
Jill Nicholls PhD  Goldman School of Public Policy 
 

1 
 

 

The Low Carbon Fuel Standard and  
Dairy Practices in the San Joaquin Valley 

 
Manure, Biomethane, and Air Quality 

 
Jill Nicholls PhD 

May 22, 2023 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Disclaimer 
This report was prepared for the Center for Law, Energy & the Environment (CLEE), a climate policy research group 
based at UC Berkeley School of Law, to support CLEE's ongoing work on methane policy. The study was conducted 
as part of the program of professional education at the Goldman School of Public Policy, University of California, 
Berkeley. This paper is submitted in partial fulfillment of the course requirements for the Master of Public Affairs 
degree. The conclusions are solely those of the author and are not necessarily endorsed by the Goldman School of 
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I. EXECUTIVE SUMMARY 
 
California has a history of implementing ambitious environmental policies, including an early 
emphasis on greenhouse gas (GHG) reduction. As part of this strategy, SB 1383, passed in 2016, 
mandated a 40% reduction from 2013 levels in methane emissions from dairy cows—the 
leading source of methane emissions in the state—by 2030. The California Air Resources Board 
(CARB) employed the Low Carbon Fuel Standard (LCFS), a market-based program designed to 
decrease the carbon intensity of the state’s transportation fuels, to incentivize biomethane 
production from dairy manure. To participate, dairies employ an anaerobic digester to capture 
manure biogas that can be purified into biomethane for transportation fuel. These dairies are 
largely located in the San Joaquin Valley, which is home to about 90% of California’s 1.7 million 
dairy cows, as well as some of the worst air quality in the nation. 
 
The research question: 
 

• What are the impacts of dairy LCFS credits on methane emissions, dairy farm 
consolidation, and Valley air pollution?  

 
This project started with an analysis of perspectives of three key stakeholder groups and 
finished with a policy analysis and recommendations to improve the LCFS. The author chose the 
groups based on their different views about the impacts of LCFS dairy credits. Please note that 
summaries of stakeholder views are the author’s own, based on research, and the author is not 
intending to resolve or align the different viewpoints of the stakeholders: 
 

• Environmental Justice (EJ) advocates and the communities they represent  
• Dairy producers 
• CARB  

 
The most notable differences across stakeholder perspectives were about the effectiveness and 
equity (accounting for financial benefits and local environmental impacts) of LCFS dairy credits. 
EJ advocates oppose the credits, dairy producers would prefer they continue, and CARB is in the 
process of LCFS rulemaking to be finalized in 2024. CARB has indicated changes may include 
modifying how biomethane carbon intensity is determined and developing policies to support 
biomethane demand in the future. Though stakeholders do not disagree that the LCFS reduces 
methane, disagreements emerge about other outcomes. 
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Report Conclusions: 
 
1. LCFS dairy credits are significantly larger than those for other alternative fuels; the LCFS has 
increased dairy producer participation and dairy methane reductions. The LCFS rewards a dairy 

for (1) preventing manure methane from escaping into the atmosphere, and (2) producing     

biofuel that contributes to California’s low-carbon fuel pool. The avoided methane emissions 
provide most of the value to dairy biomethane credits, a benefit available to dairies but not to 
other alternative fuel producers. More than 200 anaerobic digester projects have been 
constructed since SB 1383 passed, using both public and private funding. Expert reports from 
CARB and UC Davis disagree about the projected biomethane reductions that will be reached by 
2030, but both recognize the significant contributions of dairy to livestock reductions. Though 
the LCFS reduces manure methane, it’s role in air quality is contentious, especially since it was 
not designed to directly reduce dairy air pollutants.  
 
2. Because LCFS dairy credits are large, dairy farms may change their practices to grow biogas 
revenues, such as by increasing herd consolidation. If consolidation rates increase, increased 
dairy air pollution and exposure of disadvantaged communities may increase environmental 
harm for Valley residents. Disadvantaged communities living near high concentrations of dairies 
report odors and air pollution, and EJ advocates contend that LCFS incentivizes consolidation 
and its consequences, especially by dairy operations associated with digesters and biomethane 
production facilities. The LCFS was implemented without simultaneous efforts to address local 
dairy air pollution and other community priorities, leading to resistance to the program by the 
EJ community. Consolidation—fewer but larger farms—is a longstanding trend for dairies in 
California. The state’s average herd size has been increasing for decades, while the total cow 
population has been stable since 2007 and is expected to gradually decline in coming years. The 
average dairy herd size has not increased since SB 1383 passed, but consolidation plus 
additional dairy/biomethane industry characteristics would provide a more complete picture of 
LCFS impacts looking ahead. 
 
3. Larger dairies can better afford to build and manage digesters, and therefore generate 
more revenue from the LCFS than smaller dairies without digesters. Digester subsidies, biogas 
revenue, and cost savings from economies of scale give larger dairy farms advantages compared 
to small farms. Smaller dairies without digesters manage their manure using non-digester or 
“alternative” management practices that do not yield revenue from the LCFS. Smaller dairies 
without digesters may be at a disadvantage and would benefit from having revenue-generating 
opportunities from manure management. California supports research and development to 
improve alternative practices; strengthening evidence on best manure management practices 
aids all dairies and should continue. Larger dairies have more cows and produce most of the 
state’s dairy methane, while smaller dairy farms represent more dairy farmers but produce less 
methane. Smaller dairy farm operations should have opportunities to implement environmental 
policies without disadvantage.  
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4. Novel approaches that reduce GHG emissions and air pollution equitably and 
simultaneously would provide a more durable solution. Air pollution and climate change occur 
together, but they are managed by different agencies and policy frameworks. It is well-
recognized that co-benefits from GHG emission reduction programs can improve air quality and 
public health, and these benefits can offset costs of GHG mitigation, but more can be done. 
Increasingly, climate change and air pollution are recognized as problems that can be more 
effectively addressed simultaneously. In the context of the LCFS, methane reduction, and air 
quality, dairies may be good candidates for a combined approach. Proposing policy alternatives 
to address this combined approach in depth is beyond the scope of this analysis, yet this 
conclusion represents an important outcome.  
 
Policy recommendations to limit LCFS’ negative impacts: 
 

• Develop and implement policies to co-reduce dairy methane and ammonia using lessons 
learned from the LCFS to reduce Valley air pollution and GHG emissions 

• Implement alternative financial mechanisms to manage risk for dairies and stabilize the 
LCFS biomethane market consistent with California’s 2045 goals  

• Continue research and development to improve dairy manure methane reduction, 
including digester and non-digester approaches and technologies 

• Increase accuracy of dairy emission measures, with and without digesters, to improve air 
quality models: increase dairy emission monitoring and establish dairy contributions to 
emission inventories 

 
Dairy producers are part of a food and agricultural system with environmental, social, economic, 
and health impacts in the Valley as well as national—and broader—implications. Dairies 
produce milk and dairy products, and they contribute to methane, ozone, particulate matter, 
ammonia, VOCs, and odor levels in different ways, including interactions between GHGs and air 
pollutants: 
 

• Ozone is a criteria air pollutant and a GHG, and methane reduction can help reduce local 
ozone over the short-term and global ozone over the long-term 

• Dairy manure methane reduction with anaerobic digestion may come at the expense of 
increased ammonia emissions from digestate; ammonia is an important agricultural air 
pollutant and a particulate matter precursor  

 
Dairy emission reduction efforts highlight a specific example of a broader need for better 
integration across climate change and local air quality policies. California methane emissions are 
managed in California by CARB yet have global consequences. Valley air pollution is primarily a 
local issue managed by the San Joaquin Valley Air Pollution Control District together with US EPA 
and CARB. Given the multiple impacts dairies have on the Valley environment, mitigating dairy 
GHG and air pollutant emissions together may be a more effective way to reduce emissions. 
Because disadvantaged communities disproportionately experience climate change and air 
pollution impacts, improved mitigation can lead to benefits for these communities. 
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II. INTRODUCTION 
 

The Problem 
 
California has been a leader in creating policy solutions to address climate change, air quality, 
and environmental protection for decades and, in the process, influencing climate leaders 
across the U.S. and globally. The state’s 2022 Scoping Plan for Achieving Carbon Neutrality 

sets a goal for cutting carbon emissions by 48% by 2030 and reaching carbon neutrality by 2045 
(CARB, November 16, 2022; AB 1279). 
 
California is second in the nation, after Texas, for total GHG emissions. Emissions from 
transportation, industry, and electricity make up about 75% of the total, while commercial and 
residential, agriculture, and forestry emissions make up the remaining 25%. Agriculture 
contributes 9% of California’s GHG emissions, most of which is methane. Methane is a colorless, 
odorless GHG that accounts for up to 30% of Earth’s warming (UNEP & CCAC, 2021). Methane 
forms during bacterial decomposition of organic material in the absence of oxygen. 
 

Figure 1: California’s Methane Emissions by Source (2019)  

  
   Source: Carb, 2022 Scoping Plan to Achieve Carbon Neutrality 
 

Dairy cows produce methane in their rumen and emit it as burps, known as enteric emissions. 
Dairies also emit methane from pooled manure as it decomposes during storage. From these 
sources, dairy emissions contribute about half of California’s methane (see Figure 1). California 
is home to 1.7 million dairy cows and is the most productive dairy state in the U.S. California 
dairies are largely located in the San Joaquin Valley (Valley) (Sumner, 2020).  
 
The Low Carbon Fuel Standard (LCFS) is one of a suite of California programs designed to reduce 
GHG emissions. It aims to reduce the carbon intensity (CI) of transportation fuels in California. 
The California Air Resources Board (CARB) oversees the LCFS and uses a system of fuel deficits 
and credits to reward producers of alternative, low-carbon fuels. In 2016, California’s SB 1383 
mandated livestock methane reductions of 40% of 2013 levels by 2030. CARB employed the 
LCFS to help dairies meet manure methane reduction goals. 
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This report aims to describe and assess the evidence supporting the perspectives about LCFS 
dairy credits of three main stakeholder groups: 
 

• Environmental Justice advocates and the communities they support 
• Dairy Producers  
• California’s Air Resources Board  

 
The report will analyze impacts of LCFS dairy credits on dairy methane reduction, dairy 
consolidation, dairy air pollution, and exposure of disadvantaged communities (DAC) to air 
pollution in the Valley. Please note the author is not intending to resolve or align the different 
viewpoints of stakeholders. Instead, the author will describe each stakeholder group’s 
perspective and offer insight into policy recommendations that may be of interest for all three 
groups. Background on all groups is provided below.  
 

