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CHAPTER 9: 
Renewable Gas 

Short-lived climate pollutants (SLCPs), such as methane, hydrofluorocarbon gases, and 
anthropogenic black carbon, represent a critical challenge and opportunity in the state’s 
campaign to reduce greenhouse gas (GHG) emissions. Although they do not remain in the 
atmosphere for as long as carbon dioxide, they are many times more effective than carbon dioxide 
in trapping heat. For this reason, California has specifically prioritized the reduction of SLCPs as a 
key strategy in reducing the state’s overall GHG emissions. (See Chapter 1 for more information 
on California’s GHG policies and more information on SLCPs and Chapter 10 for California’s 
efforts to adapt to climate change.) 

Senate Bill 1383 (Lara, Chapter 395, Statutes of 2016) requires that by January 1, 2018, the 
California Air Resources Board (CARB) shall “approve and begin implementing a comprehensive 
short-lived climate pollutant strategy developed pursuant to Section 39730 to achieve a reduction 
in the statewide emissions of methane by 40 percent, hydrofluorocarbon gases by 40 percent, and 
anthropogenic black carbon by 50 percent below 2013 levels by 2030.” SB 1383 also requires the 
California Energy Commission, in consultation with CARB and the California Public Utilities 
Commission (CPUC), to “develop recommendations for the development and use of renewable 
gas, including biomethane and biogas as part of its 2017 Integrated Energy Policy Report.” 
(Section 39730.8 of the Public Health and Safety Code.) The statute states that: 

“In developing the recommendations, the Energy Commission shall identify cost-effective 
strategies that are consistent with existing state policies and climate change goals by 
considering priority end uses of renewable gas, including biomethane and biogas, and their 
interactions with state policies, including biomethane and all of the following: 

(1) The Renewables Portfolio Standard program (Article 16 (commencing with Section 
399.11) of Chapter 2.3 of Part 1 of Division 1 of the Public Utilities Code). 

(2) The Low-Carbon Fuel Standard regulations (Subarticle 7 (commencing with Section 
95480) of Title 17 of the California Code of Regulations.) 

(3) Waste diversion goals established pursuant to Division 30 (commencing with Section 
40000) of the Public Resources Code. 

(4) The market-based compliance mechanism developed pursuant to Part 5 
(commencing with Section 38570) of Division 25.5. 

(5) The strategy [to reduce short-lived climate pollutants].”455 

                                                 
455California Senate, SB 1383 Short-lived climate pollutants: methane emissions: dairy and livestock: organic waste: 
landfills, https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160SB1383. 
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The Energy Commission, in partnership with the CPUC and CARB, held a workshop on the 
development of recommendations for the 2017 Integrated Energy Policy Report (2017 IEPR) on 
June 27, 2017.456 Participants included state agencies, academic and industry analysts, gas 
utilities, renewable gas developers, venture capital and financing organizations, and vehicle 
representatives. More than 20 panelists participated in discussions and 10 other organizations 
provided public comment at the workshop. More than 50 written comments were also submitted 
after the workshop. Information gleaned from the workshop and public comments inform the 
analysis presented here. 

Reducing the use of fossil fuel natural gas is necessary to meet California’s long-term climate 
goals and Governor Edmund G. Brown Jr.’s goals for 2030, identified in his January 2015 
inaugural address, of increasing California’s electricity derived from renewable resources from 
one-third to 50 percent, doubling the efficiency of existing buildings and making heating fuels 
cleaner, and reducing petroleum use in vehicles by 50 percent.457 This chapter explores 
applications for using renewable gas as part of California’s strategy to reduce GHG emissions and 
achieve these goals. As discussed in Chapter 8, natural gas (composed primarily of methane) is 
used for heating, electricity production, and increasingly in the transportation sector. 

This chapter identifies cost-effective strategies and considers priority end uses of renewable gas in 
relation to existing state policies and climate goals. Furthermore, emerging opportunities for 
resource and technology solutions to reach longer-term SLCP goals are discussed. The chapter 
closes with the Energy Commission’s proposed recommendations as required by SB 1383. 

Cost-Effective Strategies 
Cost-effective strategies in this context are strategies that yield the lowest cost per SLCP reduction 
benefit in terms of GHG emissions reduced. The following sections provide an overview of 
renewable gas sources and the associated potential end uses and summarize the cost-effectiveness 
of each. 

In-State Renewable Gas Resource Potential 
Renewable gas is gas that is generated from organic waste or other renewable resources, including 
from electricity generated by an eligible renewable energy resource as defined in Subdivision (a) 
of Section 399.12 of the Public Utilities Code. Renewable gas includes biogas, biomethane (also 
known as renewable natural gas or renewable gas), synthetic natural gas generated from a 
renewable resource, renewable hydrogen, and gaseous products composed of the aforementioned, 
such as renewable dimethyl ether. Renewable energy resources, as defined in Section 25741 of the 
Public Resources Code, include biomass, digester gas, municipal solid waste conversion, and 
landfill gas. 

California possesses significant, diverse waste streams and residues that can be used to produce 
renewable gas. Opportunities exist to capture and beneficially use renewable gas that is now 
                                                 
456 Information from the workshop, including transcript and recording, is available at 
http://www.energy.ca.gov/2017_energypolicy/documents/#06272017. 

457 Governor Brown’s 2015 inaugural address, January 5, 2015, https://www.gov.ca.gov/news.php?id=18828. 
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unintentionally produced and emitted into the atmosphere. Methane contributed about 9 percent 
of the total GHG emissions in California in 2015. Figure 76 summarizes the overall methane 
emissions inventory within the state from 2015, the most recent year data are available. As shown, 
the majority of California’s methane emissions are derived from renewable resources such as 
landfilled waste, livestock manure, and wastewater.458 Over the past 10 years, methane emissions 
in the state have fluctuated between 39 million and 41 million metric tons of carbon dioxide 
equivalents (MT-CO2e, 100-year global warming potential [GWP]). Methane emissions from 
landfills have steadily increased, while emissions from livestock operations have fluctuated, and 
emissions from wastewater treatment have decreased.459 A 40 percent reduction in methane 
emissions from 2013 levels, as mandated by SB 1383, would equate to reducing California’s 
methane emissions level down to 23.90 million MT-CO2e (100-year GWP). 

Figure 76: 2015 California Methane Emissions Inventory (100-Year GWP) 

 
Source: California GHG Emission Inventory- 2017 edition, released June 6, 2017. 

 

                                                 
458 Methane emissions from the natural gas system comprise about 10 percent of the state’s methane emissions and are 
the fourth largest source of methane emissions in California. Based on the CARB’s GHG inventory, methane emissions 
from California’s natural gas system contribute about 0.9 percent to California’s total GHG emissions, not including 
methane emissions from the extraction of natural gas in California. 

459 California Air Resources Board. “California Methane Inventory for 2000-2015 — by Category as Defined in the 2008 
Scoping Plan.” June 2017, https://www.arb.ca.gov/cc/inventory/data/tables/ghg_inventory_scopingplan_2000-
15ch4.pdf. 
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Dairy and Other Livestock Wastes  

According to CARB’s SLCP inventory, dairy manure, dairy enteric, and non-dairy livestock 
emissions of methane are responsible for more than half (55 percent) of in-state methane 
emissions. Enteric emissions are expelled directly from animals (such as by burping) and are 
therefore difficult to capture, but dairy manure is often collected into storage ponds and lagoons, 
allowing for easier emissions capture. 

California boasts the largest dairy industry in the United States, and is home to more than 1,400 
registered dairies, with nearly 1.8 million milk cows and heifers.460 However, California has lost 
nearly 600 dairies within the last 10 years due to higher labor and regulatory costs, low milk 
prices, and out-of-state competition. Among the remaining dairies, there are only about 980 
dairies with a herd size greater than 500 (the minimum size generally considered economical for 
a standalone dairy digester project).461 As of September 2017, there are only 18 dairies that 
capture and use their methane emissions. Two of these sites are temporarily offline, and one is 
undergoing repairs.462 All these sites have covered lagoon anaerobic digesters, made by covering 
existing storage lagoons and adding mixing systems. They also all use the produced renewable gas 
to generate electricity, while one additionally produces a transportation fuel. These digesters 
capture and destroy less than 2 percent of the statewide lagoon methane. At least 10 other dairy 
digester systems have been shut down due to economic conditions and/or more stringent air 
quality regulations. As of September 2017, there are another three dairies under construction; 
however, more dairy digesters are expected to be developed with anticipated funding awards from 
the California Department of Food and Agriculture’s (CDFA’s) 2017 Dairy Digester Research and 
Development Program, which received 36 applications of which roughly 14–18 can be funded. 

Solid Waste Landfills 

Landfills are the second largest sector source of methane emissions in California. Landfills emit 
methane from the natural decomposition of buried organic waste. More than 1.2 billion tons of 
waste (more than one-third is organic based upon current disposal rates) have accumulated in 
California’s 370 landfill sites. Although many locations have been retired or idled, leaving only 
126 active and permitted landfills accepting solid waste in 2015, organic material can continue to 
emit methane for more than 50 or even 150 years after being placed into the landfill. Today, 
roughly 30million to 35 million tons of waste is added each year to California’s landfills, down 
from more than 40 million per year before 2007.463 Though plans and progress for increasing 
prelandfill organics diversion are encouraging, the pre-existing volumes and ongoing additions of 
                                                 
460 California Department of Food and Agriculture. California Dairy Statistics Annual 2016., March 2017. 
https://www.cdfa.ca.gov/dairy/pdf/Annual/2016/2016_Statistics_Annual.pdf. 

461 Sustainable Conservation. Greenhouse Gas Mitigation Strategies for California Dairies. July 2015. 
http://suscon.org/pdfs/news/pdfs/GHG_Mitigation_for_Dairies_Final_July2015.pdf. 

462 Boccadoro,  Michael. “California Manure Methane Emission Reduction Efforts: An Overview.” August 2017, 
Presentation at the Dairy and Livestock Working Group: Dairy Digester Subgroup #2. 
https://arb.ca.gov/cc/dairy/documents/08-10-17/dsg2-dairy-sector-presentation-081017.pdf. 

463 California Department of Resources Recycling and Recovery (CalRecycle). State of Disposal and Recycling in 
California: 2017 Update August 2017. 
http://www.calrecycle.ca.gov/Publications/Documents/1612/2017%20State%20of%20Recycling%20and%20Disposal%2
0Report_01612.pdf. 
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organics in landfills will continue to emit methane. The California Biomass Collaborative 
estimates that nearly 55 percent of the landfill gas extracted from California’s landfills is used to 
generate power, and 45 percent is flared. (See the later section on flaring.)464 

The majority of California’s renewable gas is supplied from out-of-state landfill-gas-to-renewable-
natural-gas (LFG-to-renewable gas) projects, totaling 654 projects in the United States with the 
potential for 405 more as of March 2017. Although other states have been able to economically 
develop LFG-to-renewable gas projects to serve the California market, there is only one landfill 
that produces renewable natural gas in the state. As of June 2017, California has 63 operational 
landfill gas projects, but only the Altamont landfill produces renewable gas for transportation 
(specifically, refuse trucks); the other 62 landfills generate electricity and/or heat from LFG.465 

Municipal Solid Waste (MSW) and Urban Organic Wastes  

A concurrent approach to reducing landfill methane emissions is diverting organic wastes from 
the municipal solid waste stream before they enter the landfill. Organics diversion is critical to 
reducing methane emissions, reducing water polluting leachate, and increasing the state’s 
reliance on landfilling as a waste management strategy. Under SB 1383, CalRecycle must adopt 
regulations no sooner than January 1, 2022, that achieve a 50 percent reduction in the level of the 
statewide disposal of organic waste from the 2014 level by 2020 and a 75 percent reduction by 
2025. In 2014, 37.4 percent (11.5 million tons) of California’s disposal stream was organic 
waste.466 

Organics can either be separated at the source, such as by using specific collection bins, or 
separated from the mixed waste stream. CalRecycle estimates that in 2014, roughly 60 percent of 
statewide disposal resulted from waste materials that had been processed through material 
recovery facilities (MRFs) or transfer stations. This provides an opportunity for organics 
separation and diversion at these facilities. As of 2015, there were approximately 161 active MRFs 
and 471 active transfer stations within the state, recovering and sorting mixed waste materials. 
Estimates suggest that the annual throughput at both MRFs and transfer stations (15.3 million 
tons and 25.1 million tons, respectively) is well below the total statewide handling capacity (36.1 
million tons and 60 million tons).467  

Specific to food waste, around 5.5 million tons is disposed each year in California. The two most 
prevalent treatment pathways for separated food waste are composting and anaerobic digestion. 
In California, there are roughly 25 operational food processing and urban-waste anaerobic 
digestion projects that produce mostly electricity, though a few have begun producing renewable 

                                                 
464 UC Davis. The Feasibility of Renewable Natural Gas as a Large-Scale, Low Carbon Substitute. June 2016. 
https://www.arb.ca.gov/research/apr/past/13-307.pdf. 

465 U.S. EPA Landfill Methane Outreach Program. “Landfill Gas Energy Project Data.” June 2017. 
https://www.epa.gov/lmop/landfill-gas-energy-project-data. 

466 CalRecycle. State of Disposal in California: Updated 2016. February 2016. 
http://www.calrecycle.ca.gov/publications/Documents/1556/201601556.pdf. 

