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California Energy Commission  
1516 Ninth Street, MS-39 
Sacramento, CA 95814 
 
2019 Integrated Energy Policy Report 
19-IEPR-08 - Natural Gas Assessment 
 
Environmental Defense Fund (EDF) is pleased to offer comments to the California            
Energy Commission in response to the 2019 Integrated Energy Policy Report (IEPR).  
 
IEPR is an important report that will govern the way California’s energy resources are              
managed to protect the environment, public health and safety, while ensuring energy            
reliability and enhancing the economy. By way of these comments, EDF hopes to inform              
future decision making about the use of natural gas in the state of California, particularly               
how best to include biogas in the state’s energy economy.  
 
These comments are in the form of an article published by EDF, titled ‘Not all biogas is                 
created equal’ as well as a paper from the World Resources Institute (WRI), titled ‘The               
Production and Use of Waste-Derived Renewable Natural Gas as a Climate Strategy in             
the United States’. The article discusses the basics of biogas, noting it as a potential               
carbon reduction strategy for utilities, but only if developed with safeguards from            
leakage and cautioning against new biogenic methane generation from sources not           
currently producing it. The WRI working paper further explores these notions of biogas’             
potential in the U.S., positing two key conditions for ensuring that biogas is climate              
positive, when compared to fossil fuels used to power vehicles.  
 
Sincerely, 
Timothy O’Connor  
Senior Director  
Environmental Defense Fund  



By EDF Blogs / Bio / Published: April 15, 2019

By Joe Rudek and
Stefan Schwietzke

In this climate
conscious economy,
where many consumers
demand cleaner energy
options, gas companies
are exploring more
opportunities to reduce
their carbon footprint.

One option gaining traction is biogas – a form of natural gas that comes
from decaying biological sources (like decomposing food and manure),
rather than fossil fuels. In fact, gas utilities from Vermont to California
have introduced programs to allow their customers to purchase biogas
through the existing gas system.

Some utilities suggest that biogas cuts carbon emissions across the
energy sector. However, the reality is that biogas must be developed
with safeguards that protect the climate and local environmental

Not all biogas is created equal
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conditions, and is only one tool among many needed to address the
climate crisis.

The biogas basics

Biogas is typically about twothirds methane (CH4) and onethird
carbon dioxide (CO2). Both are climate pollutants, and while CH4
doesn’t last in the atmosphere as long as CO2 (about 10 years
compared with hundreds of years) it’s far more potent – responsible for
about 25% of current global warming.

Biogas can be processed to about 95% CH4 – what is often called
biogenic CH4 or renewable natural gas (RNG). When biogenic CH4 is
combusted (on a stove top burner, for instance) it still creates CO2
emissions, but since the biogas is derived from plants (which naturally
remove CO2 from the atmosphere), the CO2 emissions are generally
considered climateneutral as relatively little fossil carbon is added to
the atmosphere. So, there are climate benefits to capturing and using
biogenic CH4 gas currently emitted from landfills, lagoons, animal
feeding operations and other existing sources. Even if this CH4 capture
is imperfect, it’s beneficial because there is a net reduction in CH4
emissions. In addition, when used as a fuel, it can provide climate
benefits by reducing use of fossil energy sources.

But not all biogas is carbon neutral.

The right (and wrong) way to develop biogas

Not all biogas is created equal
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The benefits of capturing and using biogenic CH4 strongly depend on
where the biogas comes from and the infrastructure used to process
and deliver it. For example, while some leakage in the capture of
current CH4 emissions sources still reduces net pollution, if new
biogenic CH4 were generated from sources not currently producing it
(for example wood product wastes or purpose grown crops),
subsequent leakage of that new biogenic CH4 would increase
atmospheric CH4 concentrations. Given the potency of CH4, any net
increase in emissions would be counterproductive. Biogas production
also only generates climate benefits if it replaces fossil gas instead of
adding to global production.

A 2018 peerreviewed paper by Alvarez et al (2018) estimates that a
loss rate of about 3% negates the climate benefits of replacing fossil
natural gas with biogenic CH4 generated from new sources for at least
a couple of decades. This underlines the importance of minimizing CH4
leakage, which is equally relevant for biogas.

Therefore, according to Alvarez et al., even the climate benefits of
capturing and using existing emission sources could be overcome if
higher net CH4 emissions results. One example of this would be a
landfill CH4 capture system that currently flares captured biogas where
subsequent diversion of the biogas for processing, pipeline distribution
and use results in higher CH4 emissions relative to flaring.

A framework for biogas oversight

A 2018 paper from the World Resources Institute (WRI) proposes two
key conditions to consider to ensure biogas is climate positive.

http://science.sciencemag.org/content/361/6398/186
https://www.wri.org/publication/renewable-natural-gas


First, biogas must be produced from waste, and not other sources of
organic material. Use of waste avoids competition with food
production, timber, other human needs and ecosystem carbon
storage.

Secondly, biogas must reduce net CH4 emissions to the
atmosphere. As referenced earlier, net increases in emissions can
occur when biogas comes from new CH4 sources (methane that
would not otherwise have entered the atmosphere), or existing
biogas sources whose capture systems result in higher net CH4
emissions.

Since it’s clear that biogas must be sourced responsibly to be a true
climate win and avoid creating more problems than it solves, state and
local agencies must be careful not to overestimate the volume of
biogas available to replace fossil fuels.

A final element to consider is the management of the remaining waste
products from the anaerobic digestion of animal manure. The nutrient
rich solids and effluent remaining in the digester are typically applied to
nearby crops, but appropriate care must be taken to avoid impacts to
water, air, and nearby communities.

Where all of these conditions are met, biogas could present a major
opportunity for farms and other existing agricultural sources to reduce
waste by cutting flaring and useable CH4 losses.

A clear direction forward on biogas

Replacing fossil fuels with biogenic CH4 only works for the climate if
biogas is responsibly sourced and emissions are very well controlled.



Otherwise, conditions could cause perverse climate impacts that
undercut or even totally eliminate the value of biogas. Decisionmakers,
such as Public Utilities Commissions and legislatures, should closely
evaluate new biogas proposals to determine if they really can deliver
climate benefits.

257 Park Avenue South, New York, NY 10010
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EXECUTIVE SUMMARY
Highlights
 ▪ The production of renewable natural gas (RNG, also 

known as biomethane or upgraded biogas) is an 
emerging strategy to turn organic waste into a low-
carbon fuel for use in vehicles. 

 ▪ This working paper explores RNG’s potential as 
a climate-change strategy in the United States, 
including the conditions under which it can achieve 
large greenhouse gas (GHG) emissions reductions 
compared to fossil fuels used to power vehicles. 

 ▪ We find that RNG has the potential to be an 
effective GHG reduction strategy when it meets two 
conditions: It is produced from waste, and its use 
reduces methane emissions to the atmosphere. 

