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Executive Summary 

This report provides a description of an oil sands surface mining (known as “Open Pit mining”) 
and bitumen extraction process, and a methodology used to create material and heat 
balances and calculate GHG emissions for the process. This work is based on Paraffinic Froth 
Treatment (PFT) and Naphthenic Froth Treatment (NFT) reference facilities producing 200,000 
barrels per day (bbl/d) of bitumen for the four scenarios listed below. 

• PFT – High Grade Ore in summer condition 

• PFT – Low Grade Ore in winter condition  

• NFT – High Grade Ore in summer condition 

• NFT – Low Grade Ore in winter condition 

The resulting Material and Energy balances are intended to facilitate the evaluation of GHG 
reduction opportunities and water and heat recovery possibilities by providing a common basis 
of process information needed for prospective technology developers to better quantify the 
benefits and complete the analysis of their technologies.  

Stantec’s approach is to create Aspen HYSYS models and Excel spreadsheet calculators for the 
utility plant, for power, steam and hot water, of the reference facility to determine the natural 
gas consumption and the boiler feed water flow rate required by the ore preparation and 
extraction process, which are provided by CanmetEnergy. Stantec has collaborated with 
CanmetENERGY for their insight and knowledge of the mining extraction process. Their feedback 
on the following parameters were required to complete the Aspen HYSYS models and excel 
spreadsheet calculators of the utility plant.  

• Steam flow rate  

• Hot/warm process water flow rate 

• Reclaimed water flow rate 

• Heat requirement for ore preparation and extraction process 

The iterative process between Stantec and CanmetENERGY was initiated to check and balance 
these process parameters until all the simulations and calculations matched. The key inputs and 
assumptions were extracted from COSIA’s internal database and industrial practices in oil sand 
industry, which are publicly available. 
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The GHG emissions (tonnes CO2e) for all four scenarios were calculated for three emission 
categories as listed below following the completion of the analysis of the material and energy 
balance. 

• Stationary Combustion Emissions (CO2) from the combustion of natural gas used for gas 
turbine generator, heaters and auxiliary boilers. 

• Fugitive Emission (CO2 and CH4) from mine face and tailing ponds 

The calculations were  based on the Aspen HYSYS’s results, COSIA recommendations, and 
emission factors as per the Alberta Specified Gas Emitters Regulation (SGER)’s Technical 
Guidance for Completing Specified Gas Compliance Reports (Version 7.0, January 2014) and 
the 2019 National Inventory Report 1990 – 2017: Greenhouse Gas Sources and Sinks in Canada 
Part 2. 

 



MATERIAL AND ENERGY BALANCE FOR AN OIL SANDS SURFACE MINING AND BITUMEN 
EXTRACTION REFERENCE FACILITY 

Introduction  
      

tb v:\1111\active\118212141\process\reports\cosia_20200318 - signed.docx 1.1 
 

Abbreviations 

bbl/d Barrels per day 
BFW Boiler Feed Water 

CH4 Methane 

CO2 Carbon Dioxide 

CO2e CO2 equivalent 
COSIA Canada’s Oil Sands Innovation Alliance 
CW Cooling Water 
FSU Froth Settling Unit 
GHGs Greenhouse gases 
GTG Gas Turbine Generators 
GWP Global Warming Potential 
HFCs Hydrofluorocarbons 
HHV High Heating Value 
HRSG Heat Recovery Steam Generators 
IPS Inclined Plate Separator 
LHV Low Heating Value 
LPS Low Pressure Steam 
MPS Medium Pressure Steam 
N2O Nitrous oxide 
NFT Naphthenic Froth Treatment 
PFCs Perfluorocarbons 
PFT Paraffinic Froth Treatment 
PSC Primary Separation Cell 
PW Process Water 
SF6 Sulphur Hexafluoride 
SGER Specified Gas Emitters Regulation 
SRU Solvent Recovery Unit 
TSRU Tailing Solvent Recovery Unit 
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1.0 INTRODUCTION  

 
 

 
COSIA retained Stantec Consulting Ltd. (“Stantec”) to 

create Excel spreadsheet block flow diagrams with combined material and energy balance of 
the oil sands surface mining and bitumen extraction for Paraffinic Froth Treatment (PFT) and 
Naphthenic Froth Treatment (NFT) reference facilities producing 200,000 barrels per day (bbl/d) 
of bitumen for the four scenarios listed below.  