467 CalRecycle, State of Disposal in California: Updated 2016, February 2016, 
http://www.calrecycle.ca.gov/publications/Documents/1556/201601556.pdf. 
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gas for transportation fuel.468 About half of these projects are at food processing facilities, while 
the remainder are sited mostly at MRFs or transfer stations. 

Wastewater Treatment Plants 

There are more than 900 waste water treatment plant (WWTP) facilities in California, managing 
nearly 4 billion gallons of wastewater generated every day.469 From this system, large amounts of 
wastewater biosolids (sludge) are produced. Anaerobic digestion has become an accepted process 
for large wastewater treatment operations seeking to reduce the amount of biosolid waste. Many 
large WWTPs are already generating between 40 to 70 percent of their onsite energy needs from 
biogas generated through anaerobic digestion. In California, there are roughly 141 WWTPs that 
have anaerobic digesters and 59 that utilize the gas, although mostly to generate electricity.470 
Overall, WWTPs are one of the smallest sources of methane emissions and represent the smallest 
technically available source of renewable gas. Methane emissions from WWTPs have also 
decreased over time, although the overall GHG emissions of these facilities have remained 
constant, which indicates increased rates of renewable gas utilization and/or flaring.  

Although WWTPs contribute a small fraction of methane emissions, these facilities offer 
significant opportunity in the form of codigestion of solid organic waste. Codigestion refers to the 
anaerobic digestion of multiple feedstocks, such as the addition of food waste to a wastewater 
digester. Many of the largest plants have excess volume capacity, are close to population centers, 
and could potentially obtain and process significant amounts solid organic waste. The U.S. 
Environmental Protection Agency estimates that the nearly 140 wastewater treatment facilities 
with anaerobic digesters in California have an estimated excess capacity of 15–30 percent.471 The 
California Association of Sanitation Agencies estimates that existing infrastructure at 
government-owned WWTPs could accept up to 75 percent (7 million wet tons) of the food waste 
stream being landfilled. CARB carried out a geospatial analysis indicating that food waste and 
wastewater treatment excess capacity are spatially correlated throughout California. The analysis 
found that all food waste from landfills could theoretically be consumed by wastewater treatment 
plants within 30 miles. Codigestion could potentially reduce the investment cost of developing 
organics diversion projects and provide additional side benefits, such as decreasing waste hauling 
distances, increasing water recovery, and generating a renewable supply of fertilizer and soil 
amendments. Anaerobic digestion projects can help support the goals of SB 7 (Steinberg, Chapter 
4, Statutes of 2009) to reduce urban per capita water use in California by 20 percent by December 
31, 2020, as well as Governor Brown’s Executive Order B-29-15 water saving measures. Marginal 
additions of food waste can also greatly increase renewable gas production at WWTPs. 
Demonstrations by the sanitation districts of Los Angeles County have shown that adding 10–12 
                                                 
468 California Biomass Collaborative. “CBC Facilities Database, March 2015.” 
http://biomass.ucdavis.edu/files/2013/09/cbc-facilities-database_March_2015.xlsx. 

469 American Society of Civil Engineers. California Infrastructure Report Card: A Citizen’s Guide – 2012. February 2012. 
Available at http://www.ascecareportcard.org/citizen_guides/Citizen's%20guide%202012_Revised.pdf. 

470 California Association of Sanitation Agencies.  
2015 Fact Sheet, December 2015.” http://casaweb.org/wp-content/uploads/2015/12/2015-Biosolids-Fact-Sheet-cm.pdf. 

471 U.S. Environmental Protection Agency (2016). 
https://www3.epa.gov/region9/waste/features/foodtoenergy/wastewater.html. 
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percent food waste (on a volume basis) can more than double the biogas production of a WWTP. 
CARB’s SLCP Strategy identifies WWTP co-digestion as a potential strategy. 

Forest Biomass 

The Placer County Air Pollution Control District and bioenergy developer stakeholders from the 
Bioenergy Association of California also called for state agencies to prioritize, or at least further 
support, underused feedstock resources such as forest biomass from wildfire hazard zones.472 

Reduction of open air wood combustion, open pile burning, and catastrophic wildfires eliminates 
the risk of long-term methane from decomposition, as well as the risk of short-term black carbon 
emissions from combustion. These projects, however, are not yet economically feasible and 
require further process developments to reduce costs and improve efficiencies.  

Technological breakthroughs are needed to make bioenergy systems environmentally sustainable 
and economically viable. To this end, and to respond to the Governor’s 10-30-2015 Proclamation 
of a State of Emergency473 to protect communities against unprecedented tree die-off, the Energy 
Commission issued a grant solicitation in 2016 to fund research and demonstration activities to 
advance bioenergy electricity generation, with two groups focused on utilizing feedstock from 
sustainable forest management, as defined by the CPUC BioMAT program. Supported 
technologies include mobile, modular gasification systems that can be located at the closest point 
to the biomass-residual removal with interconnection capability and gasification technology 
demonstration projects in the 2 to 3 MW range that use woody biomass from designated high 
hazard zones474 for wildfire. This solicitation’s projects will be active in 2018, with results and 
system commissioning expected around 2020–2021. 

Commercially available technologies may be cost-effective in terms of GHGs and SLCPs reduced 
when factoring in the avoided cost and impacts of wildfires, which are the largest source of black 
carbon emissions in the state (roughly 67.5 percent).475 For example, the 2015 Butte fire burned 
70,000 acres in Amador and Calaveras Counties, cost California taxpayers an estimated $90 
million for firefighting, and did an estimated $1 billion in damages. However, there is no fixed 
answer to whether fuels reduction treatments with bioenergy production create a net carbon 
benefit. Forest managers will need to evaluate fuels treatments on a case-by-case or regional basis 
to determine net GHG outcomes.476 

 

                                                 
472 http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-
10/TN220230_20170717T082126_Shannon_Harroun_Placer_County_Air_Pollution_Control_District_Co.pdf. 

473 https://www.gov.ca.gov/docs/10.30.15_Tree_Mortality_State_of_Emergency.pdf. 

474 The high hazard zone map is available at http://egis.fire.ca.gov/TreeMortalityViewer/. (Select boxes for Tier One and 
Tier Two high hazard zones in the Layer Visibility Legend to view the high hazard zones.) 

475 California Air Resources Board. “Short-Lived Climate Pollutant Inventory.” June 2017. 
https://www.arb.ca.gov/cc/inventory/slcp/slcp.htm. 

476 Winford, E. M., and J. C. Gaither Jr. (2012). “Carbon Outcomes From Fuels Treatment and Bioenergy Production in a 
Sierra Nevada Forest.” Forest Ecology and Management. 282: 1–9. 
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In-State Renewable Gas Potential 
When assessing how much renewable gas can be developed in California, it is necessary to 
distinguish between what is technically available versus what is economically feasible at this time. 

Technical potential refers to the amount of renewable gas resources that physically exist and can 
be converted or used with commercialized technologies. Certain conversion and end use 
processes may not be technologically mature enough and require further demonstration to reduce 
risks and costs before widespread market adoption.  

Economic potential takes the analysis a step further and recognizes that not all resources can be 
cost-effectively retrieved or converted or may not generate sufficient or stable revenues to spur 
private-sector development. Economic potential refers to what is actually commercially viable 
when factoring in economies of scale of transporting the resource to market, cleaning and 
processing it, and myriad other associated requirements. For this chapter, economic potential will 
be used to assess priority resources and end uses. 

In-State Renewable Gas Technical Potential 
There are many technology pathways that can produce renewable gas, including anaerobic 
digestion, gasification, pyrolysis, and electrolysis. The most prevalent and commercially available 
production pathway for renewable gas is anaerobic digestion, which produces a renewable natural 
gas (renewable gas). In the absence of oxygen, organic waste materials are broken down by 
microbes to produce biogas – a mixture consisting primarily of carbon dioxide and methane. 
Typical anaerobic digestion feedstocks include municipal solid waste organics, food waste, 
wastewater, and livestock manure. Lignocellulosic compounds, such as wood wastes, are difficult 
to nearly impossible to anaerobically digest and are thus not used in digester systems. 
Thermochemical technologies such as gasification and pyrolysis can technically process 
lignocellulosic waste but are still in the stages of pilot and demonstration testing and are not yet 
proven economically feasible. These and other emerging technologies are discussed later in this 
chapter. Conversely, anaerobic digestion has been widely integrated into numerous California 
waste systems and is a reasonably mature technology. For example, many wastewater treatment 
plants incorporate anaerobic digesters as part of their treatment process, while anaerobic 
digestion is a natural occurrence in landfills and dairy manure lagoons. 

The UC Davis Biomass Collaborative compiles, develops, and verifies datasets from numerous 
references to create a geographic database of California biomass resources and biomass-powered 
energy production plants. Its assessment of California biomass resources has been used as a basis 
for numerous published studies, as well as the U.S. DOE 2016 Billion-Ton Report.477 The 
Biomass Collaborative estimates the total in-state potential to produce renewable gas (in terms of 
renewable natural gas [RNG], also known as biomethane) to be 351 billion cubic feet (bcf) of RNG 
per year. This estimate includes resources from animal manure (dairy and poultry); municipal 
solid waste; landfill gas; wastewater treatment plants; fats, oils and greases; agricultural residue; 

                                                 
477 https://energy.gov/sites/prod/files/2016/12/f34/2016_billion_ton_report_12.2.16_0.pdf. 
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and forestry and forest product residue.478 However, lignocellulosic feedstocks require future 
development and commercialization of thermochemical conversion technologies. For 
nonlignocellulosic feedstocks, which can be used in commercially established anaerobic digestion 
systems, the technical potential is estimated to be 92.9 bcf of RNG per year. Based upon compiled 
data from UC Davis, the U.S. DOE, National Petroleum Council, and American Gas Foundation, 
ICF International estimated in-state technical potential for nonlignocellulosic feedstocks to be 
between 60.9 and 130.8 bcf of RNG per year.479 A report by Dr. Amy Jaffe from the UC Davis 
Institute of Transportation Studies (UCD ITS) similarly uses an estimate that conventional 
California sources of renewable gas could technically provide up to 90.6 bcf of RNG per year.480 
The UCD ITS’ study further delves into an assessment of the state’s economic RNG potential, 
which is discussed in the following section. Depending on the resource, the levelized cost of using 
these resources for renewable gas production can be upward of $6.75–$29/MMBtu. 

In-State Renewable Gas Economic Potential  
Assuming a natural gas market price of $3/MMBtu, Low-Carbon Fuel Standard (LCFS) credit 
price of $120 per metric ton of carbon dioxide equivalent (MT-CO2e), and a renewable 
identification number (RIN) credit price of $1.78 per D3 RIN, UCD ITS estimates the 
economically viable renewable gas production potential to be 82 bcf per year (90.5 percent of the 
technical potential).481 The study considers renewable gas production to be economically viable 
when it can be sold for less than the net cost of fossil natural gas (including revenue from LCFS 
credits). This equates to an RNG production cost less than or equal to $30.37/MMBtu for landfill 
gas, $34.16/MMBtu for wastewater treatment plants, $39.16/MMBtu for municipal solid waste, 
and $71.25/MMBtu for dairies. A limitation of the study is that it assumes all renewable gas  is 
transported via pipeline. However, there are circumstances where renewable gas may not need to 
be transported or can be transported via other modes. Onsite fueling can be economically feasible 
depending on the availability of fleets nearby. This is particularly true for the refuse industry, 
where renewable gas is produced at the collection fleet’s waste drop-off site. In other cases, onsite 
power generation might be economically feasible in terms of logistics or ability to procure capital 
financing. For example, many wastewater treatment facilities offset a portion of their electricity 
consumption using biogas generators. Distribution by on-road gas transport trucks instead of 
pipeline is another potential option when high pipeline costs are prohibitive. 

Table 1 summarizes the amounts of biomethane that could be developed from various feedstocks, 
both in terms of technical availability and economic feasibility under existing market and policy 

                                                 
478 Williams, R. B., B. M. Jenkins and S. Kaffka (California Biomass Collaborative). 2015. An Assessment of Biomass 
Resources in California, 2013 – DRAFT. Contractor report to the California Energy Commission. PIER Contract 500-11-
020. 

479 Sheehy, Phil (June 27, 2017) “Potential to Develop Biomethane, Biogas, and Renewable Gas to Produce Electricity and 
Transportation Fuels in California.” Presentation at Joint Agency Workshop on Renewable Gas. 

480 Jaffe, Amy Myers, Rosa Dominguez-Faus, Nathan C. Parker, Daniel Scheitrum, Justin Wilcock, and Marshall Miller. 
2016. The Feasibility of Renewable Natural Gas as a Large-Scale, Low Carbon Substitute. Institute of Transportation 
Studies, University of California, Davis, research report. UCD-ITS-RR-16-20. 