 ▪ The most promising RNG projects include food and 
yard waste diverted from landfills and livestock 
manure projects on farms that aren’t already 
capturing methane. Analyses have shown that using 
RNG from these projects in heavy-duty vehicles can 
result in net GHG reductions on a life-cycle basis.

 ▪ Municipalities, states, and companies considering 
RNG as a climate strategy will need to determine 
the net GHG impacts, costs, and benefits of new 
projects and policies on a case-by-case basis. 
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Renewable Natural Gas as a Vehicle  
Fuel in the United States
The production of RNG from organic waste for 
use as a vehicle fuel is an emerging strategy that 
businesses, states, and municipalities are pursu-
ing to make use of waste-derived methane and 
lower the carbon footprint of vehicle fleets. RNG 
is primarily made from wet organic wastes, which include  
livestock manure; sludge from wastewater treatment; 
inedible fats, oils, and greases (FOG) from commercial 
and industrial food processing operations; and food 
and yard waste disposed of in landfills or diverted from 
landfills and processed separately to make RNG. When 
wet wastes decompose under typical management prac-
tices—for instance, when food waste is disposed of in a 
landfill—they produce biogas, a mix of carbon dioxide, 
methane, and other trace elements that can escape to 
the atmosphere and contribute to climate change (U.S. 
Environmental Protection Agency 2017a). Biogas can be 
captured and processed into RNG, which is essentially 
pure methane and is interchangeable with conventional, 
fossil-fuel derived natural gas in any of its uses, including 
power generation, heating, and vehicle fuel. The result-
ing fuel, which is recognized as a low-carbon fuel under 
the federal Renewable Fuel Standard and similar state 
policies, can be distributed in the same pipelines and 
fueling pumps as conventional natural gas and used in any 
vehicle with a natural gas engine (Hamberg et al. 2012). 
This working paper focuses on RNG use as a vehicle fuel 
because this is where most RNG is used today, driven in 
large part by the federal Renewable Fuel Standard and 
low-carbon fuel standards in California and Oregon. (See 
page 27 for a glossary of terms used in this paper.) 

RNG production is relatively limited in the United 
States, but growing rapidly. Driven in large part 
by the economic incentives provided by renewable and 
low-carbon fuel policies, RNG production grew from 1.4 
million ethanol-equivalent gallons in 2011 to nearly 190 
million in 2016 (U.S. Environmental Protection Agency 
2017b). Cities and towns are increasingly using RNG to 
more efficiently manage local waste and power munici-
pal vehicle fleets like garbage trucks and buses. Private 
companies—particularly waste disposal services and 
companies that use heavy-duty vehicles for freight—are 
beginning to add RNG as a domestic, renewable, low-car-
bon fuel option in their efforts to reduce GHG emissions. 
California has acknowledged RNG as part of its compre-
hensive plans to address climate change (California Air 

Resources Board 2017a). Municipalities and businesses 
undertaking RNG projects have pointed to benefits beyond 
potential GHG reductions, including improved local air 
quality and associated public health benefits, reduction in 
waste management costs, and avoided price volatility of 
fossil fuels (Underwood and Tomich 2012; U.S. Depart-
ment of Agriculture et al. 2014).

How Can RNG Production and Use  
Reduce GHG Emissions? 
RNG produced from organic wastes can lead to 
GHG emission reductions by avoiding GHG emis-
sions from waste management and displacing the 
use of fossil fuels in vehicles. Figure ES-1 provides 
a generic illustration of typical sources of emissions and 
avoided emissions across RNG supply chains produced 
from anaerobic digestion of wet organic waste sources. 
Three main sources of GHG emissions across RNG’s life 
cycle as a vehicle fuel are

 ▪ energy use required to produce, process, and distrib-
ute the fuel for use in vehicles;

 ▪ combustion of RNG in the vehicle; and

 ▪ leaks of methane that can occur at all stages in the life 
cycle from production through use.

These emissions sources are represented by the RNG 
Pathway in Figure ES-1.1 

Sources of GHG emissions that are avoided because of 
the production and use of RNG from organic waste are 
represented by the Reference Case in Figure ES-1. These 
primarily include the following:

 ▪ GHG emissions that would have occurred under typi-
cal waste management but are prevented because the 
wastes are used to make RNG instead. For example, 
food waste used to produce RNG might otherwise be 
sent to a landfill where some methane would escape 
to the atmosphere and some would be captured and 
burned to convert most of the methane to carbon di-
oxide before it enters the atmosphere (that is, flared). 
Animal waste on a farm might otherwise be placed in 
an open lagoon that would emit methane. 

 ▪ GHG emissions displaced from use of RNG intermedi-
ary products and coproducts. For example, some of 
the biogas produced could be used for power genera-
tion, displacing electricity from the grid.
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 ▪ Displacement of life-cycle GHG emissions from 
fossil fuel use in vehicles. RNG will typically re-
place conventional natural gas in existing natural 
gas trucks or displace diesel fuel when a fleet owner 
replaces a diesel truck with a natural gas vehicle 
that runs on RNG. 

The net life-cycle GHG emissions associated with RNG 
would be determined by adding together all GHG 
emissions associated with the RNG pathway (bottom 
panel in Figure ES-1) and subtracting the avoided 
emissions from the reference case and any use of RNG 
coproducts that result in further avoided emissions 
(top panel in Figure ES-1). 

While the potential benefits of RNG from wet 
and gaseous waste sources are promising, 
its production and use may not always lead 
to large GHG emissions reductions. RNG’s net 
impact on GHG emissions will depend on several 
factors, including what feedstocks are used to produce 

Figure ES-1  |   Life-Cycle GHG Impacts of RNG Produced from Organic Waste for Vehicle Fuel  
(assumes no land-use change impacts)

 

Note: This figure provides a generic illustration of typical sources of GHG emissions and avoided emissions across RNG supply chains produced from wet organic wastes (food and yard waste, 
wastewater sludge, and livestock manure). Feedstock collection and transportation is only relevant where resources aren’t processed into RNG on site, which will mainly be the case for fats, oils, 
and greases (FOG), as well as food and/or yard waste diverted from landfill disposal. At landfills, anaerobic digestion naturally occurs, producing a form of biogas known as landfill gas that can be 
collected and processed into RNG. In life-cycle GHG analyses of RNG pathways, including the displacement of fossil fuel in the vehicle, emissions from sources illustrated in the RNG pathway would 
be added. Avoided emissions from sources illustrated in the RNG pathway, as well as any avoided emissions from use of RNG intermediary or coproducts, would be subtracted. This illustration is not 
intended to provide a complete picture of all sources in any given pathway, which will need to be assessed on a case-by-case basis, and does not apply to RNG feedstocks that require dedicated 
use of land.
Source: WRI.

