of the origin of
petroleum, of which the early postulates started with inorganic substances as source material. For
example, in 1866, Berthelot considered acetylene the basic material and crude oil constituents were
produced from acetylene. Initially, inorganic carbides were formed by the action of alkali metals
on carbonates after which acetylene was produced by the reaction of the carbides with water.
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1.2.2 Biogenic Origin:
Petroleum is a naturally occurring hydrocarbon mixture but hydrocarbons that are synthesized by
living organisms usually account for less than 20% of the petroleum (Hunt, 1996). The remainder
of the hydrocarbons in petroleum is produced by a variety of processes that convert other organic
material to hydrocarbons as part of the maturation processes generally referred to as diagenesis,
catagenesis, and mutagenesis. These three processes are a combination of bacteriological action
and low-temperature reactions that convert the source material into petroleum. During these
processes, migration of the liquid products from the source sediment to the reservoir rock may also
occur. Most geologists view crude oil and natural gas as the products of compressionand heating
of ancient vegetation over geologic timescales. According to this theory, it is formed from the
decayed remains of prehistoric marine animals and terrestrial plants. Over many centuries this
organic matter, mixed with mud, was buried under thick sedimentary layers of material. The
resulting high levels of heat and pressure cause the remains to metamorphose, first into a waxy
material known as kerogen and then into liquid and gaseous hydrocarbons in a process known as
catagenesis. These then migrate through adjacent rock layers until they become trapped
underground in porous rocks called reservoirs, forming an oilfield, from which the liquid can be
extracted by drilling and pumping.
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Figure 1 Biogenic Origin.

1.3 Refining crude oil methods
Crude oil in its natural state has no value to consumers and must be transformed into products that
can be used in the marketplace. Various physical and chemical methods are used in refining
processes. Heat, pressure, catalysts, and chemicals are applied under widely varying process
designs, operating conditions, and chemical reactions to convert crude oil and other hydrocarbons

into refined products.
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Petroleum refining plays an important role in our lives:
e Energy
e Transportation
e Industry
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The primary economic objective in refining is to maximize the value added in converting
crude oil into finished products.
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TABLE 1.1
Brief History of Refining

Year Process Name
1862  Awmmospheric distillation
I870  Vacuum distillation
1913 Thermal cracking

1916  Sweetening

1930  Thermal reforming
1932  Hydrogenation

1932  Coking

1933  Solvent extraction

1935  Solvent dewaxing

1935  Catalytic polymerization
1937  Caalytic cracking

1939  Visbreaking

1940  Alkylation

1940  Isomerization

1942 Fluid catalytic cracking
1950  Deasphalting

1952  Canalytic reforming
1954  Hydrodesulfurization
1956  Inhibitor sweetening
1957  Caralytic isomerization
1960  Hydrocracking

1974  Camalytic dewaxing
1975  Residual hydrocracking

Purpose

Produce kerosine
Lubricants (original)
Cracking feedstocks (1930s)
Increase gasoline
Reduce sulfur and odor
Improve octane number
Remove sulfur
Produce gasoline base stocks
Improve lubricant viscosity index
Improve pour point
Improve gasoline yield and
octane number
Higher octane gasoline
Reduce viscosity
Increase gasoline yield and octane
Produce alkylation feedstock
Increase gasoline vield and octane
Increase cracking feedstock
Convert low-quality naphtha
Remove sulfur
Remove mercaptans
Convert 1o molecules with
high-octane number
Improve quality and reduce sulfur
Improve pour point
Increase gasoline yield
from residual

By-products, etc.

Naphtha, tar, etc.

Asphalt, residual coker
feedstocks

Residual, bunker fuel

None

Residual

Sulfur

Coke

Aromatics

Waxes

Petrochemical feedstocks

Petrochemical feedstocks
Increased distillate, tar
High-octane aviation gasoline
Naphtha

Petrochemical feedstocks
Asphalt

Aromatics

Sulfur

Disulfides

Alkylation feedstocks

Alkylation feedstocks
Wax
Heavy residuals

In the modern petroleum refinery processes, the refining processes are classified as either:

e Physical separation
e Chemical conversion

Physical separation

Chemical conversion:

Catalytic:

Thermal

Distillation

e Reforming

Delayed coking

Solvent deasphalting

o Hydrotreating

Flexicoking
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Solvent extraction e Hydrocracking | Visbreaking