The Stakeholders 
 
Environmental Justice advocates (EJ advocates) work to empower underserved communities 
and improve their environment and quality of life. In the Valley, many groups have been active 
representing the DAC perspective about the LCFS, including but not limited to Leadership 
Counsel for Justice and Accountability, Central California Environmental Justice Network, and 
the Central Valley Air Quality Coalition. The Valley is home to a higher proportion of DACs than 
the rest of the state, and the Valley’s unique social, economic, and environmental landscape 
contributes to the disproportionate burdens they experience. Valley EJ advocates have opposed 
CARB’s market-based approach to meeting the state’s 2030 dairy methane reduction goals 
because generous dairy subsidies may lead to larger farms that increase air pollution and harm 
Valley communities. CARB’s efforts to incentivize biomethane production without also directly 
addressing dairy contributions to Valley ozone and fine particulate matter (PM2.5), have led 
some EJ advocates to request California to exclude dairies from the LCFS and to replace avoided 
emissions accounting with direct regulations to meet 2030 methane reduction goals (Lazenby et 
al., October 27, 2021; Seaton et al., March 15, 2023). 
 
Dairy is the top agricultural commodity in California, and dairies in the eight Valley counties 
produce 20% of milk in the U.S. Methane reduction is a top global priority to reduce climate 
change. U.S. dairies have been growing and increasing production efficiency (milk per cow) for 
decades, and California has led the trend. Standard practice for dairies is to flush manure from 
free-stall barns and store it in open lagoons, which allows biogas—about 70% methane—to 
escape into the air. The LCFS rewards dairies for capturing biogas with an aerobic digester and 
turning it into pipeline-injectable biomethane. CARB’s LCFS supports California dairies to 
achieve the state’s 2030 methane reduction goals and national dairy industry goals to achieve 
GHG neutrality by 2050 (U.S. Dairy Net Zero Initiative). California dairies support the 
continuation of the LCFS program to reduce methane emissions at dairies (Dairy Cares, March 
15, 2023). 
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CARB has responsibility for programs and policies to reduce air pollution and fight climate 
change. The LCFS originated from the Global Warming Solutions Act of 2006, AB 32, and was 
designed to decrease the CI of California’s transportation fuels. British Columbia, California, and 
Oregon were the first to pass legislation to increase low CI fuels, and Washington recently  
passed a Clean Fuel Standard. New Mexico, Minnesota, Illinois, and Massachusetts are 
considering similar legislation. CARB employed the LCFS to incentivize dairies, the leading 
methane source in California, to reduce manure methane and meet the 2030 statutory goal in 
SB 1383. In addition to reducing dairy methane, the LCFS aimed to limit dairies from moving out 
of California to other states. While this approach has been effective to reduce methane during 
early stages of the LCFS, rulemaking to modify the LCFS is underway, and CARB is expected to 
vote on proposed changes in 2024. 
 
 

III. STAKEHOLDER PERSPECTIVES 
 
This section summarizes publicly expressed perspectives by the three stakeholders about the 
LCFS program based on the author’s research analyzing public comments, websites, and publicly 
available reports. These points were chosen to highlight different interpretations of LCFS dairy 
credits and their implications.  
 

EJ Advocates 
 

• LCFS dairy credits are overvalued 
• LCFS dairy credits can create perverse incentives that lead to dairy herd growth to 

maximize biogas profit 
• Dairy consolidation will result in increased dairy air pollution exposure by  

EJ communities 
 

Dairy Producers  
 

• External market forces determine dairy consolidation rates  
• Large dairy herds are more efficient at milk production and methane reduction 
• Anaerobic digesters will improve overall air and water quality 

 
California Air Resources Board 
 

• LCFS dairy biomethane CI scores reflect the difference between current manure 
management practices and captured methane emissions; they have been effective to 
reduce dairy methane during the voluntary phase of LCFS 

• In the near-term, LCFS dairy biomethane will be used less for transportation fuel, and in 
the long-term, complementary policies will support future dairy biomethane demand 

• 2024 rulemaking will include LCFS modifications for dairy biomethane 
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IV. CRITERIA FOR POLICY EVALUATION 
 
The author chose the criteria below to evaluate the LCFS policy alternatives proposed in this 
report. These criteria prioritize values that minimize air pollution and climate change, while 
minimizing disproportionate environmental harm to California communities. The criteria will be 
used to determine to what extent policy alternatives represent these values.  
 
Criteria: 
 

• LCFS incentives are effective to reduce methane 
• LCFS incentives minimize harm to the environment or local communities  
• LCFS incentives minimize harm to smaller dairies without digesters  
• LCFS incentives are acceptable to key political actors in California 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
  

“In the context of EJ, fairness means that the benefits  
of a healthy environment should be available to 
everyone, and the burdens of pollution should not be 
borne by sensitive populations or communities that 
already experience its adverse effects.”  

    
   California Attorney General Bonta  
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V. METHODS 
 

Literature Review 
 

This analysis reviewed publicly available peer-reviewed literature and grey literature such as 
government, technical, and research reports; press releases; and policy briefs. Reference 
inclusion criteria comprised:  
 

• References published or released after AB 32 (2006); Google Scholar was the main 
search engine used to locate peer-reviewed literature 

• Newer, directly-relevant studies, e.g., studies conducted in California, when available 
• Peer-reviewed research studies and reviews  
• Publicly-available agency publications, e.g., from CARB, US Environmental Protection 

Agency (EPA), and California Department of Food and Agriculture (CDFA) 
 

Interviews 
 

Select expert interviews were conducted to provide background about topics new to the author. 
Experts included a Clean Air Act lawyer at the UC Berkeley Goldman School of Public Policy, an 
Associate Professor of Environmental Science and Management at Cal Poly Humboldt, and an 
environmental justice research and policy expert who lives and works in the Valley. 
 

Analytical Framework 
 

The primary purpose of this report is to describe and assess the perspectives of the key 
stakeholder groups. As a student of policy analysis, the author deployed some of the tools 
described in the Eightfold Path for Policy Analysis (Bardach). The author developed criteria to 
evaluate, compare, and make recommendations among policy alternatives (see Section VIII). 
 

Scope 
 

This report focuses on the LCFS and dairy impacts regarding methane and air pollution 
emissions. Due to limited resources, it does not cover Valley water issues in depth, LCFS impacts 
on overall GHG reductions, and animal welfare, or sustainable farming or dietary practices.  
 

Limitations 
 

The publicly available literature available on topics covered, such as Valley air quality, Valley 
agricultural history, Valley environmental justice, California and U.S. dairy economic and 
environmental impacts, the Clean Air Act, and biogas production for fuel was extensive. A 
limitation of this report is that it was not possible to comprehensively review the literature on 
all topics in the time available. In addition, resources to conduct multiple primary interviews 
with members of the EJ community were not available, so narrative accounts were obtained 
from recordings of public comments delivered to CARB and in published literature. 
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VI. LITERATURE REVIEW: ANALYSIS AND FINDINGS  
 
The literature review forms the basis for report conclusions and recommendations. It reviews 
the following six topics to provide context, clarification, and assess stakeholder perspectives: 
 

• California’s Policy Landscape 
• Context: The San Joaquin Valley and Key Stakeholders 
• Low Carbon Fuel Standard 101 
• Financial Incentives and Dairy Practices 
• The LCFS and California’s 2030 Methane Reduction Goals 
• Dairy Emissions and San Joaquin Valley Air Pollutants of Concern 

 
California’s Policy Landscape 
 

▪ California’s Climate Change Policies  
 

California’s Climate Policy Framework 

GHG Targets & Goals 
 

Scoping Plan Regulations & 
Incentives 

Projects 

Legislation and 
Executive Orders:  
Total GHGs (AB 32/ 
SB 32/AB 1279) or 
sector targets (SB 1383)  

  

Actionable plan across 
all sectors  
 
 
 

 

Advanced Clean Cars, 
Low Carbon Fuel 
Standard, climate 
change incentives,  
etc. 

  

Examples: 
Zero-emission trucks, 
energy infrastructure & 
renewables, compost 
facilities, digesters, etc. 
 

 
Source: Adapted from CARB, 2022 Scoping Plan for Achieving Carbon Neutrality  

 
 

AB 32 (2006) 

Decrease GHG 
1990 levels by 2020 

 

Maximize Air Quality  
Co-Benefits 

 

Align with Environmental 
Justice Principles 

 

 
AB 32, the Global Warming Solutions Act, was landmark legislation signed into law in 2006 by 
Governor Schwarzenegger that was updated in 2016 (SB 32) and 2022 (AB 1279). Though 
focused primarily on GHG reductions, it also required CARB to address air quality and engage 
marginalized communities in policy-making in new ways. Achieving all three goals in a 
coordinated way remains a work in progress.  
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SB 1383 (2016) 

Decrease dairy methane 
40% of 2013 levels by 2030 
Dairy goal: 7.2 MMTCO2e  

Use DDRDP & AMMP 
to manage manure methane 

 

Divert 75% of organic waste 
from landfills  

 

 

SB 1383, the Short-Lived Climate Pollutant Strategy, was signed into law in September 2016 by 
Governor Brown. It included methane reduction goals for livestock of up to 40% of 2013 levels 
by 2030, an annual reduction of 7.2 million metric tons of carbon dioxide equivalents 
(MMTCO2e) from dairy, and diversion of 75% of organic waste from landfills by 2025.  
 

CARB worked with CDFA to develop the Dairy Digester Research and Development Program 
(DDRDP) to support anaerobic digester construction, which complements the LCFS because it is 
currently the most effective method to reduce manure methane. An anaerobic digester is a 
closed system that uses bacteria to break down organic matter to produce biogas (see Figure 2). 
Biogas and digestate are co-products, and biogas is purified to produce biomethane. The 
complementary Alternative Manure Management Program (AMMP) funds non-digester manure 
management projects to reduce methane. 
 
 

 
Adapted from: EESI Fact Sheet 

 
 

Scoping Plan to Achieve Carbon Neutrality (2022)  

Decrease GHG  48%  
by 2030 

 

Decrease GHG 85%  
by 2045 

 

Reach carbon neutrality  
by 2045 

 

 
The 2022 Scoping Plan outlines how California will reach carbon neutrality by 2045. The 
Proposed Scenario recommended by CARB includes methane reduction via biomethane 
production as a strategy. 

Figure 2: Anaerobic Digester Inputs and Outputs 
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▪ Federal Air Quality Policy: The Clean Air Act (1970s-1990) 
 

The EPA oversees the Clean Air Act and establishes federal standards for six common or 
“criteria” air pollutants (EPA, 2002). Federal, state, and local agencies work together to develop 
plans to reduce air pollution in California. Criteria pollutants can be emitted from mobile source 
e.g., cars, trucks, and trains; stationary sources e.g., oil refineries, power plants, and agriculture; 
and area-wide sources e.g., dust and burning. The three agencies are responsible for managing 
different air pollution sources. 
 
The Valley has some of the worst air quality in the country. CARB and the San Joaquin Valley Air 
Pollution District are responsible for developing the Valley’s State Implementation Plans to 
attain federal air quality standards for criteria pollutants. The Plans are approved by EPA and 
implemented by state and local agencies. Ozone and PM2.5 are the two criteria pollutants of 
most concern in the Valley.  
 

