LECTURE: 3

Refining Margins: Definition and Importance

Refining margin is a key profitability metric for oil refineries, representing the difference
between the revenue generated from selling refined petroleum products and the cost of
acquiring crude oil and processing it. It essentially measures how much profit a refinery
makes per barrel of crude processed.

Types of Refining Margins

1. Gross Refining Margin (GRM)
o Formula:

GRM = Total Revenue from Products — Cost of Crude Oil
/Barrels of Crude Processed

o It considers only crude oil costs and product revenue but excludes operating
expenses.
2. Net Refining Margin (NRM)
o Formula: NRM=GRM—Operating Costs—Depreciation—Other Expenses.
o This is a more accurate measure of refinery profitability since it accounts for
all expenses.

Factors Affecting Refining Margins

1. Crude Oil Prices
o Higher crude oil prices can squeeze margins if product prices don’t increase
proportionally.
2. Product Crack Spreads
o Crack spreads measure the price difference between crude oil and refined
products (e.g., gasoline, diesel). A common benchmark is the 3-2-1 crack
spread, which assumes:
= 3 barrels of crude produce
= 2 barrels of gasoline
= 1 barrel of diesel
o A wider crack spread generally indicates higher refining margins.
3. Refinery Complexity
o Complex refineries (with cracking and coking units) can process heavier,
cheaper crude and maximize high-value product yields, improving margins.
4. Supply and Demand
o Seasonal variations, economic activity, and geopolitical events impact demand
for refined products, influencing refining margins.
5. Regulations and Environmental Costs
o Compliance with emission norms, carbon taxes, and renewable fuel mandates
can affect profitability.



Refinery types and complexity

Refineries come in various types and complexity levels, each designed to process crude oil
into valuable petroleum products efficiently. The complexity of a refinery is determined by
its configuration, the types of processes it employs, and its ability to convert lower-value
products into higher-value fuels and petrochemicals. Here's an overview of the main
types of refineries and their complexities:

1. Topping Refineries: These are the simplest refineries, primarily focused on
distillation. They separate crude oil into its basic components by heating it in a
distillation column. Topping refineries are generally used in areas with low demand
for high-quality fuels.

2. Hydroskimming Refineries: These refineries build upon topping refineries by
adding hydrotreating units. These units remove sulfur and other impurities from
petroleum products, producing higher-quality fuels. Hydroskimming refineries are
suitable for markets that need cleaner gasoline, diesel, and jet fuel.

3. Conversion Refineries: These refineries employ additional processes like catalytic
cracking, hydrocracking, and coking to convert heavier crude oils into lighter, more
valuable products. Conversion refineries are more complex and can handle a wider
range of crude oils.

4. Deep Conversion Refineries: These are the most complex refineries, using multiple
processes in parallel to maximize yields of valuable light products. They can process
heavy, high-sulfur crude oils and produce a high proportion of gasoline and diesel.

5. Petrochemical Refineries: These refineries focus on producing petrochemicals like
ethylene, propylene, and benzene, which are used as raw materials in the chemical
industry.

6. Lube Oil Refineries: These refineries specialize in producing lubricating oils used in
engines and machinery.

The complexity of a refinery is determined by several factors, including the targeted
products, crude quality, integration with petrochemical units, economics, environmental
management, feed availability, and product market. The more units a refinery has, the better
its ability to process heavier crude grades and produce higher-value products3.

Conversion refineries employ several key processes to convert heavier crude oils into lighter,
more valuable products. Here are some of the main processes used:

1. Catalytic Cracking: This process breaks down large hydrocarbon molecules into
smaller, more valuable ones like gasoline and diesel. It uses a catalyst to speed up the
chemical reactions. There are two main types: fluid catalytic cracking (FCC) and
hydrocracking.

2. Hydrocracking: Similar to catalytic cracking, hydrocracking uses hydrogen in
addition to a catalyst to break down heavy hydrocarbons. This process produces a
higher yield of middle distillates (like diesel and jet fuel) and high-quality gasoline.

3. Coking: This process is used to convert heavy residues from the distillation and
conversion processes into lighter products and petroleum coke. There are two main
types of coking: delayed coking and fluid coking.



. Visbreaking: This thermal cracking process reduces the viscosity of heavy residues,
producing lighter products such as fuel oil and naphtha. Visbreaking is less severe
than coking and does not produce coke.

. Alkylation: This process combines smaller hydrocarbon molecules, such as those
produced in catalytic cracking, into larger, high-octane molecules used in gasoline
blending. It involves the reaction of isobutane with light olefins like propylene and
butylene.

Isomerization: This process converts straight-chain hydrocarbons into branched-
chain hydrocarbons, which have higher octane numbers. Isomerization is used to
improve gasoline quality and produce isobutane for alkylation.

Desulfurization: This process removes sulfur compounds from refined products to
meet environmental regulations. Desulfurization can be performed on various
products, including gasoline, diesel, and jet fuel, using hydrogen and a catalyst.
Reforming: This process converts low-octane naphtha into high-octane reformate,
which is used in gasoline blending. It involves the rearrangement of hydrocarbon
molecules using a catalyst and hydrogen.