481 American Society of Civil Engineers. California Infrastructure Report Card: A Citizen’s Guide – 2012. February 2012, 
Available at http://www.ascecareportcard.org/citizen_guides/Citizen's%20guide%202012_Revised.pdf. 
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conditions. The amounts are shown in both bcf and million British thermal units (MMBtu). The 
amount of economically feasible biomethane estimated in Table 19 can be compared to recent 
natural gas demand in various sectors. For instance, if it were used exclusively within the 
transportation sector, 82 Bcf (or 623 million diesel gallon equivalents [million DGE]) of 
biomethane could displace the equivalent of 19 percent of the 3.3 billion gallons of diesel 
consumed in 2016. However, this assumes that sufficient natural gas vehicles would be available 
to use the fuel. In fact, as of 2016, actual use of compressed natural gas (CNG) and liquefied 
natural gas (LNG) in the transportation sector was closer to just 170 million DGE per year.482 
Even with the significant growth of natural gas anticipated by the transportation energy demand 
forecast as discussed in Chapter 7, natural gas demand by 2030 is expected to remain near 300 
million DGE in the mid case.483 In comparison, if it were used exclusively for electricity 
generation, 82 Bcf of biomethane would be equivalent to 12 percent of the roughly 708 Bcf of 
conventional natural gas used for in-state electricity generation in 2016. Alternatively, if it were 
dedicated for uses within the combined industrial, commercial, and residential sectors, the 82 Bcf 
would represent roughly 3.69 percent of 2016 natural gas use.484 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
482 Based on consumption of diesel, CNG, and LNG from Chapter 7.  

483 Based on mid case for natural gas from Chapter 7, originally in gasoline gallons equivalent. 

484 The 2016 California daily natural gas usage was 6.072 billion cubic feet per day based upon the 2016 California Gas 
Report prepared by the California gas and electric utilities. 
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Table 19: Annual Technically Available and Economically Feasible Biomethane Renewable 
Gas Production Potential From California Biomass Resources 

Feedstock Amount  
Technically 
Available 

Renewable Gas 
Potential From 

Amount Technically 
Available 

[UC Davis California 
Biomass 

Collaborative] 

Renewable Gas 
Potential From 

Amount Technically 
Available 

[ICF] 

Economically 
Feasible 

Renewable Gas 
Potential* 
 [UCD ITS] 

(Bcf) (million 
MMBtu) 

(Bcf) (million 
MMBtu) 

(Bcf) (million 
MMBtu) 

Animal Manure            
(Dairy & Poultry) 3.4 MM BDT 19.5 18.9 12.3-18.7 11.9-18.7 10.1 9.8 

Municipal Solid 
Waste 
(food, leaves, 
grass fraction) 

1.2 MM BDT 12.7 12.2 

22.5-50.1 21.8-48.4 16.3 15.8 Municipal Solid 
Waste 
(lignocellulosic 
fraction) 

6.7 MM BDT 65.9 63.7 

Landfill Gas 106 Bcf 53 51.2 22-54.8 21.3-53.0 50.1 48.4 
Wastewater 
Treatment 
Plants 

11.8 Bcf 7.7 7.4 4.1-7.2 4.0-7.0 5.6 5.4 

Fats, Oils, and 
Greases 207,000 tons 1.9 1.8 N/A N/A N/A N/A 

Agricultural 
Residue 
(Lignocellulosic) 

5.3 MM BDT 51.8 50.1 29.6-32.5 28.6-31.4 N/A N/A 

Forestry and 
Forest Product 
Residue 

14.2 MM 
BDT 139 134 14.5-44.9 14-43.4 N/A N/A 

Total 
 

351 339 104.9-
208.3 

101.4-
201.4 82 79.4 

*Economically feasible renewable gas is determined at a natural gas market price of $3/MMBtu, LCFS credit price 
of $120/MT-CO2e, and RIN price of $1.78/gallon of ethanol equivalent. 
Source: Williams, R. B., B. M. Jenkins and S. Kaffka (California Biomass Collaborative). 2015. An Assessment of 
Biomass Resources in California, 2013 – DRAFT. Contractor report to the California Energy Commission. 
Contract 500-11-020; Sheehy, Phil (Forthcoming 2017) Design Principles for a Renewable Gas Standard. ICF 
International; and Jaffe, Amy Myers, Rosa Dominguez-Faus, Nathan C. Parker, Daniel Scheitrum, Justin Wilcock, 
Marshall Miller .2016. The Feasibility of Renewable Natural Gas as a Large-Scale, Low Carbon Substitute. 
Institute of Transportation Studies, University of California, Davis, Research Report UCD-ITS-RR-16-20. 

ICF’s assessment is based upon reviews of studies by the California Biomass Collaborative, UC 
Davis ITS, the American Gas Foundation, the Department of Energy’s Billion Ton Study, and 
other resources. Figure 77 shows the supply curve for combined sources of renewable gas from all 
sources, assuming ICF’s high-end estimate of total technical supply. For each feedstock, ICF 
calculated the levelized cost of energy (LCOE) using equipment capital costs, operations and 
maintenance, and financing (5 percent discount rate and 20-year financing period). The dashed 
gray lines represent a 25 percent uncertainty range. Note that the RNG production costs are not 
stacked perfectly as shown in the figure, but are illustrative to show the relative costs of RNG 
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production from various feedstocks.  

Figure 77: California Potential Supply of Renewable Natural Gas (RNG) 

 

Source: Sheehy, Phil (Forthcoming 2017). Design Principles for a Renewable Gas Standard. ICF International 

UCD ITS takes a step further by creating supply curves from a spatial engineering economic 
analysis. The cost analysis for stationary resources (landfills and WWTPs) takes the resource 
potential at a given location and calculates the cost of producing renewable gas from that supply 
point. For dairy manure, a clustering analysis was performed for dairies to capture the potential 
for aggregating biogas in a local pipeline network for centralized upgrading and injection. The 
Geospatial Bioenergy System Model was used to optimally locate and size renewable gas 
production facilities based on the costs of procuring, transporting, and converting the resource to 
renewable gas. 

Figure 78 presents UCD ITS’ supply curve for combined sources of renewable gas derived from 
anaerobic digestion and then splits the supply curve by source. At a specific level of production for 
each resource type, the costs sharply curve upward, which is not present in ICF’s analysis. The 
upward curves represent smaller or remote sources that are prohibitively expensive due to 
significantly higher collection or pipeline interconnection costs.  

UCD ITS’s study finds that although renewable gas production may be economically viable up to 
82 Bcf per year, costs of production are shown to significantly increase beyond 70 Bcf per year as 
smaller and more dispersed projects are developed. Figure 79 further divides the UCD ITS’ supply 
curve by major cost components. The lowest costs are found for facilities with large gas 
production that are also near a natural gas transmission pipeline.485 Identical to ICF’s findings, 

                                                 
485 Transmission pipelines, commonly referred to as California's "backbone" natural gas pipeline system, are large, high-
pressure pipelines that transport gas into lower pressure distribution pipelines that serve the majority of end use 
customers. Only some large noncore (large commercial and industrial) customers take natural gas directly off the 
transmission pipeline system. 
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landfills and WWTPs initially provide the lowest cost options, as expected due to existing 
renewable gas production infrastructure that avoids the cost of digester construction. However, 
some WWTPs may require digester upgrades to handle higher solids content, and landfills may 
need upgrades to the associated gas collection systems to improve gas quality. These costs were 
not included in the analyses. After a certain degree of landfill and WWTP renewable gas 
development, MSW and dairy projects begin to become cost-competitive options. As solid waste 
and dairies represent the largest source of methane emissions, they can provide some of the 
lowest cost incentive options to the state in terms of GHG emissions reductions. A 2016 analysis 
of the Greenhouse Gas Reduction Fund by the California Legislative Analyst’s Office assessed the 
Dairy Digester Research and Development Program to cost the state $8/MT-CO2e and Organics 
Composting/Digestion Grants to cost $9/MT-CO2e.486 By comparison, Clean Vehicle Rebates 

cost $46/MT-CO2e, single-family solar photovoltaics cost $209/MT-CO2e, and the truck and bus 
voucher incentives cost $452/MT-CO2e.487 See the following section, “Economic Assessment of 

Renewable Gas End Uses,” for discussion of the economics of dairy digester projects. 

Figure 78: California Potential Supply of Renewable Natural Gas (RNG) Derived From 
Anaerobic Digestion, Overall and by Feedstock Source 

 
Source: Jaffe, Amy Myers, Rosa Dominguez-Faus, Nathan C. Parker, Daniel Scheitrum, Justin Wilcock, and 
Marshall Miller. 2016. The Feasibility of Renewable Natural Gas as a Large-Scale, Low Carbon Substitute. 
Institute of Transportation Studies, University of California, Davis, Research Report UCD-ITS-RR-16-20; and 
Jaffe, Amy Myers, Nathan C. Parker, Rosa Dominguez-Faus, Daniel Scheitrum, Justin Wilcock, and Marshall 
Miller (June 27, 2017) The Feasibility of Renewable Natural Gas as a Large-Scale, Low Carbon Substitute. 
Presentation at June 27, 2017, joint agency workshop on Renewable Gas. 

 
 

 

 

 

                                                 
486 The Legislative Analyst’s Office calculated costs as the amount of cap-and-trade funds awarded to a program divided 
by the total estimated greenhouse gas (GHG) emission reductions from the projects that receive cap-and-trade funds. 

487 California Legislative Analyst’s Office. Administration’s Cap-and-Trade Report Provides New Information, Raises 
Issues for Consideration. April 2016, http://www.lao.ca.gov/Publications/Report/3445. 
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Figure 79: Supply Curve and Component Cost for (A) Dairies, (B) WWTPs, (C) MSW, and 
(D) Landfills 

 
Source: Jaffe, Amy Myers, Rosa Dominguez-Faus, Nathan C. Parker, Daniel Scheitrum, Justin Wilcock, and 
Marshall Miller. 2016. The Feasibility of Renewable Natural Gas as a Large-Scale, Low Carbon Substitute. 
Institute of Transportation Studies, University of California, Davis, Research Report UCD-ITS-RR-16-20. 

Energy Commission staff is gathering information from in-state facilities to assess the estimated 
costs for producing biomethane. These facilities include those producing biomethane from dairy 
waste, organic waste diverted from landfills, wastewater, and landfill gas to produce fuels for 
transportation use and to generate electricity. The cost information compiled to date is presented 
in tables throughout the remainder of this chapter. 

Production facility costs consist largely of the feedstock pre-processing equipment, the digester or 
gas collection system, biogas cleanup and handling equipment, and the associated engineering, 
permitting, and construction costs. Table 20 provides cost ranges for the four main types of 
biogas production facilities. Cost estimates are adjusted to compare production capacity in one 
million MMBtu per year increments. Anaerobic digestion is a mature technology, but cost 
reductions can be expected from economies of scale and volume. 
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Table 20: Non-Levelized Production Facility Capital Cost Ranges by Type 
 
 

Capital Cost Range ($ per MMBtu per Year Capacity 

Food / Urban /  
MSW488 

Dairy Wastewater* Landfill 

Low High Low High Low High Low High 
Organics Collection, 

Separation, and 
Processing Equipment 

$9.5 $21  TBD TBD $16 $42   

Digester Technology $68  $103  $7 $ 85 TBD  TBD   
Gas Collection System       $2 $13 

Biogas Clean Up 
Equipment $19  $29 $20 $55 $19 $40 $14 $37 

Facility Engineering, 
Construction, and Permits $117 $177 $20 $40 $25 $104 $12 $20 

Subtotal Cost $219 $331 $50 $230 $110 $160 $28 $70 
Contingency               (7 

percent) $15 $23 $3 $16 $8 $11 $2 $5  

Biomethane Plant   Total 
Cost $236 $355  $53 $246 $118 $171 $29 $75 

*Note: Wastewater treatment plants may already have an existing digester as part of their treatment system, so 
associated digester technology cost may be excluded or far less for a renewable gas project at such facilities. 
Source:  California Energy Commission 

The location and disposition of California’s resources vary significantly and are factors in 
determining economic viability. Figure 80 captures the existing bioenergy sites of landfill, 
WWTP, dairy farm, and other organic wastes identified in available databases.489 Overlaid are 
regions of the state identified as “disadvantaged communities” under the CalEnviroScreen tool. 
Significant overlap between the resources sites and the overlay underscores a need to be 
especially sensitive to local air, water, and land pollution that could be generated (or abated) by 
renewable gas projects, as well as the possibility for expanding economic development in 
distressed regions. 

 

 

 

 

                                                 
488 Reflects cost range for different types and sizes of biomethane production plants designed to produce RNG for 
transportation fuels from organic waste diverted from landfills. Includes regional, centralized plants with modular units 
and organic waste delivered to the plant location for both onsite vehicle use and interconnection to a natural gas pipeline. 
Also includes smaller community-scale biomethane production plants to fuel vehicles onsite and not to connect to the 
natural gas pipeline. 

489 Landfill site information collected from the U.S. EPA Landfill Methane Outreach Program, 
https://www.epa.gov/lmop/landfill-gas-energy-project-data-and-landfill-technical-data#states; WWTP information 
collected from the California Biomass Collaborative, http://biomass.ucdavis.edu/tools/california-biomass-facilities-
reporting-system/; dairy farm information collected from US EPA’s AgSTAR program, 
https://www.epa.gov/agstar/livestock-anaerobic-digester-database; other organic waste information collected from 
California Biomass Collaborative (available at above link) and communication with CalRecycle.  
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Figure 80: Map of Waste Resources and Disadvantaged Communities 

 
Sources: California Energy Commission; California Biomass Collaborative; US EPA; CalRecycle. 