• PFT – High Grade Ore in summer condition 

• PFT – Low Grade Ore in winter condition  

• NFT – High Grade Ore in summer condition 

• NFT – Low Grade Ore in winter condition 

The objective of these diagrams is to facilitate the evaluation of GHG reduction opportunities 
and water and heat recovery possibilities by providing a common basis of process information 
needed for prospective technology developers to better quantify the benefits and complete 
the analysis of their technologies. 

Since the reference facility consists of two major areas – ore preparation and extraction process 
and utility plant, Stantec has collaborated with CanmetENERGY for their insight and knowledge 
on the mining extraction process. Their feedback on the required amount of steam and process 
water as well as the heat requirement for the ore preparation and extraction process are 
needed to complete Stantec’s Aspen HYSYS models and Excel spreadsheet calculators for the 
utility plant. This creates an iterative process required to converge both Stantec’s models and 
CanmetENERGY’s calculations for a complete material and heat balance. 

This report is prepared for COSIA to provide a description of surface mining and extraction 
process, and to explain a methodology used to create material and heat balances and 
calculate GHG emissions. The report concludes with the complete Material and Energy 
balances for all four scenarios. Details regarding the development of the reference facility and 
the differences associated with PFT and NFT processes are not part of this work.  
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2.0 MATERIAL AND ENERGY BALANCE 

The Material and Energy balances for each scenario of the reference facility has two major 
areas, each represented by five sections. Sections 1 – 4 represent the ore preparation and 
extraction process and Section 5 highlights the utility plant. The following is a brief discussion of 
each section. 

Section 1: Ore Preparation: Conditioning, Crushing and Conveying 

Once the mined oil sand is hauled to the processing plant, it will be first processed in an Ore 
Preparation Plant, where clumps of oil sands are broken up into loosely crushed oil sands by the 
Crusher and dumped onto a conveyor. Then, hot and warm water are added and vigorously 
mixed to this crushed oil sand, producing a wet, aerated slurry in the Rotary Breaker. Caustic 
soda is also added to help improve the bitumen recovery as the slurry pH is raised. Any oversized 
material (such as petrified wood, rocks or large chucks of ice) that could not be re-crushed will 
be separated by screening and then rejected as the Breaker Reject. The Hydrotransport Pump 
will pump this wet slurry through hydrotransport pipelines to the Extraction Process. These 
pipelines are designed to provide additional residence time for extra mixing and aeration, and 
mechanical shear to further break down the oil sand lumps, releasing bitumen from the sand. 

Section 2: Primary Extraction Process 

The bitumen in the oil sand slurry is recovered in the Primary Separation Cell (PSC), while the 
solids such as sand will be rejected to the tailings plant. This PSC is a large cone-bottomed vessel 
that employs a simple water-based gravity separation process to produce three streams – 
overflow, middlings and underflow. The bitumen released from the sand tends to attach to free 
air bubbles and rises to the top of the vessel, forming a clean bitumen froth overflow stream. This 
overflow stream then flows to the Deaerator to reduce the air content. Steam is also added to 
the Deaerator to help reduce the bitumen froth viscosity and destabilize the air bubbles. This 
deaerated intermediate bitumen froth product will be pumped by the Deaerated Froth Pump to 
the Froth Treatment Stage for further bitumen recovery. The middlings stream from the middle of 
the PSC, which is comprised of water and a still higher bitumen content than the underflow, is 
sent to the Flotation & Cyclone for secondary bitumen recovery. The underflow containing 
mostly solids and residual bitumen will be rejected at the bottom of the PSC and sent to the 
tailings pond. 

Section 3: Secondary Extraction Process – Froth Treatment 

Due to a high content of solids and water, the intermediate bitumen froth product from the 
Primary Extraction Process needs to be cleaned using the Froth Treatment Process where a 
hydrocarbon-based gravity separation technique is used to remove fine solids and water from 
the bitumen. Paraffinic and Naphthenic solvents are the two main types of hydrocarbons used 
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to add and mix with the bitumen froth to reduce the viscosity of the mixture in the Froth 
Treatment process.  In the solvent extraction process, bitumen is soluble in the solvents; but water 
is not.  Oil phase and water phase are formed. Sands tend to stay in the water phase.  This 
improves the gravity separation between fine solids/water and the bitumen/hydrocarbon.  
Hydrocarbon is then recovered from the bitumen/hydrocarbon mixture and recycled back for 
reuse, leaving relatively clean diluted bitumen product ready for use in either an upgrader or a 
refinery depending on the product quality.  

