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While this document is believed to contain correct information, neither the United States 
Government nor any agency thereof, nor The Regents of the University of California, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by its trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof, or The 
Regents of the University of California. The views and opinions of authors expressed herein do 
not necessarily state or reflect those of the United States Government or any agency thereof or 
The Regents of the University of California. 
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Notice about Report and Appendix Availability 
This report has been submitted to the California Energy Commission (CEC). It is anticipated that 
a version of the report – containing the same technical information but potentially differing in 
presentation based on changes made by CEC technical editors – will be published by the Energy 
Commission. If published by CEC, the report should be available at the following site: 

.  
 

                                                
1 Disclaimer included verbatim as required by LBNL RPM Section 5.02.03. United State Government sponsorship 
refers to the management contract noted in the Acknowledgments. The specific work described in this report was 
funded by the California Energy Commission through contract 500-05-026. 



  
   

  

 

ACKNOWLEDGEMENTS 

The authors acknowledge with appreciation the following contributors to this work:  Kevin Shea 
and colleagues from Southern California Gas Company for their assistance with the LNG gas 
delivery scenarios; members of the Project Advisory Committee (PAC) who contributed their 
time, knowledge, and suggestions that improved this work; and Mark Wilson for his help in the 
preparation of this report.  Special appreciation is extended to the following Advisory Committee 
members who provided extensive and ongoing technical support and guidance for the work 
covered in this report: Marie Cameron, Al Baez, Steve Moore, and Linda Lee.  
 
Direct funding of this research was provided by the California Energy Commissions through 
Contract 500-05-026.  Additionally, this work was supported by the Director, Office of Science, 
Office of Basic Energy Sciences, of the U.S. Department of Energy under Contract No. DE-
AC02-05Ch11231.  



  
   

  

 



ABSTRACT 

 

 

 

 

 



TABLE OF CONTENTS 

 



 



List of Figures 





 

 



List of Tables 

 



EXECUTIVE SUMMARY 

 

 



 



Figure ES1: Decrease in Daily NOX Emissions in the LBNL Baseline Emissions Inventory with 
Respect to the South Coast Air Quality Management District Baseline Inventory 





Table ES1:  Parameters for the Eight Realistic LNG Scenarios Projected for the Year 2023 in the Southern California Gas 
Company (SoCalGas) and San Diego Gas and Electric Company (SDG&E) System (Gas Volumes in MMcf/day) 

 Scenarios 

 Base Min Domestic Max ECA Deliveries Max ECA Deliveries & 
Min Domestic 

 1 2 3 4 5 6 7 8 

SoCalGas/SDG&E Typical Maximum Typical Maximum Typical Maximum Typical Maximum 

Summer Demand 2679 3212 2679 3212 2679 3212 2679 3212 

         

ECA Supply Typical Typical Typical Typical Maximum Maximum Maximum Maximum 

Otay Mesa 312 312 312 312 400 400 400 400 

Blythe 112 112 112 112 84 84 84 84 

         

Receipts from El  Typical Typical Minimized Minimized Typical Typical Minimized Minimized 

Paso (EP) at Blythe 508 508 140 220 478 478 140 220 

         

Other Supplies 1747 2280 2115 2568 1717 2250 2055 2508 

ECA = Energía Costa Azul terminal 

 



Figure ES2:  Zones of Influence in the Southern California Gas Company/San Diego Gas and 
Electric System for Scenario 7: Scenario with the Maximum Penetration of Liquefied Natural Gas  



Table ES2:  Impacts on Emissions of NOX Estimated for All LNG Delivery Scenarios.  
Increases in Emissions Are Expressed with Respect to (w.r.t.) the LBNL Baseline Case. 

µ µ

µ



Figure ES3: Changes in Peak Ozone Concentrations (ppb) Based on LNG Distribution Projected 
by Sempra for the Year 2023.  The LNG distribution assumes typical summer demand of natural 
gas in the South Coast Air Basin and maximum capacity at the Energía Costa Azul LNG terminal 

of 950 million cubic feet per day. 