Several recurring themes were present in stakeholder written comments related to the technical 
and economic potential of renewable gas resources. Among the comments, multiple stakeholders 
expressed a need for a consistent and accurate accounting of feedstock resources. The Bioenergy 
Association of California and its members stated that preferably, state agencies would develop 
policies based upon a common assessment of total feedstock resource potential, rather than 
current feedstock economic viability.490 The economics of renewable gas production are based on 
today’s policy and market circumstances, which are expected to change over time as policies and 
incentives go into effect. Having an accepted method for assessing current and future economic 
feasibility would encourage maximizing the development and use of California’s in-state 
renewable gas potential. As a solution, the University of California, Riverside, suggested 

                                                 
490 http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-
10/TN220137_20170713T094913_Julia_A_Levin_Comments_Bioenergy_Association_of_California_Comm.pdf. 
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developing a working group to create a reliable, consistent framework for feedstock collection, 
procurement, and supply throughout the state.491 

Priority End Uses for Renewable Gas 
Renewable gas has been used, or proposed for use, as a substitute for conventional natural gas in 
several energy sectors. The most commercial-ready end uses are electricity generation, natural 
gas vehicle fuel, and pipeline natural gas displacement. 

At the June 27, 2017, joint agency workshop on Renewable Gas, workshop discussion and 
stakeholder comments revealed that determining the best destination for renewable gas is not one 
size fits all; the best end-use outcome can depend on a variety of factors, including feedstock, 
location, and timing. Priority end uses of renewable gas may evolve as California approaches 
2020, 2030, and 2050 goals, as markets transform and technologies advance. However, the state 
must seek near-term priorities and the most cost-effective solutions at this time to ensure 
achieving the 2030 SLCP reduction goals. 

A broad coalition of stakeholders,492 including the California Roundtable on Agriculture & the 
Environment, Bioenergy Association of California, American Biogas Council, Organic Waste 
Systems, Victor Valley Wastewater Reclamation Agency, and Clean Energy voiced a need for state 
agencies to increase and extend multiyear funding for renewable gas projects. 

In addition to support, stakeholders also expressed concerns with increasing the renewable gas 
market. Written public comments reflected a need to promote public awareness of renewable gas 
projects. Stakeholders from environmental justice organizations, including the Center on Race, 
Poverty & the Environment, Leadership Counsel for Justice and Accountability, Food & Water 
Watch, Community Alliance for Agroecology, Comité ROSAS, Committee for a Better Shafter, 
Committee for a Better Arvin, Delano Guardians, Greenfield Walking Group, and the University 
of North Carolina Center for Civil Rights,493 discussed air quality and groundwater 
contamination impacts. They believe such impacts will increase with the construction and 
operation of anaerobic digesters in disadvantaged communities. These groups also pointed out 
the potential for reducing renewable gas emission sources before they even become an issue, such 
as by applying alternative manure management methods.  

PG&E suggested working with local governments and environmental justice groups in 
disadvantaged communities to consider the local impacts, as well as air quality and economic 
benefits, of renewable gas projects and to develop emissions and air standards. 

Time is an often overlooked factor influencing project cost – the longer it takes to develop a 
project, the more costs will be incurred and opportunity lost. Figure 81 summarizes an example of 

                                                 
491 http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-
10/TN220210_20170714T162936_Arun_Raju_Comments_University_of_California_Riverside__Renewabl.pdf. 

492 Stakeholder comments are available online under Docket 17-IEPR-10, Renewable Gas, 
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17-IEPR-10. 

493 Ibid. 
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a biomethane project development timeline. Due to unexpected project delays, actual project 
implementation can take much longer – as long as three to five years. 

In written comments, Fulcrum Bioenergy suggested that one way to shorten the project 
implementation period might be to address location, siting, and permitting challenges. They 
voiced a need for streamlined California Environmental Quality Act reviews and permitting 
outcomes that are more transparent to reduce the excessive financial risk of renewable gas 
demonstration projects.494 

Figure 81: Renewable Gas Project Development Time Frames 

 
Source: California Energy Commission 

Multiple stakeholders suggested that California should focus on near-term opportunities that 
maximize GHG emissions reduction benefits.495 The California Roundtable on Agriculture & the 
Environment suggested developing a cohesive statewide agenda for renewable gas production, 
crossing all sectors including agriculture, forestry, and municipal waste; conducting research to 
properly account for ancillary environmental, economic, and public value benefits created by 
renewable gas projects; and assessing and addressing any impacts of renewable gas development 
when enacting SB 1383 solutions. Dairy Cares, the Agricultural Energy Consumers Association, 
and the Agricultural Council of California disagreed with enacting additional regulations. 
Agricultural Energy Consumers Association and Agricultural Council of California stated in a joint 
letter that “implementing a mandatory renewable gas standard would be duplicative, add 
additional complexity to existing legal and regulatory requirements, and unnecessarily increase 
costs for California’s natural gas consumers. The Agricultural Energy Consumers Association and 

                                                 
494 http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-
10/TN220208_20170714T155116_Graham_Noyes_Comments_Fulcrum_BioEnergy_Comment_RE_1383_Joint_A.pdf. 

495 Stakeholder comments are available online under Docket 17-IEPR-10, Renewable Gas, 
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17-IEPR-10. 
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the Agricultural Council’s members face significant leakage risks due to domestic and 
international competition for agricultural production and processing. We are very concerned that 
further natural gas rate increases will expose our members to additional leakage risks, driving 
employment out of California and raising emissions in uncapped jurisdictions.”496 

Transportation Fuel 
With upgrading, biogas can be used in CNG or LNG vehicles. In 2015, there were 20,963 natural 
gas vehicles registered in California, 80.6 percent of which belonged to the medium- and heavy-
duty vehicle (MHDV) sector. Table 21 provides the existing stock of natural gas MHDVs in 
California by market sector and vehicle class. As shown in Chapter 7, the Energy Commission 
anticipates a growing share of natural gas fuel within the transportation sector, particularly in 
MHDVs. Dr. Jaffe’s study corroborates growth potential in the transportation sector yet notes 
that while interested in attractive fuel cost differentials and demand for cleaner transportation 
from customers, the trucking industry has to date been mostly reluctant to take the plunge on 
expensive equipment upgrades to natural gas. As mentioned above, the economically feasible 
potential of biomethane resources within the state exceeds the demand for natural gas in the 
transportation sector, both currently and in the Energy Commission’s forecast for 2030. For this 
reason, the further growth of natural gas vehicles (particularly medium- and heavy-duty trucks) is 
critical to taking full advantage of the state’s available resources. When paired with low-NOx 
natural gas engines, renewable natural gas can support a growing fleet of vehicles with significant 
NOx and GHG emissions reduction advantages. Refueling infrastructure is also an important 
factor in ensuring NGV market growth. As of August 2017, there are 326 CNG refueling stations 
(174 public) and 45 LNG refueling stations (19 public) in California.497 Of the public CNG 
stations, only 53 are accessible by Class 8, 53-foot trucks. 

 

 

 

 

 

 

 

 

 

                                                 
496 http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-
10/TN219932_20170627T134729_6617_Letter_from_California_Roundtable_on_Agriculture__The_Envi.pdf.  

497 U.S. Department of Energy. Alternative Fuels Data Center. Accessed August 2017, 
https://www.afdc.energy.gov/fuels/natural_gas_locations.html.  
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Table 21: Number of On-Road Medium-Duty/Heavy-Duty Natural Gas Vehicles Operating in 
California by Key Market Sectors and Vehicle Class 

Sector Number of Natural Gas Vehicles Notes 

Transit (Heavy-Duty) 6,500 Flattening recent growth 

Refuse (Heavy-Duty) 2,500 – 4,000 Increasing recent growth 

Drayage (Heavy-Duty) 1,200 – 1,500 Most located in Southern California 

Over-the-Road Delivery 
(Heavy-Duty) 

200 – 500 Overall population is 175,000+ 

Delivery (Medium-Duty) 200 – 500 Most in a few large fleets 

Total 
10,600–13,000 for select sectors 

listed above 
Less than 1 percent of California’s 
1,500,000 MDHD vehicle population 

Vehicle Class Number of Natural Gas Vehicles  

Class 4 548  

Class 5 32  

Class 6 507  

Class 7 2,257  

Class 8 13,547  

Total 16,891  
Source: CALSTART. “Overview of California’s Medium- and Heavy-Duty Natural Gas Vehicle Market - For the 
Dairy Working Group Digester Committee.” Presentation at Dairy and Livestock Subgroup #2: Fostering Markets 
for Digester Projects meeting. September 2017.Gladstein, Neandross & Associates. “Importance of Growing the 
Heavy-Duty Vehicle Market in the Success of Dairy Digester Development.” Presentation at Dairy and Livestock 
Subgroup #2: Fostering Markets for Digester Projects meeting. September 2017. 

As explained in its written comments, Clean Energy believes that biomethane used as a 
transportation fuel in near-zero-emission, heavy-duty trucks delivers the greatest reduction in 
GHG emissions and provides the best air quality benefits. However, as Calgren Renewable Energy 
stated in its written comments, producer and user-specific challenges, such as access to pipeline 
and transmission lines for distribution; renewable gas proximity to vehicle fleets and user 
accessibility to ultra-low-emission, heavy-duty trucks; ability of renewable gas to compete in the 
electricity market; and project cost and economies of scale, may dictate what choices are made for 
biomethane, biogas, and renewable gas end use. North American Repower, Coalition for 
Renewable Natural Gas, and Cambrian Energy, suggested that state agencies encourage truck 
development and in-state manufacturing by increasing funds for research, development, and 
demonstration of near-zero-emission heavy-duty trucks. In their written comments, they 
specified that state agencies should either restructure or align programs to support renewable gas 
development in California with programs to deploy low NOx natural gas trucks and buses. 
Agencies should reconsider eligibility of fleet conversion or “repower” options for incentive 
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funding. SoCalGas and Lyle Schlyer of Calgren Renewable Energy also supported accelerating 
market adoption of near-zero emission heavy-duty natural gas trucks.498 

On-Site or Grid Connected Electricity Generation  
In general, the most commonly performed beneficial use of biogas is for electricity production 
using reciprocating engines. This electricity can be used onsite or sold to the local electrical utility. 
In addition to the generated electricity, waste heat can be used in a combined heat and power 
setting to supply heat to digesters and buildings. Microturbines can also be used in place of 
reciprocating engines; these typically have higher capital cost, but can be less costly to operate 
and maintain, and generally have lower emissions as well. Fuel cells are another more electrically 
efficient alternative to gas combustion electricity generation technologies, producing zero air 
emissions and having a quick start-up. Fuel cells can be more capital cost-intensive, though, and 
are less tolerant to biogas contaminants, requiring higher quality gas cleaning. Nevertheless, 
CARB-certified distributed generation technologies, such as microturbines or fuel cells, can 
significantly reduce NOx emissions compared to internal combustion-based power generation. 

Fuel cell projects that generate electricity for on-site use are eligible for funding under the Self-
Generation Incentive Program (SGIP). For 2017, the use of biogas provides an additional $0.60 
per watt of capacity on top of the baseline $0.40–$0.60 per watt incentive, for a current total of 
up to $1.20 per watt. 

Generating electricity using in-state renewable gas assists with meeting the state’s waste stream 
reduction requirements, brings environmental and public health benefits, and reduces short-lived 
climate pollutants. Recognizing these benefits, California’s Renewables Portfolio Standard (RPS) 
program considers facilities that generate electricity using digester and landfill-derived 
biomethane, as well as municipal solid waste-derived biogas, as eligible for the RPS, if certain 
criteria, including environmental and public health criteria, are met. Additional information on 
RPS requirements for facility certification can be found in the Energy Commission’s Renewables 
Portfolio Standard Eligibility Guidebook.499 

In-state electricity generation from renewable gas has faced several barriers that has decreased its 
cost competitiveness. For this reason, the Bioenergy Market Adjusting Tariff (BioMAT) was 
created to support small in-state bioenergy generators of less than 3 megawatts capacity that 
export electricity to the state’s largest three investor-owned utilities. The BioMAT program offers 
up to 250 MW cumulatively to eligible bioenergy projects, which includes electricity generation 
using biogas from wastewater treatment, municipal organic waste diversion, food processing, and 
co-digestion, through a fixed-price standard contract to export electricity to California’s three 
large investor-owned utilities. Electricity generated under the BioMAT can be counted toward 
utilities’ Renewables Portfolio Standard (RPS) targets (the RPS is discussed in Chapters 1 and 2) 
and typically includes long-term contracts lasting from 10 to 20 years. The contract price is fixed 
for the term of the project but varies for each category. Contract prices offered are adjusted based 
                                                 
498 Stakeholder comments are available online under Docket 17-IEPR-10, Renewable Gas, 
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17-IEPR-10. 

499 http://www.energy.ca.gov/renewables/documents/#rps.  
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on market acceptance and market depth and are adjusted by time of delivery (meaning payments 
depend upon when the generation occurs). The BioMAT program is set to end in early 2021.500 
The CPUC is required to begin a review of the program for any category where the price remains 
at $197/kWh for two program periods.501   

Pipeline Injection 
Local “tethered” fleets often serve as the customers for this fuel when it is produced in-state. 
However, the options for use of this fuel multiply when it is converted to renewable gas that 
complies with utility pipeline specifications. California has about 215,000 miles of natural gas 
transmission and distribution pipelines, 22 compressor stations, and 25,000 metering and 
regulating stations. Injection into existing natural gas pipeline infrastructure is an emerging 
distribution method for renewable gas in California. To inject into the pipeline, the biomethane 
must adhere to the quality standards outlined by the respective gas utility companies. (For more 
discussion of pipeline safety issues, see Chapter 7.) Raw biogas must be cleaned of contaminants 
and then upgraded (have carbon dioxide and other inert gases removed) to create biomethane, 
which has a methane content closer to that of natural gas. 

