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THE WORLD IS ON TRACK TO EXCEED A 2° C INCREASE DURING THE 21ST CENTURY, an outcome scientists 

have described as catastrophic.1 Direct impacts on the food and agriculture sectors will be far-

reaching.2 Already, climate-related impacts to farming include “observed changes in extremes 

such as heatwaves, heavy precipitation, droughts, and tropical cyclones.”3 These changes 

impact both crop and livestock production. Experts predict that further warming will continue 

to dramatically affect the “global water cycle and its variability, global monsoon precipitation 

and the severity of wet and dry events.”4

In regions like eastern North Carolina, home to the United States’ top two pork producing 

counties,5 producers will experience more regular hurricanes of greater magnitude.6 California’s 

Central Valley, which provides cropland for over 250 different crops7 and houses 80 percent 

of the state’s milk cows,8 already relies on the second most over-pumped aquifer in the nation 

while facing substantially drier conditions as a result of climate change.9 These impacts will 

disproportionately harm vulnerable populations10 in addition to historically marginalized 

farmers, who will be the first to lose their livelihoods.11 Climate change will force agriculture 

to adapt—either now, through innovation to mitigate increased warming, or later, as regional 

climates become incompatible with existing models of food production.12

It is clear that the food and agriculture sector will bear significant impacts from climate 

change, but this sector is also a major contributor of greenhouse gas (GHG) emissions. Animal 

agriculture, in particular, is responsible for approximately 20 percent of global GHG emissions 

and 57 percent of food related emissions.13 Animal agriculture’s primary contributions to climate 

change result from methane and nitrous oxide emissions. Methane has a global warming 

potential 28 to 36 times that of carbon dioxide on a 100-year timescale and nitrous oxide has a 

global warming potential 265 to 298 times that that of carbon dioxide on a 100-year timescale.14 

Moreover, while emissions from the energy sector have decreased as a result of emission 

reduction policies, GHG emissions from agriculture have increased over recent decades with 

this trend projected to continue.15 Consequently, addressing emissions from agriculture is 

increasingly critical.

INTRODUCTION
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One approach to reducing atmospheric GHGs from livestock involves capturing emissions from 

manure through the use of anaerobic digesters.16 Proponents of this approach herald it as a 

win-win. Manure biogas systems reduce GHG emissions by capturing GHGs that would otherwise 

be emitted and can displace the use of fossil fuels. Additionally, this new fuel source (biogas) 

creates a new revenue stream from a former waste product. In a 2017 press release announcing 

federal funding to help farmers construct biogas systems, the United States Department of Ag-

riculture (USDA) articulated the conventional wisdom of the emissions reduction claim, stating:

”Anaerobic digesters actually provide two-fold greenhouse gas reduction. First, they capture methane that 
otherwise would be emitted from the manure into the atmosphere. . . . Second, by utilizing the trapped 
biogas as a renewable energy source, digesters displace the need for additional fossil fuels.”17

— laura melling

While these claims sound promising, they omit important nuance. Animal agriculture generates 

emissions throughout the operation—from land conversion to enteric fermentation 

(the emissions generated from ruminant burps), to transportation. It is imperative that 

policymakers and others recognize that manure biogas systems reduce emissions from only 

one part of this system—manure management. At the same time, manure biogas systems 

rely on the ongoing production of large quantities of livestock manure—the source of manure 

management emissions—to function. Espousing these systems to the exclusion of other 

emissions mitigation measures can foreclose the potential to make important modifications 

throughout the livestock life cycle. Ultimately, this reinforces current conventional models of 

livestock production at the expense of farmers using more sustainable production models. 

Currently, policymakers are dedicating increasing amounts of public funding and attention 

to manure biogas as compared to other policy interventions that can reduce livestock 

emissions. Recently, the American Biogas Council suggested that the US could support at least 

another 13,740 potential new biogas systems, including 8,300 on farms, in addition to 4,000 

Percent of global  
greenhouse gas emissions 

caused by animal agriculture

Percent of global  
food-based emissions caused 

by animal agriculture

20% 57% 32%

Percent of global methane 
emissions caused by livestock 

manure and enteric fermentation

Source: Food in the Anthropocene: the EAT-Lancet Commission 
on Healthy Diets from Sustainable Food Systems, THE LANCET

https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
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for wastewater, 1,000 for food scraps, and 440 for landfills.18 Biogas systems are expensive 

to construct and operate. They require substantial investment into long-lasting, durable 

infrastructure such as pipeline interconnections and facilities upgrades. As more public and 

private resources are dedicated to this infrastructure, the incentives to continuing using these 

systems will increase.

To date, many discussions on the benefits of manure biogas fail to account for the concerning 

and negative implications associated with widespread adoption of manure biogas systems. 

For example, the climate implications resulting from the need for these systems to engage in 

long-term production of massive quantities of livestock manure (or other biosolids) to recoup 

the fixed upfront costs of installation and continued revenue generation is rarely addressed. To 

illustrate this point, the public programs subsidizing production and sale of biomethane from 

these operations provide incentives for the ongoing production of the core input—livestock 

manure—even as climate scientists warn that greater reductions from animal agriculture are 

necessary.19 Promoting widespread investment in and adoption of manure biogas systems will 

inevitably impact livestock agriculture for years, if not decades, into the future, creating potential 

barriers for more substantial and systemic climate mitigation measures for the sector.