Solvent dewaxing e Alkylation

e Isomerization
Petroleum refining process including: separating, treating, recovering, and fractionating in order
to produce the desired products as Fig. 2.
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Crude Oil Refining
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Figure 2 Crude oil refining processes

Crude oil is refined to produce products including:
Liquefied petroleum gases (LPG)
Gasoline

Jet fuel

Asphalt

Diesel fuel

Petrochemical feedstock
Lubricating oils and waxes
Kerosene

Home heating oil

Fuel oil

HYDROCRACKER

1.4 Types of petroleum refinery plant
Crude Oil Refining
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o Avrefinery is a well-organized processing plant where the reformation of crude oil into
various useful products takes place.
o Crude oil refining is the process of breaking down all the organic matters in crude and
separating them for further reformation.
e Three major types of operation are performed to refine the oil into finished products:
separation, conversion, and treating.
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There are four types of refineries:

Topping.

Hydro-skimming.

Conversion.

Deep-conversion refineries.

Depending on the market a refiner is aiming at, each refinery has its unique design to ensure their
production conforms to their host country’s set standards.
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1. Topping:
e The topping refinery just separates the crude into its constituent petroleum products by
distillation, known as Atmospheric Distillation.
e Topping Refinery produces naphtha but no gasoline.
e Topping refineries comprise facilities such as tanks, distillation units, gas, light
hydrocarbons recovery facilities, and other necessary utility systems.
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Cracking:
e The cracking or hydro-cracking refinery is equipped with vacuum distillation and
catalytic cracking.
e The cracking refinery adds one more level of complexity to the hydro-skimming refinery
by reducing fuel oil by conversion to light distillates and middle distillates.
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2. Hydro-skimming:
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o Is equipped with Atmospheric Distillation, naphtha reforming, and necessary treating
processes.

e Is more complex than a topping refinery and it produces gasoline.

e Is better than topping refineries because of the addition of hydro-treating and reforming
units to the basic configuration that makes up a topping refinery, may not deliver high-
quality petroleum products as most of their outputs are usually residual fuels low-quality
with sulfur-filled petroleum products.
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3. Conversion Oil Refineries:

Also known as cracking refineries, conversion refineries are refining plants that have all basic
units that make up both topping and hydro-skimming refineries as well as:

Gas oil conversion units.

Olefin conversion plants and coking units are what make them more efficient than hydro-
skimming plants.

Reduce the production of residual fuels.

Conversion oil refining plant produces lighter fuels such as gasoline, jet fuel, and diesel.
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. 4. Deep Conversion Refineries:
o Deep Conversion refinery is a combination of all components of a conversion refinery.
e An additional unit known as the coking unit.
e The coking unit makes it possible to treat and convert extremely heavy crude oil fractions
into lighter products.
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Coking:
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Process the vacuum residue into high-value products using the Delayed Coking Process.
The coking refinery adds further complexity to the cracking refinery by high conversion
of fuel oil into distillates and petroleum coke.
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. 1.5 Processing units of oil refinery:

Crude Oil Distillation Unit (CDU):
e Is the first processing unit in virtually all oil refineries.
e The CDU distillsthe incoming crude oil into various fractions of different boiling ranges.
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Vacuum Distillation Unit (VDU):
o Further distills the residue oil from the bottom of the crude oil distillation unit.
e The vacuum distillation is performed at a pressure well below atmospheric pressure.
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Diesel Hydro-treating Unit (DHT):
e Uses hydrogen to desulfurize the naphtha fraction from the crude oil distillation or other
units within the refinery.
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Semi-regenerative Reforming (SRR):
e Used to convert petroleum refinery naphtha distilled from crude oil (typically having low
octane ratings) into high-octane liquid products called reformates.
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Fluid Catalytic Cracking Unit (FCC):
e Under the action of heat and catalyst, upgrades the heavier, higher-boiling fractions from
the crude oil distillation by converting them into lighter and lower boiling.
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Sulfur Recovery Unit (SRU):
o Converts sulfur gas such as H2S into elemental sulfur, so as to convert waste into treasure
and protect the environment.
Gy Sl paMadiul Baa g (SRU):
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Isomerization Unit:
e Converts linear molecules such as normal pentane into higher-octane branched molecules
for blending into the end-product gasoline.

e Also used to convert linear normal butane into isobutane for use in the alkylation unit.
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1.6 Petroleum Refineries in Irag (General View) Current Companies of Refining:

1. North Refineries Company:
e It represents the largest company for petroleum refining in Irag.
o A Establishing Date: 1976
o B. Current Capacity: 402,000 Bbl./day
o C. No. of Refineries and other units:
= Large Refineries (Baggy Refinery):
= North Refinery with capacity: 170,000 Bbl./day
= Salahaldeenl Refinery with capacity: 70,000 Bbl./day
= Salahaldeen2 Refinery with capacity: 170,000 Bbl./day
= Oils Refinery with capacity: 125,000 ton/year for different types of
oils.
= Factory production and mobilization:
= Metal drums: 1100 Drum/h (200 lit.)
= Plastic cans: 1250 Can/h (5 lit.), 1000 Can/h (1 lit.)

Small Refineries:

Kirkuk Refinery with capacity: 30,000 Bbl./day
Asseeniay Refinery with capacity: 20,000 Bbl./day
Alkisk Refinery with capacity: 10,000 Bbl./day
Hadeethah Refinery with capacity: 16,000 Bbl./day
Algiarah Refinery with capacity: 16,000 Bbl./day

The company produces various types of products such as unleaded gasoline, jet fuel, kerosene,
gas oil and black oil for export and various types of oils, such as motor oil, gasoline and motor
oil for diesel and oils Sewing Machines and Transformers products, asphalt, sulfur, fuel gas, and
liquid gas.

2. Midland Refineries Company:
o | represent the oldest company for petroleum refining in Iraqg.
o E. Establishing Date: 1953
o F. Current Capacity: 210,000 Bbl./day
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o G. No. of Refineries and other units:

= Large Refineries:
= Adora Refinery with capacity: 130,000 Bbl./day
= Adora Oils Refineries with capacity: 121,000 ton/year for different

types of oils.

= Other units for nitrogen production (liquid and gas).

= Small Refineries:
= Asimawa Refinery with capacity: 30,000 Bbl./day
= Adiwani Refinery with capacity: 20,000 Bbl./day
= Annajaf Refinery with capacity: 30,000 Bbl./day

3. South Refineries Company:

e | represent the smallest company for petroleum refining in Iraqg.
o |. Establishing Date: 1998
o J. Current Capacity: 100,000 Bbl./day
o K. No. of Refineries and other units:
= Large Refineries:
= Bassra Refinery with capacity: 70,000 Bbl./day
= Oils Refinery with capacity: 125,000 ton/year for different types of
oils.
= Small Refineries:
= Thi Qar Refinery with capacity: 10,000 Bbl./day
= Misan Refinery with capacity: 10,000 Bbl./day

4. Future Refineries:

Thigar Petroleum Refinery - 300,000 BPD
Misan Petroleum Refinery - 150,000 BPD
Kirkuk Petroleum Refinery - 150,000 BPD
Karbala Petroleum Refinery - 140,000 BPD
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1.7 Organization of Petroleum Exporting Countries (OPEC):

An organization consisting of the world's major oil-exporting nations. The Organization of
Petroleum Exporting Countries (OPEC) was founded in 1960 to coordinate the petroleum policies
of its members and to provide member states with technical and economic aid. OPEC is a cartel
that aims to manage the supply of oil in an effort to set the price of oil on the world market, to
avoid fluctuations that might affect the economies of both producing and purchasing countries.
OPEC membership is open to any country that is a substantial exporter of oil and that shares the
ideals of the organization.
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As of 2011, OPEC had 12 member countries, including founder members Iraqg, Iran, Kuwait, and
Venezuela.
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1.7 Organization of Arab Petroleum Exporting Countries (OAPEC):

OAPEC was established in 1968 by Kuwait, Libya, and Saudi Arabia. Its other members include
Algeria, Bahrain, Egypt, Iraq, Qatar, Syria, Tunisia, and the United Arab Emirates. Although they
have several members in common, OAPEC is a separate and distinct entity from OPEC (the
Organization of the Petroleum Exporting Countries), the 12-nation cartel that plays a pivotal part
in determining global petroleum prices. An inter-governmental organization based in Kuwait that

coordinates between Arab petroleum-exporting nations.
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The oil developments al Kirkuk, Baghdad, West Qurna
and Rumaila sit on top of “supergiant® ol fields, each
conlaining at least 5 billion barrels in reserve.
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Figure 3 Iraqi crude oil map