 



Chapter 1: 
Introduction 



Chapter 2: 
Modeling LNG Distribution  



 
 
 

Figure 1:  Southern California Gas Company (SoCalGas) and San Diego Gas and Electric 
Company (SDG&E) Natural Gas Distribution System Map 



 

 

 

2.1 LNG Zones-of-Influence Projected Scenarios 





Table 1:  Parameters for the Eight Realistic LNG Scenarios Projected for the Year 2023 in the Southern California Gas 
Company (SoCalGas) and San Diego Gas and Electric Company (SDG&E) system (gas volumes in MMcf/day) 

 Scenarios 

 Base Min Domestic 
Deliveries 

Max ECA Deliveries Max ECA and Min 
Domestic Deliveries 

 1 2 3 4 5 6 7 8 

SoCalGas/SDG&E Typical Maximum Typical Maximum Typical Maximum Typical Maximum 

Summer Demand 2679 3212 2679 3212 2679 3212 2679 3212 

         

ECA Supply Typical Typical Typical Typical Maximum Maximum Maximum Maximum 

Otay Mesa 312 312 312 312 400 400 400 400 

Blythe 112 112 112 112 84 84 84 84 

         

Receipts from El  Typical Typical Minimized Minimized Typical Typical Minimized Minimized 

Paso (EP) at Blythe 508 508 140 220 478 478 140 220 

         

Other Supplies 1747 2280 2115 2568 1717 2250 2055 2508 



Figure 2:  Zones of Influence in the SoCalGas/SDG&E System for Scenario 1: Typical Summer 
Demand, Typical Supply of LNG from ECA, and Typical NG Receipts of NG from El Paso at Blythe. 

Figure 3:  Zones of Influence in the SoCalGas/SDG&E System for Scenario 2: Maximum Summer 
Demand, Typical Supply of LNG from ECA, and Typical NG Receipts of NG from El Paso at Blythe. 



Figure 4:  Zones of Influence in the SoCalGas/SDG&E System for Scenario 3: Typical Summer 
Demand, Typical Supply of LNG from ECA, and Minimized NG Receipts of NG  

from El Paso at Blythe. 

Figure 5:  Zones of Influence in the SoCalGas/SDG&E System for Scenario 4: Maximum Summer 
Demand, Typical Supply of LNG from ECA, and Minimized NG Receipts of NG  

from El Paso at Blythe. 



Figure 6:  Zones of Influence in the SoCalGas/SDG&E System for Scenario 5: Typical Summer 
Demand, Maximum Supply of LNG from ECA, and Typical NG Receipts of NG  

from El Paso at Blythe. 

Figure 7:  Zones of Influence in the SoCalGas/SDG&E system for Scenario 6: Maximum Summer 
Demand, Maximum Supply of LNG from ECA, and Typical NG Receipts of NG  

from El Paso at Blythe. 



Figure 8:  Zones of Influence in the SoCalGas/SDG&E System for Scenario 7: Typical Summer 
Demand, Maximum Supply of LNG from ECA, and Minimum NG Receipts of NG  

from El Paso at Blythe. 

Figure 9:  Zones of Influence in the SoCalGas/SDG&E System for Scenario 8: Maximum Summer 
Demand, Maximum Supply of LNG from ECA, and Minimum NG Receipts of NG  

from El Paso at Blythe. 



Chapter 3:  
Air Quality Impact Assessment Modeling Scenarios  

3.1 Baseline Scenarios 

3.2 Realistic Delivery Scenarios 



3.3 Hypothetical Bounding Scenarios 

Chapter 4: 
Modeling Emissions from Natural Gas-Related 
Sources 



4.1 Baseline Emissions Inventories  

 
 

 

Table 2:  Description of Entries in the Emission Inventories 

1. Standard Industrial Classification (SIC) 
2. Standard Classification Code (SCC) 
3. Emission Inventory Code (EIC) 
4. X – model coordinate (origin at 150 UTME, 3580 UTMN) 
5. Y – model coordinate 
6. Facility ID (if applicable) 
7. Stack ID (if applicable) 
8. Average daily emission (kg/day) for CO, NOX, SOX, TOG, and PM 
9. Speciation factors for NOX (NO, NO2, HONO), SOX (SO2, SO3), TOG and PM 
10. Monthly cycle: January through December weighting factors 
11. Weekly: Monday through Sunday weighting factors 

 Daily cycle: hour 0 through hour 23 weighting factors





Figure 10:  2023 Baseline Emissions of Nitrogen Oxides (NOX), in kilograms (kg)/day, Developed 
for the 2007 Air Quality Management Plan, by the South Coast Air Quality Management District 

(SCAQMD).  These emissions assume growth of emissions accounting only for the air emission 
control measures currently approved.  (a) light- and medium-duty vehicles, (b) heavy-duty 

vehicles, (c) off-road, (d) area sources. 



