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Memorandum 
 
 
Date: September 28, 2008 
To: Todd Campbell and Mike Eaves, Clean Energy Fuels 
Cc: Michael Jackson, Michael Chan, Jeff Rosenfeld 
 
From: Jennifer Pont 
Loc: Cupertino Office 
Phone: 408.517.1573 
 
Subject: Review of ARB’s “Comparison of Greenhouse Gas Emissions from Natural Gas 

and Diesel Vehicles” 
 
 
Recently, ARB distributed a document1 comparing Well to Wheel (WTW) GHG emissions from 
NG vehicles to diesel vehicles (both current and “LCFS compliant”).  ARB used the CA-GREET 
model to estimate WTT GHG emissions for eight natural gas pathways (5 CNG and 3 LNG) and 
diesel. 

At present, there are several versions of CA-GREET.  CA-GREET1.7v98 is currently posted on 
the ARB LCFS website and was utilized in development of the State Alternative Transportation 
Fuels Plan.  Under funding from the Energy Commission, TIAX recently added two new 
pathways:  landfill gas to CNG and landfill gas to LNG.  We also provided, at ARB’s request, a 
detailed documentation of the LFG to CNG pathway for posting on the LCFS website.  The 
version of the model with the LFG pathways is CA-GREET1.7v99; it has not yet been posted to 
the ARB or CEC websites.  This version of the model includes three feedstocks (North American 
NG, Remote NG, and Landfill Gas) and two fuels (CNG, LNG) for a total of six NG pathways. 

Argonne National Laboratory (ANL) has recently released a new version of GREET 
(GREET1.8b) which is essentially the same as version 1.7 for the natural gas based fuels, but has 
not been tailored to California conditions.  ARB is working on modifications to GREET1.8b to 
reflect California conditions, and it appears this was used to generate this natural gas document 
out for limited comment.  ARB now refers to this model as CA-GREET1.8b, but it has not been 
posted to the ARB website for review.   

This memo compares the GHG emissions estimated with CA-GREET1.7 v99 to the emission 
estimates presented in the ARB Comparison document.  Underlying assumptions for the CA-
GREET1.7 v99 results are also provided. 

 

1 “Comparison of Greenhouse Gas Emissions From Natural Gas and Diesel Vehicles”, Simeroth, CARB, September 
9, 2008. 
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Well To Tank Emission Estimates 
Table 1 presents the WTT emission estimates from the CA-GREET1.7 v99 model.  Note that the 
values shown for cases D3 and C1 match the values in the detailed pathway descriptions on the 
ARB LCFS website.  The underlying assumptions for each pathway are listed in Tables 2-6. 

Table 1.  Breakdown of WTT GHG Emissions Estimates from CA-GREET1.7 v99 
Pathway # D3 C1 C2 C4 L1 L3 L4
Fuel ULSD CNG CNG CNG LNG LNG LNG
Feedstock CA Avg Crude NA-NG Remote NG Landfill Gas NA-NG Remote NG Landfill Gas
Recovery 6.60 3.30 3.42 0.49 3.33 3.41 0.50
Transport to Processing 2.20 0.00 0.00
Processing/Refining 11.00 3.59 3.75 15.03 3.62 3.74 20.50
Pipeline Transport 1.16 0.06 0.06 1.23 0.06
Compression/Liquefaction 2.10 7.08 2.10 6.85 7.04
LNG Transport 1.29 0.31 2.34 0.03
LNG Storage 0.24 0.53 0.53 0.03
LNG Regasification 0.89
Pipeline Transport 0.24
Compression/Liquefaction 3.42
Final Transport 0.30
Flaring Credit -64.38 -75.67

WTT Total 20.10 10.15 20.40 -46.69 15.87 17.11 -54.62
NA-NG refers to North American Natural Gas
Remote NG refers to NG from overseas, shipped to the LNG facility in Baja California, Mexico.    

Table 2.  Main Assumptions for ULSD Pathway 
Units Value

Electricity Mix California Average
Recovery Efficiency % 93.9%

Vented Methane g/mmBtu 2.3
Crude Transport Ocean Tanker miles 3,550

Tanker payload tons 250,000
Tanker fuel consumption Btu/hp-hr 4620
Tanker speed mph 19
Pipeline miles 266
Vented Methane g/mmBtu 69.5

Refining Efficiency % 86.70%
Non-combustion CO2 g/mmBtu 1117

Transport Pipeline miles 40
HD Truck miles 50
Terminal/station VOC losses g/mmBtu 3.57

Parameter
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Table 3.  Main Assumptions for CNG From North American Natural Gas 
Units Value

Electricity Mix California Marginal
Recovery Efficiency % 97.2%

Methane vented % 0.35%
Processing Efficiency % 97.20%

Methane vented % 0.15%
Non-combustion CO2 g/mmBtu 1,237

Pipeline Transport Pipeline distance miles 1000
Leak rate %/mile 0.08% / 600 miles

Compression Efficiency % 98%

Parameter

 
 