Paraffinic Froth Treatment (PFT) 

In PFT, the paraffinic solvent containing primarily paraffin hydrocarbons is added to the bitumen 
froth in the Froth Settling Unit (FSU). The overflow of the very rich bitumen/solvent mixture from 
the FSU is sent to the Solvent Recovery Unit (SRU) to recover a majority of the solvent and 
produce a final clean bitumen product ready for an upgrader. The underflow containing mostly 
water and solids with a small amount of solvent is sent to the Tailing Solvent Recovery Unit (TSRU) 
to recover any residual solvent prior to disposal in the tailings pond. Steam is injected to both the 
SRU and TSRU for solvent recovery. The recovered solvent, together with the fresh solvent, will be 
sent to the FSU.  

Naphthenic Froth Treatment (NFT) 

In NFT, the naphthenic solvent containing primarily naphthene hydrocarbons is added to the 
bitumen froth in the Inclined Plate Separator (IPS) to produce a good quality overflow ready for 
an upgrader. The underflow from the ISP still needs to be processed through the Centrifuge Unit 
to improve bitumen recovery. Any residual solvent remaining in the bottom discharge of the 
Centrifuge Unit will be recovered in the Naphtha Recovery Unit (NRU), prior to disposal in the 
tailings pond. Steam is injected in the NRU for solvent recovery. The recovered solvent, together 
with the fresh solvent, will be sent to the IPS. 

Section 4: Tailings Unit 

The tailings pond receives the tailings from the Extraction Process. It will allow any fine solids and 
coarse sand to settle down to the bottom, while the reclaimed water is sent to the Recycled 
Water Pond for reuse. 

Section 5: Utility (Steam Generation) 

The main objective of this unit is to produce steam for use as a heating and stripping medium in 
the process. Steam is produced using a combination of auxiliary boilers and a cogeneration 
facility, which has two trains each containing gas turbine generators (GTG), duct burners and heat 
recovery steam generators (HRSG). Natural gas is used to fuel for the GTGs, duct burners and 
auxiliary boilers. 

Medium Pressure Steam (MPS) is used partially as stripping steam and to a larger extent for process 
heating in the extraction process, while Low Pressure Steam (LPS) is only used for process heating 
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to produce hot water in the water distribution system. The condensed steam is returned as process 
condensate and recycled as boiler feed water (BFW). Steam conditions are listed below: 

• MPS conditions are at 225oC and 2100 kPag 

• LPS conditions are 210oC and 1390 kPag  

Water Distribution System 

Makeup water drawn from natural resources such as the nearby river is sent to the Raw Water 
Pond Water Treatment Plant prior to being split into two main streams. One is mixed with the return 
process condensate and then fed to the auxiliary boilers and the HRSGs as BFW. The other stream 
is combined with the reclaimed water from the Tailings Unit, which is Process Water (PW). This PW 
is heated, either by a series of heat exchangers, or by mixing with hot water as explained below 
prior to distribution to the Ore Preparation and Extraction process as Hot PW and Warm PW. 

The PW from the Recycled Water Pond must flow through the following heat exchangers to 
achieve the final temperature of Hot and Warm PWs: 

• PW/CW Exchanger recovering heat from Cooling Water (CW) by cooling it down from 60oC to 
30oC. The cold CW is sent to the three coolers and for process use in the mining process. The warm 
CW return then rejects its heat in the PW/CW Exchanger to complete the cycle.  

• PW/Condensate Exchanger exchanging heat with LPS condensate; and 

• PW/LPS Exchanger exchanging heat with LPS to reach approximate 80oC Hot PW. 

A certain quantity of Hot PW is stored in the Hot Water Tank, the rest is partially mixed with the PW 
to obtain 45oC Warm PW, which is stored in the Warm Water Tank. Any remaining PW will be sent 
out for cooling requirements. 
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3.0 METHODOLOGY 

To successfully deliver a complete material and energy balance for the 200,000 bbl/d oil sands 
surface mining and extraction Paraffinic Froth Treatment (PFT) and Naphthenic (NFT) reference 
facilities, Stantec developed an Aspen HYSYS model for the utility plant, while CanmetEnergy 
separately developed their own internal calculations and simulation models for the ore 
preparation and extraction process. The connections between these two processes are listed 
below. 