What is Methane?
“Methane is produced as part of normal digestive processes in animals. During digestion, microbes resident 
in an animal’s digestive system ferment food consumed by the animal. This microbial fermentation process, 
referred to as enteric fermentation, produces CH4 as a byproduct, which can be exhaled or eructated by 
the animal. The amount of CH4 produced and emitted by an individual animal depends primarily upon 
the animal’s digestive system, and the amount and type of feed it consumes.”
Source: Inventory of US Greenhouse Gas Emissions and Sinks (1990-2020), Environmental Protection Agency

What is Enteric Fermentation?
“Enteric fermentation is fermentation that takes place in the digestive systems of animals.  In particular, 
ruminant animals (cattle, buffalo, sheep, goats, and camels) have a large “fore-stomach,” or rumen, within 
which microbial fermentation breaks down food into soluble products that can be utilized by the animal.”
Source: AP-42: Compilation of Air Emissions Factors, Environmental Protection Agency

What are Biosolids?
“Biosolids are a product of the wastewater treatment process. During wastewater treatment the liquids 
are separated from the solids. Those solids are then treated physically and chemically to produce a 
semisolid, nutrient-rich product known as biosolids. The terms ‘biosolids’ and ‘sewage sludge’ are often 
used interchangeably.”
Source: Environmental Protection Agency

https://www.epa.gov/system/files/documents/2022-04/us-ghg-inventory-2022-chapter-5-agriculture.pdf
https://www.epa.gov/sites/production/files/2020-11/documents/c14s04.pdf
https://www.epa.gov/biosolids/basic-information-about-biosolids
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Moreover, because manure digesters are typically feasible only for industrial-scale livestock 

operations, the largest confined animal feeding operations will reap the financial and public 

relations benefits that accompany the installation of digesters. This is not a new trend: today 

and historically, large-scale commercial operations have benefited from the lion’s share of 

federal funding for agriculture. Due to decades of discriminatory lending by USDA,20 the 

majority of these operations are owned by white farmers.21 Racism and discriminatory lending 

by the federal government over the past century has resulted in a dramatic loss of Black-owned 

land and farms across the board (one recent analysis calculated this dispossession to total $326 

billion).22 This disparity is even more pronounced for larger agricultural operations.23 However, 

in some parts of the country, the substantial environmental impacts generated by these larger 

agricultural operations disproportionately harm Black, Indigenous, and communities of color.24 

The share of Black farmers has declined significantly over the last century. 
Today just 1.4 percent of farmers identify as Black.

Source: Black farmers in the US: The 
opportunity for addressing racial disparities 
in farming, McKinsey & Company

1900 1920 1940 1960 1980 2000 2020

15
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925,710
Black farm operators

48,697
Black farm operators

https://www.mckinsey.com/industries/agriculture/our-insights/black-farmers-in-the-us-the-opportunity-for-addressing-racial-disparities-in-farming
https://www.mckinsey.com/industries/agriculture/our-insights/black-farmers-in-the-us-the-opportunity-for-addressing-racial-disparities-in-farming
https://www.mckinsey.com/industries/agriculture/our-insights/black-farmers-in-the-us-the-opportunity-for-addressing-racial-disparities-in-farming
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Anaerobic digesters, in contrast to alternative mitigation measures, are an appealing means to 

reduce livestock emissions in industrial animal agriculture because they require no change to the 

structure of conventional livestock operations and manure management. On the contrary, these 

systems function by ensuring the continuity of both the existing system and its beneficiaries. 

This fails to consider and plan for the systemic changes needed in conventional operations 

and manure management due to the current, near, and long-term impacts of climate change.25 

Consequently, policymakers should immediately begin to proactively plan for the future by 

assessing the full range of suitable mitigation measures and supporting those that will provide 

for long-term sustainability and climate mitigation. As part of this process, policymakers must 

also critically evaluate the environmental justice impacts to neighboring communities and 

equity implications of elevating biogas systems over other mitigation measures.

This report analyzes and evaluates the extensive adoption and support of manure anaerobic 

digesters with a specific focus on the resulting equity implications, a goal explicitly aligned with 

two executive orders issued by the Biden Administration—Executive Order 14008: Tackling the 

Climate Crisis at Home and Abroad26 and Executive Order 13985: Advancing Racial Equity and 

Support for Underserved Communities Through the Federal Government.27 The report begins by 

surveying existing funding opportunities for manure biogas systems and the fuels they produce. 

It then addresses the direct environmental impacts of installing and operating these systems, 

including a brief discussion about the methodology used to account for life cycle emissions. The 

next section evaluates alternative methods to reduce livestock emissions, indirect environmental 

impacts of adopting manure biogas as the primary means to reduce GHG emissions from livestock 

operations, and the equity impacts. The report concludes with a set of recommendations for 

policymakers and regulators as they consider the role this technology should play in shifting 

livestock agriculture toward a more equitable, just, and climate-smart model.
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THE BIDEN ADMINISTRATION HAS CONSISTENTLY EMPHASIZED ITS COMMITMENT TO CLIMATE-SMART 
AGRICULTURE and tasked a number of federal agencies with collecting input from stakeholders 

and developing plans to address the climate crisis.28 USDA was directed to submit a report 

to the administration laying out an “agricultural and forestry strategy.”29 In USDA’s 90-

Day Progress Report on Climate-Smart Agriculture and Forestry,30 the agency embraced 

the president’s “focus on developing a climate-smart agriculture and forestry strategy 

that employs proven conservation practices,” announced plans to reduce methane from 

livestock,31 and significantly funded research efforts targeted at these reductions.32 With this 

new momentum, policy attention and interest in manure biogas has never been greater due 

to the perception that it provides an easy solution to reduce atmospheric emissions without 

requiring significant changes to the conventional industrial livestock model. This section 

surveys many of the existing and overlapping funding sources and incentive programs for 

manure biogas.

Grants & Loans Covering Start-Up Costs
Direct financial support for anaerobic digester systems is available to livestock facilities in 

the form of grants and loans. At the federal level, the Rural Energy for America Program 

(REAP) provides guaranteed loan financing and grant funding for the construction of biogas 

systems.33 Federal funds for biogas systems can also be obtained through USDA’s conservation 

programs—the Environmental Quality Incentives Program (EQIP), the Conservation Stewardship 

Program (CSP), and the newer Conservation Loan Program (CLP).34 While these conservation 

and energy programs are the most important sources of federal funds for manure biogas, 

many other programs support the development of the industry. The 2018 Farm Bill’s Energy 

Title alone includes the Biorefinery, Renewable Chemical, and Biobased Product Manufacturing 

Assistance Program;35 the Bioenergy Program for Advanced Biofuels;36 Biomass Research and 

Development Program;37 the Biodiesel Fuel Education Program;38 and the Carbon Utilization 

and Biogas Education Program.39

FEDERAL AND STATE 
PROGRAMS SUPPORTING 
MANURE BIOGAS
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USDA encourages livestock operations to “stack” multiple programs. In 2015, USDA stated:

To coordinate and maximize the potential assistance programs, Rural Development (RD) and Natural 
Resources Conservation Service (NRCS) met and developed a working partnership to deliver USDA services 
to producers interested in getting an anaerobic digester for their farming operation…. When “stacking,” 
both RD and NRCS funding mechanisms can be used to assist in funding a project but each has limitations; 
for instance, the $450,000 cap on EQIP encompasses financial assistance for any practice that the producer 
wants to implement during the life of the Farm Bill.40

The report encourages the 50-50 use of EQIP and REAP funds and provides a detailed breakdown 

of estimated costs, where the two programs cover the total $1,778,950 required to construct 

the digester system.

