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Assessing Energy Options

� CIC Energy Division
• Formed October, 2007 - initiated by CSChE

� CIC Energy Division Role Includes
• Resource for energy technology assessment. 
• Facilitate development of energy policies and 

provide appropriate communication of 
recommendations.

• Encourage application of sound technical 
judgment in assessment of proposals to reduce 
environmental impacts.



Is an Energy Technology Assessment 
Process Needed?
� Current practice in the media is to use undefined t erms 

that are difficult for the public to understand or assess in 
context

• “Green”, “Sustainable”, “Clean”, “Dirty”, “Bio-”, 
“Renewable”,  “Carbon-free”, “Large Footprint”

» Can these be used to assess the relative desirabili ty of  energy
options in a given situation?

» E.g. “Whale Oil” - is a renewable bio-fuel that could be 
sustainable at some level of use, with no terrestri al footprint.
Is it green or clean?

• Labels don’t recognize impacts in other areas of co ncern, 
are not interchangeable, are broadly applied to a w ide 
range of technology options without differentiation



Proposed Assessment Process

� Simple, consistent, transparent to allow a rough 
ranking of energy options

• Can be utilized at various levels of application - g lobal, 
regional or local

• Can indicate potential areas which would cause opti ons to 
move up or down in the ranking

� Need more than just one or two indicators to 
base energy decisions on

• Scores based on 12 areas of concern and rated posit ive, 
negative or neutral.  Numerical value = positives - negatives

• Support neutral or better technologies, or develop 
technology to improve scores.



Assessing Energy Options (proposed)

Based on Sound Science

Conserve Basic Criteria for Life

Quality of Life

Quality of Environment

CO2 Emissions
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Scientific Method

Ecosystems

?
Reduce Non-water GHGs

Score = ?

Positive +1 Negative -1
Neutral 0



Examples from Alberta

� Values assigned subjective and will vary 
depending on where the assessment is 
done and specific technologies used

� E.g. energy sources not assessed for Alta
• Hydroelectric – Every place that could have a 

large dam has one. One run-of-river project on 
Peace River may proceed

• Nuclear – Cooling water in short supply in most 
of province, except maybe Peace River

• Biofuels – Irrigation for food production already 
uses 60-80% of the water consumed in Alberta.  
Mainly fodder for cattle industry.



Energy Conservation (Life Cycle Basis)

Reduce Consumption:
- “Doing less”
- Climate change benefit
- More Natural Carbon Cycle
- Less water emissions
- Conserve easy to use energy
- Economic
- Encourages healthy lifestyle
- Less impact on air, water, 

land and ecosystems
- Reduction in GHG emissions
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Score = +12



Cogeneration of Heat and Power

Deregulated Power Supply:
- “Doing more with Less”
- Climate change benefit
- Double efficiency of power
- Cut water emissions in half
- Still carbon based
- Economic
- Wastes natural gas (current)?
- Less waste heat to river
- Other air emissions decrease
- Less impact on rivers
- 20-40% reduction in net GHG 

emission intensity
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Score = +9



Co-Generation Progress
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The Growth of Cogeneration in 
Alberta after Deregulation Regulations Impact  

Technology use:

• Estimate in 1996 was that 
almost all demand growth 
would be met with coal

•1999 Deregulation -
Cogeneration in new,
oilsands, chemical and gas 
compression facilities

Source - Alta Dept of Energy



Cogeneration Win-Win for Oilsands

Estimates from NRCan Energy Outlooks 1996 and 2006

Electricity - Purchased ($0.05/kwh)

NG - Purchased ($7.50/GJ)

Petroleum - Purchased ($0.80/l)

Petroleum - Losses ($50/bbl)
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Between 1996 outlook and 2006 est
Production = +100%
Energy Use = +56%
Energy Value = +42%
On-site GHG Intensity = -25%

Main Technology Change between 
Estimates = Cogeneration

Net Water Intensity Reduced - but 
Moved from North Sask Power 
Plants to Athabasca Upgraders



Oilsands Emission Reductions due to 
Cogeneration with Natural Gas

GHG Emissions to Supply Heat and Power to Oilsands in 2005
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Dave Picard; Other options = author estimates



Distributed Power for Oil & Gas

Back out use of coal power:
- Proven technologies, no 

unknowns
- Cut water (22 million m3/yr) and 

energy consumption at coal plants
- Marginally Economic
- Stabilize grid --> less dependence 

on single sources
- No major changes in quality of 

air, water, land or ecosystems
- 8 Mt/yr reduction in GHGs

Score = +5
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Distributed Power Generation Oil & Gas

� Oil and gas industry purchases 21 TWhr/yr
(NRCan 2006 Energy Outlook)

• Estimated 20-25% of Alberta’s power sales; 10-15% i n Sask

� Main Uses of the Power;
• Conventional oil/water pumping (75%?)

