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What is LNG?What is LNG?

• LNG: Liquefied Natural Gas
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Why we care about LNG in Why we care about LNG in SoCalSoCal??

LNG Terminal 
Energia Costa Azul

Advanced Power and Energy Program, Computational Environmental Sciences Laboratory - UCI 3/27



NG GlossaryNG Glossary

• Interchangeability:  ability to substitute one gaseous fuel 
for another without impacting combustion performance, 
emissions and safetyy

• Wobbe Index (WI):  indicator of the interchangeability of 
fuel gasesfuel gases

where:
– HHV: Higher heating value of the gas
– GS: Specific gravityS p g y

Average WI in SoCal is 1335 BTU/scf
Maximum allowed WI in California is 1385 BTU/scf
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Maximum allowed WI in California is 1385 BTU/scf



Imported LNG vs. Domestic NGImported LNG vs. Domestic NG

Composition of imported LNG compared to domestic NG
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Overview of StudyOverview of Study
Emission Testing

Residential Appliances by 
Berkeley Lab (LBNL)

Air Quality Modeling

1100 m 123 Gas Species
296 Aerosols: 37 species, 8 sizesy ( )

40 m
150 m

310 m

670 m

296 Aerosols: 37 species, 8 sizes
361 Reactions

Estimate
emissions

40 m
0 m

Each Cell:  5 x 5 km2

Industrial/Commercial Appliances ? ?

Determine spatial/temporal
AQ impacts

by SoCalGas ?
?

?
?

?
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NGNG--related Emissions from AQMD for Summer 2023related Emissions from AQMD for Summer 2023
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Manufacturing and Industrial Food and Agricultural

Service and Commercial Residential Fuel Combustion



Distribution of Emission SourcesDistribution of Emission Sources
• Spatial and temporal resolution 

provided by AQMD
– Emissions from area sources 

NOX – Residential Water Heating

based on generic emission 
factors

– Emissions from point sources 
based on direct records frombased on direct records from 
AQMD monitoring

NOX – Commercial Water HeatingNG Boilers – All Sectors
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Updated Emission Factors for Area SourcesUpdated Emission Factors for Area Sources

Residential:
• Average emission factors obtained by LBNL:

– NOX: lower than AP-42 for all appliancesNOX: lower than AP 42 for all appliances

Tankless Water Heater

Furnaces

Storage Water Heaters

Oven Bottom Burner

Broiler Burner

5 0 5 10 15 20 25 30 35 40

Cooktop Burner
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‐5 0 5 10 15 20 25 30 35 40

NOXMeasured Emission Factor (ng/J)
Emissions factor
used in inventory



Update of Emissions Based on MeasurementsUpdate of Emissions Based on Measurements
M t b LBNL d t d t b li• Measurements by LBNL are used to update baseline 
emissions inventories

Difference in NOX emissions: Baseline – LBNL Case X

• Difference in Total NO due to updating emissions based
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• Difference in Total NOX due to updating emissions based 
on LBNL measurements: 2.4 Tons/day (~1.2%)



Impacts of LNG on NOImpacts of LNG on NOXX Emissions FactorsEmissions Factors

Residential:
• Average LNG impacts obtained by LBNL:

– Low NOX sensitivity to changes in WN except for Tankless waterLow NOX sensitivity to changes in WN except for Tankless water 
heaters

– Tankless water heaters are a small portion of all residential water 
heaters

Storage Water Heaters

Tankless Water Heater

Emission 

Broiler Burner

Furnaces

Factor (ng/J, 
PG&E gas)

Emission 
Changes (ng/J, 
DeltaWN=50 
Btu/scf)

Cooktop Burner

Oven Bottom Burner
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NGNG--related Emissions from AQMD for Summer 2023related Emissions from AQMD for Summer 2023
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Manufacturing and Industrial Food and Agricultural
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Impacts of LNG on LowImpacts of LNG on Low--NONOXX BoilersBoilers

• Most boilers in the SoCAB use low-NOX burners

• Large boilers in the ‘Electric Utilities’ include active NOX
t l hi h i i i ff t f LNGcontrols which minimize effects of LNG:

– Electric Utilities not affected by LNG

• From SoCalGas “Equipment Studies”, low-NOX boilers 
showed sensitivity to changes in WN=1335-1385 range, 
without tuning:
– Low-NOX boilers: 40% increase in NOX emissions

• For ‘Other’ in the commercial and industrial area sources
Ultra Lo NO boilers 15% increase in NO emissions– Ultra-Low NOX boilers: 15% increase in NOX emissions
• For boiler and process heaters in commercial and 

industrial point sources
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NGNG--related Emissions from AQMD for Summer 2023related Emissions from AQMD for Summer 2023
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Manufacturing and Industrial Food and Agricultural
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SoCalGasSoCalGas NG SystemNG System

Parameters for LNG Distribution Scenarios:
• Summer demand:                     Typical vs. Maximum (2.70 vs 3.21 bcfd)
• ECA output:                              Typical vs. Maximum (0.80 vs 0.95 bcfd)p yp ( )
• Domestic receipts at Blythe:  Typical vs. Minimized (0.51 vs 0.14 bcfd)
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Example: Future LNG ScenarioExample: Future LNG Scenario

Parameters that maximize LNG fraction (Scenario 7):
• Summer demand:                     Typical (2.70 bcfd)
• ECA output:                              Maximum (0.95 bcfd)p ( )
• Domestic receipts at Blythe:  Minimized (0.14 bcfd)

Wobbe Index      (% LNG)  