Ozone. Ground-level ozone, also known as smog, is created by photochemical reactions 
between oxides of nitrogen (NOx) and Volatile Organic Compounds (VOC). 
 
PM2.5. Fine particulate matter is a complex mixture of components that occur in tiny particles 
that enter the body through the lungs and bloodstream. In addition to direct emissions of PM2.5 

from fuel combustion, the leading source according to CARB, fine particle components are 
formed from various precursors, for example, airborne ammonia and nitric acid can react to 
form ammonium nitrate.  
 

Context: The San Joaquin Valley and Key Stakeholders  
 

▪ Stakeholder Location: The Valley 
  

The San Joaquin Valley is an agriculturally-rich region in Central California that encompasses 
eight counties. It is 400 miles from north to south and includes more than 17 million acres,  
5 million of which are farmland. Agriculture is its main economic driver, producing $51 billion in 
cash receipts in 2021 (CDFA, 2021). The Valley’s 4.3 million population is diverse and growing. 
The Valley is facing social, economic, and environmental challenges that inform stakeholder 
perspectives about the LCFS. 
 
Of the 400 agricultural commodities produced in the Valley, milk is the top commodity (CDFA, 
2021). In addition to agriculture, oil and gas extraction, and transportation are other major 
employers (Westerling et al., 2018). The surrounding mountain ranges exacerbate air pollution. 
The Sustainable Groundwater Management Act (SGMA) implementation plan is underway and 
set to conclude in 2042, including groundwater cut-backs and approximately 500,000 acres of 
fallowed land (Escriva-Bou et al., 2023). Residents of rural Valley communities often depend on 
agricultural employment, though labor shortages have become more common following COVID. 
Agriculture also contributes to air and water pollution. Dairies, for example, have contributed to 
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depleted groundwater tables and groundwater contamination with manure nitrogen, a grave 
issue for rural communities who rely on wells for drinking water.  
 

Figure 4: LCFS Biogas Stakeholders in the San Joaquin Valley 

 
 *Disadvantaged Communities as defined according to CalEnviroScreen 4.0, CalEPA (2021) 

 
 

▪ Context: EJ Advocates & the Communities They Serve 
 
Figure 5: California’s Disadvantaged and  
Low-Income Communities  

The Valley has low socioeconomic conditions compared 
to the rest of the state (see Figure 5). DACs experience 
disproportionate amounts of pollution, environmental 
degradation, and socioeconomic and public health 
conditions, as defined by CalEnviroScreen (August et 
al., 2021). Six of the top 10 DACs in California are in the 
Valley, and Latinos are over-represented in the 10% 
most impacted census tracts. Rural DACs often do not 
have basic services such as safe, dependable, and 
affordable drinking water, sewage systems, and health 
care, and limited communication and transportation 
infrastructure leaves them isolated (Westerling et al., 
2018).  
 
 

Source: https://webmaps.arb.ca.gov/PriorityPopulations/  

 Disadvantaged Communities (DAC) 

 DAC and Low-Income Communities 

 Low-Income Communities 

https://webmaps.arb.ca.gov/PriorityPopulations/
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California defines Environmental Justice as “the fair treatment and meaningful involvement of 
people of all races, cultures, income, and national origins with respect to the development, 
adoption, implementation, and enforcement of environmental laws, regulations, and policies” 
(AB 1628). Air pollution is top-of-mind for Valley DAC members. Valley DACs identified air 
quality as the “most threatening” issue in recent interviews (Flores-Landeros et al., 2022). 
Burdens that DACs experience can be exacerbated by climate change, including water quality 
and availability, air quality, pesticide drift, flooding, and access to healthy foods (Fernandez-Bou 
et al., 2021).  
 
In 2003, Valley advocates formed the Central Valley Air Quality Coalition (CVAQ) to address 
environmental, environmental justice, and public health topics (Lighthall & Capitman, 2007). 
The same groups remain active today and collaborate with new organizations. The CVAQ and 14 
additional organizations, for example, co-signed public comments about the LCFS and EJ 
submitted to CARB in March 2023 (Seaton et al., March 15, 2023). 
 
Some of these groups were engaged in EJ issues during early AB 32 implementation, when 
disagreements arose about how to reduce air pollution and GHG emissions equitably (London 
et al., 2013; Fowlie et al., 2020).  
 

“It is market-based decisions, within a framework of structural racism in planning 
and zoning decisions, which has created the disparate impact of pollution that 
exists today; relying on that same mechanism as the ‘solution’ will only deepen 
the disparate impact” (In: London et al., 2013). 
 
‘‘Some environmental justice advocates are concerned that some market-based 
strategies, such as cap-and-trade, may lead to a situation where low-SES and 
minority communities would bear a continued – or potentially exacerbated – 
disproportionate burden of co-pollutant hotspots at the local community level’’ 
(Shonkoff et al., 2009). 

 
Similar themes persist regarding the LCFS among EJ advocates and DACs. The experience of the 
community of Pixley helps to illustrate this point. Pixley is an unincorporated community of 
about 4,400 residents in Tulare County. The community is 89% Hispanic, and the census tract is 
in the 97th percentile for poverty, meaning the percent of people living below twice the poverty 
level is more than 97% (OEHHA).  
 
Pixley dairies are part of a digester cluster connected to a biogas purification center run by 
Calgren Dairy Fuels. The Calgren project collects biogas from anaerobic digesters at 12 dairies 
housing 75,000 cows. In 2019, the facility was the largest dairy biogas project in the nation. 
Pipeline-injectable biomethane produced from manure biogas is injected into SoCalGas’ natural 
gas network and delivered to refueling stations in California. The project was primarily funded 
privately, but it received incentives from California’s DDRDP and the California Public Utility 
Commission’s Biomethane Incentive Program (SoCalGas, 2019).  
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“There is a constant smell of manure that only worsens 
during hot weather and in the rain. We need to stop 
incentives for dairy expansion. The state needs to stop 
giving money to this industry that is hurting us. Our 
community is in need, and we receive nothing.”  
 

J. Gonzales, Pixley resident, in Oral Comment delivered during  
CARB Public Workshop to Discuss Potential Changes to the Low  
Carbon Fuel Standard; February 22, 2023 

 
 
 
 
 
 
 
 

▪ Stakeholder Context: Dairy Producers 
 
Milk is the top agricultural commodity in California based on revenue, and the eight Valley 
counties, combined, produce about 20% of milk in the U.S. Direct sales from California’s milk 
production yielded $6.3 billion and created about 22,700 on-farm jobs in 2018. When 
production, processing, and related businesses are included, dairy’s impact is close to $60 
billion and includes 180,000 jobs (Matthews & Sumner, 2019).  
 
Dairy consolidation in California has occurred since the 1950s, at least (see Figure 6), and it is 
expected to continue (Sumner, 2020). Dairy consolidation occurs in all states in the U.S., and it 
happens faster than in most other areas of agriculture (MacDonald et al., 2020). As a result, the 
way dairy farms are managed is changing. California dairies led the trend for farm growth for 
years and are now among the largest, but California dairies are also facing challenges such as 
climate change, labor shortages, high resource costs, and environmental regulations that may 
limit growth for some. For example, feed costs account for about half of total dairy farm costs in 
California (Sumner, 2020), and local forage sources are preferred to manage transport costs. In 
2022, forage costs in California were high due to drought. As SGMA is implemented, high-value 
crops will predominate in the Valley and alfalfa growth will shift to being grown farther away 
(Escriva-Bou et al., 2023). Variable weather patterns such as alternating drought and floods add 
more uncertainty regarding feed sources and costs. 
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Figure 6: California Dairy Herd Consolidation trend, 1950-2021 

 
  Source: Kebreab et al., 2022  

 
California dairies, increasingly, belong to member-owned co-operatives. Eighty-five percent of 
milk produced in the U.S. is managed by co-operatives, which provide services such as 
negotiating prices and other terms of sale on behalf of their farmer-members. Some have 
diversified to processing and marketing dairy products (GAO, 2019). Co-ops may provide 
protection from volatile markets, improve economic opportunities for dairies, and provide 
guidance about state and national industry priorities. The largest three co-ops in California are 
California Dairies, Inc., Land O’Lakes and Dairy Farmers of America (Agri-View, May 2018).  
 
U.S. demand for dairy products is increasing, with per capita consumption in 2021 at 667 
pounds, an increase of about 10% since 2011 (IDFA). Dairy demand is made up primarily of 
cheese, butter, and ingredients. The decrease in fluid milk consumption in California may lead to 
more re-location of dairy farms away from urban areas (Sumner, 2020). 
 

Low Carbon Fuel Standard 101 
 
This section provides background about the LCFS market, the value of dairy biomethane, the 
role of avoided methane accounting, methane’s global warming potential, and how the LCFS 
may change in the future. The CI of dairy biomethane determines its credit price, the high value 
of which has generated much disagreement about the LCFS and dairy. 
 

▪ What is the Low Carbon Fuel Standard? 
 
The LCFS is a market-based regulatory program created by CARB under its AB 32 authority (17 
Cal Code Regs 95480 et seq.). It is designed to reduce California’s reliance on fossil fuels by 
decreasing the CI of transportation fuels sold in California. CI refers to the GHGs emitted, as 
MTCO2e, during fuel production, distribution, and use. Conventional, high-carbon fuels like 
diesel or gasoline have higher CIs than alternative, low-carbon fuels. 
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The LCFS rewards the production and use of alternative fuels using a system of credits and 
deficits. Each year, CARB sets a CI target for all transportation fuels, combined, known as the  
 
annual benchmark or standard CI. Conventional fuels with a CI above the benchmark generate 
deficits; alternative fuels with a CI below the benchmark generate credits. Dairy biogas is just 
one alternative fuel eligible for LCFS credits. 
 
Figure 7 shows LCFS deficits produced by diesel and gasoline (in blue, below zero) and credits 
produced by alternative fuels since 2011, with biomass-based diesel contributing the biggest 
proportion (in dark green). Note that biogas production has increased since SB 1383 passed in 
2016, but it is not a major contributor to California’s transportation fuel pool.  
 
 
 
  Figure 7: Quarterly LCFS Credits and Debits 

 
Source: Smith A, February 3, 2021 

 
 
 

▪ How does the LCFS market function? 
 
LCFS performance is based on CARB’s annual benchmark CI. Annual reductions to achieve a 20% 
reduction in average CI by 2030, compared to 2020, are illustrated in Figure 8. Each credit or 
deficit represents one MTCO2e. Suppliers of conventional fuels must obtain credits from 
suppliers of alternative fuels to help meet the benchmark CI each year. Ethanol and biomass-
based diesel generated the most LCFS credits while production of other alternative fuels 
increased.  
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  Figure 8: 2011-2021 Performance of the Low Carbon Fuel Standard 

 
Source: CARB, LCFS Dashboard  

 
A higher demand for credits will result from an increased production of conventional fuels and 
an increase in the benchmark CI, e.g., from 20% to 30%, known as increased stringency. An 
increase in the credit supply results from an increased supply of alternative fuels. When credit 
prices are low, there is less incentive to invest in new alternative fuel projects. LCFS credits can 
be bought, transferred, banked, and traded; they are retired when used to cover annual deficits.  
 
