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Natural Gas for Transportation 

An exciting opportunity, but… 
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Forces for Energy 

System Transformation 

Energy 

Systems 

Rapidly rising 

global energy 

demand  

(esp. Asia) 

Jobs & tax 

income 

Declining 

conventional 

oil and gas High oil 

price  

More reliance on 

unconventional oil 

& gas 

Low natural 

gas price 

(esp. in NA) 
Energy 

Security 

Concerns  

The energy system technologies that address the most / all of 

these ‘Forces’ are most likely to move forward. 

Climate 

Change 
Air pollution & 

health impacts 

Water and 

land use 

Societal 

Impacts 



Natural Gas 
(conventional & 

unconventional) 
CH4 

Power 

Space/water 

heating 

Gas Turbine; 

CHP plant; 

SO Fuel Cell. 

Industrial 
Heat 

A Vision for a Methane Future 
…made possible by hydraulic fracturing 

 Vast resources, yet untapped; 

More energy efficient; cleaner burning; 

 Lower GHG emissions per unit energy;  

BENEFITS 

Municipal waste, 

biosolids & manure 

Biomass 
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Wind & 

Solar 

Solar & 

Geothermal 

 Better integration with renewables; 

CO2 

Carbon 

Capture & 

Storage  

(CCS) 

  
H2 

Surplus 

renewable 

or nuclear 

energy 

 Potential for CCS or recycled CH4. 

Heavy 

Vehicle

s 

Personal 

Vehicles 

Export 

Cost effective oil alternative; energy security; 
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BUT, Significant Environmental 

Concerns with Hydraulic Fracturing 

Rapidly facing & addressing these concerns will be essential 

for hydraulic fracturing to get the public license to operate.     



Water & Earthquakes 

Problem 

• Possibly fracture with 

propane: No water use, 

less disposal. 

Possible Solution 

1. Water demand & 

water disposal  

R&D Needs 

• Full, independent 

LCA comparison; 

• Improved water 

treatment technol. 

• Enforce regulations on 

well completions, and 

surface activities etc. 

2. Soil / ground water 

contamination 

…UT(Austin) 2012 study: 

problem is with well 

completions & surface 

activity, not fracturing. 

• Industry assoc’ns should 

weed out the ‘bad apples’. 

• New measurement 

& monitoring tools 

• Contribute to 

regulatory process 
• Standardize regulations 

across jurisdictions. 

• Do baseline studies; fix 

problems when they occur. 



Full life 

cycle 

assessment 

Pipeline 

Greenhouse Gas Emissions 

Hydraulic 

Fracturing 

CO2 

Fossil 

Energy 

Input  

CO2 
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From http://towneforcongress.com 

CH4 to air X 23-25 

CO2 equiv.  

Most LCA work to date has been 

based on paper estimates: 

 Wide variability 

 Highly controversial 

Only one study has actually measured CH4 

emissions from hydraulic fracturing… 



What are the GHG Emissions 

Associated with Gas Operations?  
Tollefson J 2012. Nature 482: 139-

40 (9 Feb. 2012) 

Pétron et al. 2012.  J Geophys. 

Res. (in press) 

2% 0% 4% 6% 8% 

% of gas produced that leaks to atmosphere 

 CH4 in NG has ~23-25X the global warming potential 

of CO2 (over 100 years); 

 Therefore, at a ~4% leak rate, the Life Cycle GHG 

emissions would double, thereby eliminating: 

o NG benefit over coal for power generation,  

o NG benefit over oil for transportation 

Is this Colorado field an 

exception or the rule?? 



Greenhouse Gas Emissions 

Problem 

• Capture & oxidize CH4; 

• Establish & enforce 

regulations on emissions 

to atmosphere; 

Possible Solution 

3. Greenhouse 

Gas 

Emissions 

R&D Needs 

• Develop technologies to 

reduce CH4 to atmosphere 

• Measure actual 

emissions from Cdn sites 

• Carry out LCAs;  

• Compare with other 

energy system choices. 

• Standardize regulations 

across jurisdictions. 

There is a critical role for Universities… 

…to generate the insights, tools & 

expertise that will provide arm’s 

length decision support regarding 

energy / environment choices. 

o Costs, Benefits & Tradeoffs 

APPLIED 

SCIENCES 

NATURAL 

SCIENCES 

SOCIAL 

SCIENCES 

Informs 

Investments 

Informs 

Policy  

Informs R&D Priorities 