Some states provide a similar suite of programs to fund the installation of manure biogas 

systems. In California, for example, the Dairy Digester Research & Development Program 

(DDRDP) provides funding for the installation of dairy digesters.41 There are many smaller 

programs that offer grants, such as the Minnesota Department of Agriculture’s Methane 

Digester Loan Program.42

The federal 1603 program, “Payments for Specified Energy Property in Lieu of Tax Credits,”43 

provides grants to reimburse businesses for a portion of the cost of installing certain energy 

projects, including anaerobic digesters on farms.44 The 1603 program’s creation as part of 

the American Recovery and Reinvestment Act in 2009 was “motivated by difficult economic 

conditions and the perceived lack of tax-equity capacity to support renewable energy projects” 

eligible for the tax credits discussed below.45 While most 1603 funding has gone to wind and solar 

projects,46 the program has provided funding for at least 98 projects designated “biomass (open 

loop, livestock)” for a total of $119,133,949.00 or an average of $1,215,652.54 per operation.47

1603 PROGRAM:  
Payments for Specified Energy Property in Lieu of Tax Credits

98+
Biomass  

projects funded

$119,133,949 
Total funding 
for biomass 

$1,215,652 
Average funding 

per operation
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Private investment is also available to livestock operations seeking funding to install digester 

systems. As public programs to subsidize manure biogas production proliferate, the industry 

has become increasingly appealing to private investors. A March 2021 report by Stifel Equity 

Research laid out the prospects for manure biogas as follows:

We are bullish on the fundamentals of renewable natural gas (RNG) as it is positive for the environment 
(net negative carbon form of energy post-combustion), it is economic today (10-60 percent project IRRs), 
and offers immense growth potential (IEA projects an 18x increase in supply by 2040).48

The report noted that the current optimistic forecast for investors is closely linked to the 

enormous policy supports for this technology:49

The combination of policy ([CA] Senate Bill 1383, requiring reductions in short-lived climate pollutants) 
and regulatory incentives (both federal and state) have driven the recent inflection in RNG growth. In our 
view, producers are not in the business of producing RNG; they are in the business of monetizing RNG’s 
environmental attributes through various federal and state programs.50
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Subsidies & Other Programs That Enhance Revenue from Biogas Sales
In addition to funding sources intended to help livestock operators cover the fixed costs of 

biogas system construction, state and federal programs subsidize the revenue from biogas 

production on an ongoing basis.

The Federal Renewable Fuel Standard (RFS), which requires transportation fuels sold in 

the United States to contain a minimum amount of renewable fuel (a “Renewable Volume 

Obligation”), is a key source of potential revenue for manure biogas operations. The RFS 

is a market-based program intended to reduce overall emissions from transportation fuels 

in the United States. It is structured like a cap-and-trade program, but rather than cap net 

GHG emissions, the RFS mandates a quota for the amount of renewable fuel that must be 

incorporated into conventional transportation fuels.

EPA measures the emissions impact of each eligible renewable fuel through the evaluation 

of fuel “pathways.”51 The pathway for each renewable fuel describes the inputs and processes 

required, as well as the life cycle GHGs.52 Renewable fuel producers then apply to EPA for 

the specific pathways to which their fuel product corresponds. Once approved, these fuel 

producers can generate renewable identification numbers (RINs), which allow EPA to track and 

monitor these fuels.53 Renewable fuels and their corresponding RINs can be sold to producers 

of conventional fuels so they can meet the quota required by the RFS. Biogas from manure 

digesters can be used to generate advanced biofuel RINs, coded D5 in the RFS regulation.54 

(77,000 British thermal units are equal to one gallon equivalent or one RIN.55) RINs are explicitly 

allowed to be layered on top of other analogous credits, such as those from California’s Low 

Carbon Fuel Standard.56

Meeting the Federal Renewable Fuel Standard (RFS)

EPA measures the emissions impact of renewable fuels by evaluating 
their fuel “pathway,” or the processes required to produce them. 

Biogas from manure digesters can be used to generate advanced biofuel 
renewable identification numbers (RINs).

Renewable fuel 
producers apply to 

EPA for their product’s 
specific pathway.

Approved fuel producers 
generate RINs so EPA 
can track and monitor 

their fuels.

RINs can be sold to 
conventional fuel producers, 
allowing them to meet the 
Renewable Fuel Standard.
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The federal Advanced Biofuel Payment Program also subsidizes biogas revenue. The program 

provides quarterly payments “for the actual quantity of eligible advanced biofuel produced 

during that quarter” to biofuel producers, including refined biogas from farms.57 Entities 

that produce and sell biofuels, as defined in 7 CFR § 4288.102, can apply to participate in the 

program.58 This program was granted $322,000,000 in mandatory funding between 2009 and 

2023, in addition to $80,000,000 of discretionary funding authorized to be appropriated for 

the program between 2019 and 2023.59

In addition to direct payments, the federal government provides tax credits through the 

Electricity Production Credit and the Investment Tax Credit. Both corporate tax credits reduce 

energy producers’ tax burdens, but while the Electricity Production Credit compensates 

producers on a per kilowatt-hour basis for renewable energy (including “open-loop biomass”), 

the Investment Tax Credit reimburses a set percentage of installation costs.60 Importantly, 

taxpayers must choose either the Electricity Production Credit or the Investment Tax Credit—

they cannot apply for both. 