Table 4.  Main Assumptions for CNG From Remote Natural Gas 

Units Value

Electricity Mix Overseas Mix
Recovery Efficiency % 97.2%

Methane vented % 0.35%
Processing Efficiency % 97.20%

Methane vented % 0.15%
Non-combustion CO2 g/mmBtu 1,237

Pipeline Transport Pipeline distance miles 50
Leak rate %/mile 0.08% / 600 miles

Liquefaction Efficiency % 91%
Storage Losses %/day 0.10%
Storage Days days 5 days
Boil-off recovery % 80%

LNG Transport Ocean Tanker Distance miles 7200
Fuel Type NG/Residual Oil
Tanker payload tons 65,000
Tanker fuel consumption Btu/hp-hr 4620
Tanker speed mph 19
Boil-off recovery % 100%

LNG Storage Storage Losses %/day 0.10%
Storage Days days 5 days
Boil-off recovery % 90%

Regasification Efficiency % 99.40%
Storage Losses %/day 0.10%
Storage Days days 5 days
Boil-off recovery % 80%

Pipeline Transport Pipeline distance miles 200
Leak rate %/mile 0.08% / 600 miles

Compression Efficiency % 98%

Parameter
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Table 5.  Main Assumptions for LNG From North American Natural Gas 
Units Value

Electricity Mix California Marginal
Recovery Efficiency % 97.2%

Methane vented % 0.35%
Processing Efficiency % 97.20%

Methane vented % 0.15%
Non-combustion CO2 g/mmBtu 1,237

Pipeline Transport Pipeline distance miles 1000
Leak rate %/mile 0.08% / 600 miles

Liquefaction Efficiency % 91%
Storage Losses %/day 0.10%
Storage Days days 5 days
Boil-off recovery % 80%

LNG Distribution Heavy Duty Truck Distance Miles 50
Payload tons 15
Fuel Economy mpg 5
Fuel Type Natural Gas
Boil-off g/mmBtu 0

LNG Storage Storage Losses %/day 0.10%
Storage Days days 5 days
Boil-off recovery % 90%

Parameter

 
 
Table 6.  Main Assumptions for LNG From Remote Natural Gas 

Units Value

Electricity Mix Overseas Mix
Recovery Efficiency % 97.2%

Methane vented % 0.35%
Processing Efficiency % 97.20%

Methane vented % 0.15%
Non-combustion CO2 g/mmBtu 1,237

Pipeline Transport Pipeline distance miles 50
Leak rate %/mile 0.08% / 600 miles

Liquefaction Efficiency % 91%
Storage Losses %/day 0.10%
Storage Days days 5 days
Boil-off recovery % 80%

LNG Transport Ocean Tanker Distance miles 7200
Fuel Type NG / Residual Oil
Tanker payload tons 65,000
Tanker fuel consumption Btu/hp-hr 4620
Tanker speed mph 19
Boil-off recovery % 100%

Terminal Storage Storage Losses %/day 0.10%
Storage Days at Terminal days 5 days
Boil-off recovery % 90%

LNG Distribution Heavy Duty Truck Distance Miles 170
Payload tons 15
Fuel Economy mpg 5
Fuel Type Natural Gas

Station Storage Storage Losses %/day 0.10%
Storage Days days 3 days
Boil-off recovery % 80%

Parameter
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The WTT values for these five pathways are compared to the values in the ARB Comparison 
Document in Figures 1-5.  There are significant differences for several of the pathways.  Because 
the underlying assumptions for the ARB cases are not provided in the Comparison document, the 
causes for the differences can not yet be identified.  However, it is likely that assumptions 
regarding pipeline leakage and boil-off recovery are not consistent.  Additionally, the global 
warming potential (GWP) factors have been slightly increased in GREET1.8b. 
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Figure 1.  Comparison of WTT GHG Emissions for CA Avg ULSD 
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Figure 2.  Comparison of WTT GHG Emissions for CNG From NA-NG 
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CNG From Remote-NG
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Figure 3.  Comparison of WTT GHG Emissions for CNG From Remote NG 
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Figure 4.  Comparison of WTT GHG Emissions for LNG From NA-NG 
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LNG From Remote NG
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Figure 5.  Comparison of WTT GHG Emissions for LNG From Remote NG 
 
 
 
 
Tank-To-Wheel Emission Estimates 
 
The TTW estimates include CO2 from combustion of the carbon in the fuel and the vehicle N2O 
and CH4 emissions.  Since the completion of the AB1007 analysis, ARB has revisited vehicle 
fuel economy values, and the California Climate Action Registry (CCAR) has updated the 
vehicle emission factors for CH4 and N2O in the general reporting protocol.  The CH4 and N2O 
emission factors are provided on a g/mi basis for diesel and LNG/CNG light duty and heavy duty 
vehicles.  The citation in the CCAR protocol is the California Greenhouse Gas Inventory:  1990-
1999.  This report has a substantial discussion of CH4 and N2O emission factors for gasoline and 
diesel vehicles, but no reference to NG vehicle emissions was found. 
 