In response to significant interest in reducing SLCPs and increasing renewable energy 
development, California has enacted several pieces of legislation aimed at promoting biomethane 
injection without compromising the integrity of the natural gas system. 

• Assembly Bill 1900 (Gatto, Chapter 602, Statutes of 2012) required the CPUC to set 
pipeline injection safety standards for biomethane and to promote in-state biomethane 
production and distribution. The CPUC set human and pipeline safety standards and 
established a $40 million incentive program where successful biomethane projects would 
be eligible for interconnection rebates of 50 percent of pipeline interconnection costs up 
to $1.5 million per project. This program was originally to end in June 2020. 

• Section 784.1(a) of the Public Utilities Code502 requests the California Council on Science 

and Technology (CCST) to “undertake and complete a study analyzing the regional and 
gas corporation-specific issues relating to minimum heating value and maximum siloxane 
specifications for biomethane before it can be injected into common carrier gas 
pipelines.” Section 784.1(c) of the Public Utilities Code requires the CPUC to reevaluate 
the biomethane pipeline injection requirements and standards based on the results of the 
CCST study.  

• Assembly Bill 2313 (Williams, Chapter 571, Statutes of 2016) called on the CPUC to 
increase the rebate amount to 50 percent of pipeline interconnection costs up to $3 
million per project, or $5 million for dairy cluster projects, and extended the program to 
December 2021. The CPUC will examine other options to assist the industry before 
expiration of the program or exhaustion of rebate funds, whichever comes first. 

                                                 
500 CPUC Decision Implementing Senate Bill 1122 (D. 14-12-081). 

501 Ibid. 

502 http://codes.findlaw.com/ca/public-utilities-code/puc-sect-784-1.html.  
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• Senate Bill 840 (Leno, Chapter 341, Statutes of 2016) required the nonprofit California 
Council on Science and Technology (CCST) to complete a study analyzing certain 
elements of the CPUC's biomethane injection standards. As of July 2017, the CPUC’s 
contract with CCST is in progress. Within six months of the CCST study, the CPUC will 
open a proceeding to reexamine its biomethane injection standard, giving “due 
deference” to the CCST study. 

• Senate Bill 1383 (Lara, Chapter 395, Statutes of 2016) requires the CPUC, in consultation 
with CARB and CDFA, to direct gas corporations to implement no fewer than five dairy 
biomethane pilot projects to demonstrate interconnection to the common carrier pipeline 
system no later than January 1, 2018. Gas corporations may recover the reasonable costs 
of pipeline infrastructure developed under the pilots. The CPUC opened an order 
instituting rulemaking (OIR) at the June 15, 2017, meeting. The OIR will establish an 
implementation framework that addresses the definition of pipeline infrastructure, cost 
recovery, and pilot selection criteria. A final CPUC Decision is expected in November 
2017. The data collected from these pilots will provide operational, financial, and 
environmental insight to assist with the development of policies to support renewable 
gas. 

Throughout the workshop, multiple stakeholders expressed that interconnection with gas and 
electric utility infrastructure can be a costly and lengthy process for renewable gas projects. 
Guidance or assistance, along with government support, can address this challenge. However, 
utility companies and regulators must balance gas quality with system safety and reliability. 

In their written comments, the Agricultural Energy Consumers Association, Agricultural Council 
of California, and Los Angeles County Department of Public Works stated that California should 
address the high cost of pipeline interconnection and fuel upgrading. Bioenergy producers, such 
as Bloom Energy, CR&R, Victor Valley Wastewater Reclamation Agency, Bioenergy Association of 
California, American Biogas Council, and Organic Waste Systems, suggested accelerating 
reconsideration of pipeline biogas standards directed by Senate Bill 840, Section 11 to address 
high costs of pipeline interconnection and meet pipeline gas quality standards. Furthermore, they 
requested that gas companies make Sempra Energy Rule 30 and PG&E Rule 21 consistent with 
out-of-state biomethane gas quality standards. They also suggested extending the CPUC’s five 
dairy pilot projects to other waste feedstock sources.503 

Utilities, PG&E, and SoCalGas suggested that more investment is needed in distribution 
infrastructure for renewable gas.504 SoCalGas stated that “utility rate-based investment in 
additional infrastructure, like biogas upgrading facilities, can also provide important value to 
California by accelerating the state’s ability to meet its 2030 environmental goals, and simplifying 
the investment needed by developers to transform our organic waste into renewable gas.” 

                                                 
503 Stakeholder comments are available online under Docket 17-IEPR-10, Renewable Gas, 
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17-IEPR-10. 

504 Ibid. 
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Utilities say they are open to exploring the possibilities of developing a Renewable Gas Standard 
and utility procurement requirement of a certain percentage of in-state renewable gas that does 
not result in a measurable increase in natural gas costs for all California consumers. However, 
they state that several factors must first be explored, including how to maintain equity among 
core and noncore customers, what are the costs for various types of renewable gas, and how a 
biomethane procurement requirement would fit with requirements that utilities serving core 
customers purchase bundled interstate capacity and gas. In the 2017 Climate Change Scoping 
Plan Update, CARB assessed that a 5 percent increase in use of renewable natural gas reduces 
GHG emissions by roughly 2 million MT-CO2e and costs $300– $1,500/MT-CO2e, with a social 
cost of carbon benefit of $55 million to $170 million.505 The cost estimate was based on 
sensitivity analysis using the PATHWAYS model. The lower cost range assumes biogas in 
pipeline, using modeled-delivered prices for biogas. The cost-effectiveness of a strategy using 
pipeline injected biogas to meet a 5 percent renewable gas procurement requirement was on par 
with other potential initiatives such increasing RPS and LCFS obligations to 60 percent and 18–
25 percent, respectively. The higher cost range assumes renewable natural gas is provided by 
hydrogen generated from flexible grid electrolysis, known as a power-to-gas system. Power-to-gas 
was by far the least cost-effective strategy out of the ones considered. However, power-to-gas is 
currently at the initial stages of pilot demonstration in California, with one operational project at 
the University of California, Irvine, that injects 0.24–0.78 percent hydrogen gas by volume into a 
SoCalGas natural gas pipeline.506 Based on utility tariff heating value requirements, mixtures of 
up to 8.5 percent hydrogen gas by volume may be allowable. The costs of power-to-gas are further 
discussed later in this chapter. 

Renewable Hydrogen 
Hydrogen, like methane, can also be developed from renewable resources. As described in 
Chapter 3, one such pathway is the conversion of excess renewable electricity into renewable 
hydrogen via electrolysis. (See “Use of Excess Electricity.”) 

Renewable hydrogen can also be produced from biomethane and biogas. The Orange County 
Sanitation District, for example, operates a facility that can use biogas from a wastewater 
treatment plant to simultaneously produce electricity, heat, and hydrogen. In this system, treated 
biogas from an anaerobic digester is run through a high-temperature fuel cell, which produces the 
hydrogen.  

Renewable hydrogen plays a significant role in the state’s development of hydrogen refueling 
stations for fuel cell electric vehicles. Senate Bill 1505 (Lowenthal, Chapter 877, Statutes of 2006) 
requires hydrogen refueling stations to dispense a minimum of 33.3 percent renewable hydrogen. 
As of August 2017, 28 of the 29 California retail hydrogen refueling stations relied on renewable 
hydrogen sourced from biomethane, biogas, or other renewable gases (as opposed to electrolysis 

                                                 
505 California Air Resources Board. The 2017 Climate Change Scoping Plan Update: The Proposed Strategy for 
Achieving California’s 2030 Greenhouse Gas Target. January 20, 2017. Pg. 65 – 66. 
https://www.arb.ca.gov/cc/scopingplan/2030sp_pp_final.pdf. 

506 UCI News. In a national first, UCI injects renewable hydrogen into campus power supply. December 6, 2016. 
https://news.uci.edu/2016/12/06/in-a-national-first-uci-injects-renewable-hydrogen-into-campus-power-supply/. 
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from renewable electricity). As previously mentioned in Chapter 3, the ARFVTP is preparing to 
issue a funding solicitation for projects that produce renewable hydrogen, whether derived from 
renewable gas resources or renewable electricity. 

Economic Assessment of Renewable Gas End Uses 
In addition to fuel production costs, developers (or their customers) may be responsible for 
covering additional capital costs related to the end uses of the fuel. As discussed, biogas end uses 
include transportation fuel, injection into common carrier natural gas pipelines, and electricity 
generation. Table 22 presents estimates of the capital expenditures associated with using biogas 
for these end uses. 

The sectors in which natural gas vehicles are currently used the most (refuse and transit) 
predominantly operate CNG vehicles, rather than LNG. There has been much recent activity in 
integrating CNG engines into other medium- and heavy-duty vehicle sectors due to CNG’s 
economic advantages of lower costs and greater LCFS credit generation compared to LNG. The 
two main costs of using biomethane as a vehicle fuel are the costs of installing a CNG refueling 
station(s) and the cost of buying new CNG vehicles or retrofitting diesel vehicles. 

Injecting biomethane into a natural gas pipeline requires the installation of biogas conditioning 
and upgrading equipment, utility interconnection, and perhaps biogas gathering lines. 
Interconnection encompasses a point of receipt and pipeline extension from the biogas upgrading 
facility to an existing common-carrier natural gas pipeline. It is ideal to site the biomethane 
production facility as close to a natural gas pipeline interconnection point as possible. Biogas 
gathering lines may be desired for central biogas processing. Such lines can reduce overall costs 
and reach economies of scale. This method of biogas processing has been proposed for dairy 
cluster projects. According to a recent report by the UC Davis Biomass Collaborative, levelized 
costs of $25/MMBtu can typically be expected for pipeline injection and $7/MMBtu at a larger 
scale (for 20 years, 6 percent annual interest). These costs compare to roughly $3/MMBtu for 
traditional natural gas. This does not include about $4/MMBtu for environmental costs of all 
types of flaring, whether renewable or nonrenewable natural gas. Once injected into the pipeline, 
transportation costs may be around $5/MMBtu, not including any costs of leaked gas associated 
with transportation. Comparatively, releasing fugitive methane emissions directly into the air has 
an evironmental cost of about $45/MMBtu.507 

When using biomethane for electricity generation, interconnection costs play a similar role. For 
both gas and electricity interconnection, fees must be paid to the respective utility company. 
These fees fund applications, studies, and testing to determine whether the existing infrastructure 
and downstream users are compatible with the existing structure or whether modifications are 
needed. 

 

                                                 
507 Williams, R., C. Ely, T. Martynowicz, and M. Kosusko. Evaluating the Air Quality, Climate and Economic Impacts of 
Biogas Management Technologies. U.S. Environmental Protection Agency, Washington, D.C, EPA/600/R-16/099, 2016. 
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Table 22: Non-Levelized Capital Cost Ranges for Biomethane Renewable Gas End Uses 
 Capital Cost Range ($ per MMBtu 

per Year Capacity) 
*Unless otherwise stated 

Low High 

C
N

G
 

Ve
hi

cl
e 

Fu
el

 CNG Fueling Station508 $17 $55 

Differential Cost of CNG Heavy-Duty Vehicle 
(relative to diesel)* 509 $45 $68 

H
yd

ro
ge

n 
Ve

hi
cl

e 
Fu

el
 Hydrogen Fueling Station510 $193 $541 

Differential Cost of Hydrogen Heavy-Duty Vehicle 
(relative to diesel)511 $750 $1,800 

Pi
pe

lin
e 

In
je

ct
io

n Biogas Gathering Lines (for centralized cleaning) $12.5 $45 

Biogas Conditioning/Upgrading Equipment $14.5 $75 

Natural Gas Pipeline Interconnect512 $8 $35 

El
ec

tri
ci

ty
 

G
en

er
at

io
n 

Electricity Generator 
• Stationary Reciprocating Engine 

• Microturbine 

• Fuel Cell 

• $23 

• $88 

• $150 

• $105 

• $170 

• $250 

Electricity Interconnect* 
 $3 $26 

*Based on fuel use and vehicle activity data from CARB EMFAC 2014, instead of capacity. 
Source: California Energy Commission  

CARB’s SLCP Reduction Strategy (March 2017) includes an assessment of different renewable gas 
end uses for different dairy operations. The analysis indicates that projects that produce fuel 
rather than electricity consistently provide the most cost-effective solutions, independent of how 
manure is managed (Table 22). This is primarily due to the higher revenue provided by LCFS and 
RIN credits. In fact, no modeled project was revenue positive in the absence of LCFS and RIN 
credits, demonstrating the importance of continuing the LCFS program (Figure 82). Nevertheless, 
historically it has been more common for electricity generation projects to secure long-term 
power purchase agreements of up to 10 to 20 years, whereas fuel projects generally rely on spot-
market pricing or 1–3-year agreements for both fuel and credit sales. A proposed strategy is to 
                                                 
508 CNG fast-fill and slow-fill capabilities. 

509 Cost range of $43,000 -$80,500 differential for each natural gas truck compared to equivalent diesel truck model. 
Cost data from TIAX, ANGA, CARB and AFLEET. 

510 Baronas, Jean, Gerhard Achtelik, et al. Joint Agency Staff Report on Assembly Bill 8: 2016 Annual Assessment of 
Time and Cost Needed to Attain 100 Hydrogen Refueling Stations in California. California Energy Commission. 
Publication Number: CEC-600-2017-002. 