 

  Figure 9: Monthly LCFS Credit Price and Transaction Volume 

   
 
Source: CARB, LCFS Dashboard  
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Volumes of alternative fuel traded have increased overall, but fuel volumes per credit are not 
the same for all fuels, and LCFS credit prices can fluctuate. In 2019, the average LCFS credit price 
was $200, while in early 2023, credits prices were in the $70-80 range (see Figure 9). To increase 
credit prices, CARB is looking at ways to increase demand and limit the credit supply.  
 

▪ How are LCFS CI scores and credits determined? 
 

A fuel’s CI is based on a lifecycle analysis of direct GHGs emitted during feedstock and fuel 
production, distribution, and use. A fuel’s CI is calculated using a California-specific version of a 
lifecycle analysis model called the Greenhouse Gases, Regulated Emissions, and Energy Use in 
Transportation model or GREET. CIs are adjusted to account for differences in performance 
efficiency between an alternative fuel and the conventional fuel it is replacing. CARB provides 
adjustment values, or Energy Economy Ratio (EER) values, for fuel-vehicle pairs such as light 
duty trucks using electricity. The EER-adjusted CI value is used to calculate credits and debits for 
alternative fuels. The biggest differences result when vehicles use electricity to replace 
conventional fuels. 
 
Tradeable credits are determined by 
 

• The CI score of the alternative fuel (EER-adjusted) 
• The CI score of the conventional fuel replaced (usually gasoline or diesel)  
• The price of carbon 

 
Credits are generated when 
 

• The alternative fuel replaces the conventional transportation fuel  
• The CI score of the alternative is lower (more negative) than the replaced fuel 

 
The bigger the difference between the CIs, the bigger the LCFS carbon credits. Alternative fuels 
can receive credits from California’s Cap-and-Trade or the LCFS, but not both. They can earn 
credits from both the LCFS and the national Renewable Fuel Standards (RFS) program. Some 
research indicates the LCFS and RFS can have complementary outcomes (Whistance et al., 
2017), but research is limited regarding biomethane. In addition, stacking credits from two 
programs may violate the concept of additionality.  
 

▪ How does avoided methane accounting impact dairy biomethane CI scores? 
 
At the same time SB 1383 passed, CARB started to approve LCFS pathway applications using an 
“avoided methane” baseline scenario to reflect existing dairy practices in California of flushing 
manure into lagoons for storage (CARB, April 13, 2017). This led to the large, negative CIs that 
characterize dairy biomethane, also known as renewable natural gas (RNG). 
 

 Emitted methane is considered avoided when it is captured by a digester. Because methane is 
avoided, not emitted, the emissions have a negative value in the CI calculation. GHG emissions 
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from the remainder of the digester project, such as production of pipeline-injectable RNG, will 
have a positive value. An overall negative CI score results when baseline emissions are larger 
than project emissions. See an example here: 
 

1.  Avoided methane emissions from lagoon storage     -345 
2.  Emissions from energy consumption to upgrade to biomethane fuel +50 
3.  Project GHGs associated with biogas-to-RNG system, transport & use +85  
 CI Score (gCO2e/MJ)        -210 

 
 
Figure 10: LCFS Carbon Intensity Scores 

A chart of CI scores produced by CARB 
(Figure 10) can be used to determine the 
GHG reduction when RNG replaces diesel. 
It also illustrates the CI differences 
between dairy RNG and other alternative 
fuels. The absolute difference between the 
CI scores of conventional and alternative 
fuels represents the GHG reduction: 
 
     100 g CO2e/MJ (diesel)  
        +  283 g CO2/MJ (RNG)     
     383 g CO2e/MJ  

Source: CARB 

 
 

The GHG reduction is converted to MTCO2e to yield credits. Eligible digester projects generate 
LCFS credits for 10 years using these CI scores, though total credit revenue could change during that 
time, for example, if the benchmark CI became more stringent. 

 

▪ Is biomethane a negative-CI fuel? 
 
In critiques of the LCFS, advocates and media have expressed surprise that dairy biomethane 
receives credits as if it is carbon-negative or it can “suck carbon from the air” (Fu, May 2022). To 
be carbon-negative, a fuel would need to remove or sequester more CO2 than it emits.  
 
This is how CARB explains the avoided emissions accounting: 
 

“Renewable natural gas is rich in methane that is produced from organic materials 
or waste streams and can be processed so that it meets existing fossil natural gas 
pipeline and vehicle specifications. When burned in vehicles, RNG emits similar 
levels of greenhouse gases as fossil fuels, but different upstream processes result 
in an overall reduction of lifecycle GHG emissions due to methane capture and 
avoided upstream emissions” (Jaffe & Dominguez-Faus, 2016). 
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Methane lasts about a decade in the atmosphere while CO2 lasts for centuries, but methane absorbs 
more energy during its lifetime. Methane’s Global Warming Potential is 27-30 times higher than CO2 
over 100 years (GWP-100) (EPAa). If manure methane is captured, transformed into biomethane, and 
used to replace conventional fuels, CARB’s model asserts that methane’s warming will be avoided for 
its lifetime. In addition, the GHGs that would have been emitted during the lifecycle of the replaced 
conventional fuel are also avoided. In other words, on a CO2e basis, the GHGs removed by a fuel’s 
production are more than the GHGs generated by its use.  
 

▪ The role of the LCFS will change in 2030 and beyond 
 
California’s 2022 Scoping Plan includes methane reduction via biomethane production to 
achieve SB 1383 methane targets. During the Public Workshop to Discuss Potential Changes to 
the Low Carbon Fuel Standard held in February (CARB, February 22, 2023), CARB presented 
proposals for changes anticipated in 2024, including: 
  

• No new dairy pathways using avoided methane accounting would be approved after 
2030, and credits could be generated until 2040  

• Biomethane supplies would grow rapidly in the short-term but be used less as a 
transportation fuel moving ahead 

• Complementary policies would support future biomethane demand, such as 
biomethane as a hydrogen production feedstock  

 
It is unclear how proposed changes would incentivize farmers in coming years. Strong and stable 
LCFS market signals encourage investment, but eliminating current dairy credits introduces 
uncertainty without a clear goal for biomethane post-2030. Because the LCFS market depends 
on government policies, the risk of major policy changes may limit investment without clear  
next steps (Lee & Sumner, 2018). Dairy farms will continue to be required to manage manure 
methane emissions, and digesters completed or under construction will provide needed 
infrastructure.  

 

 

Key Findings 
• Dairy biogas CI scores are larger and more negative than other alternative fuels due 

to avoided methane accounting 
• Biogas credits treat manure as waste and take advantage of the different GWPs of 

conventional fuels and biomethane 
• Current credits are lower than 2018-2021, but if CARB increases the benchmark CI 

stringency, credit prices will be expected to increase 
• CARB is in the rulemaking process to prepare for possible changes to the LCFS, 

including dairy biomethane, in 2024 
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The LCFS, Costs, and Dairy Practices 
 
California dairy practices, including responses to climate change, depend on multiple inputs. 
This section reviews how LCFS costs and incentives affect dairy producer choices. 
 

▪ California dairy consolidation trends are driven by economies of scale 
 

The Valley is home to 90% of California’s dairy cows and some of the largest dairy farms in the 
country (Sumner, 2020). Economies of scale drive consolidation and, in general, larger dairy 
operations demonstrate “substantial cost advantages” compared to smaller farms (MacDonald 
et al., 2020). California also has smaller organic farms in the North Coast region, which make up 
about 3% of the state’s herd. In that area, grazing and pasture-based management are common 
(CDFA, 2018).  
 

   

 
     Source: Kebreab et al., 2022 

 
Figure 12: Growth of Dairies in Western Dairy States 

   
Source: Sumner, 2020 

Figure 11: California Cow Population, 1950-2021 
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California’s cow population grew rapidly until 2007, but it has since stabilized (Figure 11) 
(Kebreab et al., 2022). Though consolidation is likely to continue, California’s cow population is 
expected to gradually decline. Other Western states are growing at rates faster than California 
(Sumner, 2020). Figure 12 illustrates dairy trends in 2004 compared to 2017-2018:  
  

• State dairy cow populations were growing in Western states in 2018, and in Texas and 
Idaho, the cow populations were growing approximately 25% faster than California 

• Production efficiency continues to increase, and more states have production rates on 
par with California in 2018 than in 2004 

• California had the largest herds in 2017, but Texas and Idaho farm sizes were growing 2-4 
times faster than California 

 
Applying advances in animal husbandry, feeding and housing practices, animal breeding, crop 
genetics, and crop management can increase production efficiency. These dairy practices can 
improve land and water use as well as GHG emissions per cow. Milk produced in California in 
2014, compared to 1965, was produced with 50% fewer GHG emissions, and using less water 
and land (Naranjo et al., 2020).  
 
Efficiency is a useful metric for GHG emissions, and it is consistent with “doing more with less.” 
It is not the only way, however, to assess a sustainable farm model. Smaller farms may emit 
more GHGs per cow, but their total emissions are less per farm. Farm practices can prioritize soil 
health, animal welfare, biodiversity and/or water quality in diverse ways. 
 
When cost pressures are high, farmers may choose to consolidate, sell, or relocate. Farm costs 
include feed, environmental regulations, labor costs, and resource costs such as land and water 
(Sumner, 2020). Aging farmer populations play a role in the consolidation trend when a retiring 
farmer sells to a local dairy. California’s dairy farms are expected to face increasing challenges 
that can increase costs, such as: 
 

• Drought and aridification  
• Water scarcity, limits on groundwater pumping, more fallowed land due to SGMA 

• Continued wage increases and labor shortages  
• Rising energy, fuel, and feed costs  
• Increasing regulations such as waste discharge requirements  

 
These challenges will lead to an estimated decline in California’s cow population of 1% per year 
(Kebreab et al., 2022). Implications for the viability of individual farms will vary.  

 
When dairies relocate to another state, the reasons can be multi-faceted. If a California dairy 
moves to a state with less stringent regulations, the state’s methane emissions may decrease, 
but because emissions are not geographically-bound, they increase nationally and globally. 
California limits dairy relocation by building a beneficial business environment for agriculture. 
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Farm Sizes: USDA defines small dairies as those with 100 
cows or less, mid-sized with 300-400 cows, and large 
farms can reach many thousands of cows (ERS 2020). In 
California in 2017, most cows lived on farms with 1,000 
to 2,499 cows (see Table 1). 

 
  Table 1: California Dairy Farm Distribution 

Total Dairy Farms Milk Cows 

Cows per Farm Number Percent Thousands Percent 
1-499 395 30.9 94 5.4 

500-999 296 23.1 210 12.0 

1,000-2,499 390 30.5 638 36.5 

2,500-4,999 163 12.7 547 31.2 

5,000 or more 35 2.7 262 15.0 

Total 1,279 100 1,750 100 

Source: Adapted from Sumner Ch. 6, 2017; NASS/USDA U.S. Census of Agriculture 2017 
 

 
 

▪ Are there better ways to determine LCFS dairy credits? 
 

