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Radio Frequency Heating

June 18, 2019

Innovating Oil Extraction with Radio Frequency Heating

Presenter
Presentation Notes
Graduated from University of Calgary in 2002 from Mechanical EngineeringSince have been working in the oil and gas industry, specifically SAGD and have spent over 15 years working at two major operators – Suncor and DevonJoined Acceleware in October of 2018 – recognized the need for game changing technology in our industry that focuses on GHG reduction at a lower cost to produce
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Forward Looking Statements & Advisory
Certain statements in this presentation include forward-looking information (as defined in Canadian securities legislation). These
statements involve numerous assumptions about future economic conditions and courses of action, and are therefore subject to
various risks and uncertainties. These risks and uncertainties include, but are not restricted to, the ability of Acceleware Ltd.
(“Acceleware”, “AXE” or the “Corporation”) to fund its research and development (“R&D”) activities, the timing of such R&D, the
likelihood that the patent applications filed by the Corporation will be granted, continued increased demand for the
Corporation's products, the Corporation's ability to maintain its technological leadership in various fields, the future price and
cost of producing heavy oil and bitumen, the availability of key components and the Corporation's ability to attract and retain key
employees and defend itself against any future patent infringement claims.

There can be no assurance that such statements will prove to be accurate. Actual results could differ materially from those
anticipated in such statements. These and all subsequent written and oral forward-looking statements are based on the
estimates and opinions of management on the dates they are made and expressly qualified in their entirety by this notice. The
Corporation assumes no obligation to update forward-looking statements should circumstances, or management's estimates or
opinions, change except as required by law.
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Acceleware founded2004 I

Focus on software and seismic products2007 I

RF studies with US super-major 
oil company

2010 I

AXE modular RF tank tests & 
patent filing

2015 I

History of Acceleware

Successful RF XL 1:20 scale field 
demo

2017 I
2016 I GE partnership announced 

additional RF XL Patents filed

Signed commercial-scale pilot agreement 
with Prosper Petroleum Ltd.

2018 I

Commercial-scale pilot ready2019 I
2020 I

Complete commercial-scale 
pilot deployment of multiple 
RF XL systems

Presenter
Presentation Notes
Acceleware was founded in 2004 and pioneered the use of GPUs as a computing platform. The first product, AxFDTD™, continues to be sold to many Fortune 500 companies such as Blackberry, Samsung and LG.From 2005 to 2008 - Development of software for seismic and medical imaging2010 -  Shifted focus to oil and Developing new ways to apply RF energy including field testing2017 Successful 1:20 Scale Test Delivered high power to formationHeated formation as predicted by simulationTested and confirmed proprietary system design2019 – Focus on initial field test and completing commercial scale pilotRF technology (2 patents + 10 pending) Partnership with GE Global ResearchPartnership with major Alberta oil sands operatorFinancing   > $16MMLeading developer of radio frequency heating
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RF Heating - History
Use of Electromagnetic Energy 

• Has been explored as an EOR method since 1948

• Earliest field tests were in Russia in 1969

• Limitations have included:

 Electrically inefficient

 High frequency operation

 High cost of generators, power limitations

 Short horizontal (<500m) or vertical wellbore designs

Acceleware observed limitations of current EM technologies

Presenter
Presentation Notes
- Commercial RF generators for communications or military use - high signal quality, but efficiency levels of only 80-85% $5/watt vs what are we?>500m, vs 1000m+
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RF Heating - 101
How does it work?

Electromagnetic 
Energy applied

Oil & rock are 
non-polar 

Connate water 
absorbs EM 

energy 
volumetrically

In-situ 
Steam

Presenter
Presentation Notes
Energy delivered into oil bearing formation, converted to heat, reducing viscosity and mobilizing bitumen for productionIn detail:Oil & rock are non-polar, little reactivity to electromagnetic (EM) energyBecause water is polar, it absorbs EM energyEM energy heats existing water molecules until they reach steam stateIn steam state, water is no longer polar, and will not absorb additional energyPasses through it, expanding chamberOnce heated, only small amounts of EM energy required to keep molecule in steam stateTherefore the process allows for EM energy to maintain heat in that volumeresulting in highly efficient volumetric heating of the formationRF heating works like an “inside-out” microwave
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RF XL – How it works

RF XL efficient delivery of energy to reservoir

Presenter
Presentation Notes
Radio Frequency Heating (RFH) also uses two parallel horizontal wells drilled near the bottom of the reservoir.  The lower wellbore is drilled and completed like a typical SAGD producer. In place of an injection well, however, the specially-designed upper heating well is drilled with two horizontal laterals, each containing a “lossy” transmission line. Energy delivered from the heel to the toe of the well creates an electromagnetic (EM) field that heats the reservoir Steam is generated in situ when the connate water is vaporized by the EM energy.  
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RF XL - Ideal Reservoir
• Bitumen or Heavy Oil