TYPES OF PROJECT REVENUES

Carbon 
Offset 

Credits
Organic 
Products

TYPES OF 
PROJECT 

REVENUES

Tax  
CreditsBiogas

Sales

Tipping 
Fees

Nutrient 
Enhancement 

Products

RFS

RECs

61Source: AgSTAR Project Development 
Handbook, Environmental Protection Agency

https://www.epa.gov/agstar/agstar-project-development-handbook
https://www.epa.gov/agstar/agstar-project-development-handbook
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At the state level, the Biofuels Investment Tax Credit also allowed companies in Florida to 

recoup “75% of all capital, operation, maintenance, and research and development costs 

incurred in connection with an investment in the production, storage, and distribution of 

biodiesel (B10-B100), ethanol (E10-E100), or other renewable fuel” through 2016.62 Additionally, 

industry groups tout California’s Low Carbon Fuel Standard (LCFS) as a boon to the biogas 

industry’s profitability.63 The program creates a tradeable market for credits and deficits, which 

are allocated to transportation fuel producers based on the carbon intensity of the fuels they 

produce. Low carbon intensity fuels receive credits, while high carbon intensity fuels receive 

deficits. Like the federal RFS, California’s LCFS program currently designates manure biogas as 

a negative emissions fuel and, consequently, awards profitable credits for its production.64 This 

revenue is allocated to producers on an ongoing basis in proportion to the quantity of fuel they 

produce. Biogas producers that participate in the LCFS are also explicitly allowed to participate 

in California’s cap-and-trade program, as well as the federal RFS. Like the stacking of USDA 

and DOE funds described above, layering multiple credits is explicitly described as a benefit.

Ultimately, however, the layering of credits from multiple market-based programs can 

undermine the additionality of emissions reductions claimed by those programs. Additionality 

is a term of art used to evaluate whether the policy intervention in question is in fact the cause 

of a given real-world behavior change. A behavior is not additional if it would have happened 

with or without the policy intervention. Compensating or crediting nonadditional behaviors, 

like the production of manure biogas, risks over-incentivizing them and even increasing rather 

than decreasing overall emissions. While California’s LCFS is the most well-developed credit 

trading program for transportation fuels, other states are developing similarly structured 

programs, including Oregon’s Clean Fuels Initiative program.

Finally, some states are creating reliable markets for these fuels as a source of “renewable 

energy” through utilities. Where renewable fuels standards like the programs described above 

focus on transportation fuels, renewable portfolio standards or renewable electricity standards 

focus on the use of renewable energy sources for electricity generation. These programs 

typically mandate that a certain amount of energy be derived from renewable sources and 

define what constitutes renewable sources for the purposes of the program. Much like the RINs 

in the federal renewable fuel standard, many renewable portfolio standards at the state level 

implement trading programs using renewable electricity certificates (RECs). State programs 

vary, but they usually include manure biogas as a renewable energy source.65

Considered collectively, these funds represent potential windfalls for operations well suited 

to the installation of manure biogas systems. But, smaller, less established operations, or 

operations that use dry manure management systems or grazing systems are unlikely to benefit 

from these funds, even though their models may be more climate smart overall in accord with 

the Biden Administration’s stated goals and objectives.
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More Information on Funding for Manure Biogas

 Federal and State Laws and Incentives, Alternative Fuels Data Center, https://afdc.energy.gov/laws/search

 U.S. Env’t Protection Agency, AgStar Handbook, https://www.epa.gov/sites/default/files/2014-12/documents/
agstar-handbook.pdf#page=81

 Cal. Dep’t of Food and Agriculture, Dairy Digester Research and Development Program Report of Funded 
Projects (2015-2019) (April 2020), https://www.cdfa.ca.gov/oefi/ddrdp/docs/DDRDP_Report_April2020.pdf

 Cal. Public Utilities Comm’n., Bioenergy Feed-In Tariff Program (SB 1122), https://www.cpuc.ca.gov/SB_1122/

https://afdc.energy.gov/laws/search
https://www.cdfa.ca.gov/oefi/ddrdp/docs/DDRDP_Report_April2020.pdf
https://www.cpuc.ca.gov/SB_1122/


16 r e t h i n k i n g m a n u r e  b i o g a s

TO PRODUCE BIOGAS FROM MANURE, farming operations must install an anaerobic digester, typically 

by capping or covering an existing manure lagoon to create an oxygen-free environment in 

which bacteria can break down organic matter. Biogas is a byproduct of this process. These 

systems offer some climate benefits (namely capturing methane and converting it to carbon 

dioxide during combustion) but their installation and use can also add new environmental 

harms. Such harms depend on a range of factors, including:

 the scale of the operations;

 the geography of the site;

 existing cumulative impacts to  

air and water;

 the end use of the biomethane; and

 the management of digestate (a 

byproduct of anaerobic digestion).

Through the process of anaerobic digestion, animal manure undergoes chemical changes 

that result in the production of a mix of gases, solid digestate, and liquid effluent. Biogas 

can be combusted to generate electricity on-site or exported as electricity and sold to the 

grid or at wholesale rates. The gases can be further “upgraded” to biomethane, which has a 

range of potential uses. Biomethane can be used on-site, injected into a pipeline, or used as a 

transportation fuel (when compressed to produce compressed natural gas).66

ANAEROBIC DIGESTERS 
CAN IMPOSE NEW 
ENVIRONMENTAL HARMS

Through the process of anaerobic digestion, 
animal manure undergoes chemical changes 
that result in the production of a mix of 
gases, solid digestate, and liquid effluent.

