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Quick facts 
•  Abundant and cheap 
•  US stopped importing natural gas altogether, could export if economic. 
•  Can be used as CNG or LNG 
•  Low NOx and Ultra Low NOx – non attainment ozone areas: ports, South 

Coast… 
•  Can be a low carbon fuel 
•  Limited public refueling infrastructure 

•  Natural gas in transportation: 
•  California: 16,467 million cubic feet —> 126 Million DGE  (4.6% of California 

Diesel transportation market) 
•  US: 34,459 million cubic feet  —> 263 Million DGE (0.6%  of US Diesel market) 
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Methane Leakage 



Upstream leakage 

360 BCF annually 
 



Official estimates of  
methane leakage 

Source: EDF based on 2013 EPA GHGI 
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EPA estimates of leakage goes up 
and down a little 

https://www3.epa.gov/climatechange/Downloads/ghgemissions/US-GHG-Inventory-2016-Chapter-Executive-Summary.pdf 
https://www.eia.gov/dnav/ng/ng_prod_sum_dcu_NUS_a.htm 

360/23,000 =  1.5%  
of shale and 

conventional natural gas 
Production 

(compare to 4.4 Billion 
cubic feet of methane 
from Aliso Canyon) 

 



But some disagree….. 



•  Bottom-up studies coincide with EPA 
•  Top-down studies find EPA 

underestimates 

Why!? 



EPA might be missing a small 
number of super emitters 
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EPA misses abandoned wells 
•  Mary Kang (Princeton) Summer 2014 Thesis: 

Leakage from Abandoned Oil and Gas Wells 
•  Methane emissions from AOG wells are not 

accounted for in any GHG emissions 
inventories , either at the state or national 
levels in the U.S. or abroad.  

•  Leakage rates are equivalent to 0.3 to 
0.5% of gross gas withdrawal  (in PA for 
2010) 
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More or less established: 
Actual leakage 25-75% higher than EPA’s 

estimate 
 

EPA: 1.5%  
Corrected: 1.85% -2.95 % 

for natural gas systems 
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Source: Brandt et al. 2014. Methane Leaks from North American 
Natural Gas Systems. Science 343 ,733.   



How does methane leakage 
affect the Carbon Intensity of 

CNG and LNG? 

Conventional wisdom 
suggests a 20% reduction 

from diesel based  



Some disagree 

Source: Venkatesh et al. 2013 
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Variability in:  
•  Upstream methane leakage 

–  Regions (regulations) 
–  Company culture 

•  Upstream energy uses 
–  Geology 
–  Fuel type 
–  Refinery efficiency 
–  Distribution distances 
 

•  Vehicle slip and fuel economy 
•  Application: Heavy/Medium/Light 
•  Drive Cycle 
•  Model 
•  Model year 

But which variables are important? 



Sensitivity Analysis suggest 
vehicle leakage and vehicle 

efficiency is the highest 
contributor to WTW carbon? 

Upstream vs. vehicle / CO2 vs. CH4 
Fuel economy: 5.9 mpg (Diesel), 5.6 (HPDI NGV)  (95%),  

5.0 (SI NGV) (85%) 
Methane slip: 0.005 gCH4/mi (Diesel), 4.2 g/mi (Si NGV),  

3.84 g/mi (HPDI NGV) 
 

OAT Sensitivity Analysis 
Baseline leakage is 1.5% 

Si	  vs	  hpdi	  

Change	  lng	  to	  si	  or	  include	  si	  
Make	  sure	  this	  is	  the	  right	  graph.	  
I	  know	  I	  fixed	  at	  some	  point	  



One type of methane leakage 
greatly overlooked:  

Vehicle Methane Slip 
Diesel methane slip: 
0.005 gCH4/mi  
 
Natural gas methane slip: 
4.2 g CH4/mi HPDI 
3.84 g CH4/mi Si 

Crank case:    Exhaust:   



Renewable Natural Gas 
Potential 



Landfill gas 

Waste water biogas Animal manures 

Food & green waste 



3 levels of estimates 

• Theoretical (stoichiometric) 
• Technical/Gross 
• Commercial 

definitions are not standard across studies!! 



California RNG Supply Curves 



What happens when we add 
carbon and renewable  
credits? 

About 8.1 BCF/year are 
commercially feasible with 
an LCFS credit of $120/ton 

of carbon:  
8.1 (total)  =  0 (Landfill) + 
4.3 (Dairy) + 3.1 (WWTP) 

+1.7 (MSW)  
(50% of all transportation  

NG use in California2)  
(2.5% diesel use) 

About 83.5 BCF/year are 
commercially feasible with an 

LCFS credit of $120/ton of 
carbon and a RIN credit of 
$1.78 per gallon of ethanol 

equivalent:  
83.5 (total) = 50.8 (Landfill) + 
16.3 (MSW) + 10.6 (Dairy) + 

5.8 (WWTP) 
(5X all transportation NG 

currently used in California2) 
(25% diesel use) 

Most sources of 
biogas are not 
commercial 

2 16,467 Million Cubic Feet of Natural Gas were used for transportation in California in 2015 http://www.eia.gov/dnav/ng/ng_cons_sum_dcu_SCA_a.htm 



Barrier 1:  Biogas specs for 
injections are the stringest 

For 
power 

For 
Injection 



Injection standards vary by company 



Barrier 2: In the case of solid waste, 
it is cheaper to dump 

Source: http://www.calrecycle.ca.gov/publications/Documents/1520%5C20151520.pdf 

Mind the scale! 



Barrier 3: For Manure Biogas 
•  Capital costs are high 
•  Productivity is low since feedstock has 

already been stripped of most CH4 in the 
cow. 



Come and see our posters 

 
Thank you! 
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