REFERENCE CASE
Avoided GHG emissions due to 

RNG production and use

RNG PATHWAY
GHG emissions from production 

and use of RNG in vehicles

WET ORGANIC WASTE MANAGED IN ITS TYPICAL WAY 
(E.G., FOOD WASTE SENT TO LANDFILL) 

Feedstocks collected, 
transported to 
digester, sorted, 
where necessary

Anaerobic digestion 
produces biogas (within 
digesters or at landfills)

Biogas refined to 
pure methane (RNG)

RNG transported 
by pipeline or 
truck, dispensed 
at fuel stations

RNG combusted 
in vehicle

Avoided GHG emissions can be larger than emissions from the RNG pathway when RNG is made from wet wastes that would otherwise cause methane emissions.
 

Life-cycle GHG emissions from 
fossil fuel used in vehicles (e.g, 
conventional natural gas, diesel)

FOSSIL FUEL USED IN VEHICLE

RNG USED IN PLACE OF 
FOSSIL FUELS IN VEHICLEWET ORGANIC WASTE USED TO MAKE RNG INSTEAD

Food waste Animal wasteWastewater sludge

RNG and how they would otherwise have been man-
aged, how much methane escapes to the atmosphere 
between RNG production and when it is combusted in 
vehicles, and what fuel is replaced in the vehicle.

Much recent research has focused on RNG’s 
potential benefits, but a detailed analysis of 
the conditions under which RNG can generate 
climate benefits and its potential risks is miss-
ing from the discussion. This working paper begins 
to address that gap by providing an analysis of RNG’s 
potential as an effective and economically viable GHG 
reduction tool, drawing on and synthesizing relevant 
literature. Municipalities, companies, and states con-
sidering RNG as part of a climate strategy can use this 
paper as a resource to understand the basics of RNG 
production from organic waste, the conditions under 
which it can lead to large net GHG reductions, its costs 
and incentives, and critical gaps in data and analysis of 
the issue. 
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Key Findings
Generally speaking, RNG has potential as an effec-
tive GHG reduction strategy when it meets two 
conditions: It is produced from organic waste, and 
its production and use results in net methane emis-
sions reductions. Use of waste avoids competition with 
food production, timber, other human needs, and ecosystem 
carbon storage that is vital to mitigating climate change 
(Searchinger and Heimlich 2015). Methane is a powerful 
GHG that remains in the atmosphere for a shorter time than 
carbon dioxide but has 25 to 34 times the global warming 
potential over 100 years (Myhre et al. 2013).2 Reducing emis-
sions of methane and other short-lived climate pollutants 
in addition to carbon dioxide is critical to avoiding the 
worst impacts of climate change (Haines et al. 2017).

RNG produced from wet wastes that are leading 
to methane emissions under current management 
practices can potentially meet both conditions. 
These sources—which include food and yard waste, sludge 
from wastewater treatment, and livestock manure—are the 
main feedstocks used to make RNG in the United States 
today and are abundant across the country (Table ES-1). 
Together, management of these wastes comprises nearly 
one-third of all methane emissions in the United States 
(U.S. Environmental Protection Agency 2017a). RNG 
made from food and yard waste diverted from landfills 
and from livestock manure projects where methane emis-
sions aren’t currently controlled is particularly promising 
and can actually lead to net GHG emissions reductions 
when used as a vehicle fuel (California Air Resources 
Board 2018).   

Early market research and experiences on the 
ground suggest that wet waste-derived RNG 
projects can be economically viable at sites 
around the country, although high up-front costs 
and other challenges exist. While it costs more to 
produce RNG than conventional natural gas, low-carbon 
fuel markets and other sources of revenue and incentives 
are allowing producers to offer RNG at competitive prices 
and make returns on their investments relatively quickly 
in some cases. Some existing projects have payback periods 
ranging from immediate to about 10 years (Energy Vision 
2017). 

RNG production from wet wastes that meets the 
criteria described in this working paper could 
be an effective GHG reduction strategy for both 
private and public entities, particularly in the near  
to medium term. Public and private fleet owners can 
achieve immediate GHG reductions by using methane 
that would otherwise be emitted as RNG for vehicle fuel. 
States and municipalities can use RNG as a component of 
a comprehensive climate action plan to address methane 
emissions.

In some contexts, RNG could lead to a net increase 
in methane emissions when used as a vehicle 
fuel. This could occur when RNG production does not 
result from capture of methane that would otherwise be 
released and, instead, comprises new methane, which 
we define as methane that would not otherwise have 
entered the atmosphere. New methane will generally be 
produced when feedstocks used to produce RNG would 
otherwise have resulted in carbon dioxide emissions; 
for example, at landfills that already capture and burn 
methane, converting most of it to carbon dioxide before 
it’s released to the atmosphere. RNG projects involving 
new methane production can lead to a net increase in 
methane emissions due to leaks and venting that occurs 
from its production through use in the vehicle. Leaks can 
erode or outweigh the climate benefit of RNG comprising 
new methane compared to diesel fuel, which is petroleum-
based and therefore is not associated with methane 
leakage. If RNG comprising new methane replaces 
conventional natural gas, the net impact on methane 
emissions will only depend on differences in methane 
leaks due to gas production and processing because all 
other components of the supply chain and associated 
leakage rates are the same. 

 Table ES-1  |  RNG as a Climate Strategy

RNG IS MOST LIKELY TO ACHIEVE LARGE NET GHG REDUCTIONS COMPARED 
TO FOSSIL FUELS USED IN VEHICLES WHEN IT MEETS TWO CONDITIONS:

1. It is made from waste rather than dedicated uses of land.
2. Its production and use reduces methane emissions.  

THE FOLLOWING RNG PROJECT TYPES ARE MOST LIKELY TO MEET  
BOTH CONDITIONS:

 ▪ food and yard waste diverted from landfill disposal 
 ▪ livestock manure where methane is currently uncontrolled
 ▪ sludge at wastewater treatment facilities that aren’t already captur-

ing methane
 ▪ landfill gas from landfills that aren’t capturing methane or that 

significantly increase the amount of methane they capture when 
producing RNG   

Source: WRI.
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More data, analysis, and on-the-ground experi-
ence are needed to fully evaluate the climate and 
economic benefits of RNG and its role in near- 
through long-term climate change strategies. Key 
topics for future research include 

 ▪ improved data  and analysis on methane leakage 
specific to RNG, particularly from production and 
processing;

 ▪ sensitivity analysis of life-cycle carbon intensities of 
RNG from various pathways under a range of methane 
leakage rate assumptions and choice of global warm-
ing potential values for methane;

 ▪ estimation of break-even methane leakage rates 
at which RNG comprising new methane will have 
climate benefits over petroleum-based fuels or other 
low-carbon fuels or technologies (for example, electric 
vehicles);

 ▪ estimates of RNG market potential from wet waste 
incorporating the effects of low-carbon fuel markets 
and other incentives; and

 ▪ a comparison of RNG’s climate benefits, costs, and 
feasibility compared to other low-carbon fuels and/or 
technologies and other methane reduction strategies.

