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LCFS Life Cycle Fuel Pathway Report  

Method 2B Application: Applied Natural Gas Fuels, Inc. 

LFG collected and processed in New York; delivered via pipeline for liquefaction 
to Topock, AZ; transported with trucks for use as LNG & L-CNG to CA.  

1.) Overview  
This document describes the Life Cycle Analysis and Carbon Intensity calculations- based on the CA-GREET model - 

for the Landfill Gas-to-Liquefied Natural Gas (LFG-to-LNG) and Landfill Gas-to-Liquefied Compressed Natural Gas 

(LFG-to-L-CNG) pathways of Applied Natural Gas Fuels, Inc. (ANGF). ANGF is supported in fuel production under this 

pathway by EM Gas Marketing, LLC (EMGM), who is supplying biomethane connected to Landfill Gas produced at 

the Fresh Kills Landfill. 

In our two pathways Landfill Gas is recovered from the Fresh Kills landfill on Staten Island, NY and processed using 

onsite LFG to high-btu natural gas facilities owned and operated by The City of New York Department of Sanitation 

(DSNY). Maximal capacity for raw landfill gas (containing approx. ) extraction at the Fresh Kills Landfill 

is , while maximal biomethane (minimum ) production capacity is . 

An average LFG recovery distance of  is assumed, the map of the Fresh Kills Landfill and on-site biogas 

processing plant can be seen below: 

 

Biogas Processing Facility 

Fresh Kills Landfill 
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EM Gas Marketing, LLC tracks the processed LFG that is injected into the gas transmission pipelines in New York and 

supplies biomethane for liquefaction to Applied Natural Gas Fuels in Arizona. The withdrawn gas is liquefied in 

ANGF’s Needle Mountain LNG Plant and LNG is transported to California customers using special LNG trailers pulled 

by diesel tractors. The LNG is used by ANGF’s customers to fuel heavy-duty trucks either as LNG or – after re-

vaporization and compression – as CNG. 

The biomethane produced by the Fresh Kills processing plant is commingled with fossil natural gas when it enters 

the interstate pipeline system. With the support of EMGM, ANGF will be obligated to retain records that 

demonstrate that the credits it earns under the pathways described in this document correspond directly with 

volumes of biomethane that were produced at the landfill and subsequently sold to ANGF. 

In our analysis we divide ANGF’s pathway into two phases: 

1. Upstream Phase: Steps from LFG recovery up to NG liquefaction. In this phase, LFG is processed to pipeline 

quality gas and delivered to Topock, AZ for liquefaction. Our analysis is based on technical and production 

data supplied by DNSY, we used the GREET model published by ARB for pathway LNG021_1 and modified 

appropriate inputs to reflect the Fresh Kills facility’s operations.1 

2. Downstream Phase: This phase begins with natural gas withdrawal at the Needle Mountain LNG Plant for 

liquefaction and contains all following steps. LCA for this phase was performed by Element Markets 

Renewable Energy and approved by ARB as part of the Method 2B application process of pathways LNG027 

                                                           
1
 Internal ARB-Developed Fuel Pathway – North American Landfill Gas to Compressed Natural Gas, Liquefied Natural Gas, and 

Liquefied Compressed Natural Gas; posted on ARB website on 05/28/2015; 
http://www.arb.ca.gov/fuels/lcfs/2a2b/internal/nalfg-cng-lng-lcng-052815.pdf 

Biogas Processing Facility 
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and CNG034.2 Carbon Intensity values of the appropriate phases of pathways LNG027 and CNG034 are 

incorporated in our analysis. 

Following figure is intended to summarize the steps of the Upstream and Downstream Phase of ANGF’s pathways: 

 

 

                                                           
2
 Applied Natural Gas Fuels LNG027 & CNG034 pathways - McCarty Landfill (Houston, Texas) to Liquefied Natural Gas, and 

Liquefied-Compressed Natural Gas Delivered in California; posted on ARB website on 5/28/2015 
http://www.arb.ca.gov/fuels/lcfs/2a2b/apps/angf-mct-052815.pdf 

Fresh Kills Landfill Gas Recovery in New York 

 

 

 
   

Fresh Kills LFG Processing Plant (Cleaning + 
Compression to pipeline pressure) 

 

 

 
   

Compressed LFG transport via pipeline from 
New York to Needle Mountain LNG Plant 

 

 

 
   

Landfill Gas liquefaction at Needle Mountain 
LNG Plant 

 

 

 
   

LNG transportation, distribution and storage 

   

   

LNG combustion in vehicles 

Downstream Phase 

Carbon Intensity identical 

to pathway LNG027 & 

CNG034 

Upstream Phase 

Carbon Intensity analysis based 

on pathway LNG021_1 

CNG combustion in vehicles 

LNG re-vaporized and compressed to CNG 
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2.) Pathway Description  
Assumptions have been adjusted to better reflect the facility-specific operating parameters of the Fresh Kills LFG 

processing plant. As stated above, this document focuses on adjustments made to the LNG021_1 pathway 

respectively; the assumptions of that pathway are not detailed. 

