


















































Memorandum 

Date: 1 / /202

From:  Eric C. D. Tan, Ph.D., LCACP, AIChE Fellow
Senior Research Engineer
National Renewable Energy Laboratory (NREL)
15013 Denver West Parkway
Golden, CO 80401

To: Matthew D. Summers, Ph.D, P.E.
Chief Operating Officer
West Biofuels, LLC
14958 County Road 100B
Woodland, CA 95776

RE: GREET Analysis for Bio-SNG project at CCAGA facility

At the request of West Biofuels (WBF), the project-specific greenhouse gas and criteria 

pollutant emissions were analyzed for the proposed Bio-SNG project at the Central 

California Almond Growers Association (CCAGA) facility located at 8325 S Madera Ave, 

Kerman, CA 93630.  The Greenhouse Gases, Regulated Emissions, and Energy Use in 

Transportation (GREET)1 model was used for the analysis. GREET was originally 

developed by Argonne National Laboratory (ANL) and used by the California Air 

Resources Board (CARB) and others to quantify and compare the life-cycle emissions 

of fuel production pathways. Specifically, CARB has developed its own adaptation 

called CA-GREET2, which is based on ANL’s GREET model. In the first step, the “well-

to-pipeline” emissions for the Bio-SNG were compared to the business-as-usual 

“baseline” emissions using the standard biomass disposal methods (Figure 1). In the 

second step, the “well-to-wheels” carbon intensity (CI) is calculated for the compressed 

Bio-SNG fuel (Bio-CNG) produced from this project.

1 Greenhouse gases, Regulated Emissions, and Energy use in Technologies Model ® (2024 Excel) 
Available: https://doi.org/10.11578/GREET-Excel-2024/dc.20241203.1

2 CA-GREET4.0 Model and Tier Calculators. Available: LCFS Life Cycle Analysis Models and 
Documentation | California Air Resources Board



In the “well-to-pipeline” analysis, the baseline emissions from the current and projected 

future biomass disposal practices of the CCAGA were analyzed. Without the 

development of the WBF Facility, these practices are expected to continue into the 

future. The baseline emissions are then compared to the Bio-SNG production use case, 

which is illustrated in Figure 1.  

Figure 1: Comparison of Baseline Emissions to Bio-SNG Production

The baseline disposal practices for each type of biomass to be used at the WBF Facility 

are shown below (Table 1) along with their corresponding emissions. Almond shells, 

which make up approximately 20% of the feedstock, are normally delivered to dairies as 

feed and bedding. Of the stick piles generated from the sorting and hulling process, 

which accounts for approximately 10% of the total feedstock to the pilot facility, 

approximately half are disposed of at biomass power facilities, and half are burned in air 

curtain incinerators (ACI). Of the orchard removals (older low-yielding trees), which 

comprise approximately 70% of the facility’s feedstock, about 90% are incorporated into 

the soil, and 10% are disposed of at biomass power facilities.  

Table 1 shows the baseline CI’s expressed in grams of carbon dioxide equivalent per 

potential megajoule of Bio-SNG production (gCO2e/MJ) for each of the current disposal 

alternatives for the biomass. The criteria pollutant emissions associated with the 



disposal methods are expressed in milligrams per potential megajoule of Bio-SNG 

production (mg/MJ). Criteria pollutants include oxides of nitrogen (NOx), particulate 

matter less than 10 microns (PM10), volatile organic compounds (VOC), carbon 

monoxide (CO), and sulfur oxides (SOx).

 

Table 1 

Baseline Carbon Intensity and Criteria Pollutant Emissions 

Biomass 
type 

% 
Base case 
disposal method 

Qty CI NOx PM 10 VOC CO SOx

     kg/hr 
gCO2e 
/MJ 

mg/MJ 

Almond 
shells 20% 

100% dairy 
bedding 608 16.5 0.87 0.06 0.09 0.64 0.01 

Sticks 10% 

50% air curtain 
inc. 152 6.8 3.95 18.01 0.98 16.26 1.14 

50% biomass 
plant 152 8.2 5.07 0.12 0.07 0.90 9.32 

Orchard 
removal 70% 

90% incorporation 1914 100.9 2.73 0.18 0.29 2.00 0.04 

10% biomass 
plant 213 11.5 7.08 0.17 0.10 1.25 13.00 

Total 100%   3038 143.9 19.69 18.55 1.53 21.05 23.53 

For the use case of processing the biomass to Bio-SNG on a “well-to-pipeline” basis, 

the emissions include the feedstock logistics (feedstock gathering, chipping/grinding, 

loading, truck transport), Bio-SNG plant electricity (California electric grid power), the 

Bio-SNG plant direct emissions, and Bio-SNG compression and transportation to the 

point of injection into the pipeline. Two use cases were analyzed: (1) Bio-SNG 

production, and (2) Bio-SNG production with carbon capture and storage (CCS). While 

the CCS requires energy, it captures about 80% or more of the plant’s CO2 emissions. 