• Thickness 10-25 m

• Water Saturation  10-35% 

• Permeability > 3 Darcie

• Porosity > 25%

• Possible applications in carbonate 

reservoirs

• Testing ability to desiccate and crack thin 

shale layers

Photo of McMurray Oilsands 
ref:(http://calindragoie.blogspot.com/2013/11/drilling-and-completion-technologies.html)

Presenter
Presentation Notes
RF XL can be used in any reservoir where SAGD is currently applied.  It has a similar minimum net pay since it operates much like a SAGD well pair.Water saturation is key for usWe are interested in exploring how RF impacts shale barriers and IHSGOR > 3 m3/m3Viscosity <1 million centipoiseDepth < 500m

http://calindragoie.blogspot.com/2013/11/drilling-and-completion-technologies.html
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RF Heating vs. SAGD
RF XL Comparison

Similarities

• 1000m Hz section & well design

• Use of steam & gravity drainage methods

Differences

• SAGD - heating occurs primarily at interface

• RF process - heating occurs at interface and beyond

• Reduced losses & no superheating of steam = lower 

energy intensity 

• SOR < 2.0 vs industry average of 2.5-3.5

Presenter
Presentation Notes
Similar well profile (~1000m Hz section)Use of steam to mobilize bitumenProduction using gravity drainage methodsLiquid water is electrically conductive while bitumen and steam are not.  Communication is established at the heel initially.  Bitumen production from the lower wellbore will ramp up as the steam chamber continues to grow, initially from heel to toe and then vertically and laterally. Voidage replacement - We primarily rely on gravity for drive, and the voidage is replaced by the expansion of the water to steam, gas released where GOR is a consideration, and from the compressibility of the rock/sand/etc in the formation. During operation pressure maintained with subcool level
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RF XL - Testing and De-risking

Presenter
Presentation Notes
Discuss testing completed to date (lab & ditch test)2017 1/20th scale ditch testDelivered high power to formationHeated formation as predicted by simulationTested and confirmed proprietary system designRecent lab testing doing an EM core flood to demonstrate that we can successfully produce oilShop testing ongoing, to test integrity and deriskWorking with service companies to understand their equipment and how it interfaces with our well design
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RF XL - GE Converter Development
High-Power, High-Efficiency, Long-life power platform

Key advantage to RF XL

• Proprietary design & IP

• GE SiC transistors and power converter 

platform

• 2 MW maximum power per unit

• Stackable modular design
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RF XL – Benefits vs. Current Recovery

• Lower CAPEX – no steam generation or associated pipeline infrastructure

• Lower OPEX – lower chemical processing requirements 

• Lower GHG’s (25% - 100%) 1

• No external water source

• No solvent required

Presenter
Presentation Notes
In situ steam generation means:Lower capital costs because no steam generation facilities are requiredReduced greenhouse gasesLower operating costsSource water is not requiredNo solvent required
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Next Steps

• Execution of RF XL pilot

• Commercialization of RF XL 

• Apply RF to improve bitumen by rail

• Apply photo voltaic solar or other 

renewable sources in heavy oil 

application

• Zero GHG heavy oil production 

Presenter
Presentation Notes
Continue commercialization of RF XL pilot testsTest ability to apply RF to improve bitumen by railPad-based RF XL designs – scalable and simple Zero GHG heavy oil production - North America and/or International marketsApplication of Photo Voltaic solar or other renewable sourcesAbility for RF to operate using intermittent powerComplete heavy oil pilot(s) with renewable power
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Antenna Designs

Dipole Antenna 
Designs RF XL Design

Efficiency 80-85% 98%

Well Length > 500m 500–1000+m

Cost $5/m $1/m

Power Max 1 MW Up to 6 MW

Presenter
Presentation Notes
Traditional RF using a dipole antennaTransmission line design allows for heating of 4-5x more reservoir with one well boreEfficiency based upon our GE technology and our well design focusing on delivery of power to horizontal, and limiting losses in intermediate sectionCost…This is a major advantage of the Acceleware RF XL transmission line design, it allows us to heat longer lengths at lower frequencies, versus a standard RF antenna. Lower frequencies also allow for lower cost and more energy efficient operations. The desired frequency is also based upon the aspect ratio of pay zone to formation thickness. A short antenna requires high frequency to penetrate to the same depths, therefore is much less efficient. The power requirements to heat the water molecules is based upon the heat capacity to create steam. To achieve bitumen production rates comparable to SAGD, the required power per well pair is 5-6 kW/meter of lateral length.RF XL <2.0 SOR
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RF XL - Project Progress

• Prosper Petroleum agreement signed for test site

• AER application submitted

• GE Global Research RF converter development 

• Scovan Engineering Surface Facilities design completed

• Drilling & Completion design in final stages

• Internal simulations and de-risking tests ongoing

RFXL Pilot Area

Presenter
Presentation Notes
design completed, first module built and tested, and full unit currently being assembled & tested
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