- The required steam from the HRSGs and the auxiliary boilers used for stripping steam for 
solvent recovery in the Froth Treatment process and deaerating steam in the Deaerator as 
well as process heating steam for heating the solvents prior to injecting to the Froth 
Treatment process, and  to the FSU overflow stream in the PFT facility. Only the condensate 
of the process heating steam will return to the utility plant as the BFW  

- The hot/warm process waters generated from a series of heat exchangers in the water 
distribution system using LPS steam and its condensate 

- The reclaimed water from the Tailing Pond 

As a result, the iterative process between Stantec and CanmetENERGY was initiated to check and 
balance these process parameters until all the simulations and calculations matched. The real 
operation parameters (as well as given from open literature) are always in a range.  The tolerance 
of some of the numbers in this report are approximately ±7%. Stantec varied the natural gas 
consumption and the BFW flow rate to the HRSGs and Auxiliary Boilers based on the inputs and 
assumptions summarized in Section 3.1 to meet the steam and hot/warm process water 
requirements for the ore preparation and extraction process.  

 

 

3.1 INPUTS AND ASSUMPTIONS 

Inputs and assumptions as used in the models and calculation are listed in Table 3.1 for the ore 
preparation and extraction process and Table 3.2 for the utility plant are extracted from COSIA’s 
internal database and industrial practices in oil sand industry, which are publicly available.  
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3.2 GHG EMISSIONS CALCULATION 

The reference facility is a fictitious stand-alone mine excluding integration with either an upgrader 
or adjacent in-situ operations with a fixed size of 200,000 bbl/d bitumen. It also has an on-site 
cogeneration unit using natural gas as a fuel to produce steam and electricity. The facility has 
natural gas fired equipment including boilers and building heaters, which are the main sources of 
GHG emissions onsite. In addition, the emissions calculation includes the emissions from mobile 
equipment for ore trucking using diesel as fuel and the fugitive emissions from mine face and 
tailing ponds.  

GHGs emitted at the reference facility are mainly carbon dioxide (CO2), methane (CH4) and 
nitrous oxide (N2O). There are no activities identified resulting in emissions of sulphur hexafluoride 
(SF6), hydrofluorocarbons (HFCs), and perfluorocarbons (PFCs). 

Categories of GHG emissions sources include: 

• Stationary Combustion Emissions (CO2) from the combustion of natural gas used for gas 
turbine generator, heaters and auxiliary boilers. 

• Fugitive Emission (CO2 and CH4) from mine face and tailing ponds 

The total quantity of each GHG species subject to each category in units of tonnes of the gas 
species is calculated as detailed below. Since the total GHG emissions for each source must be 
reported in tonnes of CO2 equivalent (tonnes CO2e), the global warming potential is used to 
multiply with each GHG emission using (Eq.1). 

 

𝐸𝐸𝐸𝐸𝑦𝑦 = ∑ 𝐸𝐸𝑦𝑦−𝑝𝑝 × 𝐺𝐺𝐺𝐺𝐺𝐺𝑝𝑝𝑝𝑝                    (Eq.1) 

Where: 

𝐸𝐸𝐸𝐸𝑦𝑦 = the total emissions for category y (tonnes of CO2e) 

𝐸𝐸𝑦𝑦−𝑝𝑝 = the total emissions of a particular prescribed GHG species p from category y 
(tonnes of the particular prescribed GHG species p) 

𝐺𝐺𝐺𝐺𝐺𝐺𝑝𝑝 = the global warming potential for the particular prescribed GHG species p, CO2 
= 1, CH4 = 25 and N2O = 298 as per Alberta Specified Gas Emitters Regulation 
(SGER)’s Technical Guidance for Completing Specified Gas Compliance 
Reports (Version 7.0, January 2014) 

y = a regulated source category  

p = a prescribed GHG 
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5.0 CONCLUSION  

Stantec completed four material and energy flow diagrams for oil sands surface mining and 
extraction PFT and NFT reference facilities for both high and low grade conditions with a 
production of 200,000 bbl/d of bitumen. These diagrams provide a basis of process information 
intended to help prospective technology developers evaluate any GHG reduction opportunities 
and water and heat recovery possibilities. Process simulation models and Excel spreadsheet 
calculators were used as a key tool to achieve the natural gas consumption and the quantity of 
the boiler feed water required to produce sufficient energy and steam for the ore preparation 
and extraction processes, which was provided by CanmetENERGY. The GHG emissions from the 
reference facility were also calculated for each of the processes. 
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