2.1) Landfill Gas Recovery and Transport to Processing  

The LFG-to-LNG and LFG-to-L-CNG pathways begin with the collection of raw landfill gas from wells drilled into the 

Fresh Kills Landfill. Gas is collected and then transported to the on-site processing facility via a negative pressure 

pipeline system, . According to the CA-GREET model, the energy necessary for these 

steps is approximately  landfill gas collected and  

 this results in an LFG recovery efficiency of  Total emissions of this step are 

 

Assumptions: 

• Electricity generation mix parameters for LFG recovery, transportation to facility and processing have been 

adjusted according to Year 2010 eGRID Subregion Resource Mix – NPCC NYC/Westchester (NYCW) values 

are used3. 

•  blowers is metered separately and is  mmBtu of LFG inlet to the 

plant. This results in a  Recovery Efficiency. 

2.2) Landfill Gas Processing 

The next step is cleaning the LFG to pipeline quality and pressure, via a compressor system feeding the gas through 

a treatment process to separate usable methane from the LFG stream.  

 

 

  

 

 

 

 

 

 

 

 

 

 

                                                           
3
 See Appendix A - Year 2010 eGRID Subregion Resource Mix 
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An overview of Fresh Kill’s inputs and outputs can be seen below: 

Using the efficiency factor and the energy process shares between , plus a flaring 

credit for all energy that is captured, the total energy consumed during the processing stage of the pathway is  

 of energy captured and the total emissions are -   

Assumptions: 

• The gas and electricity usage numbers are based on meter data collected from May 2012 to Aug 2014. 

• LFG processing at the Fresh Kills plant is at  efficiency with processing fuels shares of 

  

•  

 

2.3) Natural Gas Transport 
The third step in the LNG from LFG pathway is transport of the natural gas by pipeline from the LFG processing plant 

to the natural gas liquefaction plant in Topock, AZ. The Needle Mountain LNG Plant is located  from the 

LFG processing plant. 

Based on assumptions in the GREET model for pathway LNG021_1, as well as the change in pipeline distance made 

above, the energy usage in transport and distribution stage is  with emissions of  

 

Assumptions 

• A pipeline distance of  from the Fresh Kills Landfill to Topock, AZ is used in the calculations. 
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2.4) NG Liquefaction at LNG Plant 

As stated above, Carbon Intensity analysis steps of ANGF’s pathway Downstream Phase from liquefaction to 

delivery and usage of LNG are identical to those of pathway LNG027. 

Assumptions have been adjusted to better reflect the facility-specific operating parameters of the Needle Mountain 

LNG Plant. As stated above, this document focuses on adjustments made to the LNG006 pathway; the assumptions 

of that pathway are not detailed. 

Natural gas delivered to the Needle Mountain LNG Plant in Topock, AZ is stripped of impurities until it is over 98% 

methane (CH4). CO2, H2S, other Sulfur components, moisture, mercury, and particles are stripped via acid gas 

removal and disposal, gas dehydration, mercury removal, and particle filtration. Stripping is powered by a natural 

gas-fueled turbine. Stripping prevents corrosion in the pipeline and crystallization of CO2 during cryogenic 

processes. The emissions associated with these processes include CO, VOC, SOx, NOx, H2S, particulates, and many 

toxic organic compounds. The purified quality NG then is cooled down to a -260oF liquid in a heat exchanger that 

uses mixed refrigerant gas technology. 

Total LNG production efficiency is:  

Accordingly, total GHG Emissions of NG Liquefaction i  

Assumptions: 

 LNG liquefaction and LNG transported data collected from Jan 2013 to Dec 2014 

 Electricity generation mix parameters for NG liquefaction have been adjusted according to Year 2009 eGRID 

Subregion Resource Mix – WECC Southwest (AZNM) values are used.4 

 Zero fugitive methane emissions are assumed, since the LNG plant is equipped with a recovery system. 