CARB’s CI scores for manure biogas treat manure as a waste product, i.e., the lifecycle analysis 
for manure biogas starts with manure as a feedstock and excludes the upstream emissions from 
raising dairy cows and producing milk. This approach is common when conducting a lifecycle 
analysis of waste feedstock (Martin et al., 2015), but it is not the only way to allocate methane 
emissions from a dairy. As mentioned above, a fuel’s CI score is based on a lifecycle analysis of 
GHG emissions. Figure 13 summarizes the results of the first comprehensive lifecycle analysis of 
U.S. milk production, with a scope from farm to fork, published in 2013 (Thoma et al., 2013). 
Avoided methane accounting starting with manure has created large, negative CI scores for 
dairy biogas, but alternative crediting can create values more similar to other alternative fuels. 

Key Findings 
• Dairy consolidation has been happening since the 1950s and the trend is expected 

to continue due to economies of scale 
• California dairy cow populations have been stable since 2007 and are expected to 

gradually decline in coming years due to cost pressures 
• Larger, well-run dairy farms produce milk more efficiently per cow with respect to 

GHG emitted, and land and water used, compared to smaller farms 
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    Figure 13: U.S. Dairy Lifecycle Analysis 

 
Source: Thoma et al., 2013 

 
Co-allocation to milk and manure production. If milk production is included in the lifecycle 
analysis, milk and manure can be considered co-products. When calculating the CI, some biogas 
can be allocated to milk and some to manure. This approach to examining CIs was illustrated in 
comments to CARB using a model 2,000-cow dairy farm producing biogas for electricity (Younes 
& Fingerman, 2021). The analysis confirmed that larger CI scores result when manure is treated 
as waste and when large farms have “methane-generating” manure management practices, i.e., 
uncovered lagoon storage. LCFS offered a “significant advantage” of 1.5-1.8 times more revenue 
to large 10,000-cow farms, compared to smaller 500-cow farms. With co-product allocation, CIs 
of manure and biogas revenues decreased for large farms, and the LCFS program became more 
affordable for small and medium dairy farms. This may provide an alternative mechanism to 
price dairy credits. 
 
Dairy farms with 1,000 cows or less account for more than 50% of California dairy farms, but 
only 17% of the state’s cows. These farms are likely to be the ones without a digester that rely 
on alternative manure management practices. CDFA does not discourage smaller farms from 
participating in the DDRDP, but it considers the AMMP a better fit for smaller farms because 
DDRDP projects require 50% matching funds. Thus, high digester costs limit participation by 
smaller dairies that use alternative manure management practices. Because LCFS rewards large 
methane-generating farms, that pay less than their fair share of the costs to reduce methane 
emissions, LCFS also creates a free-rider problem. 
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Allocation to milk. There is a growing interest in incorporating externalities like GHG emissions 
into food prices. The United Nations Environmental Program oversees The Economics of 
Ecosystems and Biodiversity (TEEB) for Agriculture & Food, a framework to evaluate “true costs” 
of food. If the LCFS allocated methane emissions to milk, the cost of milk would increase, and 
some or all of the cost for GHG emissions would shift from users of fuels to consumers of dairy 
foods. TEEB’s analysis of milk production in the Netherlands found that milk is underpriced by 
$5.40 per kg of milk protein, or $0.69 per gallon (TEEB, 2017). This example is included for 
illustration only, because the dairy industries and prices in the Netherlands and U.S. differ in 
important ways. Higher milk prices, however, introduce trade-offs for low-income consumers 
and food security in California. Food affordability underpins access to nutritious, sustainable 
dietary patterns (Drewnowski et al., 2021). 
 
More information about CARB’s plans for LCFS dairy pathways in 2030 is needed to understand 
implications and alternatives. If avoided methane accounting is stopped in 2030, replacing it 
with an alternative financial mechanism may be a reasonable path for CARB to follow. In 2016, 
SB 1383 authorized CARB to develop a pilot financial mechanism to reduce risk to project 
developers due to price uncertainty of LCFS credits. CARB developed two alternatives, Contracts 
for Difference and a Put Option. Contracts for Difference ensures that dairies obtain a certain 
predetermined price for credits, regardless of the market price, while a Put Option ensures that 
the credit value will not fall below a minimum predetermined price (CARB, November 2018). 
CARB concluded that both mechanisms could help reduce risk and leverage capital, though they 
would also change the role that the state plays in the LCFS market.  
 
 
 

  

Key Findings 
• LCFS avoided methane accounting yields generous credits for larger, methane-

generating farms; the higher prices are paid by fuel purchasers 
• Using co-product allocation lowers the price of LCFS dairy credits, and can even 

the playing field for smaller farms 
• Assigning GHG emissions to milk production would increase milk and dairy food 

prices, creating a hardship for low-income groups 
• CARB may revisit proposed alternative financial mechanisms to reduce risk and 

stabilize the LCFS market for dairy biomethane 
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▪ Manure is cheap; biogas is expensive  
 
SB 1383 was designed to modify manure management practices to reduce methane emissions 
in California. Standard practice in the Valley for a farm without a digester is to flush manure 
from free-stall barns and store it in open lagoons. Dairy cows produce an estimated 120 pounds 
of waste per cow every day, so manure is plentiful. In 2012, the area covered by manure lagoons 
in just five of the eight Valley counties was equivalent to 3,126 acres or about 2,400 football 
stadiums (Viers et al., 2012).  
 
Figure 14: Methane Yield per Kilogram of Common Dry 
Materials from Anaerobic Digestion 

 
 
 
 
Dairy manure is not an energy-rich 
feedstock; more dairy manure is required to 
yield a given amount of biogas per weight of 
dry material than many other feedstocks. 
See Figure 14 for the yield of various organic 
feedstocks used to produce biogas.  
 
 
  
 
 
 

Source: Aguirre-Villegas et al., 2021 

 
 
To produce biogas and pipeline-injectable biomethane, extensive infrastructure is required, 
which is an expensive proposition. Dairy digesters can cost several million dollars, and full 
project costs will be higher when vehicles for transportation, systems to purify biogas to 
biomethane, and pipelines are included. Anaerobic digesters are expensive, but they are 
valuable because they capture manure biogas, the step required before transforming it into 
biomethane for fuel. 
 
Results from simplified cost and revenue estimates for milk and biogas revenue on dairy farms 
with digesters help compare contributions to farm income from milk and biogas (see Table 2). 
These projects were modeled after an analysis by Dr. Aaron Smith using data from CARB (Smith, 
February 3, 2021; CARB, 2017). Table 2 includes costs to build, operate, and maintain a digester 
on a 2,000-cow farm. Biomethane revenue comes from three sources, LCFS credits, RFS credits, 
and biomethane sales. It is worth noting that the credits received from the LCFS and RFS 
programs exceed the revenue from direct sales of natural gas, emphasizing the high production 
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cost of biomethane. Revenue from milk production is based on an average milk production per 
cow of 230 CWT (hundredweight or 100 pounds of milk) per year. In these examples, milk 
represents 64%-74% of farm revenue, with the remainder from biomethane. Based on this 
analysis, biomethane increases farm revenue, but milk is the primary revenue source for dairy 
farms. Because the prices of milk and biomethane fluctuate, these proportions can also vary. 
 
 

Table 2: Dairy Farm Costs and Revenue for 2,000 Cow Farm with an Anaerobic Digester 
 

Source and 
Farm Model 

Digester 
Capital 
Cost* 

Digester 
Operation & 
Maintenance 
Cost** 

Digester (gas) Revenue Milk Revenue Gas Revenue/ 
Total Revenue 

 
Biomethane 
production; 
2,000-cow 
farm in 
digester 
cluster 
(2018)1   
 

 
$2.9M 
 
 

 
$174K 
 
 

 
Total $2.7 million 
 
LCFS $865K $432/cow-y 
RFS   $1.1M $550/cow-y 
NG    $149K $75/cow-y 
 

 
Total $7.6M 
$16.50/cwt 
$3795/cow-y 
 

 
2.7/10.3 
= 26% 

 
Biomethane 
production; 
2,000-cow 
farm in 
digester 
cluster Smith 
(2022)2 
 

 
$2.9M 

 
$174K 

 
Total $5.8 million 
 
LCFS $3.67M $1834/cow-y 
RIN   $1.99M $993/cow-y 
NG    $225K $113/cow-y  

 
Total $10M 
$21.64/cwt 
$4977/cow-y 

 
5.8/15.8 
= 36% 

1. Lee & Sumner (2018) ; 2. Smith (2022)  
*$342/cow/year to install, 10-year amortization, farmer paid 100% of capital cost to build digester (Smith, 2022) 
**$294/cow/year to operate and maintain digester, 10-year amortization (Smith, 2022) 
LCFS credits: Low Carbon Fuel Standard carbon credits for dairy biomethane 
RFS credits: Renewable Fuel Standard credits, also known as D3 Renewable Identification Numbers (RINs)  
NG:  Revenue if sold at natural gas spot price 
CWT: Hundredweight or 100 pounds of milk 

 
 

▪ Has the LCFS led to more dairy farm consolidation?  
 
A 2023 analysis found that the number of dairy cows per farm grew slightly faster in 2019 than 
before the digester boom (Smith, April 7, 2023). Since 2019, however, the growth in farm size 
has been faster outside California than inside, thus LCFS and digester subsidies have not led to 
consolidation yet (see Figure 15). Limited information about this is available, but USDA will 
release updated information on dairy farm size in 2024 that will shed more light on this 
question.  
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Figure 15: Dairy Sector Methane Reductions 

 

 
  Source: Smith, April 7, 2023 

 
 
 
A recent economic analysis examined whether LCFS dairy credits were overvalued at a time of 
low LCFS credit prices (Smith April 14, 2023). The analysis compared outcomes using GWP-100 
and GWP* (GWP “star”), a metric that accounts for methane as a short-lived GHG in a new way 
(Liu et al., 2021). Using GWP-100, biomethane revenues were higher than production costs, and 
with GWP* revenues were lower than costs. With GWP,* the value of biomethane was also 
higher than the social cost of carbon, meaning the value of the damage anticipated by the 
prevented methane emissions (see Figure 16). Thus, dairy credits were overvalued compared to 
the social cost of carbon according to this analysis. Please note that GWP-100 is used by CARB, 
and GWP* is not broadly used by policy-makers, though it is preferred by the author of the 
analysis. Because LCFS credit prices fluctuate, and CARB has plans to modify the LCFS in ways 
that may alter dairy credit generation, this conclusion may change as the program changes. 
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Figure 16: Costs and Benefits of Dairy Digesters in 2023 

 

 
 Source: Smith, April 14, 2023   

 
 

 
 

 
The LCFS and California’s 2030 Methane Reduction Goals 
 
CARB and UC Davis recently analyzed the progress of the livestock and dairy sectors to meet 
2030 methane reduction goals (see Figure 17). CARB estimated emissions from beef and dairy  
cattle, combine (CARB, March 2022). CARB assumed there would be no changes in available 
methane reduction technology, that construction of manure methane reduction projects 
funded by DDRDP through 2021 would be completed, and beef and dairy cattle populations 
would decrease at an attrition rate of 0.5% per year. Based on these assumptions, methane 
reduction fell short of the 2030 goal by 4.4 MMTCO2e, or about half of the livestock 
requirement of 9 MMTCO2e. Total methane reductions from all sources also have not met 
expectations (see Figure 18). 
 