Figure 11:  Spatial Distribution of NOX Emissions from Natural Gas Use in Residential Applications 
for the Month of July: (a) cooking, (b) water heating, (c) other, which includes pool heating and 
gas barbeque, and (d) total emissions.  Note that the scales in this figure (30 or 60 kg/day) are 

much smaller than in the preceding figure (1000–10000 kg/day), reflecting the much lower 
emissions of NOX from residential sources compared with mobile sources. 

  

Figure 12:  Spatial Distribution of Sources from Natural Gas Use in All Industrial Applications: 
(a) NG Boilers, and (b) NG Process Heaters.  Note that different sources may represent 

installations of different sizes and different emission levels.  The emissions from each source are 
included in the inventory as stated in Table 2. 



Figure 13:  Contribution to Total NG-Related Sources—Both Area and Point Sources—to NOx 
Emissions Estimated for the Year 2023 by: (a) General Activity Sector (EIC1)  

and (b) Technology (EIC2).  



4.2 Adjustments to the Baseline Inventory 

Table 3:  Emission Factors Used in the SCAQMD Inventory for  
Natural Gas Area Sources (EFi,j,m) 

  2002 2023 

  NOX CO NOX CO 

CES Description lb/MMcf lb/MMcf 

66787 Industrial Stationary - I.C. Engines - Natural Gas 214 323 144 323 

47142 Industrial Natural Gas Combustion (Unspecified) 130 35 62(1) 35 

58743 Commercial Natural Gas Combustion - Water Heating 66 35 32(1) 35 

58735 Commercial Natural Gas Combustion - Space Heating 94 35 94 35 

47167 Commercial Natural Gas Combustion - Other 94 35 45(1) 35 

54585 Residential Fuel Combustion - Natural Gas - Cooking 94 40 94 40 

54577 
Residential Fuel Combustion - Natural Gas - Water 
Heating 94 40 24(2) 40 

54569 
Residential Fuel Combustion - Natural Gas - Space 
Heating 94 40 94 40 

47191 Residential Fuel Combustion - Natural Gas - Other 94 40 94 40 
(1) Rule 1146.2:  NOX control factor (CF) for large water heaters and small boilers, CF = 0.48 
(2) Rule 1121:  NOX control factor (CF) for residential NG-fired water heaters, CF = 0.25 
Note: EFi,j,m = emission factors for sector i, technology/appliance j, and pollutant m.



4.2.1. Update of Baseline Emissions Based on Experimental Measurements 





Figure 14:  Emission Testing Results for Residential Appliances Obtained by Lawrence Berkeley 
National Lab.  In blue, emission factors in nanograms per Joule (ng/J) obtained with delivered 

natural gas (Wobbe index mostly in range of 1330–1340 Btu/scf).  In red, increments in emission 
factors (ng/J) due to an increase in Wobbe index of 50 Btu/scf.  The green line denotes the 

emission factor assumed in the 2005 SCAQMD emissions inventory. The storage water heaters 
evaluated in this study were found to have negligible levels of CO in exhaust. 

Source: Singer et al. 2009 





Table 4: Technology Distribution Factors (fi,j,l) Among Area Sources to Relate Emission Testing with Emissions Source 
Categories in the Inventory 

CES Description 
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47142 Industrial Natural Gas Combustion (Unspecified)        1.00  
58743 Commercial Natural Gas Combustion - Water Heating   0.70 0.30      
58735 Commercial Natural Gas Combustion - Space Heating  1.00        
47167 Commercial Natural Gas Combustion – Other        1.00  
54585 Residential Fuel Combustion - Natural Gas – Cooking    0.80 0.15 0.05   

54577 Residential Fuel Combustion - Natural Gas - Water 
Heating  0.70 0.30      

54569 Residential Fuel Combustion - Natural Gas - Space 
Heating 1.00        

47191 Residential Fuel Combustion - Natural Gas - Other 0.34 0.23 0.10 0.26 0.05 0.02   



Table 5:  Updated Emission Factors for Area Sources Based on Emission Testing by 
LBNL, and Increments in Emissions Due to an Increase of 50 Btu/scf in the Wobbe 

Number Tested by LBNL and SoCalGas. 