2.5) LNG Storage 

Fugitive methane emissions occur during LNG storage. The net emissions are a function of the methane boil-off and 

recovery rates. 

Since  was assumed. Fugitive methane 

emissions from LNG storage are   

  

                                                           
4
 See Appendix A - Year 2010 eGRID Subregion Resource Mix. 



 

Page | 7 

EM GAS MARKETING, LLC 

3555 Timmons Lane, Suite 900, Houston, Texas 77027 

PHONE 281.207.7200 | FAX 281.207.7211 

2.6) LNG distribution 

The finished LNG is offloaded into special LNG trailers and transported to wholesale customer tanks in CA and to 

the Ontario and Barstow refueling stations. Some methane boil-off occurs during transportation of the LNG, which 

is taken into account using the assumptions made in pathway LNG006. 

In our LCA we calibrated the GREET model based on the amount of gallons delivered to each CA customer and the 

respective trip distance. Using this weighted average and taking into account the fugitive methane emissions, total 

energy usage of LNG distribution is , while emissions are   

Assumptions: 

 The weighted average of the round-trip transportation distance to CA clients is  

2.7) Dispensing of LNG 

ANGF also operates two vehicle refueling stations in Barstow and Ontario, California. These two stations dispense 

LNG and L-CNG to NG-powered vehicles. 

Total energy used for the dispensing of LNG is  while emissions are   

2.8) LNG Tank to Wheel 

Tank to Wheel emissions for EMRE’s LFG-to-LNG pathway are adapted without changes from ARB pathway LNG006. 

Accordingly, Tank to Wheel energy usage is 1,000,000 Btu/MMBtu and emissions are 58.5 gCO2e/MJ. 

2.9) Re-vaporization and compression to CNG 

Some of the LFG supplied by EMRE is re-vaporized and compressed to CNG before use as transportation fuel in 

heavy-duty vehicles. 

Energy usage of this step is and emissions are   

2.10) CNG Tank to Wheel 

Tank to Wheel emissions for EMRE’s LFG-to-L-CNG pathway are adapted without changes from ARB pathway 

CNG0065. 

Accordingly, Tank to Wheel energy usage is 1,000,000 Btu/MMBtu and emissions are 57.73 gCO2e/MJ. 

                                                           
5
 Internal ARB-Developed Fuel Pathway - North American Landfill Gas to Compressed Natural Gas; posted on ARB website on 

03/19/2013 - http://www.arb.ca.gov/fuels/lcfs/2a2b/internal/nalfg-cng-031513.pdf 
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3.) Results From CA-GREET Model 

LFG-to-LNG Pathway 

The following table contains the total energy usage and Carbon Intensity of each step of ANGF’s LFG-to-LNG 

pathway: 

 GHG Emissions 

[gCO2e/MJ] 

Landfill Gas Recovery and Transport to Processing 

Landfill Gas Processing 

Natural Gas Transport 

NG Liquefaction at LNG Plant 

LNG Storage 

LNG distribution 

Dispensing of LNG 

LNG Tank to Wheel 58.50 

Total 31.84 

As seen above, EMGM’s LFG-to-LNG pathway has a total energy usage of and a 

Carbon Intensity of 31.84 gCO2e/MJ. 

LFG-to-L-CNG Pathway 

The following table contains the total energy usage and Carbon Intensity of each steps of ANGF’s LFG-to-LNG 

pathway: 

 GHG Emissions 

[gCO2e/MJ] 

Landfill Gas Recovery and Transport to Processing 

Landfill Gas Processing 

Natural Gas Transport 

NG Liquefaction at LNG Plant 

LNG Storage 

LNG distribution 

Dispensing of LNG 

CNG Compression and Dispensing 

CNG Tank to Wheel 57.73 

Total 32.24 

As seen above, EMGM’s LFG-to-L-CNG pathway has a total energy usage of and a 

Carbon Intensity of 32.24 gCO2e/MJ 
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Appendix A - Year 2010 eGRID Subregion Resource Mix 
http://www.epa.gov/cleanenergy/documents/egridzips/eGRID_9th_edition_V1-0_year_2010_Summary_Tables.pdf; page 5; downloaded: 

11/21/2014 

 

http://www.epa.gov/cleanenergy/documents/egridzips/eGRID_9th_edition_V1-0_year_2010_Summary_Tables.pdf