Key Findings 
• Biogas is expensive to produce compared to the spot price of natural gas  
• Milk will account for most of the revenue on a dairy farm with a digester 
• Because prices for LCFS credits and milk fluctuate, revenue generated for a dairy 

farm with a digester may be unpredictable 
• LCFS dairy subsidies have not increased average California dairy herd sizes after 

seven years of LCFS dairy credits, based on available data 
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Figure 17: Projected 2030 Dairy Sector Methane Reductions From CARB and UC Davis 

Reduction Type CARB Identified Livestock 
Emission Reductions Through 

2030 (MMTCO2e) 

Expected Dairy Emission 
Reductions Through 2030 

(MMTCO2e) 

Herd Reduction 
 

2.4 2.61-3.3 

Anaerobic Digestion 
 

1.9 4.15 

Alternative Manure 
Management Practices 

0.3 0.6-1.1 

Enteric Emission Reduction 
Strategies 

0 0.25-2.04 

Total 4.6 7.61-10.59 
Source: Adapted from Kebreab et al., 2022 

 
 
Researchers at UC Davis conducted a similar assessment, but different assumptions informed 
their analysis. They analyzed only California dairy cows, which have higher attrition rates than 
beef cattle. Mandated methane reductions from dairy cows are 7.2 MMTCO2e of livestock’s 9 
MMTCO2e. UC Davis researchers used attrition rates of 1% per year, and they included a more 
current inventory of California dairy digesters that included double the number used by CARB 
(Kebreab et al., 2022). They also assumed products would become commercially available to 
reduce enteric emissions, though these reductions were not a major contributor to total 
reductions. UC Davis researchers concluded the 2030 dairy methane reduction goals can be met 
with current projects, though the higher end of the UC Davis estimate for dairy emission 
reductions includes the full livestock requirement. Note that the UC Davis analysis more 
accurately addressed dairy methane reductions and it was used to support the policy analysis 
below. 
 
Figure 18: Methane, Hydrofluorocarbon and Black Carbon Progress Toward SB 1383 2030 Goals  
 

 
 Adapted from: 2022 Scoping Plan for Achieving Carbon Neutrality; based on strategies currently in place 
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Dairy Emissions and San Joaquin Valley Air Pollutants of Concern  
 

▪ Anaerobic digestion improves select dairy emissions, but not all types 
 
The debate about the LCFS has been projected against the backdrop of some of the worst air 
quality in the nation and longstanding distrust among DACs about agricultural pollution. The 
Valley is an Extreme Nonattainment zone for ozone and a Serious Nonattainment zone for PM2.5. 
Valley ozone is high in the summer, and PM2.5 is high in the winter. VOCs and ammonia are not 
criteria air pollutants like ozone and PM2.5, but they are precursors to these pollutants. 
 
Dairy manure emits methane, ammonia, VOCs, and odors. In addition to reducing methane 
emissions, digesters can reduce odors and VOC emissions, and some evidence indicates 
ammonia emissions may increase from digestate (See Table 3). Anaerobic digestion does not 
change the amount of nitrogen in digestate, compared to manure, but it changes its forms, and 
the changes can lead to increased ammonia emissions. The resulting digestate quality also may 
be better than manure (Aguirre-Villegas et al., 2014). Multiple studies indicate that California’s 
emission inventories of methane and ammonia are lower than actual levels (see Table 3), and 
methane measurements near dairies are “spatially sparse and lack temporal resolution.” These 
problems may lead to difficulty accurately assessing dairy emissions. 
 
Table 3: Dairy Emissions and Effects of Anaerobic Digestion 

Emission Dairy Contributions Digester Impact 
Methane Dairies among largest sources in California1,2 

Current inventories underestimated1,2 
Dairy-related measurements sparse3 
Lagoons emit more than enteric1  

Decreases manure methane 
emissions4,5 
No effect on enteric  

Ammonia Agriculture (manure & fertilizer) main source8,9  
Current inventories underestimated6-10 
PM2.5 and ammonium nitrate precursor6, 8 

Can increase ammonia emissions5 
Covering digestate can reduce 
emissions5   

Volatile Organic 
Compounds VOC) 

VOCs are emitted from cow respiration 11 
manure,11 and silage12 

Decreases VOC emissions13,14 
No effect on enteric 

Odor Hydrogen sulfide, ammonia15 
Volatile Fatty Acids 13,14 

Decreases odor 13-15 
 

1. Owen & Silver, 2015; 2. Zhao et al., 2009; 3. CARB, November 26, 2018; 4. El Mashad et al., 2023; 5. Aguirre-Villegas et al., 2014;  
6. Kelly et al., 2018; 7. Miller et al., 2015; 8. Schifler et al., 2014; 9. Walker et al., 2012; 10. Zhu et al., 2013; 11. Shaw et al., 2007;  
12. Hafner et al., 2013; 13. Page et al., 2014; 14. Page et al., 2015; 15. Orzi et al., 2018. 
 

Key Findings 
• The LCFS has been effective for reducing dairy manure methane emissions 
• Dairy manure methane reductions will contribute the largest proportion of SB 1383  

livestock methane reduction goals 
• Commercially-available, affordable products are needed to reduce enteric emissions 
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Manure management practices before digestion can also affect methane and ammonia 
emissions. SB 1383 recommended dry scraping manure from free-stall barns as an alternative to 
flushing to reduce methane emissions. One recent study found that dry scraping stalls increased 
methane and ammonia emissions compared to standard practices (Ross et al., 2021). Another 
study found solid-liquid separation (SLS) can be a cost-effective way to decrease methane and 
ammonia emissions from manure, with or without an anaerobic digester (Aguirre-Villegas, 
2014). Groundwater issues are beyond the scope of this report, but responsible digestate 
management can help reduce air and water pollution. Agricultural fertilizers and animal waste 
applied to cropland have been the main regional sources of nitrate in California groundwater in 
the Valley (Viers, et al., 2012).  

 
 
 

 
 
 

▪ Dairy ammonia and PM2.5 : can new mechanisms provide solutions?  
 
There are many contributors to the Valley’s poor air quality, including multiple sources of 
pollution, including agriculture, rapid population growth, and low carrying capacity for the 
region. The Clean Air Act has been successful at improving air quality throughout the state and 
country, but it has failed in the Valley for ozone and PM2.5. PM2.5 particles can harm both lung 
and heart health (EPAb). PM2.5 exposure is associated with reports in the Valley of asthma 
(Meng et al., 2010) and preterm birth (Ha, et al., 2022) and in California, of mortality from 
cardiovascular disease (Hayes et al., 2020). 
 
PM2.5. Ammonium nitrate is formed from NOx/nitric acid  and ammonia, and it makes up about 
half of winter PM2.5 when seasonal Valley PM2.5 is high (see Figure 19). There is no disagreement 
about the negative health impacts of PM2.5, but there is disagreement about the role of 
ammonia emissions in PM2.5 formation and control in the Valley (Schiferl et al., 2014; Kelly et 
al., 2018; Chen et al., 2014) and globally (Gu et al., 2021). There is also disagreement on this 
point among the agencies in charge of the Valley’s air quality. 

Key Findings 
• Digesters decrease methane, odor and VOC emissions from manure 
• Some research indicates there is a trade-off between methane emissions 

(decrease) and ammonia emissions (increase) after anaerobic digestion 
• Further evaluation of pollution controls for dairies with digesters are needed 
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        Source: CARB, December 2016 

 
 
CARB prioritizes NOx reduction to reduce ozone and PM2.5 because NOx is a precursor to both. 
According to CARB, the leading source of NOx is traffic combustion, and NOx is a precursor to 
nitric acid, which can combine with ammonia to form secondary ammonium nitrate. CARB 
models indicate that “primary PM2.5 and NOx controls are most effective” for reducing PM2.5 in 
the Valley (Chen et al., 2014), which is supported by multiple studies. A CARB Staff Report 
summarized the finding indicating ammonia is not an important attainment precursor for 
secondary PM2.5 formation (i.e., ammonium nitrate) (CARB, August 13, 2021):                                                                                                                                                                                                                                                                                                                       
 

“…because there is a far greater amount of ammonia in the Valley air than is 
necessary to participate in the chemistry that leads to ammonium nitrate…and 
actions to reduce ammonia will not provide significant PM2.5 air quality 
improvements.”  
 

Multiple studies have found that Valley ammonia inventories are underestimated (Schiferl et al., 
2015; Kelly et al., 2018; Paulot et al., 2014), and soil NOx from agriculture may also be 
underestimated (Vechi et al., 2023 ). If inventories are incorrect, CARB’s PM2.5  models are, too.  
 

“Accurate emission inventories are critical to the ability to effectively model 
reactive nitrogen and PM2.5 formation in California” (Schiferl et al., 2014). 

 
“…additional work on NH3 [ammonia] emission and air quality modeling is 
warranted based on underpredictions of NH3 in emission source regions where 
very high mixing ratios were measured. …Improvements in the spatial 
allocation of NH3 emissions are also warranted, especially near Hanford”  
(Kelly et al., 2018). 

Figure 19: Winter PM 2.5 Composition, Bakersfield, CA 
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EJ advocates contend that ammonia emissions from dairies contribute to PM2.5 levels and 
disproportionately harm DACs (In: EPA October 5, 2022, Public Justice, 2022; Lazenby et al., 
October 27, 2021). Findings that anaerobic digestion may increase ammonia emissions from 
digestate despite lowering methane are of special concern. Valley neighborhoods with high 
proportions of Latinx residents already experience higher levels of PM2.5 exposure (Lievanos, 
2019). CARB’s efforts to reduce dairy GHG emissions without reducing other dairy air pollutants 
have failed to meet the needs of the EJ community. 
 

“Biogas is being falsely marketed as a renewable energy solution to solve the 
problems of an already polluting industry…”  
  

D. Rodriguez, Written Comment #22, Public Workshop to Discuss Potential  
Changes to the Low Carbon Fuel Standard; submitted March 15, 2023 

 
EPA, after initially approving the Valley’s 2018 PM2.5 Attainment Plan, disapproved parts of it in a 
proposed rule published in 2022 (EPA, October 5, 2022). EPA questioned CARB’s conclusions 
about ammonia as a PM2.5 precursor, among other things. CARB and the San Joaquin Valley Air 
Pollution District withdrew the Plan from EPA and asked for guidance about how to proceed. 
EPA will review CARB’s revised Plan. 
 