Photo source: 20120717-OSEC-RBN-8338 by US Department of Agriculture is licensed under CC BY 2.0.

https://www.flickr.com/photos/usdagov/7599593386/in/photolist-czxUmb-czy3ro-czy2LW-6kFnWu-czYoew-czxR67-6kFo6C-czxScs-czr7pw-97rxAp-97ryu6-97uDN9-97ry2c-97ryNX-97ryg2-97rxUx-czYphw-czxRCG-czYoMw-buExeX-czxSHb-czxTM9-fP48cA-7YiCGt-7YiCST-czxQq3-9pSZth-TJ4KJj-7gemVa-bM5DHx-byaWrS-Fy6iqJ-8MeyaA-ebcvvm-G5EgXr-8Mbvxi-bM5DW6-8Mey3j-8Mbvr2-byaWMN-ax81V7-byaXkj-eb6T5r-bM5CrZ-Tsw95L-2b2tkZ-eef9Lj-hiGvEg-bM5DPg-bM5DCx
https://www.flickr.com/photos/usdagov/
https://creativecommons.org/licenses/by/2.0/
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There are several process steps that can be used 
alone or in combination to treat and manage 
manure. This diagram illustrates the elements of a 
biogas recovery system. 
Source: Anaerobic System Design and Technology, 
Environmental Protection Agency
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Biogas Systems Primarily Benefit Large Operations  
Using Liquid Manure Management Systems
Two of EPA’s screening questions to evaluate a livestock facility’s potential for anaerobic digester 

systems ask whether the operation is “large” and whether it uses a liquid manure management 

system.67 To be financially viable, biogas recovery systems typically require manure from at 

least 2,000 hogs or at least 500 cows.68 According to EPA, manure biogas projects are “most 

likely to succeed where manure is collected as a liquid, slurry, or semi-solid and stored in open 

pits, ponds, or lagoons” because 

liquid manure can be easily 

flushed into lagoons.69 Dry manure 

management is more common on 

pasture-based operations, where 

there is no easy manure collection 

system. Industrial scale operations 

and liquid manure management 

tend to go hand-in-hand because very large facilities often cannot dispose of all of their 

manure safely through land application without exceeding the amount of nutrients the land 

can take up. Additionally, liquefaction makes manure management less costly where livestock 

is confined.70 A major downside to the liquefaction of manure, however, is that it generates 

more GHG emissions, since the anaerobic conditions in manure lagoons produce additional 

methane.71 A 2022 EPA report explains:

When livestock manure is stored or treated in systems that promote anaerobic conditions (e.g., as a 
liquid/slurry in lagoons, ponds, tanks, or pits), the decomposition of the volatile solids component in the 
manure tends to produce CH4 (methane). When manure is handled as a solid (e.g., in stacks or drylots) 
or deposited on pasture, range, or paddock lands, it tends to decompose aerobically and produce CO2 
and little or no CH4.72

The same report tied growth in industrial animal agriculture operations that liquefy manure 

to the broader increase in manure-related methane and nitrous oxide emissions since 1990.73 

EPA concluded:

In many cases, manure management systems with the most substantial methane emissions are those 
associated with confined animal management operations where manure is handled in liquid-based 
systems… The shift toward larger dairy cattle and swine facilities since 1990 has translated into an increasing 
use of liquid manure management systems, which have higher potential CH4 emissions than dry systems.74

To be financially viable, biogas recovery 
systems typically require manure from  
at least 2,000 hogs or at least 500 cows.
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Biogas Systems Require New Infrastructure
Depending on the desired end use of the refined biomethane produced by anaerobic digestion 

and subsequent refining, operations require a range of additional infrastructure. New 

infrastructure can introduce additional truck traffic or pipeline interconnections and result 

in significant wear to common infrastructure such as roads. Depending on how the biogas is 

to be used, on-site gas treatment systems may be necessary to process the gas accordingly. 

Temporary storage systems for biogas may also be required and excess biogas may need to be 

flared, or burned off, in some cases.

Biogas Systems Produce New Co-Pollutants  
& Exacerbate Existing Co-Pollutants
Anaerobic digestion creates a byproduct called digestate, which can be used as animal bedding 

or as fertilizer. Digestate is chemically different from the original manure. Digestate contains 

“more soluble plant nutrients due to mineralization and has less degradable biomass than the 

original substrate resulting in changes in GHG and NH3 emissions.”75 The method of storage 

and treatment of digestate can significantly impact the total GHG emissions from the biogas 

system, as well as co-pollutants like volatile organic compounds (VOCs) and hydrogen sulfide.

A 2017 study seeking to provide clarity on the emissions impact of anaerobic digestion (versus 

solid-liquid separation versus a combination of the two methods) found that anaerobic digestion 

alone resulted in an 81 percent increase in ammonia emissions during storage.76 The authors 

concluded that anaerobic digestion could “significantly increase NH3 emissions from manure 

storage if manure covers are not implemented.”77 While ammonia is not a greenhouse gas, it 
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creates serious public health harms and degrades air quality.78 The study also found that the 

nitrous oxide from digested separated solids “was much higher than separated solids without 

digestion,” canceling out net GHG reductions.79 This indicates that the simple adoption of manure 

biogas systems is not enough to ensure a net reduction in emissions from a given operation.

One study at a swine biogas facility in China took digestate to a research facility, stored it under 

controlled conditions, and then measured resulting emissions. The study identified 49 VOCs, 

22 of which have been described as hazardous air pollutants by EPA. Of these 22 hazardous 

VOCs, “11 of these had relatively high concentrations . . . 8 were identified to be or likely to be 

carcinogenic, and 14 were identified to be harmful to other human organs or systems.”80 While 

most studies on VOCs from manure focus on the odor-causing compounds, the “proportion 

of hazardous air pollutants (32.77 percent) was shown to be considerably higher than that of 

odorous pollutants (5.15 percent).”81

Another study looked at manure under anaerobic conditions from two different dairy farms in 

Japan and found that hydrogen sulfide emissions vary considerably based on the mixing speed 

and frequency of disturbance of the stored manure as well as the manure’s total solid content, 

temperature, and pH. For example, when stored at 18 degrees Celsius (64 degrees Fahrenheit), 

there was a sudden increase in the concentration of hydrogen sulfide (H
2
S).82 Additionally, 

“[the highest H
2
S emissions were achieved at the fastest speed and longest duration of manure 

mixing.”83 Given that exposure to hydrogen sulfide is extremely dangerous and has been linked 

to death, the storage and treatment of manure and digestate is critical.84

New Impacts Must Be Evaluated in Analyses of Biogas Systems
These new impacts must be incorporated into analyses intended to evaluate the potential 

benefits of manure biogas systems. Unfortunately, such analyses often omit key considerations 

regarding co-pollutants, new infrastructure, and the environmental justice and equity 

implications associated with manure biogas systems. As stated above, the conventionally 

cited environmental benefit of manure biogas systems is a net reduction in atmospheric GHG 

emissions. Policy support for biogas systems rests on this reduction and as a result, life cycle 

analyses of manure biogas systems typically focus their impact evaluation on GHG emissions 

specifically and do not always address harms from co-pollutants or new infrastructure.