Table 2 shows the results of the two use case scenarios for Bio-SNG production. 



Table 2
Bio-SNG Use Case Carbon Intensity and Criteria Pollutant Analysis 

Use Case (Bio-SNG)   CI NOx PM10 VOC CO SOx 

gCO2e 
/MJ 

mg/MJ 

Feedstock logistics  1.55 3.80 0.25 0.41 3.03 0.07 

Bio-SNG plant electricity  4.01 3.91 0.46 0.63 2.14 1.42 

Bio-SNG plant direct emissions 116.55 10.26 0.83 0.71 2.33 0.31 

CCS             

Bio-SNG compression and transportation 1.69 1.65 0.19 0.29 4.20 0.53

Total, g/MJ Bio-SNG   123.81 19.62 1.73 2.04 11.7 2.33 

        

Use Case (Bio-SNG w/ CCS)  CI NOx PM10 VOC CO SOx 

  

g CO2e/ 
MJ 

mg/MJ 

Feedstock logistics  1.55 3.80 0.25 0.41 3.03 0.07 

Bio-SNG plant electricity  4.01 3.91 0.46 0.63 2.14 1.42 

Bio-SNG plant direct emissions  23.31 10.26 0.83 0.71 2.33 0.31 

CCS  7.71 5.24 0.62 0.84 2.86 1.90 

Bio-SNG compression and transportation  1.69 1.65 0.19 0.29 4.20 0.53 

Total, g/MJ Bio-SNG   38.27 24.86 2.35 2.88 14.57 4.23 

In comparing the base case to the Bio-SNG production cases, there is an overall 

reduction in CO2e emissions (carbon intensity) for both cases on a well-to-pipeline 

basis. The results also show that for almost all of the major criteria pollutants, the Bio-

SNG production use cases generate less emissions than the baseline practices. In 

addition, the overall emissions are expected to decline steadily over time as California’s 

electric grid continues to transition toward more decarbonized, renewable energy 

sources. 

The CI of the Bio-SNG can be compared with other transportation fuels. It can be 

compared with fossil CNG and other “well-to-wheel” (WTW) fuel pathways. The WTW 

analysis expands the well-to-pipeline analysis to include the GHG emissions from the 

vehicle operation. Because fossil CNG is the chemical equivalent of Bio-CNG, vehicle 

emissions are equivalent. However, in the case of Bio-CNG, these emissions are offset 



by the biogenic content of the Bio-CNG. In addition, this analysis also credits the 

avoided emissions from the “business as usual” disposal fate of the biomass from the 

baseline case (aka counterfactual credit).

With these pathway factors considered, the GREET analysis shows the Bio-SNG facility 

can make Bio-CNG that has a negative CI of -18.9 gCO2e/MJ and -104 gCO2e/MJ for 

Bio-CNG and Bio-CNG with CCS, respectively (Table 3). Producing and utilizing the 

Bio-CNG fuel from this project is estimated to be a net carbon sink over its lifecycle with 

avoided emissions considered. This compares favorably to average lower sulfur diesel 

and North American Compressed Natural Gas (NA-CNG), which both have a positive CI 

of +90.54 gCO2e/MJ and +70.12 gCO2e/MJ, respectively, from the 2024 R&D GREET 

model.3  

Table 3: WTW Carbon Intensity for Bio-CNG with Counterfactual Credit 

CI 
LS-Diesel 

CI 
NA-CNG 

CI
Bio- CNG

CI 
Bio-CNG with 

CCS 

Units in gCO2e /MJ 

Feedstock 7.31 11.3 1.6 1.6 
Fuel production 7.57 2.7 122.3 36.5
Vehicle operation 75.66 56.1 56.1 56.1
Biogenic CO2 (VO) 0 0 -55.0 -55.0

Avoided emissions 0 0 -143.9 -143.9

WTWc (gCO2e /MJ) 90.54 70.12 -18.9 -104.7

Please note that this analysis relied on the best available process and emissions factor 

data for the baseline and use case scenarios, as well as the latest R&D version of the 

GREET model. To qualify this fuel pathway with CARB’s Low Carbon Fuel Standard or 

other Federal tax incentives, the analysis will need to be updated to utilize the incentive 

program specific GREET model and requirements at the time of application.   

If you have any questions about this analysis or need further assistance, please don’t 

hesitate to contact me. 

3  Argonne National Laboratory, R&D GREET 2024 Rev1 Release (May 23, 2025), available at: 
https://greet.anl.gov/. 