While air quality agencies determine the way forward regarding ammonia emissions and PM2.5, 
DACs continue to be exposed to harmful air pollution. The role of dairy ammonia in PM2.5 has 
been a key point of disagreement between CARB and EJ advocates that has yet to be resolved. 
Agriculture is the leading source of Valley ammonia, and ammonia control is recommended by 
some experts to reduce PM2.5. If ammonia emissions are higher than Valley inventories indicate, 
and digesters increase ammonia emissions, the LCFS may have unintended impacts on Valley air 
quality that require better understanding before PM2.5 mitigation plans are approved.  
 

▪ Climate change and air quality benefit from co-management  
 
While Valley air quality has improved slowly over past decades, California’s efforts to reduce 
methane have been accelerated to meet 2030 goals. Valley residents have argued that these 
efforts should move at the same pace. Air pollution and climate change occur together, but they 
are managed by different agencies and policy frameworks, which can hinder program 
coordination.  
 
Air pollution and climate change are increasingly being recognized as problems that are more 
effectively addressed simultaneously (Melamed et al., 2016; Karlsson et al., 2020). Co-benefits 
from GHG emission reduction programs can offset costs of GHG mitigation via public health 
improvements (Melamed et al., 2016; Karlsson et al., 2020; Wang et al., 2020). Using a detailed, 
integrated technology model to illustrate health co-benefits of achieving net-zero GHG 
emissions in the Valley by 2050, for example, researchers found that reducing GHGs would 
reduce NOx, PM2.5, ammonia, reactive organic gases, and sulfur oxides (dairy methane 
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reductions were considered); these reductions would be associated with reduced mortality 
(Wang et al., 2020). This study found that avoided mortality and morbidity would yield $100 
billion more than GHG abatement costs. In addition, health would be improved more in DACs, 
indicating additional benefits to the approach.  
 
Some connections between dairy methane and ammonia emissions were discussed above; 
interactions also occur between methane and ozone. In addition to ground-level ozone being 
formed from NOx and VOCs, oxidation of methane can increase ozone levels (Abernethy et al., 
2021). Methane reductions are more effective at reducing ground-level ozone when 
accompanied by efforts to reduce NOx and VOCs (Trousdell et al., 2019; West et al., 2006). 
Methane and ozone are both GHGs, so global methane reduction can improve climate change 
by reducing the warming associated with methane and ozone. Methane reduction to improve 
climate change is most effective when implemented nationally or internationally (West et al., 
2006).  
 

California can benefit from policy integration to maximize co-benefits for climate change, air 
quality, public health, and environmental justice. California’s 2022 Scoping Plan recognizes the 
value of maximizing co-benefits, but the complexity of California’s policy-making and 
implementation processes makes it difficult to develop a truly integrated approach linking local, 
state, federal, and global levels. 
 
 
 
 
 
 
 
 
 
 

“Air pollution and climate change are two sides of the 
same coin, but they are typically addressed separately.”   
   

     World Bank (2022) 
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VII. CONCLUSIONS ABOUT STAKEHOLDER PERSPECTIVES 
 

Post-Review Analysis 

 
This policy analysis started with the perspectives of three key stakeholders, and the literature 
review helped assess their statements. Key findings are summarized in Table 4. 

 
Table 4: Post-Review Analysis Key Findings 

Crediting Systems 

 
• CARB built an effective, voluntary market to reduce methane from dairy manure, the 

largest methane source in California  
• CARB is conducting rulemaking to determine ways to amend the Low Carbon Fuel 

Standard to meet 2030 and 2045 goals 
• CARB is unlikely to replace avoided methane credits with regulations in 2024 because it 

would slow dairy methane reduction progress; continuing some dairy incentives until  
SB 1383 goals are achieved is more likely 

• New financial mechanisms could help achieve methane reduction goals cost-effectively 
 

Effectiveness to reduce methane 

 
• To meet SB 1383 livestock methane emissions goals, California will rely heavily on dairy 

manure methane reductions; AMMP projects cannot achieve the needed reductions 
during the same period 

• Though LCFS decreases methane emissions, experts disagree about 2030 projections 
• By 2030, CARB estimated ~2 MMTCO2e methane reductions from digesters funded 

through 2021, or 4.6 MMTCO2e methane from all dairy reduction technologies; CARB 
concluded more projects would be needed to meet 2030 goals (see Figure 17) 

• By 2030, Kebreab et al. estimated ~4 MMTCO2e reductions from digesters funded 
through mid-2022, or 7.6-10.6 MMTCO2e methane reduction from all dairy reduction 
technologies, including enteric. They concluded no additional projects would be needed 
to meet 2030 goals (see Figure 17) 

• Affordable, commercially-available products will help reduce enteric methane 
• Pasture-based systems are not feasible in the Valley 

 

Consolidation 

 
• Because dairy consolidation is a longstanding trend expected to continue, with or 

without the LCFS, it may be difficult to assign future farm size changes to the LCFS  
• LCFS has not led to more consolidation as defined by increased average farm size 
• Metrics that monitor growth of individual farms, growth of combined dairy and biogas 

operations, or changes in manure management practices may be better than average 
farm size to monitor LCFS outcomes 
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Air quality & DACs 

 
• Anaerobic digestion reduces manure methane, odors, and VOC emissions, but may 

increase ammonia emissions from digestate; long-term, methane reduction may 
reduce ozone formation 

• Valley air quality impacts of LCFS dairy credits cannot be fully known until anaerobic 
digester infrastructure is in place 

• Replacing LCFS dairy credits with regulations for methane reduction would not 
significantly improve air quality  

• Basing Valley State Implementation Plans on updated, accurate monitoring—including 
of dairy digester projects—emission inventories, and air quality models will better 
serve needs of all Valley residents 

• California can benefit by exploring novel mechanisms to improve alignment among 
federal, state, and local air quality agencies to improve pollution mitigation  

• Integrated policy approaches and clear implementation mechanisms to improve 
climate change, air quality, and environmental justice are more likely to improve Valley 
air quality than stopping the LCFS 

 

 

Post-Review Summary 
 
The LCFS program will make significant contributions to reducing dairy methane and achieving 
dairy SB 1383 goals for 2030. It will also put infrastructure in place to support continued 
methane capture. Alternative manure management practices alone cannot achieve the same 
outcomes by 2030, though they can increase reductions compared to digesters alone.  

 
Stakeholders disagree about the value of dairy credits depending on, in part, priorities and 
frames of reference. EJ advocates and DACs oppose credits in hopes of discouraging dairy 
growth and air pollution; dairy producers support credits and want to ensure LCFS market 
stability and continued investment; and CARB has indicated willingness to modify avoided 
methane accounting after 2030. 

 
The LCFS program and digesters will reduce methane emissions, odor, and some VOCs. 
Consistent, long-term methane reduction may decrease ozone formation globally and improve 
air quality and climate change. Methane does not directly impact PM2.5 formation, but trade-
offs between reducing methane and increasing ammonia emissions with digesters are of 
concern if increased PM2.5 results. Expectations from dairy producers that anaerobic digesters as 
currently used will improve air and water quality may be premature. 
 
Dairy emission reduction efforts highlight a specific example of a broader need for better 
integration across climate change and local air quality policies. Climate change and air pollution 
challenges exist together, such as with methane and ammonia emissions from dairies, but 
different agencies and policy frameworks manage them. There is growing recognition that 
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simultaneously addressing climate change and air quality problems is more beneficial than 
addressing them separately. Better integration among the multiple policies, agencies, and 
places involved in California’s climate change and air quality management systems is a crucial 
step to advance progress toward environmental benefits for all Valley residents. 
 
 

VIII. POLICY ANALYSIS 
 

Policy Alternatives  
 
1.  Let present trends continue  
 Aligned with CARB Perspective 

 
Alternative One represents CARB’s LCFS policy and evidence on LCFS impacts. CARB considered 
California’s dairy production systems when designing the LCFS program and biomethane 
market. Dairy producers will make significant contributions toward achieving SB 1383 2030 
livestock methane reduction goals by 2030. 
 
Millions have been invested for digester infrastructure, from both public and private funds, and 
expected herd attrition rates contribute to methane reductions. CARB funded 131 digesters for 
$214 million from 2015-2021 and projected that only half of the mandated livestock reduction 
goals would be met. UC Davis researchers identified commitments for at least 225 digesters to 
be constructed by mid-2022 and concluded that dairies would reduce twice as much  methane 
as CARB projected. UC Davis also more accurately evaluated dairy herd attrition rates. USDA’s 
Partnerships for Climate-Smart Commodities program recently awarded $85 million to California 
Dairy Research Foundation, to be administered by CDFA, for collaborative dairy methane 
reduction and groundwater management projects. USDA, CDFA, and state and national dairy 
organizations continue to support anaerobic digester technologies to manage manure methane 
emissions. Continuing current trends will lead to methane reduction and related infrastructure 
growth in the short-term, but changes are coming. 
 
Included as part of Alternative One is CARB’s 2024 proposed rule to modify the LCFS announced  
in February 2023. More information is needed to understand its implications, especially 
regarding market priorities for biomethane. If CARB approves the proposal to stop avoided 
methane accounting in 2030, farms with digesters will continue to receive credits for ten years 
following pathway approval and dairy operations will have time to prepare for CARB’s post-2030 
plans. These may include new financial mechanisms, policies to address biomethane demand, a 
transition from methane reduction to maintenance of lowered emissions, and commercially-
available products to reduce enteric emissions.  
 
CARB’s LCFS program, including dairy credits, has helped build an effective, voluntary market to 
reduce methane emissions from the leading methane source in California. The combination of 
California’s environmental leadership, increased consumer awareness about sustainable 
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agricultural practices, and dairy industry research and development have contributed to the 
current environment supporting anaerobic digestion for dairy methane reduction. Large farms 
or clusters of farms can better afford to build, operate, and maintain anaerobic digesters, which 
limits participation by smaller farms. LCFS credits have not led to bigger average dairy farm 
sizes, though continuing to monitor changes in consolidation rates and other dairy practices can 
inform impacts long-term.  
 
2.  Hold dairies accountable  
 Aligned with EJ advocate Perspective  
   
Alternative Two entails the elimination of avoided methane crediting and the addition of 
regulatory mechanisms such as direct emissions reductions and exclusion of livestock-derived 
biogas for use as LCFS fuel by January 1, 2024, as recommended by EJ advocates in March 2023 
comments to CARB (Seaton et al., March 15, 2023).  
 
CARB chose a voluntary approach during early LCFS implementation to reduce manure methane 
and, initially, also included an option to impose regulations in 2024. In 2023, however, CARB 
proposed 2030 as the date to act via rulemaking, including to stop avoided methane 
accounting. Because current LCFS incentives are in place, Alternative Two would be an abrupt 
change compared to CARB’s proposed 2030 implementation date. It would increase reliance on 
existing digesters and alternative manure management practices for farms without digesters.  
 