 

INTRODUCTION
The production of renewable natural gas (RNG, also 
known as biomethane or upgraded biogas) from organic 
waste for use as a vehicle fuel is an emerging strategy 
that federal governments, states and provinces, munici-
palities and universities, and businesses are pursuing to 
make use of waste-derived methane and lower the carbon 
footprint of their vehicle fleets. In the United States, RNG 
is primarily made from organic wastes, including food 
and yard waste; livestock manure; fats, oils, and grease 
(FOG); and sludge left over from wastewater treatment. 
When these wastes decompose under typical management 
practices—for instance, when food waste is disposed of in 
a landfill—they produce biogas, a mix of carbon dioxide, 
methane, and other trace elements that can escape into 
the atmosphere. RNG is biogas that has been captured 
and processed into essentially pure methane like conven-
tional, fossil-fuel derived natural gas and can be used for 
the same applications, including for power generation, 
heating, and vehicles (Hamberg et al. 2012). This working 
paper focuses on RNG use as a vehicle fuel—whether for 

direct use in vehicles or through injection into the natural 
gas pipeline network—because this is where most RNG is 
being used today, driven by policy incentives provided by 
federal and state renewable and low-carbon fuel standard 
programs.

As a vehicle fuel, RNG can be compressed or liquefied, dis-
tributed in the same pipelines and fuel pumps as conven-
tional natural gas, and used in any vehicle equipped with a 
natural gas engine. RNG emits the same amount of carbon 
dioxide as conventional natural gas when it is combusted 
during vehicle operation. But RNG is not a fossil fuel, and 
its production can prevent and reduce the methane emis-
sions that would otherwise have occurred if the waste had 
been managed the usual way. Methane is a much more 
potent greenhouse gas (GHG) than carbon dioxide. Thus, 
on a life-cycle basis, RNG made from methane that would 
otherwise have escaped to the atmosphere can lead to 
much lower GHG emissions than conventional natural gas 
and other fossil fuels. Because of the avoided emissions 
associated with its production, RNG made from organic 
waste is recognized as both a renewable fuel under the 
Renewable Fuel Standard (RFS) and as a low-carbon fuel 
under California’s Low Carbon Fuel Standard (LCFS) and 
Oregon’s Clean Fuels Program (CFP).

While RNG production is still relatively limited in the 
United States, it has grown rapidly in large part due to the 
economic incentives created by these renewable and low-
carbon fuel policies, from 1.4 million ethanol-equivalent 
gallons in 2011 to nearly 190 million gallons in 2016 (U.S. 
Environmental Protection Agency 2017b). As a vehicle 
fuel, RNG is primarily used in medium- and heavy-duty 
vehicles. Cities and towns are increasingly using RNG as 
a way to more efficiently manage local waste and power 
municipal vehicle fleets like garbage trucks and buses. Pri-
vate companies—particularly waste disposal services and 
companies that use heavy-duty vehicles for freight—are 
beginning to add RNG as a low-carbon fuel option in their 
efforts to reduce GHG emissions. California has recog-
nized RNG as part of its comprehensive plans to address 
climate change (California Air Resources Board 2017a). 
Recent studies have described other benefits of RNG pro-
duction and use, including improved local air quality and 
associated public health benefits when it displaces the use 
of diesel fuel (Underwood and Tomich 2012; ICF 2017).  
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However, while RNG’s potential benefits are promising, 
its production and use may not always lead to certain, 
large GHG reductions. The existence and magnitude 
of the climate benefits realized due to increased RNG 
development, deployment, and utilization will depend 
on several factors, including what feedstocks are used to 
produce the fuel and how they would have been managed 
if not used to produce RNG, how much methane escapes 
to the atmosphere between RNG production and its 
ultimate use in a vehicle, and which fuel RNG replaces 
in the vehicle. Much recent research has focused on 
the potential benefits of RNG from waste sources, but a 
detailed analysis of the conditions under which RNG can 
generate climate benefits is missing from the discussion.

We conducted an analysis to begin filling this gap with 
an initial exploration of RNG’s potential to cut GHG 
emissions and serve as an economically viable component 
of a climate-change strategy. Companies, states, and 
municipalities interested in RNG as a mitigation tool can 
use this paper as a starting point to understand the basics 
of waste-derived RNG production and use as a vehicle 
fuel, the conditions under which it will lead to GHG 
benefits, and its costs and incentives. We also identify 
data gaps that need to be addressed for a more complete 
understanding of RNG’s potential role in private or public 
strategies to address climate change. 

The paper is organized as follows:

 ▪ Section 1, RNG Production and Trends in the United 
States, describes the basics of RNG production, its 
current use as a low-carbon strategy, and economic 
and policy drivers in the United States. 

 ▪ Section 2, Achieving Climate Benefits from RNG 
Production and Use, explores the conditions under 
which RNG will lead to GHG emission reductions and 
describes which RNG projects are likely to meet these 
conditions and lead to climate benefits.

 ▪ Section 3, Economic Feasibility of RNG from Wet 
Wastes, synthesizes existing research on the economic 
viability of RNG production from sources that can 
achieve large net GHG reductions by meeting the 
conditions in section two, including costs, incentives, 
and market opportunities. 

 ▪ Section 4 contains conclusions and suggestions for 
further research. 

 ▪ The glossary defines terms related to RNG production 
and use as they are used in this working paper. 

Figure 1  |  Renewable Natural Gas Production via Anaerobic Digestion

Notes: Feedstock collection and transportation is only relevant where resources aren’t processed into RNG on site, which will mainly be the case for FOG, as well as food and/or yard waste diverted 
from landfill disposal. At landfills, anaerobic digestion naturally occurs, forming a biogas known as landfill gas that can be collected and processed into RNG. 
Source: WRI.
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RNG PRODUCTION AND TRENDS  
IN THE UNITED STATES 
RNG production for vehicle fuel is relatively limited in the 
United States but is growing rapidly due in part to shift-
ing waste management practices and the recognition of 
RNG as a renewable and low-carbon fuel under federal 
and state policies (Linville et al. 2015; U.S. Department 
of Energy 2017a; Warner et al. 2017). In this section, we 
describe the RNG supply chain (as produced through 
anaerobic digestion of waste), the basis for its production 
and use as a renewable or low-carbon strategy, and its cur-
rent production and trends in the United States. 

The RNG Supply Chain  
Figure 1 illustrates the production of RNG from anaerobic 
digestion of waste and its use as a vehicle fuel. The supply 
chain includes feedstock collection (in some cases), con-
version of feedstocks to biogas, conditioning or cleaning 
and upgrading of biogas to produce RNG, distribution of 
RNG, and use of RNG in vehicles. 