The metric typically used to quantify the environmental sustainability of a product or service is 

life cycle analysis (LCA). The goal of LCA is to provide a comprehensive view of environmental 

impacts to help decision-makers identify the effect of a given good or service. LCAs estimate 

To properly account for the full life cycle emissions, 
any manure biogas LCA should include the storage and 
disposal of digestate, as well as the emissions generated 
in the production of manure, that is, the emissions 
resulting from raising the livestock in question.
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the cumulative environmental impacts resulting from all stages of a product, process, or service 

through the life cycle, from raw material acquisition, manufacturing, use/reuse/maintenance, 

to recycling/waste management.85 Programs like the Federal Renewable Fuel Standard and 

California’s Low Carbon Fuel Standard, described above in part II, rely on life cycle assessments 

to determine the life cycle GHG emissions of participant fuels, including those derived from 

manure biogas systems. Both EPA and the California Air Resources Board use versions of the 

Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation (GREET) life cycle 

analysis model which is designed for transportation fuels.86

System boundaries mark the beginning and end of the process or life cycle in question. 

Consequently, the boundaries and assumptions used in the LCA model are critical. For 

example, an LCA that excluded emissions related to digestate would not fully account for 

life cycle emissions of manure biogas. To properly account for the full life cycle emissions, 

any manure biogas LCA should include the storage and disposal of digestate, as well as the 

emissions generated in the production of manure, that is, the emissions resulting from raising 

the livestock in question.

When produced at an industrial scale, animal manure can create severe environmental harms 

and adverse impacts to public health. The impacts of manure include water contamination, air 

pollution, and foul odor (which can degrade quality of life for neighboring communities and 

decrease property values), in addition to GHG emissions. Manure biogas systems capture some 

of the emissions from livestock facilities, but fail to address the co-pollutants associated with 

manure production while also producing new co-pollutants from the processing and storage of 

the resulting digestate, as discussed above. Multiple toxic pollutants, including VOCs, ammonia, 

endotoxins, particulate matter, and bioaerosols are linked to large-scale industrial confined 

animal feeding operations.87 To the extent that anaerobic digestion technology maintains or 

even expands the model of concentrated industrial animal agriculture, it can perpetuate and 

even increase resulting public health harms.

In many parts of the country, these impacts disproportionately harm Black, Indigenous, and 

low-income communities. Multiple disparity analyses (and resulting civil rights complaints 

submitted to regulators) have challenged states’ approaches to the regulation of industrial 

animal agriculture. One recent complaint filed with EPA’s External Civil Rights Compliance 
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Office under Title VI of the Civil Rights Act alleged that North Carolina’s new general permit 

for manure biogas exacerbated existing discriminatory impacts of the livestock industry in the 

state.88 The complaint alleges that the North Carolina Department of Environmental Quality’s 

new general permit for biogas systems on confined animal feeding operations “authorizes not 

only the continued use of the discriminatory lagoon and sprayfield system, but also the use of 

anerobic digesters and uncovered ‘secondary’ lagoons, which will exacerbate the underlying 

system’s impacts on communities of color.”89 This complaint follows another civil rights 

complaint addressing the discriminatory harms of the hog industry in North Carolina, to which 

EPA responded with a letter expressing “deep concern.”90

“These harms disproportionately affect Black and Latinx people living near the Hog Operations, and it 
is these communities who will suffer most if pollution from the Hog Operations worsens, as is expected 
with the Permits. Decades of research—including research reviewed by this office—demonstrate how the 
lagoon and sprayfield waste management system authorized by the Permits pollute rivers, streams, and 
air quality throughout eastern North Carolina. Despite this, and despite evidence indicating the increased 
risk of pollution and adverse health impacts to nearby residents from the increases to harmful hog waste 
pollutants resulting from biogas production, DEQ issued the Permits without addressing these harms. 
This is unacceptable and a violation of federal law.” — SELC complaint to EPA, 2021
Source: Southern Environmental Law Center

CAFO EMISSIONS SOURCE TRAITS HEALTH RISKS

Ammonia
Formed when microbes decompose 
undigested organic nitrogen 
compounds in manure

Colorless, sharp pungent 
odor

Respiratory irritant, chemical burns 
to the respiratory tract, skin, and 
eyes, severe cough, chronic lung 
disease

Hydrogen Sulfide
Anaerobic bacterial decomposition 
of protein and other sulfur 
containing organic matter

Odor of rotten eggs
Inflammation of the moist mem-
branes of eye and respiratory tract, 
olfactory neuron loss, death

Methane Microbial degradation of organic 
matter under anaerobic conditions

Colorless, odorless, highly 
flammable

No health risks. Is a greenhouse gas 
and contributes to climate change

Particulate Matter
Feed, bedding materials, dry 
manure, unpaved soil surfaces, 
animal dander, poultry feathers

Comprised of fecal matter, 
feed materials, pollen, 
bacteria, fungi, skin cells, 
silicates

Chronic bronchitis, chronic respirato-
ry symptoms, declines in lung func-
tion, organic dust toxic syndrome

Typical Pollutants Found in Air Surrounding CAFOs

Source: Understanding Concentrated Animal Feeding Operations and Their Impact on Communities

https://www.southernenvironment.org/wp-content/uploads/2021/09/2021-09-27-Title-VI-Complaint-Index-DEQ-Biogas-Permits.pdf
https://www.cdc.gov/nceh/ehs/docs/understanding_cafos_nalboh.pdf 
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THE SHEER NUMBER OF PROGRAMS designed to support the installation and operation of manure 

biogas systems on livestock operations presents two important questions. First, are these 

programs necessary to obtain the intended climate benefits of biogas systems and to what 

extent do they contribute to an overall emissions reduction? Second, what are the opportunity 

costs of the intense focus on this one method of reducing livestock emissions, given the range 

of alternatives? The fact that alternatives exist, coupled with the requirement that manure 

production continue at staggering rates to ensure the productivity of manure biogas systems 

calls into question whether it is prudent to focus policy efforts on a single solution.