Dairy digesters are the most effective method available for reducing methane for larger dairies, 
yet Alternative Two would limit investment and participation in dairy digester and biomethane 
projects. Alternative manure management practices cannot achieve the same reductions as 
anaerobic digestion by 2030, though combining some alternative practices with anaerobic 
digestion can improve methane reductions. Alternative practices will continue to improve with 
continued research and development.  
 
Alternative Two would likely lead to more lawsuits and/or loss of dairies to other states than 
other alternatives, and Alternative Two may prevent the state from reaching its 2030 state and 
global methane reduction goals.  
  
This report focused on LCFS impacts on Valley methane and air quality outcomes, including EJ 
advocate interests in limiting herd growth and dairy air pollution. Valley communities should 
expect federal, state, and local air quality agencies to improve air quality and attain public 
health standards despite the challenges that exist in the Valley. The LCFS has reduced methane, 
but it was not designed to reduce air pollution. Limiting the tools available to dairies to reduce 
methane is unlikely to significantly improve methane reduction or air quality by 2030.  
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3.  Expand waste-to-energy solutions used with anaerobic digesters  
 Aligned with small-medium farm Perspective 
 
Alternative Three involves policies to incent co-digestion of manure with biowaste e.g., 
agricultural, food, and yard waste, to increase biogas yield, improve digester affordability, and 
divert organic waste from landfills 
  
One consequence of the LCFS is digesters are more affordable for large farms to build and run 
than small to medium dairy farms. This advantage could lead to market distortion for farms 
without digesters. Approximately 50% of California dairy farms have 1,000 cows or less, though 
they represent only 17% of California’s cows. CARB modeled 2,000 cow farms to demonstrate 
costs of DDRDP-funded farm and digester clusters, and it recommends AAMP strategies for 
smaller farms because of the 50% match required in DDRDP. Not all AMMP strategies have been 
demonstrated to be effective, however, limiting options further. 
 
Incenting co-digestion and waste-to-energy approaches, instead of producing biomethane to 
reduce manure methane emissions, could expand opportunities for digester operators of all 
sizes. Incenting co-digestion of manure with additional types of biowaste can: 
 

• Increase energy yield per feedstock dry matter 
• Help small farms reach the needed feedstock volume to use a digester 
• Improve digestate properties, such as nutrient balance and flow properties 
• Replace synthetic fertilizer with high-quality digestate fertilizer 
• Divert biowaste from landfills or burning 
• Save on-farm costs for waste disposal and treatment 
• Generate income from tipping fees (waste disposal fees for the biowaste)  

 
New incentives to promote cost-effective, efficient biogas production and high-quality digestate 
will be required to implement Alternative Three. Combining manure and other biowaste, 
including food waste, can significantly increase methane yields over manure alone. In addition 
to livestock methane reduction, SB 1383 aimed to divert 75% of organic waste from landfills to 
anaerobic digesters to reduce methane emissions. Diversion of food waste from landfills and 
manure methane reduction with anaerobic digesters are separate programs in SB 1383, but 
promoting co-digestion could connect them. 
 
Some countries in the European Union have extensive experience compared to California using 
anaerobic digester systems. Existing models could be adapted to develop a state-of-the-art 
system in California to maximize waste-to-energy solutions. Alternative Three provides 
opportunities for smaller dairies, though because larger dairies emit most of California’s 
methane, this approach will be more politically feasible once 2030 goals are met.  
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4.  Develop policies to co-reduce dairy methane and ammonia emissions  
 Aligned with Valley Community Perspective 
 
Alternative Four includes improving CARB’s LCFS strategies for dairy methane reduction to 
support voluntary incentives to co-reduce methane and ammonia, the dairy emissions of 
biggest concern for climate change and air quality, from manure and digestate.  
 
CARB has successfully targeted dairies to reduce methane with the LCFS. California can use a 
similar strategy tailored to reduce dairy ammonia emissions from farms that have received or 
applied to receive digester funding. Manure emits methane and ammonia; while digestion 
decreases methane emissions, it can increase ammonia emissions. Methane is colorless and 
odorless, but ammonia has a characteristic odor and is a precursor to PM2.5. It is unacceptable 
to reduce methane with anaerobic digestion, while increasing ammonia emissions. Co-reducing 
methane and ammonia would achieve multiple goals: 
 

• Simultaneously reduce GHG and local air pollutants from the same dairy source to 
address a specific Valley challenge 

• Build on successful collaborations between CARB and CDFA, expand the current strategy 
to reduce manure methane, and pilot innovative strategies to produce co-benefits 

• Demonstrate California’s leadership on air quality at local, state and federal levels 
• Engage EPA’s participation and leadership 
• Create economic opportunities for dairies with digestate by-products 

 
Relevant recommendations are available in the recently released Manure Recycling and 
Innovative Products Talk Force Report (CDFA, 2022). The report includes recommendations to 
reduce surplus manure nitrogen using conventional manure recycling strategies, compost 
strategies, nitrogen capture, denitrification and treatment, and options to combine existing and 
emerging strategies. Common manure management practices like solid-liquid separation (SLS) 
are cost-effective and can be used by small, medium, and large farms, with or without digesters. 
Using SLS before anaerobic digestion can reduce more methane and ammonia from manure.  

 
Alternative Four would require expanded relationships between state and local agencies, 
including CARB and CDFA, and partnerships to drive innovation and identify the most effective 
strategies to pilot. Experience gained from California projects funded by USDA’s Partnerships for 
Climate-Smart Commodities program may yield valuable findings. The goal would be to develop 
policies and mechanisms that build on existing frameworks but improve and expand them. 
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Policy Recommendations  
 
The LCFS has been effective for reducing methane, but the program is in transition and can be 
improved. CARB is developing a proposed rule to update the LCFS in 2024, including its 
approach to biomethane production and credit pricing. Their proposed amendments will inform 
2030 GHG reduction goals while looking ahead to California’s 2045 goals.  
 
Table 5 summarizes the analysis of the four Policy Alternative based on the criteria for policy 
analysis (Section IV).  
 
Table 5: Policy Analysis Criteria Applied to Policy Alternatives 

Policy Alternatives Reduces 
methane by 
2030 

Minimizes harm 
from air quality 
impacts  
 

Minimizes 
harm for 
smaller farms 
w/o digesters 

Politically 
feasible 

1. Let present trends continue 
 

    

2. Replace incentives with 
regulations 

    

3. Co-digest manure and 
biowaste 

    
 

4. Co-reduce methane and 
ammonia 

   
 

 

More check marks indicate higher score for criterion 

 
 
Alternatives One and Four scored highest for meeting criteria in the chart: 
 
Alternative One—"let present trends continue”—reduces methane, is politically feasible, and 
has momentum. It is difficult to analyze until more is known about CARB’s proposed rule to 
modify the LCFS to be finalized in 2024. Alternative One does not minimize air pollution or 
improve options for smaller farms. In addition, it does not improve integration across agencies 
to address major Valley issues.  
 
Alternative Four—"co-reduce methane and ammonia”—builds on Alternative One by adding 
ammonia reduction to existing manure methane reduction efforts. It reduces methane, 
improves Valley air quality by reducing ammonia emissions, and it can be developed to give 
benefits to smaller farms. Alternative Four provides an opportunity for California to continue to 
demonstrate leadership and innovation in policy approaches for environmental improvements 
by demonstrating that simultaneous improvements to climate change, air quality, and 
environmental justice are priorities in the San Joaquin Valley. The combination of methane and 
ammonia reduction is likely to appeal to environmental and environmental justice advocates, 
though dairy producers may resist additional regulations. 
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Final policy recommendations to limit LCFS’ negative impacts: 
 

• Develop and implement policies to co-reduce dairy methane and ammonia using lessons 
learned from the LCFS (Alternative Four) 

• Implement alternative financial mechanisms to manage risk for dairies and stabilize the 
LCFS biomethane market consistent with California’s 2045 goals  

• Continue research and development to improve dairy manure methane reduction, 
including digester and non-digester approaches and technologies 

• Increase accuracy of dairy emission measures, with and without digesters, to improve air 
quality models: increase dairy emission monitoring and establish dairy contributions to 
emission inventories 
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IX. RECOMMENDATIONS FOR FUTURE RESEARCH  
 

While conducting research for this report, topics emerged that were of interest but out of 
scope. A few of them are included here: 
  
1.  Use the LCFS to systematize a waste-to-energy system to convert biogas to electricity to fuel 

electric vehicles in low-income communities in the Valley.  
 

See: Younes A, Fingerman KR, Barrientos C, Carman J, Johnson K, Wallach EA (2022). How 
the U.S. Renewable Fuel Standard could use garbage to pay for electric vehicles. Energy 
Policy, 166, 112916. https://doi.org/10.1016/j.enpol.2022.112916  
 

2.  Develop policies to simultaneously mitigate climate change and air quality, such as the 
potential for methane and ammonia co-emissions from dairies 

 
See: Fowlie, M, Walker, R, & Wooley, D (2020). Climate policy, environmental justice, and 
local air pollution. University of California, Berkeley. 
https://www.brookings.edu/research/climate-policy-environmental-justice-and-local-air-
pollution/ 

 
3.  Analyze the full spectrum of GHG and air pollutant emissions before and after anaerobic 

digestion of dairy manure. 
 

See: Duren R, Thorpe A & McCubbin I (2020). Energy Research and Development Division. 
The California Methane Survey. https://www.energy.ca.gov/sites/default/files/2021-05/CEC-
500-2020-047.pdf 
 
See: Arndt C, Leytem AB, Hristov AN, D. Zavala-Araiza D, Cativiela JP, Conley S, Daube 
C, Faloona I, Herndon SC (2018). Short-term methane emissions from 2 dairy farms in 
California estimated by different measurement techniques and US Environmental Protection 
Agency inventory methodology: A case study. Journal of Dairy Science, 101(12), 11461-
11479. https://doi.org/10.3168/jds.2017-13881 
 

4. Analyze the economic and environmental impacts of stacking or layering biomethane credits 
in LCFS and RFS.  

 
 
  

https://www-sciencedirect-com.libproxy.berkeley.edu/journal/energy-policy
https://www-sciencedirect-com.libproxy.berkeley.edu/journal/energy-policy
https://doi-org.libproxy.berkeley.edu/10.1016/j.enpol.2022.112916
https://www.brookings.edu/research/climate-policy-environmental-justice-and-local-air-pollution/
https://www.brookings.edu/research/climate-policy-environmental-justice-and-local-air-pollution/
https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2020-047.pdf
https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2020-047.pdf
https://www-sciencedirect-com.libproxy.berkeley.edu/journal/journal-of-dairy-science
https://doi-org.libproxy.berkeley.edu/10.3168/jds.2017-13881
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