511 Cost range of $400,000 -$800,000 differential for each hydrogen fuel cell electric truck compared to equivalent diesel 
truck model. 

512 Cost range to complete pipeline interconnect for one million diesel gallon equivalents (DGE) per year production plant 
capacity at central regional plant. Assumes additional production modules at central regional plant should not require 
significant new pipeline interconnection costs. 
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produce both electricity and fuel, hedging the long-term certainty benefits of electricity 
generation against the more volatile high-revenue potential of fuel production. However, as 
discussed in Chapter 1, “Changes in Electricity Market Structure,” long-term contracts are not 
available in the electricity sector, except when required of utilities such as under the BioMAT 
program. For existing biogas electricity generation projects that are not eligible under BioMAT, 
such as landfill gas facilities that may not get their electricity contracts renewed, there are 
potential opportunities to switch to producing biomethane transportation fuel. 

Another key takeaway from CARB’s SLCP Reduction Strategy as shown in Table 23 is that 
renewable gas utilization projects, whether for fuel or electricity production, can be more cost-
effective on a GHG reduction basis rather than relying solely upon manure management methods 
that avoid methane emissions, such as conversion to pasture and using manure scrape 
systems.513  

When revenue streams are factored in, dairy projects show potential to reduce manure methane 
emissions at low or negative costs. Although dairy projects may cost the most per unit of energy, 
as presented by Dr. Jaffe’s study, they can still be highly cost-effective in terms of cost per GHG 
emissions avoided, especially when producing a transportation fuel. Analyses indicate that 
renewable gas end use as a transportation fuel in natural gas vehicles should be prioritized since it 
provides the most cost-effective GHG emissions reductions with modest capital costs. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
513 Alternative manure management methods are nondigester management practices, such as pasture-based 
management, solid separation of manure solids before entering an anaerobic environment, and conversion from flush to 
scrape manure collection systems. Alternative manure management methods should be used to reduce methane emissions 
from manure that is not an economically viable resource for renewable gas (for example, medium and small livestock 
operations or those operations not sited well for digesters). 
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Table 23: Economic Analysis for Projects at an Example Flush Dairy With 2,000 Milking 
Cows Over a 10-year Period (44,410 MMBtu/yr, all Costs and Revenues in Million Dollars) 

  Pathway 1a 1b 2a 2b 3a 3b 4a 4b 5 6 

  

Scrape, 
Onsite 

Digestio
n to 

Electricit
y 

Scrape, 
Onsite 

Digestio
n to 
Fuel 

Scrape, 
Central 
Digestio

n to 
Electricit

y 

Scrape, 
Central 
Digestio

n to 
Fuel 

Lagoon, 
Onsite 

Digestio
n to 

Electricit
y 

Lagoon, 
Onsite 

Digestio
n to 
Fuel 

Lagoon, 
Onsite 

Digestion 
to 

Electricity 
with 

Central 
Clean-up 

Lagoon, 
Onsite 

Digestion 
to 

Fuel with 
Central 

Clean-up 
Pastur

e 

Scrap
e 

Only 
Capital $6.9 $7.2 $6.8 $5.3 $5.1 $7.2 $5.7 $5.9 $7.2 $1.6 
O&M $5.5 $5.3 $4.8 $4.5 $3.1 $4.2 $2.5 $4.3 $2.8 $0.4 
Revenue $3.6 $16.0 $3.6 $16.0 $2.6 $11.4 $2.6 $11.4 -- -- 

10-year net present value (NPV) and cost effectiveness  
NPV  
(million $) -$8.8 $3.6 -$8.0 $6.2 -$5.6 $0.0 -$5.7 $1.2 -$9.9 -$2.1 
$/MT CO2e 
(20-yr GWP) 21 -8 19 -15 13 0 13 -3 29 5 
$/MT CO2e 
(100-yr GWP)  60 -24 55 -42 38 0 39 -8 82 14 

Source: CARB. SLCP Reduction Strategy. March 2017, 
https://www.arb.ca.gov/cc/shortlived/meetings/03142017/final_slcp_report.pdf. Summation may not be exact due 
to rounding. Capital costs amortized over 10 years with 7 percent interest. Discount rate is 5 percent. Costs 
normalized to example 2,000-cow dairy. Revenue includes carbon credits for electricity, LCFS value, RINS, and 
other revenue.  
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Figure 82: Dairy Cost Curves by Pathway 

 
Source: California Air Resources Board. Short-Lived Climate Pollutant Reduction Strategy., March 2017. Available 
at https://www.arb.ca.gov/cc/shortlived/meetings/03142017/final_slcp_report.pdf. 

Renewable Gas Revenue Streams 
Renewable gas projects are able to capitalize on a variety of revenue streams in addition to the 
sale of the fuel itself. Renewable gas projects often rely on these alternative sources of income, 
including credits and by-products, to be economical. The revenue of a facility depends highly 
upon the type of energy product that is produced. Table 24 illustrates the types and range of 
revenue that renewable gas projects may earn by producing CNG vehicle fuel, hydrogen fuel cell 
vehicle fuel, and electricity. 

 
 
 
 
 
 
 
 
 
 

 



 
 

282 

 

Table 24: Renewable Gas Facility Revenue Ranges by End Use 

 
Revenue Range Current Revenue 

(End of May 2017) Low High 

C
N

G
 V

eh
ic

le
 F

ue
l 

Retail CNG Sales or Fuel Savings ($/MMBtu) or 
Henry Hub Pipeline RNG Sales [$/MMBtu] 

$13.30 
[$2.00] 

$22.00 
[$5.00] 

$22.00 
[$3.00] 

RFS D5 RIN Credits ($/MMBtu)* or 
RFS D3 RIN Credits [$/MMBtu]** 

$9.80 
[$24.40] 

$15.80 
[$36.30] 

$13.00 
[$33.50] 

Cellulosic Waiver Credits ($/MMBtu)514 
(cannot be earned with RFS D3 RINs, but can with 

D5 RINs if eligible feedstock) 
$6.00 $26.00 $15.70 

LCFS Credits ($/MMBtu)*** $1.35 $46.50 $4.30 - $26.80 

H
yd

ro
ge

n 
V

eh
ic

le
 F

ue
l Hydrogen Fuel Sales ($/kg) 

[$/MMBtu] 
$7/kg 
[$88] 

$18/kg 
[$158] 

$10/kg 
[$106] 

RFS D5 RIN Credits ($/MMBtu)515 or 
RFS D3 RIN Credits [$/MMBtu] 

$8.40 
[$27.50] 

$11.50 
[$31.60] 

$11.80 
[$30.40] 

Cellulosic Waiver Credits ($/MMBtu)Error! Bookmark not 

efined. 
(cannot be earned with RFS D3 RINs, but can with 

D5 RINs) 

$6.00 $26.00 $15.70 

LCFS Credits ($/MMBtu)**** $4.40 $32.20 $14.70 - $19.10 

E
le

ct
ric

ity
 

Electricity PPA ($/MMBtu)   or 
BioMAT PPA [$/MMBtu] 516       or 

Energy Savings {$/MMBtu} 

$19.60 
[$37.40] 
{$26.40} 

$35.20 
[$57.70] 
{$58.60} 

 
[$37.40 - $51.50] 

 

SGIP ($/W)517 
[$/MMBtu capacity] 

(one-time rebate; cannot be earned with BioMAT 
PPA) 

$1.00/W 
[$33.50] 

$1.20/W 
[$40.20] 

$1.20/W 
[$40.20] 

Cap-and-Trade Offset 11.66/MT-
CO2e 13.24/MT-CO2e $12.45/MT-CO2e 

G
en

er
al

 Tipping Fee (for accepting feedstock material) $35/ton $126/ton $45/ton 

Biosolids Compost/Soil Amendment Sales $10/ton $16/ton $0 

Liquid Fertilizer Sales TBD TBD $0 

* Assume 2016 – 2017 current year (2017) D5 RIN credit price range of $0.76 to $1.22/RIN.  
** Assume 2016 – 2017 current year (2017) D3 RIN credit price range of $2.19 to $2.80/RIN. 
*** Assume LCFS historical credit range of $22 to $122/MT-CO2e, biomethane CI range of 30.92 to -272.97 
gCO2e/MJ, diesel CI of 98.44 gCO2e/MJ for 2017, and EER of 0.9 for spark-ignition engines. A range of LCFS 
revenue at the end of May is shown for a range of carbon intensity pathways at the same credit price.  
**** Assume LCFS historical credit range of $22 to $122/MT-CO2e, hydrogen CI range of 47.73 to -12.65 
gCO2e/MJ, California reformulated gasoline CI of 95.02 gCO2e/MJ for 2017, and EER of 2.5 for light-duty fuel cell 
electric vehicles. A range of LCFS revenue at the end of May is shown for a range of carbon intensity pathways at 
the same credit price. 
Source: California Energy Commission. 

                                                 
514 Cellulosic Waiver Credits may be earned only if choosing to receive D5 RIN credits in lieu of D3 RIN credits. The 
Cellulosic Waiver Credit price per credit is $2.00 for 2017, $1.33 for 2016, $0.64 for 2015, and $0.49 for 2014. 

515 One kilogram of renewable hydrogen can potentially earn 1.5 RIN credits, based upon calculations from Section 
80.1415 of the Renewable Fuel Standard. 

516 BioMAT PPA is limited to electricity generation facilities less than or equal to 3 MW capacity (up to 89,671 MMBtu per 
year, assuming 100 percent capacity factor). 

517 Step 1 through Step 3 of the 2017 Self-Generation Incentive Program Handbook, including $0.60/watt biogas adder. 
Assumes 100 percent capacity factor. 
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Vehicle Fuel Revenues 

Vehicle fuel production projects are eligible to earn federal RFS RIN credits, as well as California 
LCFS credits. Many biomethane vehicle fuel projects largely rely on these credits as a major 
source of income. Both programs create credits for biomethane production through a trading 
system, but with different obligations. The RFS focuses on mandated renewable fuel consumption 
volumes nationwide, whereas LCFS regulates the average life-cycle emissions of transportation 
fuels in the California market. The credits from these programs are globally tradable as open 
market commodities, and are susceptible to price fluctuations. In addition, they are greatly 
affected by regulatory and policy uncertainty. 

The credits from these programs are globally tradable as open market commodities. Credits are 
susceptible to price fluctuations; in addition, they are affected largely by regulatory and policy 
uncertainty. Often the RIN and LCFS credit revenue is negotiated to be split among the biogas 
producer (the credit generator) and the biomethane fuel distributor and customer. The 
biomethane fuel may also be sold at a price below the price of conventional natural gas to 
negotiate an offtake agreement. 

As of spring 2017, nearly 60 percent of the natural gas sold in California for transportation and 
registered with CARB’s LCFS program was in the form of biomethane; however, estimates from 
LCFS program data are that the vast majority (more than 90 percent) was captured and imported 
from out-of-state facilities into shared interstate pipelines. 

Figure 83 illustrates potential credit for biomethane production under RFS and LCFS. Potential 
credits are calculated based on historical prices and the rules of RFS and LCFS. Three major types 
of production pathways are included: biogas from animal waste (primarily dairies), high-strength 
anaerobic digestion, and upgraded landfill gas. Biomethane from landfill gas earns fewer LCFS 
credits due to the high carbon intensity; as a result, the combined credit value of the biomethane 
can be significantly affected by RIN price. Given the uncertain future of RFS, biomethane from 
landfill gas might be impacted most from an absent (or weakened) RFS, whereas biomethane 
from dairies would be impacted less. 
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Figure 83: Historical RIN and LCFS Credits per MMBtu Produced for Four Major Renewable 
Gas Production Pathways 

 
Source: California Energy Commission analysis. D5 RIN price applied for estimate; LCFS EER=0.90; CI for diesel 
based on LCFS by years. 
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Bioenergy developers, utilities, local agencies, agricultural stakeholders, and vehicle 
manufacturers alike support the Low Carbon Fuel Standard (LCFS) program. The Agricultural 
Energy Consumers Association and Agricultural Council of California, George Sterzinger, Debbie 
Killey, California Bioenergy, CR&R, Genifuel Corporation, Victor Valley Wastewater Reclamation 
Agency, Bioenergy Association of California, American Biogas Council, Organic Waste Systems, 
North American Repower, Coalition for Renewable Natural Gas, PG&E, Los Angeles County 
Department of Public Works, and Fulcrum Bioenergy all provided comments emphasizing the 
importance of the credit market.518 

They also requested consideration of the following program revisions: 

• Create mechanism for long-term market certainty for renewable gas by establishing 
conditions conducive to long-term contracts or long-term guarantees of credit values; 
establish an LCFS credit reserve and third-party market which provides for long-term 
contracts and guaranteed credit values; or set a floor of credit price. 

• Extend LCFS program and increase carbon intensity requirement beyond the 10 percent 
level. 

• Develop a program to encourage LCFS prioritization of California projects. 

• Create a mechanism to provide a portion of LCFS credits to end users, not just 
producers/distributors. 

• Provide an LCFS pathway for electric charging from renewable gas. 

Electricity Generation Revenues 
Renewable gas can be used for power generation as renewable electricity. These electricity 
generation projects can offset current onsite electricity usage or sell their electricity through 
power purchase agreements with an electric utility company. As mentioned, biomass electricity 
projects are eligible to earn a financial incentive through California’s SGIP, which provides $1.20 
per watt of capacity in 2017.  