1363 – 1368    (55 – 66%)

1369 – 1373    (67 – 76%)

1358 1362 (45 54%)

1380 – 1385  (90 – 100%)

1341 – 1346    (11 – 22%) 

1347 – 1351    (23 – 32%)

1352 – 1357    (33 – 44%)

1358 – 1362    (45 – 54%)
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1336 – 1340     (1 – 10%)



Impact of LNG on Total NOImpact of LNG on Total NOXX EmissionsEmissions
• Expected “high” penetration of LNG in the South Coast leads to 

small increase of NOX emissions
• Complete shift from domestic NG to imported LNG could increase 

NOX emissions more than 1.5%

High LNG Penetration Case %100 LNG Case
Total Increase = 0.1 tons/day (<0.1%) Total Increase = 2.8 tons/day (~1.5%)
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VOC Fugitive EmissionsVOC Fugitive Emissions

Total ALKL* ALKL
100%

NG Composition Impacts of LNG on VOC emissions

VOC Fugitive Emissions in 2023
Total ALKL*
(tons/day)

ALKL
Increase 

(%) 
w.r.t. LBNL 
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95% Inerts

CO2
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LBNL Baseline 99.81 --

Future LNG Distribution Scenarios
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The Air Quality Model: UCIThe Air Quality Model: UCI--CIT AirshedCIT Airshed
Governing Dynamic Equation:Governing Dynamic Equation:
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•• QuinticQuintic--splinespline TaylorTaylor--series series 
expansion (QSTSE) advection expansion (QSTSE) advection 

/sources aerosol chemistrysinks
t t t t∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠ ⎝ ⎠

p ( )p ( )
solver solver 

•• Caltech Atmospheric Chemistry Caltech Atmospheric Chemistry 
Mechanism (CACM) Mechanism (CACM) 

1100 m

670 m

123 Gas Species
296 Aerosols: 37 species, 8 sizes
361 Reactions

•• Aerosol Modules: Aerosol Modules: 
–– Inorganic: Simulating Inorganic: Simulating 

Compositions of Atmospheric Compositions of Atmospheric 
150 m

40 m
0 m

310 m

30 Particles at Equilibrium Particles at Equilibrium 
(SCAPE2) (SCAPE2) 

–– Organic: Model to Predict the Organic: Model to Predict the 
Multiphase Partitioning ofMultiphase Partitioning of

80 Cells
30
Cells

Each Cell:  5 x 5 km2
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Multiphase Partitioning of Multiphase Partitioning of 
Organics (MPMPO) Organics (MPMPO) 



Baseline Air QualityBaseline Air Quality

2023 AQMD Baseline Scenario: 
• Emissions from the 2007 Air Quality Management Plan (by AQMD)
• Meteorological parameters representative of summer high ozone

8-hour average O3 24-hour average PM2.5

Meteorological parameters representative of summer high ozone 
conditions in the SoCAB
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SoCalGasSoCalGas Scenario #7Scenario #7

Scenario #7: 
• Maximum LNG penetration based on SoCalGas modeling
• Total NOX emissions increase by of 0 04%Total NOX emissions increase by of 0.04%
• Ozone increases by <0.5 ppb in a small area

Scenario #7 – LBNL Baseline
8-hour average ΔO3 24-hour average ΔPM2.5

Scenario #7 LBNL Baseline
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100% LNG100% LNG

Scenario 100% LNG: 
• Uppermost bound for LNG penetration (not realistic)
• Total NOX emissions increase by 1 3%Total NOX emissions increase by 1.3%
• Ozone increases by >0.5 ppb in sensitive areas

Scenario 100% LNG – LBNL Baseline
8-hour average ΔO3 24-hour average ΔPM2.5

Scenario 100% LNG LBNL Baseline
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100% LNG with Equipment Tuning100% LNG with Equipment Tuning

Scenario 100% with Equipment Tuning: 
• NOX emissions are comparable to Scenario 7
• ALKL emissions are the same as in Scenario 100% LNGALKL emissions are the same as in Scenario 100% LNG

• Effect of ALKL on ozone is negligible

Scenario 100% LNG w/ Tuning – LBNL Baseline
8-hour average ΔO3 24-hour average ΔPM2.5

Scenario 100% LNG w/ Tuning LBNL Baseline
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Conclusions – Impacts on Emissions 

• Update of NG-related sources using measurements by 
LBNL reduces by ~1.2% basin-wide NOX emissions

• Emission changes caused by LNG are small: <0.1% in NOX
emissions for projected LNG penetration by SoCalGas

• Maximum increases due to a complete shift to 100% LNG 
are 2.8 tpd (1.3%) for NOX and 1 tpd (1.0%) for short-chain 
alkanes (ALKL)alkanes (ALKL)

• Re-tuning of commercial and industrial equipment would 
i i i th i t f hi h t ti f LNGminimize the impacts of high penetration of LNG
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Conclusions – Impacts on Air Quality

• In general, impacts of LNG on ozone and PM2.5 are 
negligible to small

O l i 100% LNG t ti i t• Only in 100% LNG penetration cases impacts on ozone are 
noticeable

Air quality impacts of 100% LNG penetration are of the same– Air quality impacts of 100% LNG penetration are of the same 
order as the impacts due to updating emission factors for NG 
combustion

• The use of re-tuning strategies could minimize the impacts 
of LNG in high penetration cases

Th i t f f iti VOC i li it d d t th• The impact of fugitive VOC on ozone is limited due to the 
low reactivity of short-chain alkanes
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Thanks!Thanks!
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