Biogas Systems May Not Reduce Overall Emissions
Anaerobic digesters are designed to capture (and monetize) methane and other gases that 

would otherwise be emitted into the air from manure lagoons. However, capturing emissions 

does not avoid or reduce emissions at the source. Reducing emissions at the source would entail 

significant changes in livestock production systems. Digester systems are sometimes described 

as stopgap measures—a means to reduce emissions quickly in the absence of developing or 

implementing alternative measures. However, climate science demonstrates that significant 

reductions at the source are required in the next decade. Investing in expensive durable 

infrastructure that requires ongoing manure production at current rates without emissions 

reductions fails to meet this imperative.

Because manure biogas systems capture rather than reduce emissions, these systems require 

the ongoing generation of GHG emissions to be financially viable. The digester’s function is 

to capture the emissions, so the system breaks down if emissions are reduced at the source. 

Producers must continue to generate manure at scale for the facilities to remain financially 

sustainable. The large upfront investment in these systems then fixes the current numbers 

and concentration of livestock at facilities where they are installed, despite the range of harms 

INVESTING IN MANURE BIOGAS 
SYSTEMS REWARDS THE LARGEST 
FACILITIES AND MAINTAINS  
THEIR UNSUSTAINABLE MODEL

Photo source: Ag Partners, Hartley, Iowa by TumblingRun is licensed under CC BY-NC-ND 2.0.
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generated by such concentrated operations. Simultaneously, the new subsidized revenue 

streams support the ongoing generation of manure at scale. This outcome is sharply at odds 

with the prescriptions of climate scientists and the Biden Administration’s stated climate goals.

Additionally, while anaerobic digesters capture manure methane from lagoons, they do not 

capture greenhouse gas emissions before or after this point. The emissions from manure 

management that can be targeted by digesters make up 9.2 percent of total methane emissions 

from anthropogenic activities, while emissions from enteric fermentation, which remain 

untouched by digester systems, make up 26.9 percent.91 In contrast, other interventions in 

the industrial animal agriculture system, 

including alternative methods of manure 

management and changes to animals’ 

diet, address emissions throughout or at 

various points in the process of raising 

livestock. Importantly, a significant 

portion of livestock GHG emissions 

result from the decision to liquefy 

manure.92 Some manure management 

emissions can be avoided by using dry 

manure management systems, as many 

farmers do. Capturing GHG emissions 

should be a last resort option after other 

alternatives have been pursued to avoid 
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or reduce emissions. This tracks with other federal policy efforts and priorities, as reduction is 

the management method at the top of EPA’s waste management hierarchy for decision-making 

(organized from least to most detrimental to human and animal health and the environment).93

Alternative measures to reduce methane emissions from animal agriculture are available and 

feasible. Manure management systems generally include processes for the collection, transfer, 

storage, and sometimes treatment and end-use of manure.94 Alternatives are available at each 

point along the way. At the initial collection stage, operations can opt for dry-scrape systems, 

rather than the flush systems typically used for lagoons. Dry scrape systems use mechanical 

scrapers to move manure into holding pits. 

Livestock operations can also be designed as pasture-based, rather than confinement. On 

pasture-based operations, manure is typically left on pasture and produces minimal methane.95 

Pasture-based operations that rely primarily on grazing for animals’ nutrition can also avoid 

emissions associated with the production and transportation of the feed used on confinement 

operations96 and can potentially provide carbon sequestration benefits if grasslands and 

grazing are properly managed.97 At the storage stage, operations can employ solid-liquid 

separation rather than flushing all liquefied manure directly into a lagoon. Once liquids have 

been separated out, manure solids can be composted.98 A technical report prepared for the 

California Air Resources Board concluded that, in addition to manure biogas system installation:

Methane emissions from lagoon storage systems can be decreased by reducing the amount or modifying 
anaerobic storage (i.e. solids separation and diversion from lagoon, modifying dominant flush collection to 
manure scraping with drying/composting or other lagoon diversion, etc.), aerating the lagoon (to reduce 
or eliminate anaerobic conditions).99
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https://www.epa.gov/homeland-security-waste/waste-management-hierarchy-and-homeland-security-incidents
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These are viable methods of manure management that would avoid, rather than simply capture, 

at least some emissions associated with open-air lagoons of liquid manure.100 Many livestock 

operations already employ these lower-emissions practices. Unfortunately for them, however, 

smaller operations, pasture-based operations, or operations that have a more sustainable 

business model of dry manure management will not benefit from the significant public funds 

currently being channeled to biogas-eligible facilities. This sets a perverse precedent of 

neglecting historically good actors while rewarding the worst polluters in the livestock industry 

with new revenue and fodder for positive public relations.

Tied to the claim that biogas systems reduce emissions is the argument that the use of manure 

systems displaces the use of fossil fuels. An empirical analysis of this claim is beyond the scope 

of this report. However, regulators and policymakers should carefully consider the climate value 

of replacing fossil fuels with the combustion of biomethane, especially for the magnitude of 

public funds invested in this displacement. Renewability does not necessarily mean that a fuel 

is sustainable or climate friendly.101

Biogas Systems May Not Generate Revenue & “Design Out Waste”
Another important consideration is whether manure biogas systems really generate revenue 

and “design out” waste. This reflects a broader trend in policy prescriptions, sometimes 

referred to as the “circular economy,” that seeks to “design out” waste from various industrial 

life cycles.102 Proponents of the circular economy use the phrase “designing out” manure or 

any other waste product to mean that the waste is made profitable through other industrial 

processes. Unlocking new profits from waste,103 however, does not necessarily entail any 

changes to the processes of waste generation or to any environmental or public health harms 

that arise from these processes.