These key processes work together in conversion refineries to maximize the yield of valuable
light products and ensure compliance with environmental regulations. Each process plays a
critical role in refining heavy crude oils into a range of high-quality fuels and petrochemical
feedstocks.

Refinery complexity is often described using the Nelson Complexity Index (NCI), which is
a measure of the secondary conversion capacity of a refinery relative to its primary
distillation capacity. Here's a breakdown of how different types of refineries rank in
complexity:

1. Topping Refineries (NCI: 1-2):

o Processes: Mainly distillation

o Products: Basic fuels, petrochemical feedstocks

o Complexity: Low

o Capacity: Limited flexibility in processing heavy or sour crudes

2. Hydroskimming Refineries (NCI: 2-6):

o Processes: Distillation, hydrotreating

o Products: Cleaner gasoline, diesel, jet fuel, naphtha

o Complexity: Moderate

o Capacity: Improved ability to meet environmental regulations

3. Conversion Refineries (NCI: 6-10):

o Processes: Distillation, catalytic cracking, hydrocracking, coking,
desulfurization

o Products: High-quality gasoline, diesel, jet fuel, lighter products

o Complexity: High

o Capacity: Able to process heavier, high-sulfur crudes

4. Deep Conversion Refineries (NCI: 10-14+):

o Processes: Distillation, catalytic cracking, hydrocracking, coking, alkylation,
isomerization, reforming, desulfurization, visbreaking
Products: Maximum vyield of valuable light products, petrochemicals
Complexity: Very high
Capacity: High flexibility, able to produce a wide range of high-value
products



5. Petrochemical Refineries:
o Processes: Distillation, catalytic cracking, hydrocracking, coking, reforming,
steam cracking, aromatics production
o Products: Ethylene, propylene, benzene, toluene, xylene, plastics, synthetic
rubber
o Complexity: Very high, often integrated with chemical plants
o Capacity: Significant investment in petrochemical processes
6. Lube Oil Refineries:
Processes: Distillation, solvent extraction, dewaxing, hydrofinishing
Products: Lubricating oils, base oils
Complexity: High, specialized processes for lube oil production
Capacity: Focused on producing high-quality lubricants
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Key Factors Influencing Refinery Complexity:

o Crude Quality: The type of crude oil a refinery processes can significantly impact its
complexity. Heavier, high-sulfur crude oils require more advanced processing units to
produce high-quality products.

e Product Specifications: Stringent environmental regulations and market demand for
cleaner fuels drive the need for more complex refining processes.

o Integration: Refineries integrated with petrochemical plants or those that produce
specialty products (e.g., lubricants) tend to be more complex.

o Economics: Complex refineries require significant capital investment but offer higher
margins due to their ability to process diverse crudes and produce high-value
products.

The NCI provides a numerical value that reflects the complexity of a refinery. Higher NCI
values indicate more complex refineries capable of handling a broader range of crude oils and
producing a greater variety of refined products. Complex refineries are also better equipped
to meet environmental regulations and market demands for cleaner fuels

Here are some multiple-choice questions (MCQs) for refining processes and complexity, and
I'll include explanations for each option to help with understanding.

Refinery Processes MCQs
1. Which of the following is a key process in a conversion refinery?
a) Distillation b) Isomerization ¢) Hydrocracking d) Both b and ¢
Explanation:
« a) Distillation is a basic process found in all refineries.
e b) Isomerization is a process used to improve gasoline quality.
e ) Hydrocracking is a key conversion process.
o d) Correct! Both isomerization and hydrocracking are key processes in conversion

refineries.

2. What does the catalytic cracking process primarily produce?



a) Heavy fuel oil b) Lubricating oils ¢) Gasoline and diesel d) Petrochemical feedstocks
Explanation:

a) Heavy fuel oil is typically a residue product.

b) Lubricating oils are produced in lube oil refineries.

c) Correct! Catalytic cracking primarily produces gasoline and diesel.

d) Petrochemical feedstocks are produced in specialized petrochemical processes.

Refinery Complexity MCQs
3. What is the Nelson Complexity Index (NCI) used for?

a) Measuring the environmental impact of a refinery b) Assessing the primary distillation
capacity of a refinery ¢) Evaluating the secondary conversion capacity of a refinery relative to
its distillation capacity d) Determining the age of a refinery

Explanation:

e a) The NCI does not measure environmental impact.

e b) The NCI is not solely for primary distillation capacity.

e ) Correct! The NCI evaluates the secondary conversion capacity of a refinery relative
to its distillation capacity.

o d) The NCI does not determine the age of a refinery.

4. Which type of refinery typically has the highest NCI?

a) Topping refinery b) Hydro-skimming refinery c) Conversion refinery d) Deep conversion
refinery

Explanation:

a) Topping refineries have the lowest NCI.

b) Hydro-skimming refineries have a moderate NCI.

c) Conversion refineries have a higher NCI than hydro-skimming refineries.
d) Correct! Deep conversion refineries typically have the highest NCI.