Most RNG in the United States is produced through 
anaerobic digestion, a process that converts organic mate-
rials into biogas through decomposition in the absence 
of oxygen. Anaerobic digestion technologies are mature 
and commercially available today and are generally best 
suited for relatively high-moisture feedstocks. At landfills, 
anaerobic digestion of organic waste naturally occurs, 
producing landfill gas, a form of biogas that can be col-
lected and processed into RNG. The following feedstocks 
are most commonly used for RNG today (U.S. Department 
of Energy 2017a): 

 ▪ food waste and yard trimmings: food, food 
processing by-products, and yard trimmings sent for 
disposal 

 ▪ sludge derived from wastewater treatment: 
untreated solids remaining after wastewater 
processing 

 ▪ livestock manure: Livestock manure is often used 
as a soil fertilizer, but farms with a high concentration 
of livestock often produce more manure than they 
can use. Excess manure, particularly high-moisture 
manure from swine, dairy cows, and beef cattle, is 
suitable for anaerobic digestion. 

 ▪ fats, oils, and greases (FOG): inedible by-
products of meat processing and industrial- and 
commercial-scale cooking operations. 

These feedstocks are processed at landfills or in anaerobic 
digesters installed on farms, at wastewater treatment 
facilities, or in separate locations that collect organic 
fractions of municipal solid waste diverted from landfill 
disposal. Multiple feedstocks are often digested together, 
either at separate biogas facilities that collect waste from 
multiple sources or at livestock operations or wastewater 
treatment plants that supplement their primary waste 
feedstocks with food or other wastes (for example, FOG) 
brought in from other locations (U.S. Department of 
Agriculture et al. 2014). 

In this paper, we use the term wet waste to refer to the  
feedstocks listed above, a classification used by the U.S. 
Department of Energy (DOE) (2017a).3 RNG can also be 
produced from relatively drier plant-based feedstocks, 
which we’ll refer to as dry feedstocks, including

 ▪ agricultural crop residues: plant portions of crops 
that aren’t removed during harvesting (e.g., corn 
stover, wheat straw); 

 ▪ forestry residue and other wood waste: woody 
material not removed in forest harvesting operations; 
woody material resulting from precommercial wood 
thinnings or thinning conducted to improve forest 
health; unused mill processing materials; urban wood 
waste (for example, discarded furniture, landscaping 
residue); and 

 ▪ energy crops: a crop grown for use as a fuel (for 
example, switchgrass). 

In some cases, dry, herbaceous feedstocks (for example, 
crop residues) can be mixed in anaerobic digesters with 
manure, sludge, or food waste to boost methane produc-
tion (U.S. Department of Agriculture et al. 2014). As 
primary feedstock, woody biomass is better suited for 
conversion to gas using technologies that gasify feedstocks 
through a thermochemical process.4 Thermal gasification 
technologies for biomass have been piloted in Europe but 
are not yet commercialized, so dry, woody biomass feed-
stock may be part of the future production of RNG, but is 
less relevant in the United States today (Murrayet al. 2014). 

The biogas produced from anaerobic digestion is typi-
cally composed of about 50–70 percent methane, 30–40 
percent carbon dioxide, and trace quantities of other 
components (U.S. Department of Agriculture et al. 2014). 
Biogas can be used for electricity generation, on-site heat-
ing, or combined heat and power generation with minimal 
processing. However, for use in vehicles or injection into 
the natural gas pipeline network, the biogas must be 
processed further to meet engine manufacturer or natural 
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gas utility pipeline specifications. This includes cleaning 
to remove harmful constituents (for example, siloxanes, 
hydrogen sulfide, ammonia, volatile organic compounds) 
and upgrading to increase the energy content of the 
fuel similar to that of conventional natural gas, which is 
around 1,000 British thermal units per cubic foot of gas at 
standard temperature and pressure (Miller et al. 2015). 

After cleaning or conditioning and upgrading, the result-
ing biogas is essentially pure methane and can be used 
interchangeably with conventional natural gas in any of its 
end uses. The resulting product is commonly referred to as 
renewable natural gas, biomethane, or upgraded biogas. 
The RNG can then be compressed or liquefied and used 
as a replacement for conventional compressed natural gas 
(CNG) or liquefied natural gas (LNG) in existing natural 
gas vehicles and infrastructure. The gas can be dispensed 
from an on-site fueling station or transported to an off-site 
fueling station by truck, rail, or pipeline. Companies, 
states, or municipalities that already have natural gas 
vehicles as part of their fleets can shift these vehicles to 
run on RNG rather than conventional natural gas, or they 
can shift portions of their fleets that run on petroleum-
based fuels to natural gas and RNG. According to esti-
mates from the Department of Energy, around 150,000 
natural gas vehicles are on the road in the United States, 
constituting about 1 percent of all heavy-duty on-highway 

vehicles, and 1,800 fueling stations offer CNG and LNG, 
about 1,000 of which are available for public use (U.S. 
Department of Energy 2017b).

RNG’s Use as a Low-Carbon Strategy 
RNG is used as a low-carbon strategy primarily because 
its production and use can capture or otherwise prevent 
methane emissions from the management of wet wastes 
at landfills, farms, and wastewater treatment plants. 
Together, these three sources constituted 30 percent of 
methane emissions and 3 percent of total U.S. GHG emis-
sions in 2015 (Figure 2). 

Methane is much more effective at trapping heat than 
carbon dioxide with 25 to 34 times the warming poten-
tial over 100 years (Myhre et al. 2013).5 When biogas 
is captured and upgraded to RNG, methane that would 
otherwise enter the atmosphere is converted to less potent 
carbon dioxide when combusted in the vehicle. In this 
way, RNG production and use as a vehicle fuel can lead 
to much lower GHG emissions on a life-cycle basis than 
wet waste feedstocks managed in the usual way. (How-
ever, large net GHG savings will only occur when RNG 
meets certain conditions described in detail in Section 
2.) Because of its GHG reduction potential, RNG from 
organic waste is recognized as a low-carbon fuel under the 

Figure 2  |   U.S. Greenhouse Gas Emissions, 2015

Note: Organic waste category includes landfills, manure management, and wastewater treatment.
Source: U.S. Environmental Protection Agency 2017a.
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federal renewable fuel standard and state low-carbon fuel 
standards and is used as a tool to reduce waste methane 
emissions, described below. 

Renewable and low-carbon fuel standards
The federal Renewable Fuel Standard (RFS) requires a 
certain volume of renewable fuels to replace or reduce 
petroleum-based transportation fuel sold in the United 
States (Energy Policy Act 2005; Energy Independence and 
Security Act  2007). The U.S. Environmental Protection 
Agency (EPA) sets required volumes each year for four 
renewable fuel categories, which require the following 
minimum life-cycle GHG emissions improvement thresh-
olds compared to the petroleum-based fuel they replace: 

 ▪ Conventional biofuel (ethanol derived from corn 
starch) requires a minimum 20 percent reduction in 
life-cycle GHG emissions.

 ▪ Advanced biofuel (any renewable fuel besides corn 
starch ethanol that meets the required GHG reduction 
threshold) requires a minimum 50 percent reduction 
in life-cycle GHG emissions.

 □ Cellulosic biofuel (renewable fuel derived from cellu-
lose, hemi-cellulose, or lignin) requires a minimum 
60 percent reduction in life-cycle GHG emissions.