  
Updated  
Emission 

Factor (uEFi,j,m)  

Increase in 
Emission Factor  

EFi,j,m  
( WN = 50) 

  NOX CO NOX CO 

CES Description lb/MMcf lb/MMcf 

66787 Industrial Stationary - I.C. Engines - Natural Gas
 
  214

(1)
  323

(1)
 - - 

47142 Industrial Natural Gas Combustion (Unspecified)    62
(1)

    35
(1)

  25
(2)

 - 

58743 Commercial Natural Gas Combustion - Water Heating
(3) 

 59 83 3 64 

58735 Commercial Natural Gas Combustion - Space Heating
(3) 

 68 35 2 -4 

47167 Commercial Natural Gas Combustion – Other
 
    45

(1)
    35

 (1)
  18

(2)
 - 

54585 Residential Fuel Combustion - Natural Gas – Cooking(4) 79 302 0 37 

54577 
Residential Fuel Combustion - Natural Gas - Water 
Heating(4) 59 83 3 64 

54569 
Residential Fuel Combustion - Natural Gas - Space 
Heating(4) 68 35 2 -4 

47191 Residential Fuel Combustion - Natural Gas – Other(4) 69 142 1 32 

(1) No new data.  Emission factor is the same as in SCAQMD inventory. 
(2) Emission increase of 40% in the WI range of 1335–1385 Btu/scf based on low-NOX 

technologies tested by SoCalGas (Figure 15) 
(3) Assume same emission factor as in “Residential” 
(4) Measurements by LBNL 

4.2.2. Estimating Change in Emission from LNG Use 





Figure 15:  Emission Testing Results for Commercial and Industrial Burners Obtained by 
SoCalGas: (a) Steam Boiler with Premixed Gun-Type Power Burner, (b) Low-NOX Steam Boiler 

Source: SoCalGas 2006 



Figure 16:  Emission Testing Results for Industrial Ultra-low NOX Steam Boiler  
Obtained by SoCalGas 

Source: SoCalGas 2006 

4.3 Estimating VOC Fugitive Emissions from LNG 



Table 6:  Mass Composition of Natural Gas from Different Origins  

 

SoCalGas 
Median 

% 

ARB1 

% 

Peru 

% 

Tangguh 

% 

Methane 89.74 75.32 81.29 92.62 
Ethane 4.43 9.82 18.07 4.69 
Propane 1.30 7.20 0.05 1.32 
Butanes 0.00 0.00 0.00 0.70 
Hexane and 
higher 0.21 0.79 0.00 0.00 
Carbon Dioxide 3.25 0.00 0.00 0.00 
Nitrogen (N2) 1.07 6.87 0.59 0.67 

1ARB corresponds to the specification limits for ethane, higher hydrocarbons and inert 
compounds allowed by ARB for compressed natural gas (CNG). 

Source: Suellentrop 2005 

Figure 17:  Fugitive Emissions of VOC from Natural Gas Transmission and  
Distribution Estimated for the Year 2023 



4.4 Summary of Estimated Emissions for the LNG Modeling Scenarios  
4.4.1 Realistic Scenarios 

4.4.2 Hypothetical Scenarios 





Table 7:  Impacts on Emissions of CO, NOX, and Short-Chain Alkanes (ALKL) Estimated for All LNG Scenarios.  Increases in 
Emissions are Expressed with Respect to (w.r.t.) the LBNL Baseline Case 

Case  

CO 
Increase 

(tons/day) 
w.r.t.  
LBNL 

Baseline 

CO 
Increase 

(%)  
w.r.t. 
LBNL 

Baseline  

NO
X
  

Increase 
(tons/day) 

w.r.t.  
LBNL 

Baseline 

NO
X
  

Increase 
(%)  

w.r.t. 
LBNL 

Baseline  

ALKL 
Increase 

(tons/day) 
w.r.t.  
LBNL 

Baseline 

ALKL 
Increase  

(%) 
 w.r.t. LBNL 

Baseline  

LBNL Baseline (tons/day)       
      Total CO = 2248.534       
      Total NOX = 112.178       
      Total ALKL = 98.450       
       
Realistic LNG Distribution Scenarios      

Scenario 1 0.043 0.002 0.037 0.033 0.003 0.003 
Scenario 2 0.033 0.001 0.027 0.024 0.002 0.002 
Scenario 3 0.055 0.002 0.044 0.039 0.004 0.004 
Scenario 4 0.039 0.002 0.039 0.035 0.003 0.003 
Scenario 5 0.112 0.005 0.084 0.075 0.008 0.008 
Scenario 6 0.062 0.003 0.046 0.041 0.005 0.005 
Scenario 7 0.111 0.005 0.092 0.082 0.008 0.008 
Scenario 8 0.046 0.002 0.034 0.030 0.004 0.004 

       
Hypothetical Bounding Scenarios      

100% LNG  2.651 0.12 2.763 2.463 1.001 1.017 
Scenario 7 (WImax=1400) 0.145 0.01 0.118 0.105 0.008 0.008 
100% LNG 
(WImax=1400) 3.493 0.15 3.581 3.192 1.001 1.017 