The BioMAT program offers up to 250 MW cumulatively to eligible bioenergy projects through a 
fixed-price standard contract to export electricity to California’s three large investor-owned 
utilities. Critically, this contract can be long-term, lasting from 10 to 20 years, and counts toward 
the utilities’ RPS targets. Table 25 summarizes BioMAT program information for California’s 
three major investor-owned utilities. The three categories of projects are defined as follows: 

• Category 1: Biogas from wastewater treatment, municipal organic waste diversion, food 
processing, and codigestion – 110 MW 

• Category 2: Dairy and other agricultural bioenergy – 90 MW 

• Category 3: Bioenergy using byproducts of sustainable forest management (including 
fuels from high hazard zones effective February 1, 2017) – 50 MW 

                                                 
518 Stakeholder comments are available online under Docket 17-IEPR-10, Renewable Gas, 
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17-IEPR-10. 
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Since the beginning of the program in February 2016, there have been a small number of power 
purchase agreements contracted under the BioMAT program. Only 2.45 MW (2 PPAs) of Category 
1 have been used for P&GE, 1.99 MW for SCE Category 1, and 3.0 MW (1 PPA) for SDG&E 
Category 1. To date, there are no executed contracts under Categories 2 and 3. However, there are 
fewer than five unaffiliated applicants in the statewide pricing queue for Category 1, six applicants 
queued for Category 2 (Dairy), three applicants for Category 2 (Other Ag), and four applicants for 
Category 3.519 At the August 10, 2017, Dairy and Livestock Subgroup #2 meeting, dairy 
biomethane project developers vocalized strong intent to use BioMAT in the coming years as their 
projects become operational. In January 2021, the BioMAT program will expire. 

Table 25: BioMAT Program Information for Three Major IOUs 
 Program Capacity (MW) Statewide 

Price as of 
August 1, 2017 

($/MWh) 

 
PG&E SCE SDG&E 

Category 1 30.5 55.5 24 $127.72 
Category 2 

• Dairy 
• Other Ag 

33.5 56.5 0 
 

• 175.72 
• 187.72 

Category 3 47 2.5 0.5 $175.72 

Source: California Public Utilities Commission 

Bioenergy developers and California utilities – Bioenergy Association of California, American 
Biogas Council, Organic Waste Systems, Victor Valley Wastewater Reclamation Agency, Clean 
Energy, PG&E, and SoCalGas – suggested opening a proceeding to allow for changes to the RPS 
and BioMAT to better support and promote bioenergy. Proposed changes may include allowing 
for procurement of larger or variable power capacities or creating a mandated ratio of renewable 
energy from biomass. Also suggested is increasing Self-Generation Incentive Program funding for 
renewable gas generation and use.520 

Additional Renewable Gas Project Revenues 

In the case of MRFs, transfer stations, and WWTPs, biomethane facilities may earn revenue from 
tipping fees by receiving and processing wastes for industries or municipalities.  

Projects may also seek to convert liquid effluent into a salable liquid fertilizer and process the 
digestate biosolids coming out of the digester into a compost or soil amendment product. 
Likewise, gasification systems may market resulting biochar as a soil amendment. The 
development of commercial certifications for these commodities is being pursued. If these by-
products are not sold, there are disposal fees associated with the associated removal. 

In addition to the revenue streams laid out in Table 7, biogas projects may be eligible for various 
state and federal tax credits and exemption programs. Biogas projects may also be eligible to 

                                                 
519 PG&E. BioMAT Queue Information: Program Period 10-CAT3 (as of September 8, 2017). September 2017. 

520 Stakeholder comments are available online under Docket 17-IEPR-10, Renewable Gas, 
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17-IEPR-10. 
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apply for government incentives, including grants from the Energy Commission’s Alternative and 
Renewable Fuel and Vehicle Technology Program, CDFA’s Dairy Digester Research and 
Development Program, and CalRecycle’s Organics Grants Program. 

The role of tipping fees was also a recurring topic in the workshop. Tipping fees vary throughout 
California (ranging from $35 per ton to $112 per ton), which can affect the economic viability of a 
renewable gas project. The Agricultural Energy Consumers Association and the Agricultural 
Council of California521 suggested that increased tipping fees would allow incentives for higher 

volumes of renewable gas from municipal solid waste. 

Long-Term and Alternative Pathways for Renewable 
Gas 
Alternative pathways for converting organic waste resources into renewable gas exist, but have 
not been as widely adopted or demonstrated. These technologies may not present cost-effective 
strategies for meeting the 2030 goals of SB 1383 at this time; however, they may be beneficial for 
meeting California’s longer-term climate change goals. 

Emerging Thermochemical Pathways and Woody Biomass 
There are many ways renewable gas can be produced. However, policies and programs have 
supported mostly anaerobic digestion to date. While anaerobic digestion is effective for feedstocks 
such as MSW organics, food waste, wastewater, and dairy manure, this widely adopted process 
cannot readily handle lignocellulosic compounds from wood and green waste. 

Organic wastes can be broken down thermochemically under high temperature and/or pressure 
via gasification or pyrolysis. Gasification and pyrolysis allow for the conversion of woody, 
herbaceous, and other organic material that are difficult or impossible to be digested. The product 
gas (syngas) can be directly applied for energy generation; used as a hydrogen source for refining, 
chemical manufacturing, or fuel cell vehicles; or converted into renewable gas. Reacting syngas 
with certain catalysts will induce methanation, producing methane and water. Compared to 
biological conversion processes such as anaerobic digestion, these thermochemical methods allow 
for greater conversion yield, improved performance control, fine-tuning, predictability, and a 
wider range of feedstocks. However, more durable materials and intense processing conditions 
are needed, which incur higher capital costs. Gasification technologies have been limited to pilot-
scale and demonstration-scale projects in California to date. 

Compared to anaerobic digestion technologies, gasification systems are relatively more capital 
cost-intensive; however, they allow for more rapid throughput, which increases the yield and 
revenue from the renewable gas product and reduces residue disposal costs. Gasification systems 
are still in the pilot and demonstration phases and have not been commercially installed in 
California. As the technology matures, process efficiency enhancements are made, and supply 
chains are developed, the costs of gasification systems will likely decrease below those costs 

                                                 
521 http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-
10/TN220223_20170714T164531_Michael_Boccadaro_Comments_Agricultural_Energy_Consumers_Associ.pdf.  
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presented in Table 26. Additional data are needed to assess the cost for gasification in terms of 
producing transportation fuel and to refine cost estimates for all potential end uses of syngas. 

Table 26: Gasification Facility Capital Cost Ranges 

Gasification System522 

 

Capital Cost Range ($ Per MMBtu Per Year 
Capacity)* Unless Otherwise Stated 

Low 
(Large-Scale) 

High 
(Small-Scale) 

Feedstock Handling Equipment $5 $21 
Gasifier Unit $48 $75 

Syngas Clean Up Equipment $6 $62 
Facility Engineering, Construction and 

Permits 
N/A N/A 

Subtotal Cost $135 $440 
Contingency (7 percent) $9 $31 

Syngas Plant Total Cost $144 $471 
Methanation Unit* N/A N/A 

Fischer-Tropsch System** $110,000 barrel/day $200,000 barrel/day 
*Only required when biomethane is the desired product  
**Only required when liquid hydrocarbon-based fuel is the desired product.  
Source: California Energy Commission. 

Stakeholders emphasized the importance of emerging technologies that can support longer term 
SLCP goals. 

In their comments,523 several renewable gas developers, vehicle manufacturers, and academic 
institutions, including the University of California, Riverside; Los Angeles County Department of 
Public Works; Oberon Fuels; Volvo; Coalition for Renewable Natural Gas; Methanol Institute; 
Fulcrum; and Bioenergy, called for increased focus on and support for emerging conversion 
pathways. Increased research, development, and demonstration funding was also supported. 
Comments revealed that government agencies should promote technologies that maximize the 
greatest levels of GHG emissions reduction benefits at the lowest cost, while preserving the 
potential to reduce GHG emissions from emerging fuels and transformative conversion 
technologies not yet fully mature or developed. 

Stakeholders, including the BioEnergy Producers Association, indicated that a review of already 
enacted legislation is needed to ensure that neutral definitions of renewable gas sources and 
conversion technologies are adopted.524 Statutory and regulatory policies are not unified in 
acknowledging the potential role of emerging conversion technologies in producing renewable 
gas, as these technologies were not well understood during the development of state legislation. 
Corrective action can be pursued to define renewable gas eligibility consistently for funding 
incentives, potential regulations, and policy proceedings, which would provide a level playing 

                                                 
522 Reflects cost range for different types and sizes of landfill gas collection systems designed to produce renewable gas 
for transportation fuels. 

523 Stakeholder comments are available online under Docket 17-IEPR-10, Renewable Gas, 
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17-IEPR-10. 

524 Ibid. 
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field for these conversion pathways. For example, California Health & Safety Code Section 25420 
could be amended to include biogas produced from non-combustion thermal conversion of 
eligible biomass feedstock, which would allow access to the pipeline for renewable gas produced 
from a pathway other than anaerobic digestion. Policy revisions and incentive funding for these 
newer conversion technologies could improve private investor confidence to finance these types of 
projects and could allow for open market competition to determine the most cost-effective 
solutions. 

Power-to-Gas 
An emerging use of renewable hydrogen is as electricity grid storage and balancing mechanism 
called power-to-gas (P2G). As discussed in Chapter 3, renewable hydrogen produced via 
electrolysis can provide a load when wind or solar generation may otherwise be curtailed, and be 
used later by highly dynamic electrolyzers and fuel cells.  

Detailed economic analyses by the National Fuel Cell Research Center calculated the levelized 
cost of returned energy for a power-to-gas system to be $20.57–$66.60/MMBtu under current 
costs and efficiencies. These costs can be reduced to $14.97–$44.38/MMBtu with future cost 
reductions and efficiency improvements.525 

The California Hydrogen Business Council, National Fuel Cell Research Center, ITM Power, and 
H2B2 USA LL supported hydrogen-based solutions526 (such as using renewable gas to produce 
renewable hydrogen for fuel cell technologies, or power-to-gas), discussed more thoroughly in 
Chapter 3. 

Other Fuel Pathways 
Fast pyrolysis (another thermochemical process) can process organic waste to produce a 
renewable syngas, which can be an intermediary in producing synthetic methane. Alternatively, 
other processes such as Fischer-Tropsch can be applied to syngas to produce renewable liquid 
hydrocarbon fuels, such as biocrude, renewable gasoline, renewable diesel, or renewable jet fuel. 
Renewable fuels, including renewable gas, are those fuels derived from renewable sources or 
feedstocks. The fungibility, or interchangeability, of these renewable fuel products with 
conventional liquid fuels allows for tremendous market penetration potential. Although these 
conversion processes have been technically viable for more than half a century, they have yet to 
become economically cost-effective. 

Biomethane can also be upgraded into renewable dimethyl ether (DME). DME is a clean-burning 
fuel with no particulates formation, is suitable for compression ignition engines with 
modifications, and handles similar to propane, enabling it to rely on existing propane 
infrastructure. DME has been used for decades as an energy source in other countries, but is only 
now being tested in the United States. 
                                                 
525 SoCalGas, CEC Pre-Solicitation Workshop on Implementation Strategies for Production of Renewable Hydrogen in 
California, January 2017, http://docketpublic.energy.ca.gov/PublicDocuments/17-HYD-
01/TN215722_20170201T140602_CEC_PreSolicitation_Workshop.pdf. 

526 Stakeholder comments are available online under Docket 17-IEPR-10, Renewable Gas, 
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17-IEPR-10. 
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In its written comments, the Union of Concerned Scientists emphasized, “Biomethane represents 
an important option for low-carbon fuels, but, like all biofuels, its potential supply is limited, so 
we need to be smart about where we use it.”527 

Flaring 
Landfills and WWTPs are required to install anaerobic digester systems to capture methane; 
however, more than half of these sites flare the biomethane, rather than repurpose it. Many 
dairies that use slurry and scrape systems also capture and flare their biogas. Although flaring 
both destroys extracted methane that would otherwise create an explosion hazard and reduces 
GHG emissions, it creates NOx emissions – often in air basins that are in nonattainment for 
ozone precursors. Alternatives to flaring can potentially generate less NOx emissions. For 
example, as shown in Table 27, microturbines meeting California’s distributed generation 
standards perform significantly better than flares for both NOx and volatile organic compounds 
(VOC) emissions. However, reciprocating internal combustion engines and turbines generate 
more NOx emissions than flares. 

In addition, while flaring is one method of preventing methane emissions, it does not take full 
advantage of the economic benefits of using renewable gas as an energy source. Alternatives can 
generate positive net revenues for the landfill, whereas flare operations constitute an ongoing cost 
because they generate no revenue. An ICF study indicated the cost of abatement between $2–
$9/MT-CO2e for cover-and-flare systems at existing dairy lagoons, but costs in California are 
believed to be much higher than what is presented in the literature, given more stringent 
regulatory requirements.528, 529 

 

 

 

 

 

 

 

 

 

                                                 
527 http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-
10/TN220161_20170714T105011_Jimmy_O'Dea_Comments_Union_of_Concerned_Scientists_Comments_on.pdf. 

528 ICF International, 2013. Greenhouse Gas Mitigation Options for Agricultural Land and Animal Production within the 
United States. 