 □ Biomass-based diesel (biodiesel that meets the 
required GHG reduction threshold) requires a 
minimum 50 percent reduction in life-cycle GHG 
emissions.

Each gallon of renewable fuel produced generates a 
renewable identification number (RIN), which can be 
purchased by obligated parties to meet the required 
biofuel volumes. 

In July 2014, the EPA changed the way RNG is treated 
under the RFS. Under the updated classification, RNG 
produced from landfill gas, wastewater treatment sludge, 
animal waste, municipal solid waste comprising material 
similar to landfills, and anaerobic digesters containing 
predominantly cellulosic feedstocks can receive credit 
as cellulosic biofuel under the program, generating the 
highest value RINs (Federal Register 2014).6  Since the 
change in classification, RNG production increased nearly 
sixfold, from 33 million ethanol equivalent gallons in 2014 
to 189 million ethanol equivalent gallons in 2016, and 
constituted 98 percent of all cellulosic RINs generated for 
compliance with the policy (U.S. Environmental Protection 
Agency 2017b). (See Figure 3.) In December 2016, final 
required cellulosic volumes for 2017 were set at 311 million 
ethanol equivalent gallons (Federal Register 2016). 

Figure 3  |   Renewable Natural Gas Produced for Compliance with the Renewable Fuel Standard

Note: Data represent the quantity of liquid and compressed RNG produced under EPA’s Renewable Fuel Standard on an ethanol-equivalent basis. Prior to 2014, EPA used the term biogas to refer to 
RNG from landfill gas, manure digesters, and wastewater treatment plants. In 2014, EPA changed its fuel definitions to refer to biogas as a feedstock rather than a fuel type, and began using the term 
renewable natural gas for fuel derived from biogas from landfills, manure digesters, municipal wastewater treatment facility digesters, agricultural digesters, and separated MSW digesters. For more 
details, see https://www.gpo.gov/fdsys/pkg/FR-2014-07-18/pdf/2014-16413.pdf.
Source: U.S. Environmental Protection Agency 2017b.
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In November 2017, the EPA finalized required cellulosic 
volumes for 2018 that are 7 percent lower than 2017 
levels at 288 million ethanol equivalent gallons (Federal 
Register 2017) based on its projections of how much cel-
lulosic fuel will be available. This is the first time in the 
program’s history that required renewable fuel volumes 
have been lower than the previous year’s requirements. 
It remains to be seen how this change will affect RIN 
prices and RNG markets, but this shift highlights the 
regulatory uncertainty associated with the RFS that has 
contributed to RIN price volatility in the past and caused 
challenges for investment in RNG and other low-carbon 
fuels.  

California and Oregon have market-based low-carbon 
fuel standards in place, which are helping to drive RNG 
production. California’s Low Carbon Fuel Standard, 
which took effect in 2011, requires a reduction in the 
average carbon-intensity of transportation fuels sold 
in the state to 10 percent below 2010 levels by 2020 
(California Air Resources Board 2017b). Oregon began 
fully implementing a similar program in 2016 that will 
reduce the average carbon intensity of the state’s trans-
portation fuels 10 percent below 2015 levels by 2025 
(Oregon Department of Environmental Quality 2017). 
Credits under these programs are generated according 
to the life-cycle carbon intensities of fuels certified by 
the California Air Resources Board (CARB) that are sold, 
supplied, or offered for sale in the state. CARB has certi-
fied RNG derived from landfill gas, wastewater sludge, 
animal manure, and source-separated food and green 
waste. The certified carbon intensities of RNG from these 
sources range from around 50 percent to well over 100 
percent less carbon-intensive than fossil fuels (California 
Air Resources Board 2018). RNG from dairy manure 
and food and green waste have the lowest carbon inten-
sity values of any low-carbon fuel under the policy and 
therefore can generate the highest credit values. RNG 
can simultaneously generate credits under the state pro-
grams and RINs under the RFS. Together, these incen-
tives can be worth much more than the gas itself, which 
we discuss in more detail in Section 3, providing price 
support that is expected to continue to incentivize RNG 
production in the coming years (Jaffe et al. 2016). 

Policies to address methane from organic  
waste sources 
Federal and state policies to reduce methane emissions 
directly and indirectly encourage collection and use of 
biogas, including for use as RNG in vehicles. Federal regu-
lations require new and existing landfills that meet certain 
size and pollutant emissions thresholds to collect landfill 
gas and control landfill gas emissions. These rules allow 
the landfill gas to be burned without putting it to use (that 
is, flared), but landfill operators can put the gas to use for 
electricity generation, heat, or as RNG to recoup the costs 
of the collection system (Russell et al. 2017). In 2016, EPA 
finalized rules reducing the threshold emission levels over 
which landfills must implement gas collection and control 
systems (U.S. Environmental Protection Agency 2017c).7    

At the state level, California is encouraging use of RNG as 
part of a comprehensive approach to methane reduction in 
support of its broader climate goals. RNG is part of Senate 
Bill 1383, signed in 2016, which required the develop-
ment of a comprehensive strategy to reduce emissions of 
short-lived climate pollutants in the state. One component 
of the legislation directed CARB to implement near- and 
long-term policies to encourage RNG production and 
pipeline injection and to divert organic waste from land-
fills, among other strategies to cut total state methane 
emissions 40–45 percent below 2013 levels by 2030 (State 
of California 2016; California Air Resources Board 2017c). 
California’s Department of Food and Agriculture provides 
financial assistance for dairy manure digester projects. In 
2017, the department awarded $35 million in grants for 18 
new projects, 12 of which will upgrade the biogas to RNG 
and 6 of which will use the biogas for direct combustion 
with the possibility of upgrading to RNG in the future 
(California Department of Food and Agriculture 2018). 
RNG is also part of California’s scoping plan to meet its 
2030 climate goals and put its emissions on a pathway 
to deep decarbonization by mid-century by providing a 
low-carbon fuel source for end uses that can’t feasibly be 
electrified in the near to medium term (Miller et al. 2015; 
Jaffe et al. 2016; California Air Resources Board 2017a). 
Although California has the most comprehensive current 
approach to methane, several other U.S. states and com-
munities have established policies to reduce the amount of 
organic wastes, including food and yard waste, disposed in 
landfills (Linville et al. 2015).
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RNG Projects in the United States 
Although thousands of sites produce biogas, few currently 
upgrade biogas to RNG. A publicly available database of 
RNG projects does not currently exist, but preliminary work 
by the DOE identified about 60 operational RNG projects, 
10 projects under construction, and 20 planned projects as 
of July 2015 (Mintz 2015b). Most of the operational proj-
ects identified and 90 percent of reported RNG production 
occurred at landfills, while diverted food waste from land-
fills constituted the single largest source category for proj-
ects planned and under construction. More recent numbers 
from the Coalition for Renewable Natural Gas, which 
represents companies including producers of more than 
90 percent of all RNG in North America and 98 percent of 
the cellulosic biofuel produced under the Renewable Fuel 
Standard, identified about 60 operational projects in 2017, 
with at least 22 new projects on track for 2018. According 
to the coalition’s data, nearly 76 percent of RNG produced 
in 2017 was dedicated for vehicle fuel with the remaining 
24 percent of production dedicated for off-site electric-
ity generation. RNG production for transportation fuel in 
2018 is projected to exceed 254 million ethanol-equivalent 
gallons (161 million diesel gallon equivalent [dge]) (Escuder 
2017). Still, RNG currently constitutes just a small fraction 
of fuel demand for heavy-duty trucks and buses, which was 
40 billion gallons of diesel in 2017 (U.S. Energy Informa-
tion Administration 2017a).8  

