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Optimizing the transportation of heavy oil and bitumen supplies is of particular importance to

Alberta’s economy; while there are vast quantities available, transporting bitumen to international

markets has unique challenges that are directly related to its physical properties such as its high

viscosity and its growing negative public image due to spills [1]. In a scenario wherein after

completion of the Trans Mountain Pipeline expansion (TMX), Canada is unable to build any more oil

pipeline capacity to tidewater, rail transportation becomes increasingly essential - not simply as a

temporary backup for pipeline transportation, but as a permanent part of the transportation mix.

Transporting solid bitumen to port facilities by rail could provide a safer, cost-effective and scalable

export solution, with potential to significantly reduce life-cycle green house gas (GHG) emissions

associated with the development, transportation and use of these resources. This poster shows the

findings of a technical feasibility analysis conducted on the innovative approach of shipping solid

bitumen.

From the considerations of transportation volume efficiency and safety, the transport of solid

bitumen is more effective and environmentally sustainable. However, with regards to GHG

emissions, as rail transport in general is more polluting than pipeline transport, the solid bitumen

transport makes only minor improvement on GHG emitted per volume of bitumen transported. From

the socio-economic considerations, the social CBA revealed that over a 20-year analysis,

transporting Dilbit by pipeline is more economically efficient if a 3% and 8% discount rates are

assumed, while transporting solid bitumen by rail becomes more efficient if a 13% discount rate is

considered. Hence, we found transporting solid bitumen by rail is a safer, environmentally

responsible and an economically viable option, that can help Alberta utilize its natural resource in a

responsible manner.
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Research Question

Is shipping Alberta’s crude oil as a

non-diluted 100% solid bitumen

using existing rail infrastructure a

safer, environmentally responsible

and an economically viable option?

Primary claims

• Efficient to transport [2]

• Safer to transport [2,3]

• Lower initial investment [2,3]

Technical analysis

• Comparison of physical properties 

of diluted and solid bitumen

• Analysis of safety and 

environmental concerns

• Social cost benefit analysis

Physical property Diluted Bitumen Solid Bitumen

Cold Lake blend Dilbit [8] BitCrude [2] Solideum [4]

Physical state Liquid Solid Solid

Density (kg/m3) 923 (at 22  °C) >1000 (at 15 °C) 1000 g/cc (at 25 °C)

Viscosity (mPa.s) 275.9 55107.86 (at 50 °C) N/A

Flash point <-35°C >100°C 230°C

Flammability Flammable Not Flammable Not flammable

Solubility in water Insoluble Insoluble Insoluble

Pipelines

DOT-111 

Tank car

Dilbit transport 

tanker

CP 53-foot dry 

container

Solid crude oil 

container

A public interest evaluation of two oil transportation methods: Dilbit by pipeline (the TMX which

extends from Edmonton, AB to Burnaby, BC) and solid bitumen by rail (the 180,000 barrels/day

Cenovus Energy Diluent DRU in Edmonton that will transport solid bitumen by rail from Edmonton to

Vancouver, BC.) was conducted by means of a social cost-benefit analysis using the net present

value (NPV) method, for a time period of 20 years, assuming construction starts at year one in 2019.

Findings:

• At every discount rate, the benefits outweigh the costs earlier in the project’s lifespan for solid

bitumen by rail when compared to TMX.

• Using a 3% or an 8% discount rate yields a higher NPV for TMX at the 20-year mark, while

using a 13% discount rate yields a higher NPV for solid bitumen by rail at the 20-year mark.

With a maximum density of 940 kg/m3, Dilbit is lighter than freshwater (density 1000 kg/m3) and seawater (density 1003

kg/m3) at 20°C . Hence, Dilbit spilled into fresh, brackish or saltwater will float on the surface of the water. Only after

extensive weathering may some portion become submerged or sink in freshwater.