529 Sustainable Conservation, Greenhouse Gas Mitigation Strategies for California Dairies, July 2015, 
http://suscon.org/pdfs/news/pdfs/GHG_Mitigation_for_Dairies_Final_July2015.pdf. 
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Table 27:  LFG Utilization - Most Stringent Emission Limits and Estimated Net Revenue 
Extracted 
LFG Fate VOC NOx Estimated Costs and  

Revenues 
Landfill Gas  
Flare 0.009 lb/MMBtu530 0.025 lb/MMBtu2 - $23,200/yr (annual operating 

cost)531 
Landfill Gas 
Turbine - IC 
Engine 

0.005 lb/MMBtu2 0.036 lb/MMBtu2 + $0.08 per kWh.532 

Landfill Gas 
Microturbine 0.001 lb/MMBtu533 0.005 lb/MMBtu5 

Expected positive net revenue by 
selling power generation back to the 
grid. 

Landfill Gas 
Captured and 
Conditioned for 
Vehicle Fuel 

Regional 
reductions due to 
displaced diesel 
transport 

Regional 
reductions due to 
displaced diesel 
transport 

Pipeline Injection:  Approx. 
$5/MMBtu in net revenue534 
  
On-site Fueling 
Same credit and RIN revenues, but 
reduced conditioning costs and no 
pipeline injection costs, resulting in 
higher net revenues. 
 

Source: California Air Resources Board 

Conclusions 
Existing state government policies, regulations, incentives, and proceedings have stimulated the 
success of several anaerobic digester projects using renewable gas from dairy farms, wastewater 
treatment plants, and projects diverting organic food waste from landfills to produce electricity 
and transportation fuels. There remains significant, untapped potential to capture value from 
wasted resources and reduce short-lived climate pollutant and other emissions in California. Two 
independent studies carried out by UC Davis and ICF International concluded that existing 
government policies (with some modifications) could support the substantial growth of renewable 
gas, particularly as a transportation fuel to increase production up to at least 750 million gallons 

                                                 
530 California Air Resources Board. November 2011. Air Quality Guidance for Siting Biorefineries in California, 
Biorefineries Guidance Document. 
https://www.arb.ca.gov/fuels/lcfs/bioguidance/biodocs/finalbiorefineryguidenov2011.pdf. 

531 California Air Resources Board. March 1998. Noncombustion Landfill Gas Control Technologies. 
https://www.arb.ca.gov/research/apr/reports/l011.pdf. ARB added the annualized purchase and installation costs of the 
landfill flare and distributed the associated cost over a 25-year period. 

532 CARB staff assumed with an O&M costs of $0.01-$0.02 per kWh, using current BioMAT contract prices of $0.186 per 
kWh, the revenue would be somewhere in the $0.09 range. The net revenue is expected to make $0.08 per kWh after 
O&M costs. 

533 California Air Resources Board. November 2001. Guidance for the Permitting of Electrical Generation Technologies. 
https://www.arb.ca.gov/energy/dg/guidance/guidelines.pdf. 

534 LCFS credit revenues were calculated using the LCFS Credit Price Calculator 
(https://www.arb.ca.gov/fuels/lcfs/dashboard/creditpricecalculator.xlsx), assuming a $76 credit price, and a carbon 
intensity of 45 gCO2e/MJ. The RIN value was from Sheehy, Philip. “Overview of Renewable Fuel Standard.” Presentation 
to the Dairy and Livestock Subgroup #2 Public Meeting. September 7, 2017. https://arb.ca.gov/cc/dairy/documents/09-
07-17/icf-presentation-090717.pdf. Costs were from Amy Myers Jaffe. June 2016. The Feasibility of Renewable Natural 
Gas as a Large-Scale, Low Carbon Substitute. ARB Contract No. 13-307. https://www.arb.ca.gov/research/apr/past/13-
307.pdf.  
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per year (DGE) by 2030. Both studies noted that renewable gas production can generate up to 
four times the revenue for transportation fuel use compared to electricity from the same 
renewable gas sources because of the monetary value of credits generated from the federal 
Renewable Fuels Standard and California LCFS for renewable transportation fuels. As a 
consequence, projects and policies supporting cost-effective renewable gas development and use 
in California are important to achieving a significant reduction of methane and help achieve the 
short-lived climate pollutant goal of reducing methane 40 percent below 2013 levels by 2030. 

The two independent studies and workshop comments noted that several challenges might 
impede achieving the full growth potential and recommended actions to address these challenges. 
The most notable challenge for renewable gas use within the next 5 to 10 years is the limited 
number of models and production volume of natural gas vehicles – the most likely near-term 
transportation option for renewable gas. Vehicle manufacturers produce natural gas transit buses, 
refuse trucks, package delivery vehicles, and long-haul trucks. Natural gas trucks and buses 
compete well on fuel price with diesel vehicles, but natural gas trucks and buses cost 15 to 20 
percent more than equivalent diesel vehicles and will require incentives to cover differential costs 
until vehicle costs reach parity with diesel vehicles. New natural gas engines can also offer a low 
nitrogen oxide tailpipe emission benefit to help comply with the 2023 National Ambient Air 
Quality Standards. 

State agencies have policies in place or under development to support renewable gas markets. 
Additional policies may be needed, and agencies may also need to modify, reconfigure, and 
enhance existing regulations, policies, and programs to fully enable cost-effective 
commercialization of renewable gas and maximize methane emission reductions. These existing 
policies and programs will also shape the role of utilities in ensuring the safety and reliability of 
the natural gas system and determining the extent of their investment in renewable gas projects. 

The two independent studies also noted that to achieve full renewable gas growth potential, 
research and development will be required in several promising yet not commercially available 
waste conversion technologies to show proof of concept and demonstrate market applications, 
using a broader range of California waste residue sources and overgeneration of renewable 
electricity sources that are not suitable for anaerobic digestion. These projects will require 
additional government investment to explore potential outcomes beyond the next five years. 

Recommendations 
• Focus on near-term opportunities that maximize greenhouse gas (GHG) 

emissions reduction benefits. State funding agencies – the Energy Commission, the 
California Air Resources Board (CARB), the California Public Utilities Commission 
(CPUC), the California Department of Food and Agriculture (CDFA), and the California 
Department of Resources Recycling and Recovery (CalRecycle) – should focus on cost-
effective strategies to develop markets for renewable gas. This 2017 Integrated Energy 
Policy Report has revealed that renewable gas produced from anaerobic digestion used as 
a transportation fuel in near-zero emission, heavy-duty vehicles is the most likely near-
term solution. Projects at dairies or utilizing organic waste diverted from landfills offer 
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significant short-lived climate pollutant reductions. Other sources of renewable gas, 
including power-to-gas or projects using waste woody biomass may also offer additional 
co-benefits, and deserve further research and demonstration. Attention should be focused 
on projects that can cost-effectively begin to capture and beneficially re-use methane in 
the next 5 years, when the need for short-term climate pollution reduction is at its peak. 
Additionally, the Energy Commission and the CPUC should expand research efforts and 
increase natural gas research and development funds for adaptation, safety, energy 
efficiency, and natural gas engine technologies. 

• Encourage renewable gas for use in state fleets. For medium-duty and heavy-duty 
vehicles in the state and local fleets that have no zero-emission options available, the 
Department of General Services, the state’s education system (University of California 
and California State University) should seek out cost-effective opportunities to use 
renewable gas with low NOx natural gas engines. 

• Continue the Low Carbon Fuel Standard (LCFS). CARB staff should continue to 
develop amendments to the LCFS that extend GHG emission reduction targets beyond 
2020, and strengthen the carbon intensity reduction targets beyond 2020 in line with 
California’s 2030 GHG reduction reduction requirement enacted through Senate Bill 
32.535 CARB should also consider the feasibility of a pathway for renewable gas to electric 

vehicle charging and hydrogen fuel production under the LCFS. 

• Use a common feedstock collection, procurement, and supply framework. 
CARB should organize an interagency team to maintain a state-wide feedstock inventory. 
University of California, Davis (UC Davis) staff should be included in the process and 
CARB should use the UC Davis inventory as a foundation. Additionally, CARB should 
amend the LCFS regulation to add trackable unique identifiers to LCFS credits. Credits 
are not currently associated with either the fuel pathway (all pathways identify 
feedstocks) under which they were generated, the fuel producer, or a generation date. If 
credits could be traced back to the pathway, date, and producer, it would be possible to 
use the credit data to better understand which feedstocks are being used to produce LCFS 
fuels, as well as the date and location of production. 

• Address California Environmental Quality Act concerns. CalRecycle and CARB 
should work with local partners to develop additional tools, such as programmatic 
environmental impact reports, to assist the development of additional renewable gas 
production facilities. Additionally, in updating requirements for Solid Waste Facilities 
through the Senate Bill 1383 regulatory process, CalRecycle should facilitate community 
engagement early in the environmental review process for new and expanded solid waste 
facilities. 

• Prioritize disadvantaged communities. CARB should work with local governments 
and environmental justice groups in disadvantaged communities to consider the local 

                                                 
535 https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160SB32.  
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impacts, as well as air quality and economic benefits, of renewable gas projects, and 
develop emissions and air standards. Agencies awarding funding for projects that recycle 
organic waste and produce renewable gas should mirror Greenhouse Gas Reduction Fund 
funding criteria for these projects and require applicants to demonstrate engagement 
with communities within a one-half mile radius of the proposed facility. 

• Implement policies to build commercial markets for renewable gas. The CPUC 
should continue its efforts to implement dairy renewable gas pilot projects to 
demonstrate interconnection to the common carrier pipeline system, as outlined in the 
Order Instituting Rulemaking 17-06-015.536 Following the completion of dairy pilot 

projects, the CPUC should continue to evaluate methods to facilitate increased use of 
renewable gas. Pursuant to Assembly Bill 2313,537 the CPUC should evaluate the current 

monetary incentive programs for renewable gas production and pipeline interconnection 
and consider whether it is prudent reasonable to continue those incentives, which are 
funded through utility rates. Pursuant to SB 1383,538 CARB should consider additional 

infrastructure development and procurement policies to encoureage dairy renewable gas 
projects, and state agencies should consider and, as appropriate, adopt policies and 
incentives to significantly increase the sustainable production and use of renewable gas. 
Additionally, Section 784.1(a) of the Public Utilities Code539 requests the California 

Council on Science and Technology to “undertake and complete a study analyzing the 
regional and gas corporation specific issues relating to minimum heating value and 
maximum siloxane specifications for [renewable gas] before it can be injected into 
common carrier gas pipelines.” Section 784.1(c) requires the CPUC to reevaluate the 
biomethane pipeline injection requirements and standards based on the results of the 
California Council on Science and Technology study and pursuant to its administrative 
process, which would include the opportunity for public comment and stakeholder 
engagement on the conclusions and recommendations of the study.  

• Continue developing mechanisms for long-term market certainty for 
renewable gas. CARB staff is currently in the process of developing a Pilot Financial 
Mechanism as directed by Senate Bill 1383. Two financial methods are under 
consideration for the pilot: “contracts for difference” and “put options.” Senate Bill 1383 
also requires CARB to make recommendations to the Legislature for expanding this 
mechanism to other sources of biogas. 

• Incentivize long-term feedstock supply contracts. The LCFS incents but does not 
require long-term feedstock supply contracts. While regulated entities and trading 
partners would likely find such contracts to be advantageous under many circumstances, 

                                                 
536 http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M191/K136/191136501.PDF. 

537 https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160AB2313.  

538 http://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160SB1383. 
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CARB should be open to considering reasonable measures that would further incent these 
long-term contracts to provide further stability and certainty to the LCFS credit market. 
CARB is currently exploring such measures as part of the dairy working group effort in 
conjunction with the effort to develop a pilot financial mechanism. 

• Determine methods to increase landfill tipping fees. To accelerate the production 
of renewable gas, landfill tipping fees should be increased to represent the true cost of 
disposal. Increases to the $1.40 Integrated Waste Management tipping fee (state disposal 
fee) could be used to support the recycling of organic waste. 

• Minimize flaring of landfill gas. The state should explore mechanisms to encourage 
landfills to transition from flaring, to capturing and converting renewable gas for use in 
transportation fuel. CARB should consider requiring landfill gas flares to meet stricter 
emission standards, such as those in the recently approved oil and gas regulation would 
be one mechanism. 

• Consider lessons learned from BioMAT. The BioMAT program is set to expire 
February 2021. The CPUC should consider lessons learned from BioMAT and determine 
next steps.  

• Reduce methane through recycling of organic waste. Senate Bill 1383 authorizes 
CalRecycle, in consultation with CARB, to develop regulatory requirements for cities, 
counties, and other entities to reduce short-lived climate pollutants and achieve waste 
reduction goals. To achieve this, CalReycle and CARB should solicit public feedback in the 
regulatory process to determine cost-effective strategies for recycling organic waste and 
technologies for producing renewable gas. CalRecycle and CARB should determine 
methods for promoting the use of renewable gas from organic waste recycling in the 
waste sector.  

• The Energy Commission should re-examine the status of renewable gas as 
part of the Integrated Energy Policy Report in 4 years.  

• See the recommendation in Chapter 8 to significantly expand the Energy 
Commission’s Natural Gas Research and Development program. 

• See Chapter 3 for further discussion on power-to-gas as a means to use 
excess renewable generation. 

 