At any rate, Table 7 provides TTW emissions utilizing CCAR emission factors for N2O and 
CH4 along with fuel economies from the ARB Comparison document.  These TTW emission 
estimates are compared to those from the ARB Comparison Document in Figure 7.  The main 
differences are that the TIAX values include vehicle CH4 and N2O values, and the GWP factors 
are consistent with GREET1.7 rather than GREET1.8b. 
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Table 7.  Tank-To-Wheel GHG Emissions 
ULSD CNG CNG CNG LNG LNG LNG

CA Avg Crude NA-NG Remote NG Landfill Gas NA-NG Remote NG Landfill Gas
Fuel C Content wt % 86.50% 72.40% 72.40% 72.40% 75% 75% 75%
Density g/gal or g/scf 3,142 20.4 20.4 20.4 1,621 1,621 1,621
LHV Btu/gal or /scf 127,464 930 930 930 74,720 74,720 74,720
Vehicle CO2 g CO2/MJ 74.11 55.20 55.20 55.20 56.55 56.55 56.55

LDV CH4 g/mi 0.01 0.04 0.04 0.04
LDV N2O g/mi 0.02 0.04 0.04 0.04
HDV CH4 g/mi 0.06 3.48 3.48 3.48 3.48 3.48 3.48
HDV N2O g/mi 0.05 0.05 0.05 0.05 0.05 0.05 0.05

LDV Fuel Economy MJ/mi 5.38 5.49 5.49 5.49 5.49 5.49 5.49
HDV Fuel Economy MJ/mi 25.25 26.86 26.86 26.86 26.86 26.86 26.86

LDV TTW CO2 gCO2e/mi 398.7 303.0 303.0 303.0
LDV TTW CH4 gCO2e/mi 0.2 0.9 0.9 0.9
LDV TTW N2O gCO2e/mi 5.9 11.8 11.8 11.8
LDV TTW Total gCO2e/mi 404.8 315.8 315.8 315.8
LDV TTW Total gCO2e/MJ 75.2 57.5 57.5 57.5

HDV TTW CO2 gCO2e/mi 1,871 1,483 1,483 1,483 1,519 1,519 1,519
HDV TTW CH4 gCO2e/mi 1 80 80 80 80 80 8
HDV TTW N2O gCO2e/mi 15 15 15 15 15 15 15
HDV TTW Total gCO2e/mi 1,887 1,577 1,577 1,577 1,614 1,614 1,614
HDV TTW Total gCO2e/MJ 74.7 58.7 58.7 58.7 60.1 60.1 60.1
CH4 and N2O Emissions from California Climate Action Registry General Reporting Protocol, March 2008.
Vehicle Fuel Economy from ARB's Comparison Document

0
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Figure 6.  Comparison of TTW emissions. 
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Well-to-Wheel Results 
 
Combining the GREET1.7 v99 WTT estimates with the TIAX TTW estimates above results in 
the WTW values shown in Table 8 and Figures 7 and 8.  As indicated NG light duty vehicles 
result in a 17% to 88% reduction relative to diesel; heavy duty NG vehicles yield from 11% to 
94% percent reduction.   
 
Table 8.  TIAX Estimates of WTW GHG Emissions 

ULSD CNG CNG CNG LNG LNG LNG
CA Avg Crude NA-NG Remote NG Landfill Gas NA-NG Remote NG Landfill Gas

WTT gCO2e/MJ 20.10 10.15 20.40 -46.69 15.87 17.11 -54.62
LDV F.E. MJ/mi 5.38 5.49 5.49 5.49
HDV F.E. MJ/mi 25.25 26.86 26.86 26.86 26.86 26.86 26.86
Light Duty

WTT gCO2e/mi 108 56 112 -256
TTW gCO2e/mi 405 316 316 316
WTW gCO2e/mi 513 371 428 59
% change -28% -17% -88%

Heavy Duty
WTT gCO2e/mi 508 273 548 -1,254 426 460 -1,467
TTW gCO2e/mi 1,887 1,577 1,577 1,577 1,614 1,614 1,614
WTW gCO2e/mi 2,395 1,850 2,125 323 2,040 2,074 147
% change -23% -11% -86% -15% -13% -94%

Units
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Figure 7.  Light Duty WTW GHG Emissions 
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HDV GHG Emissions, CA-GREET1.7 v99
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Figure 8.  Heavy Duty WTW GHG Emissions 
 
Finally, Figure 9 provides a comparison of the TIAX estimated WTW emissions and the ARB 
Comparison Document estimates.  Except for the CNG from NA-NG, the ARB estimates are 
much less favorable than the TIAX estimates based on GREET1.7 v99.  For the CNG from NA-
NG case, ARB’s California NG case is utilized.  The ARB estimate is more favorable, likely 
because of the reduced pipeline transport distances (the TIAX estimate assumes 1000 miles of 
pipeline travel).  For the LNG case from NA-NG, the ARB case utilizing NG from Canada is 
utilized.  For the CNG case from remote NG, the ARB case assuming LNG imported to Baja is 
utilized.  For the LNG case from remote NG, the ARB case assuming receipt in Los Angeles and 
direct distribution from the shipping terminal is utilized. 
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Figure 9.  TIAX WTW Estimates and the ARB Comparison Document Estimates 
 