In the case of manure biogas systems, manure is still produced, liquefied, and transported to 

manure lagoons—it must be for the biogas system to function. Anaerobic digestion does not 

make the manure vanish, it produces digestate. As discussed above, digestate has industrial 

uses, as fertilizer, for example, but also carries many of the same potential environmental harms 

as manure. Therefore, while it is correct to say that manure biogas systems access the potential 

economic value of manure as a fuel source, the waste does not disappear and can continue 

to cause environmental and public health harms, before, during, and after (as digestate) the 

process of anaerobic digestion.

While it is correct to say that manure biogas systems access 
the potential economic value of manure as a fuel source, 
the waste does not disappear and can continue to cause 
environmental and public health harms, before, during,  
and after (as digestate) the process of anaerobic digestion.
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The massive quantities of manure produced at industrial scale livestock facilities can and do cause 

serious environmental, quality of life, and public health harms to neighboring communities. 

These harms do not cease to exist upon the addition of an anaerobic digester. In fact, while 

proponents of biogas systems sometimes argue that capping lagoons can address these issues, 

impacted environmental justice communities around the country have organized against the 

proliferation of biogas because it is viewed as maintaining and supporting a harmful system.104

Beyond the Baseline:  
Evaluating Mitigation Measures Against Policy Alternatives
The climate benefits associated with greater public resources devoted to expanding manure 

biogas production can only be evaluated relative to other available policy options. Such policy 

options cannot be limited to a business-as-usual scenario, which the scientific community 

has made clear is untenable. Regulators currently consider the displacement of fossil fuels 

when evaluating the benefits associated with these systems, but they must also consider the 

alternative emissions reduction strategies that are displaced now and into the future upon 

investment in large-scale manure biogas systems.

Unfortunately, conventional win-win claims break down when framed in the broader context 

of policy mechanisms available to address emissions from livestock. This is attributable to 

the many alternative approaches to reducing emissions from livestock facilities, some of 

which could reduce emissions throughout the life cycle, instead of those emitted only from 
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manure lagoons. The Biden Administration’s plan to reduce methane names several of these 

alternatives, including installing “solid separators that reduce methane-producing slurries; 

providing conservation assistance for transitions to alternative manure management systems, 

such as deep pits, composting, transitions to pasture, or other practices that have a lower 

greenhouse gas profile.”105 Despite the administration’s support of reducing methane-producing 

slurries on paper, funding for manure biogas systems that require methane-producing slurries 

to function continues to dwarf alternatives.

While it is unreasonable to expect a single policy mechanism or technology to solve all problems, 

there are viable alternative manure management practices and policy mechanisms to decrease 

emissions as well as co-pollutants in a more equitable manner. Currently, however, these 

programs are not being funded at nearly the same rate as manure biogas. In California, for 

example, the Alternative Manure Management Program (AAMP) has been funded at roughly 

half the rate of the Dairy Digester Research & Development Program (DDRDP) in recent years.106

In addition to a broad evaluation of each of these alternative mechanisms and potential policy 

mechanisms to promote them, it is essential to note the reason policy incentives are strictly 

necessary in this case—industrial livestock operations have historically been essentially exempt 

from any regulation of GHG emissions. It is, in fact, only this absence of regulation that makes 

the calculation of emissions reductions from the addition of digesters so high. The primary 

alternative policy mechanism should be to treat industrial livestock operations like every other 

industry in the country and regulate the emissions they externalize to the detriment of the 

public—the primary funders of manure biogas systems. Regulators should actively support 

farmers that engage in climate-friendly practices less likely to harm neighboring communities.

In the United States, livestock agriculture has dramatically shifted toward “large scale 

industrialized production systems.”107 As a result, livestock operations are producing more 

manure in centralized regions.108 The storage, transportation, and land application109 of this 

waste poses serious environmental risks, in addition to the GHG emissions from other parts of 

the livestock life cycle. Methane emissions from livestock manure are significant, but experts 

note that the trade-offs associated with manure management options, including the use of 

biodigesters, are not well studied and have not been proven to be “climate smarter.”110

While it is unreasonable to expect a single 
policy mechanism or technology to solve 
all problems, there are viable alternative 
manure management practices and policy 
mechanisms to decrease emissions and  
co-pollutants in a more equitable manner.
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LIVESTOCK OPERATIONS’ IMPACT ON CLIMATE CHANGE presents an opportunity for a real win-win: the 

US can develop policies that reduce GHG emissions from these facilities—as is required in order to 

mitigate the substantial impact of livestock agriculture on the climate—while simultaneously reducing 

the additional environmental harms many such facilities externalize into local communities. In many 

cases, have a discriminatory impact on the basis of race. These prerogatives are well aligned with 

the Biden Administration’s Climate Smart Agriculture policy, Executive Order 14008, and Executive 

Order 13985.111 Specifically, policymakers should consider the following:

USDA must ensure that recipients of its funding 
are in compliance with Title VI of the Civil 
Rights Act of 1964. This includes ensuring that 
state agencies that receive USDA funding and 
implement programs supporting manure biogas 
are developing such policies in a manner that does 
not disproportionately benefit white operators or 
disproportionately harm nearby communities on 
the basis of race, national origin, or color.

Evaluate USDA’s programs to ensure that they do 
not have a disproportionate impact on the basis of 
race, national origin, or other protected class.

Properly account for the full climate impacts 
of manure biogas and ensure that emissions life 
cycle analyses consider the full range of upstream 
and downstream emissions in the manure biogas 
life cycle.

Move beyond business-as-usual as a point of 
comparison for manure biogas, which does not 
ensure a viable climate-smart future. The point 
of comparison should be the range of policy 
alternatives to biogas promotion, including the 
regulation of methane from agricultural operations.

Ensure a just transition for all, including for 
livestock farmers. Policy should ensure that farmers 
and farmworkers can make viable livelihoods while 
transitioning to more sustainable models.

Evaluate the efficacy of overlapping programs 
to ensure that public funds for manure biogas are 
effectively promoting new emissions reductions.

Properly account for the full impacts of 
policies supporting manure biogas, including 
environmental, public health, and quality of life 
impacts from co-pollutants caused by manure.

POLICY RECOMMENDATIONS 
AND CONCLUSION
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