Dilbit by pipeline (TMX) Solid bitumen by Rail

Route Edmonton to port of Vancouver Edmonton to port of Vancouver

C
o

s
ts Capital costs $ 12.600 billon $ 0.992 billion

Operating costs per barrel $ 1.13 $ 6.10 

B
e
n

e
fi

ts Price uplift per barrel $ 2.15 $ 2.10

Netback per barrel $ 5.50 $ 6.60

Diluent penalty per barrel $ 0.00 $ 7.10

Dilbit by Pipline or Rail

vs

Solid Bitumen by Rail

Oil spill risks in 

water

Flammability and flash 

point

Clean up process on land 

if spill occurs

GHG emission [10]

Difficult to clean

The spill is difficult to clean up because 

it is liquid

Floats 

Density of solid bitumen is equal to water and 

less than salt water hence it floats in sea water

Weathers and sinks

The additives and the diluent evaporate 

while the heavy bitumen sinks [13]

Highly flammable 

The diluent makes the product highly 

explosive

Easy clean up

Since it is solid, simply picking up the material 

works

Moderately Flammable 

Bitumen has high flash point and it is not 

explosive 

Less GHG emission

Pipeline transport has 66 -71% less  

GHG emissions than rail 

Larger GHG emission

Rail transport has more GHG emission

The conventional method of crude oil transportation employs pipelines that carry diluted bitumen

(Dilbit) which flows at ambient and pipeline operating temperatures. Undiluted bitumen has high

viscosity around room temperature and will not flow through a pipeline. Hence, it must be transported

via alternate methods such as rail. Recently, transportation of undiluted bitumen by rail has appeared

as an attractive alternative and some companies have developed their own proprietary products which

are currently in the research and development stage. CanaPux encases undiluted bitumen in a

polymer, while Solideum which is in its earliest stages of development upgrades bitumen and converts

the heavy asphaltenes into solid pellets. BitCrude ships pure bitumen by intermodal containers and

appears to be the closest towards commercialization and was thus chosen as a primary case study for

this research.

𝑽𝒃𝒂𝒓𝒓𝒆𝒍𝒔/𝒅𝒂𝒚 = 𝑵𝒕𝒓𝒂𝒊𝒏𝒔/𝒅𝒂𝒚 × 𝑵𝒄𝒂𝒓𝒔/𝒕𝒓𝒂𝒊𝒏 × 𝑽𝒂𝒄𝒕𝒖𝒂𝒍 𝒃𝒂𝒓𝒓𝒆𝒍𝒔/𝒄𝒂𝒓

Dilbit transport Solid bitumen transport

Ntrains/day From 4 up to 7 From 4 up to 7

Ncars/train 120 120

N tanker or containers /car 1 tanker 1 container

Vbarrels/train 690 barrels 677 barrels

Vbitumen/barrel 70% 100%

Vactual barrels/car 483 barrels 677 barrels

Vbarrels/day  (4 trains) 231,984 325,104

Vbarrels/day (7 trains) 405,972 568,932

Assumptions

• 4 or 7 trains operate per day from the

different crude oil production sites in

western Canada.

• A standard fright locomotive (single train)

can pull up to 120-150 cars

• A 53-foot dry container is considered for this

calculation (considering maximum operating

capacity).

• The tanker model used is DOT-111.

• The crude oil production from western

Canada will continue with the current

number.

Table 1. Transport volume efficiency calculation.

Fig. 2 Canada’s crude transport in the period between 2019 and beginning of 2020 (million barrels/day)
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Fig.1 A simplified map of crude oil transport routes from the Edmonton distribution terminals to the Vancouver export terminal and the different 

possible modes of transport  

Table 2. Comparison of the physical properties of Dilbit and two different forms of solid bitumen.

Fig.3 Comparison of  viscosity and density differences between  Dilbit , Solid bitumen, water and salt water for floating 

and spill risk analysis  

Table 3. Summary of the major social costs and benefits associated with bitumen transport. 

Fig.4 Comparison of  Net Present Values (NPV) for TMX and solid bitumen by rail
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