» Produced water injection + oil well pumping

• Unconventional gas well-site compression (5-10% Gro wing)

� Concentrate generation at large Produced Water 
Facilities or Main Compression Sites

• Individual wells remain motor-driven
• Produced water sites can use the heat



Oil & Gas Flare & Vent Reduction

ERCB Directive 60 Impacts:
- Climate change benefit
- Small change in carbon
- Conserves energy
- No water impacts
- 1-3 year payouts
- No public cost
- Delays gas well development
- No air, water or land impacts
- 5 MtCO2eq/yr reduction already 

achieved since 2000
- Potentially 30 MtCO 2eq/yr 

economic
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Alberta Crude Bitumen Battery Venting 10 6 m3/yr
(AEUB 2006 - Venting and Flaring Report)
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Figure 1 -  Reductions to date in methane venting from heavy o il in Alberta are 
equivalent to 5 MtCO2eq/yr with most reductions pay ing out in <2 years at $6-

8/GJ gas prices.  Likely a similar volume in Saskat chewan, which has just 
begun to require measurement of these emissions. 



CO2 Enhanced Oil Recovery

Recover more high quality oil:
- Proven in US and Canada
- About same amount of carbon
- Greatly increases lower cost oil 

supplies
- Produce more higher value oil
- Emissions over a wider area
- Reduces dependence on new 

pipelines and upgraders 
- Ecosystems already disturbed
- Lower GHG intensity than oil 

sands
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CO2 EOR Production & Emissions (10Mt/y)

Source: 2009 Clearstone Engineering Air Emissions S tudy



CO2 EOR Delaying Oil Sands Emissions

Source: 2009 Clearstone Engineering Air Emissions S tudy



IGCC Power Generation

Reduce Energy Losses:
- Climate change benefit
- More Natural Carbon Cycle
- Less water consumed (-30%)
- Less Energy Input (-40%)
- Not economic for competitive 

utilities
- Lowers power reliability
- Lowers CAC emissions
- Less impact on air, water, 

land and ecosystems
- Reduction in per capita GHG 

emissions

Score = +4
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CCS IGCC + Water Scrubbing

Water Scrubbing w IGCC:
- Climate change benefit?
- Less energy input/MW
- Less cooling water/MW
- $?? billion cost?
- No economic benefit
- No risk of CO2 leaks
- Smaller mines?
- Less waste heat
- Air emissions decrease
- Ecosystem risk lowered
- ??? Mt/yr reduction?
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CCS (Pure CO2 to Aquifers)

Coal Power CCS Project:
- Climate change benefit?
- 40% more energy/MW
- 40% more cooling water/MW
- $1.4 billion cost/Mt reduction
- No economic benefit
- Risk of CO2 leaks/blowouts
- Larger mines
- More waste heat to river
- Other air emissions increase
- River ecosystems at risk
- 5 Mt/yr reduction for $2+ billion?
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Unconventional Gas Development

Recover low pressure gas:
- Works but very new
- About same net carbon impact as 

other sources
- Large water supplies needed
- Greatly increases gas supplies
- Economically avoids LNG 

imports
- Large footprint in remote pristine 

areas
- Lower GHG intensity than oil

Score = +1

?

H2OC

Wealth Health Security

+$

Carbon Water Energy

Air Water Land

Scientific Method

Ecosystems

?
Reduce Non-water GHGs



“Gas Reservoir Repressurization Debt”

A lot of unknowns:
• How many pools connect 
with active aquifers?
• Where does the plumbing 
lead? 
• How long does it take to 
refill/repressure?

• Rivers are just the surface 
of underground aquifers -
Generally they are inter-
connected

Gas Volume vs. Reservoir Depth 
(Ignores critical points and solubility)
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Examples of Gas Pool Water Debts

Basin Map Alberta Environment Website
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Impacts of Gas Production

� Varies with the Type of Formation
• For Conventional Gas Pools water must come in to 

replace/repressure the depleted gas zones
• Athabasca basin – Debt ~ 10-20 billion m3 of shallow  ground 

water = 1 year average flow of the Athabasca River
• But no data or measurements to know how fast this d ebt will 

be repaid or where the water will come from ��� � Impacts?
• Coal Bed Methane – gas is adsorbed onto the coal so 

doesn’t occupy much volume so would generate a low 
water debt  ��� � Bulk of the gas produced is methane

• Shale Gas – gas is from relatively impermeable zones  so 
any water debt would be repaid over a very long per iod of 
time ��� � some formations may contain gas with high levels 
of CO 2 which must be removed, vented or deisposed of

• A lot of water is needed for high volume fracturing  when the 
well is completed



Does this Ranking Make Sense?

� Energy Conservation +12
� Cogeneration of Heat and Power +9
� Distributed Power Generation O&G +5
� CO2 Enhanced Oil Recovery +4
� Oil & Gas Vent and Flare Reduction +4
� Gasification Technologies for Power +4
� Unconventional Gas Development +1
� CCS (IGCC + water scrubbing) -3
� CCS (Pure CO 2 to aquifers) -10

If so, then why is the worst option getting so much  attention???



The CIC Energy Challenge

� CIC Energy Subject Division wants to engage/encoura ge 
discussion about pro’s and con’s of energy options f or 
different regions

� Develop an assessment method that is easy for publi c 
and others to understand, and prioritize and inform  
actions on a holistic basis.

� May lead to Energy Policies which everyone can 
understand and support.  Win-win-win

� Looking for feedback and engagement of a larger 
community to build support



Contact Information

C/o New Paradigm Engineering Ltd.
10444 - 20 Avenue  NW
Edmonton, Alberta
Canada  T6J 5A2

tel: 780.448-9195
email: newparadigm@shaw.ca

web: www.cheminst.ca or www.csche.ca