Fuel from existing RNG projects is largely used to power 
commercial and municipal medium- and heavy-duty 
vehicles, including garbage trucks, freight trucks, and 
buses (Box 1).  For example, the city of Perris, California, 
partnered with its waste management company, CR&R 
Waste and Recycling Services, to produce RNG from food 
and yard waste collected from the region. CR&R will fuel its 
entire fleet of 900 waste management vehicles with RNG from 
the project once it’s fully scaled, and the remaining fuel will be 
sold throughout the state. Fair Oaks Dairy in Indiana produces 
RNG from livestock manure on the farm and uses it to power 
long-haul trucks that transport milk to surrounding states. 

In addition to GHG reductions, other benefits have been 
associated with RNG projects, including 

 ▪ securing a long-term, fixed-price fuel source to avoid 
fossil fuel price volatility;

 ▪ enhancing the local economy through development of 
new revenue streams, job creation, and energy sav-
ings for businesses and local governments operating 
vehicle fleets (U.S. Department of Agriculture et al. 
2014, 2015); 

 ▪ reducing waste management costs (for example, 
landfill tipping fees, hauling costs) U.S. Department of 
Agriculture et al. 2015); 

 ▪ reducing air pollutants that harm public health, including 
nitrogen oxides and particulate matter (ICF 2017); and

 ▪ selling and using by-products of anaerobic digestion, 
including fiber that can be used for animal bedding 
and nutrients that can be preserved and used as soil 
amendments. 

Plentiful RNG feedstocks exist where biogas is already 
being produced or could potentially be produced and 
collected. Biogas is already being captured and used to 
produce energy at 682 landfill gas projects, 64 of which 
are upgrading the landfill gas for direct fuel use or pipeline 
injection (U.S. Environmental Protection Agency 2017f). 
The EPA estimates that an additional 400 candidate 
landfills could cost-effectively produce electricity or fuel 
with biogas, about half of which already have a gas collec-
tion system in place. The U.S. Department of Agriculture 
(USDA) identified 250 operational digesters at livestock 
farms as of May 2016, and the EPA estimates that biogas 
recovery systems are technically feasible at about 8,000 
additional dairy and hog farms (U.S. Environmental 
Protection Agency 2016, 2017e). Wastewater treatment 
plants are an emerging source of biogas production for 
energy use as well. Anaerobic digestion is currently used 
to manage waste at more than 1,200 wastewater treatment 
facilities out of more than 3,100 facilities that process 
more than 1 million gallons of wastewater per day, but 
only about 10 percent of facilities put collected biogas to 
use (U.S. Department of Agriculture et al. 2014; Lang-
holtzet al. 2016). The EPA estimates that more than 2,400 
additional digesters could be added at wastewater treat-
ment plants that treat more than 1 million gallons of water 
per day. Where biogas is used for energy, it is typically 
used for electricity or combined heat and power genera-
tion rather than upgraded for use as RNG (Langholtz et al. 
2016). 

A DOE assessment of wet feedstocks for biofuel produc-
tion found that these resources are currently underuti-
lized. The department estimates that 77 million dry tons of 
food waste, animal manure, wastewater sludge, and FOG 
are produced every year. About 27 million dry tons per 
year are already beneficially used, leaving 50 million dry 
tons of feedstocks potentially available for use, an inher-
ent energy content equivalent to 6 billion gallons of diesel 
(U.S. Department of Energy 2017a). 
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However, these sources would not necessarily generate net 
GHG reductions in every case, as we discuss in Section 2. 
In addition, more work is needed to estimate the techni-
cal or market potential of RNG that could be produced 
from these resources given shifting market dynamics over 
time, competition among various feedstocks and end uses, 
energy prices, incentives and other revenue streams, and 
other factors. Only a few studies have gone beyond an 
assessment of feedstock availability to estimate the techni-
cal or market potential of RNG that can be produced from 
these sources at the national level:9

 ▪ Hamberg et al. (2012) estimated that 4 billion dge 
could be economically practical from landfill gas (or 
food and yard waste), wastewater sludge, and live-
stock manure.

 ▪ The American Gas Foundation (2011) estimated the 
market potential of RNG at 335–871 trillion British 
thermal units of energy per year from landfill gas, 
wastewater sludge, and animal manure.

 ▪ The U.S. Department of Agriculture et al. (2014) 
estimated that 2 billion dge could be technically 
feasible to produce from wastewater sludge, landfills, 
and livestock manure.

 ▪ Saur and Milbrandt (2014) estimated that 6 million 
tons of biogas is technically available for upgrading 
to RNG (not counting biogas already being used 
for other purposes) from landfills, wastewater 
treatment, manure, and industrial, institutional, and 
commercial food waste.

Most market estimates are calculated by assuming 
that some proportion of the total feedstock availability 
can feasibly be captured and not based on a dynamic 
approach that incorporates production costs, energy 
prices, and other factors over time. Because these 
studies take a variety of different approaches—including 
feedstocks considered, methods and assumptions, and 
outputs—their results aren’t readily comparable. 

Box 1  |  RNG Projects on the Ground in the United States

The three examples below provide an illustra-
tion of the variety of RNG projects that can be 
economically viable. A database of RNG projects 
does not currently exist, but more examples 
and case studies can be found at Energy Vision 
(2017), U.S. Department of Energy (2017b), and 
U.S. Environmental Protection Agency (2017d, 
2017e). 

The St. Landry Parish, Louisiana, land-
fill gas project opened in 2012 to upgrade 
landfill biogas into RNG to fuel local municipal 
vehicles. In 2015, the facility was expanded, and 
additional fuel is now being sold to Progressive 
Waste, a private waste management company, 
in a long-term offtake agreement. The project 
produces 175,000 gallons of gasoline equivalent 
per year, which powers 20 municipal vehicles 
and 10 to 15 waste trucks. The project is entirely 
off-grid (that is, not injected into the natural 
gas pipeline). The fuel for municipal vehicles is 
distributed at an on-site fueling station, and the 
gas sold to Progressive Fueling is transmit-
ted to a private fueling station by truck. Public 
and private partners in the project includes St. 
Landry Parish Solid Waste Commission, BioCNG 
(a biogas upgrading company), Progressive 

Waste, and other contractors and consultants. 
Capital investments for the first two phases of 
the project were estimated at about $3.5 million 
and were funded in part through state grants 
and tax incentives, with an estimated payback 
period of 7 to 10 years (Energy Vision 2017). 

