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LCA models 
•  LEAP and BioGRACE (EU) 
•  EPA models (RFS2) 
•  CAGREET1.8 (LCFS) 
•  CAGREET2.0 (updated LCFS) 
•  OPGEE (ARB) for upstream carbon intensity 

of 270 individual crude oil producing fields 
and crude blends 

•  GHGGenius (Canada) 
•  GREET1 2014 (this study) 



Updates in GREET1 2014 
•  Added Heavy Duty Vehicle module 
•  Added Black Carbon and Organic Carbon 

(SLCP- short lived climate pollutants) 
•  Added emissions of oil drilling (still not shale 

oil pathway) 
•  Updated stationary combustion emission 

factors 
•  Update of refining efficiency and GHG of 

petroleum products 
•  Expanded oil sands modeling 



Boundaries of  
Life Cycle Analysis 

Well To Tank (WTT) Tank To 
Wheel (TTW) 

Well To Wheel (WTW) 

Fuel  Feedstock Vehicle 



Are NGV trucks less carbon 
intensive than diesel trucks?  

It depends 

•  Geographic scope 
•  Upstream leakage 
•  Vehicle type 
– Fuel economy 
– Methane slip 

•  GWP100 
•  LHV/HHV 
 



Our scope is national: 
National average for methane 

leakage 
EPA/EIA= 1.2-1.5%   

 
Actual leakage 25-75% higher than EPA’s 1.5% estimate (Brandt et al.) 

 
“superemitters” (e.g. sources with extremely high emissions, much larger than normal 

operation) (Brandt et al.) 
Abandoned wells (Kang et al.) 

 
Estimates from airborne measurements were typically higher than inventories…. studies 

estimating high leakage rates, such as those done by the National Oceanic and Atmospheric 
Administration, including Karion et al. (2013), were unlikely to be representative of the NG 
industry since those emissions would exceed the unaccounted emissions from all sources.  

 
 

Corrected: 1.87% -2.95 % 
 

We will test 0 to 3% 
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Vehicle type: long haul trucks 

Diesel 5.9 mpg (fuel economy) 
 Natural gas 5.6 HPDI  (95%), 5.0 SI (85%) 

Diesel 0.005 gCH4/mi (methane slip) 
 Natural gas 4.2 g/mi HPDI, 3.84 g/mi Si 



Physical Properties of natural gas, 
diesel and methane 

•  GWP100: 30 
•  LHV:  
– 983 Btu/ft3 NG 
–   740,720 Btu/gal LNG  
– 128,450 Diesel 



What does this mean for the carbon 
intensity of NGV C8 trucks? 



Grams of  CO2e per mile 



Carbon Intensity under different 
methane leakage 

Methane leakage (%)  
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Summary of results 

•  Majority of emissions happen in TTW 
– Suggests improving fuel economy is key 

•  WTT CNG is dominated by methane leaks   
•  WTT LNG is dominated by high energy 

inputs of liquefaction 
•  BLR is 3% for HPDI and ~0% for SI 



Limitations of this analysis 

•  What if leakage was higher/lower? 
•  What about biogas? 
•  Only long-haul trucks, what about 

refuse trucks, buses? 
 



•  Short haul trucks 
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% difference short haul trucks 
(baseline is diesel) 

5.8 mpg (diesel) vs. 4.9 (SI) vs.5.5 (CI) 
0.002 gCh4/mi (diesel) vs. 5.225 (SI) vs 1.663 (CI) 
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% difference refuse trucks 
(baseline is diesel) 

3.0 mpg (diesel) vs. 2.6 (natural gas) 
0.002 gCH4/mi (diesel) vs. 0.805 (natural gas) 
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% difference school buses 
(baseline is diesel) 

7 mpg (diesel) vs 6 (natural gas SI) 
0.003 g CH4/mi (diesel) vs 0.098 (natural gas) 
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What percentage of renewable 
under each leakage? 
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Leakage Rate 



Another limitation to this analysis 

•  GREET1 Lacks granularity 
•  Not good for state specific 

analyses (e.g. LCFS) 



Differences with LCFS 
•  Different functional unit: Carbon Intensity of 

Fuel vs. Carbon Intensity of Transportation 
   gCO2e/mi  vs. gCO2/MJ 

•  CAGREET1.8 (2009) 
•  No shale 
•  No drilling/fracking emissions 
•  No methane leakage 
•  Old GWP numbers 
•  …. 

•  California specific numbers (CAGREET2.0) 



LCFS vs. new LCFS 
(GCO2e/MJ) 

•  ARB has very recently proposed new LCA 
numbers for NGVs via the LCFS that are 
~10% worse than before (and even more 
so for LNG).  

•  They are proposed for adoption in 
February, to take effect in 2016.  



Important differences between 
national and California results 

•  It’s not the Leakage Rate! 
•  Other factors that affect upstream 

emission: 
– Distribution distances 
– Oil mix /Gas mix  
– Renewable electricity 
– Co-benefit of tighter air quality control for 

stationary sources 
 



Take home points 
•  US 

–  NGV trucks only better than diesel if equal or better fuel economy 
–  When a high efficiency engine option is not available (refuse trucks, 

buses…) natural gas always performs worse. 
–  Majority of emissions happen in TTW 

•  Suggests improving fuel economy and reducing methane slip is key 
–  WTT CNG is dominated by methane leaks  whereas WTT LNG is dominated 

by high energy inputs of liquefaction 
–  BLR is 3% for HPDI and ~0% for SI 
–  1% leakage is offset by 10% RNG blend,  
–  3% leakage is offset by 20% RNG blend 
–  10% leakage is offset by ~50% RNG blend 

•  In California,  
–  All fuels have a lower carbon intensity due to 

•  Renewable electricity 
•  Tighter air quality standards 

–  Leakage rate assumed as the US average but distances and distribution 
option change. 

–  CNG could be better than LNG if compressors use renewable electricity 
–  Vehicle fuel economy is still key 
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Our Recent Studies  



Thank you! 

rdominguezfaus@ucdavis.edu 



Extras 



Drilling/Production/Processing = 0.8% 
Transmissions/Distribution= 0.7%  
Refueling stations/Vehicles = NA 

Picture:	  EDF	  



Where are the leaks? 

31 

Production 

Transmission Gathering and Processing 

Distribution 



Technology Payback 

Source: EPA Natural Gas STAR Program. NRDC leaking profits 



EPA Natural Gas STAR Program 

Source: EPA Natural Gas Star Program 
http://www.epa.gov/gasstar/accomplishments/index.html 

10%	  of	  what	  is	  being	  emi:ed	  


