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• “Crude oil is a naturally occurring, yellowish-black liquid found 

in geological formations beneath the Earth's surface”

• It is a mixture of numerous different hydrocarbons

• Each oil has a unique mix of molecules, which define its 

properties, like color and viscosity 

Crude Oil

Element Percent range 

Carbon 83 to 85%  

Hydrogen 10 to 14%  

Nitrogen 0.1 to 2%  

Oxygen 0.05 to 1.5%  

Sulphur 0.05 to 6.0%  

Metals < 0.1%  

Composition by weight 
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Crude Oil Origin
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Crude Oil Reservoir

Impermeable layers

(e.g. granite)

Saturated porous 

reservoir rock

(e.g. sandstone)
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Oil Sand 

Bitumen

(API<10°)

Types of Crude Oils & Recovery Methods
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Conventional 

Crude Oil 

(API>25°)

Tight Oil 

(API>25°)

Medium 

Crude Oil 

(API~20-25°)

Heavy 

Crude Oil 

(API~10-20°)

Extra Heavy

Crude Oil 

(API<10°)

Oil immobile in the reservoir

Oil mobile in the reservoir

Recovery Method:

Primary Secondary Tertiary (EOR) In-situ 

(CSS, SAGD*)

Mining

Fracking

*Cyclic Steam Saturation

 Steam Assisted Gravity Drainage

**Excl. fracking

80 % 20%

Viscosity, Density

Cost of Production**
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Crudes Vary in Composition & Value
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Fuels Yield & Ease of Refining

Synthetics Light Medium Heavy Extra Heavy Bitumen
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Nanticoke

Edmonton

Crude Pipeline Example

Flow Direction

Montreal
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Straight-run Asphalt = Vacuum Distillation Residue

Atmospheric
Distillation

Unit

Vacuum
Distillation

Unit

Crude
Input

Gas

Naphtha 

Reduced 
Crude

Gas

LVGO

HVGO

Asphalt

Diesel

Gas Oil

Asphalt 
Tank

Asphalt 
Tank

Furnace

Asphalt 
Tank

Furnace

Loading 

Rack

Modified 
Asphalt

Refinery Operation Relies on Throughput 
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Refineries Optimize Inputs & Outputs, Configuration Limited
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Refinery Configuration Drives Input & Output Choices

A

D

U

Iso/Alky

Reforming

Catalytic 

cracking

Lube plant

Coking

Aromatics

Extraction

Fuel Gas

LPG

Naphtha

Gasoline

Kerosene

Diesel
crude

Hydro-treatment

Raffinate

Lubes

Fuel Oil

Asphalt

Petcoke

BTX

Steam 

Cracking

Ethylene/Propylene

Hydrocracking

VDU

HDS

HDS

DHDS
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Asphaltic Crude Quality & Distillation Target = 

The Two Levers to Target a PG Asphalt

Higher

quality

Lower

quality
Softer 

asphalt   

Harder 

asphalt   

PG 58-28
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Western Canadian Crudes*

*Kriz, P. et al, CTAA 2012
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Quality Assurance & Testing

Tank

Transportation

Customer/

Agency

Refinery 

Laboratory

Customer/

Agency 

Laboratory

QC 

Timing & 

Variability

Reproducibility

Testing needs to be based on science & field validation, 

& also must be fast, practical & reproducible

Test duration & variability increase cost 
• More tanks, heating, corrections, delays, disputes etc.

QA 

Timing & 

Variability
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• Canadian oil sands yield top tier asphaltic feedstock 

• Straight-run refinery operation yield premium asphalt grades

• Crude oil and asphalt binder are complicated materials

• Refineries exist to produce fuels, asphalt is 4% → maximize residual molecule uplift

• Crude extraction and refinery operation continue to see advancements 

• Asphalt requires specific handling requirements and must be respected accordingly 

• Support science based, field validated, practical & reproducible specifications

Key Takeaways
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(c) 519 520 5247 
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Thanks for your attention! 
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