100% LNG with Tuning 2.651 0.12 0.166 0.148 1.001 1.017 



Chapter 5: 
Overview of the SoCAB Air Quality Modeling 
5.1 The South Coast Air Basin 

Figure 18:  South Coast Air Basin of California 

Source:  http://www.arb.ca.gov/ei/maps/basins/ abscmap.htm  



Figure 19:  SoCAB Basin-Wide Maximum Ozone Concentrations (Parts Per Billion)  
with Reference to State and Federal Standards  

Source: ARB 2006 
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Figure 20:  Number of Days the SoCAB Is Out of Compliance with the State  
and Federal Ozone Standards  

Source: ARB 2006 

 

5.2 Air Quality Modeling Formulation 
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5.3 Air Quality Modeling of the SoCAB 



Figure 21:  UCI-CIT Airshed Modeling Domain of the South Coast Air Basin of California 



Table 8:  Statistical Analysis of Model Performance Versus Observed Data  
on August 28, 1987, for Ozone and Nitrogen Oxides  

Statistical Measure O3 NO2 

Bias, ppb 15.9 -0.4 
Normalized bias, % 21.7 12.6 
Sum of residuals, ppb 55.3 28.1 
Gross error, ppb 39.5 21.4 
Normalized gross error, % 41.1 51.6 

Source: From Griffin et al. 2002a 

5.4 Baseline Air Quality in 2023 



Figure 22:  Baseline Air Quality for the Year 2023:  (a) 8-Hour Ozone Concentration,  
and (b) 24-Hour PM2.5 Concentrations 

5.5 Air Quality Resulting from Updating Area Sources Emissions 
Inventory 



Figure 23:  Decrease in Daily NOX Emissions in the LBNL Baseline Emissions Inventory with 
Respect to the SCAQMD Baseline Inventory 

Figure 24:  Difference in Air Pollutant Concentrations Baseline LBNL Minus Baseline SCAQMD: 
(a) Peak 8-Hour Average Ozone, (b) 24-Hour Average PM2.5  



Chapter 6: 
Air Quality Impacts of LNG 
6.1 Air Quality Impacts of Expected LNG Penetration 

µ



Figure 25: Changes to Peak Ozone Concentrations (ppb) of the Realistic  
LNG Scenarios Projected for the Year 2023 



Figure 26: Changes to 24-Hour Average PM2.5 (Micrograms Per Cubic Meter) Concentrations of the 
Realistic LNG Scenarios Projected for the Year 2023 



6.2 Air Quality Impacts of Hypothetical Bounding Scenarios 

µ
µ



  

  

Figure 27: Impacts on Peak Ozone Concentrations of the Hypothetical Bounding Scenarios for 
LNG Implementation Projected for the Year 2023 



Figure 28: Impacts on 24-Hour Average PM2.5 Concentrations of the Hypothetical Bounding 
Scenarios for LNG Implementation Projected for the Year 2023. 



Table 9:  Summary of impacts on peak ozone and 24-hour PM2.5 due to LNG scenarios 

 [O3]max  (ppb) [PM2.5]24-hour  ( g/m3) 

Case  Average Maximum Minimum Average Maximum Minimum 
       
Future LNG Distribution Scenarios      

Scenario 1 0.01 0.30 -0.20 0.00 0.33 -0.44 
Scenario 2 0.00 0.30 -0.20 0.00 0.52 -0.37 
Scenario 3 0.00 0.30 -0.30 0.00 0.58 -0.37 
Scenario 4 0.01 0.40 -0.20 0.00 0.49 -0.38 
Scenario 5 0.03 0.34 -0.13 0.00 0.56 -0.56 
Scenario 6 0.01 0.50 -0.20 0.00 0.41 -0.46 
Scenario 7 0.03 0.42 -0.22 0.00 0.55 -0.36 
Scenario 8 0.01 0.30 -0.20 0.00 0.47 -0.47 

       
Hypothetical Bounding 
Scenarios  

 
  

 
 

100%  LNG  0.36 1.90 -0.99 0.07 0.66 -0.39 
Scenario 7 
(WImax=1400) 

0.03 0.45 -0.20 0.00 0.46 -0.35 

100% LNG 
(WImax=1400) 

0.46 2.27 -1.23 0.09 0.66 -0.21 

100% LNG with Tuning 0.03 0.30 -0.13 0.01 0.49 -0.33 



Chapter 7: 
Conclusions 

7.1 Update of Emissions Inventory Based on Measurements 



7.2 Impacts of LNG on Emissions 

7.3 Impacts of LNG on Air Quality 
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