CR&R Waste and Recycling Services 
developed a large-scale source-separated 
anaerobic digester in Perris, California, 
which produces RNG from food and yard waste 
from the City of Perris and the surrounding 
region. The project’s first phase was fully 
operational in April 2017. Once operations are 
fully scaled up (four phases total), the project 
will be able to produce 4 million gallons of diesel 
equivalent fuel per year and 260,000 tons of 
fertilizer. CR&R will fuel its entire fleet of 900 waste 
management vehicles with RNG from the project. 
The CR&R project is the first project in California to 
inject renewable natural gas into the pipeline for 
vehicle fuel use, in partnership with the Southern 
California Gas Company, allowing for distribution 
of the fuel throughout the state. Total capital costs 
for the first phase of the project were $55 million, 
partially funded by state grants. CR&R will also 
generate revenue to contribute to future funding  

by charging residents to collect the food and yard 
waste it uses as feedstock (Energy Vision 2017).  

Fair Oaks Dairy in Indiana produces RNG 
from livestock manure on the farm and uses it 
to power long-haul trucks that transport milk 
to surrounding states. The project produces a 
maximum of 1.5 million diesel gallon equivalent 
fuel per year, enough to fuel 42 milk trucks. 
The biogas is produced and upgraded to RNG 
on-site and sent to two off-site fueling stations 
by pipeline. The digestate is used to produce 
fertilizer that is then used on the farm. The 
total plant cost was estimated at $18.5 million, 
largely privately financed by Fair Oaks Dairy 
and Amp Americas, a private RNG producer 
and distributor, with a small amount covered 
by federal funds. A state grant was used to 
cover some of the costs associated with the 
natural gas trucks. The project has an estimated 
payback period of about 10 years. Amp recently 
announced a second dairy digester RNG project 
at an adjacent farm in Fair Oaks, Indiana. Once 
operational, later this year, it will be the largest 
project of its kind in the United States (Energy 
Vision 2017; Zimmerman 2017). 
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ACHIEVING CLIMATE BENEFITS FROM RNG 
PRODUCTION AND USE
Municipalities, states, companies, or other entities consid-
ering RNG as part of a climate strategy will need to ensure 
that RNG projects and policies result in deep GHG emis-
sion reductions. 

Under What Conditions Can RNG Production 
and Use Achieve Large Net GHG Benefits?   
Determining RNG’s carbon intensity as a vehicle fuel 
requires a life-cycle accounting of energy use and GHG 
emissions from all stages of the RNG supply chain, from 
production through end use (also known as “well-to-
wheels”), as well as the GHG emissions avoided as a result 
of RNG production and use of its coproducts. 

Figure 4 provides a generic illustration of typical sources 
of emissions and avoided emissions across RNG supply 
chains produced from anaerobic digestion of wet waste 
sources. The counterfactual reference case pathway 
represents an assessment of how the waste materials 

would otherwise be managed if not digested and made 
into RNG. Food waste destined for a landfill, for example, 
may result in some methane leakage and some carbon 
dioxide emissions from landfill gas that is collected and 
flared. Animal waste on a farm may otherwise be placed 
in an open lagoon that would emit methane. The RNG 
pathway represents the new use of wastes as RNG feed-
stocks. The RNG pathway results in GHG emissions from 
all stages of the supply chain, including biogas production 
and processing, RNG distribution, and use of the fuel in 
the vehicle. This typically includes carbon dioxide, meth-
ane, and nitrous oxide emissions associated with heat 
and electricity used to produce and transport RNG and its 
intermediary products, management of leftover materi-
als, combustion of RNG in the vehicle, and methane leaks 
that occur along the entire supply chain.10  In some cases, 
use of intermediary or coproducts of RNG production can 
lead to avoided GHG emissions, including displacement of 
synthetic fertilizer with soil amendments produced during 
anaerobic digestion or displacement of grid electricity due 
to use of biogas to meet energy demands on site. The net 
life-cycle GHG emissions associated with RNG would be 
determined by calculating total well-to-wheels emissions 

Figure 4  |   GHG Emissions and Avoided Emissions in Waste-Derived Renewable Natural Gas Pathways  
(assuming no land-use change impacts)

Note: This figure provides a generic illustration of typical sources of GHG emissions and avoided emissions across RNG supply chains produced from anaerobic digestion of landfill gas, food waste, 
sludge, and animal waste. In life-cycle GHG analyses of RNG pathways, emissions indicated by red arrows would be added, and avoided emissions depicted by blue arrows would be subtracted or 
added as a negative GHG credit. This illustration is not intended to provide a complete picture of all emission sources in any given pathway, which will need to be assessed on a case-by-case basis, 
and it does not apply to RNG pathways that require dedicated uses of land.
Source: WRI.
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associated with the RNG pathway (shown in the bottom 
panel of Figure 4) and subtracting the avoided emissions 
from the reference case and use of RNG coproducts (top 
panel). RNG’s net GHG emissions will be negative when 
reference case emissions are greater than emissions under 
the RNG pathway. 

The GHG impact of an RNG project or policy can be 
determined by comparing its net life-cycle emissions to 
that of the fossil fuel it replaces, which will typically be 
either diesel fuel or conventional natural gas in the case 
of heavy-duty vehicles. The net life-cycle emissions or 
life-cycle carbon intensity of RNG can also be useful for 
comparing against other low-carbon technology and fuel 
options available to policymakers and fleet owners, includ-
ing electric vehicles, hydrogen fuel cell vehicles, and other 
biofuels (for example, biodiesel). A comparison of alterna-
tive fuel options based on GHG emissions, cost, feasibility, 
and other environmental impacts (for example, emissions 
of local air pollutants, water use) is beyond the scope of 
this working paper but would be a useful topic for further 
research. 

RNG production and use will generate significant net GHG 
reductions compared to fossil fuels used in vehicles when 
its well-to-wheels emissions, including all sources noted 
in Figure 4, are much lower than the emissions that would 
otherwise occur under the reference case. This will gener-
ally occur if RNG meets two conditions, described in detail 
below:   

1. RNG must be produced from waste rather than 
dedicated uses of land or biomass diverted from other 
uses that would likely be replaced at significant cost

The use of waste feedstocks for RNG holds the potential 
for GHG emission reductions while avoiding competi-
tion with food, timber, and other human needs, as well as 
ecosystems and their carbon storage.

Use of dedicated crops for bioenergy, including RNG 
production, generally cannot provide a sustainable long-
term solution to climate change. As WRI has discussed in 
previous work, given its high and growing demands for 
food production, natural carbon storage, and to support 
biodiversity, the world lacks spare land to produce bio-
energy. The world’s population is on a course to demand 
roughly 70–100 percent more food over the next 40 years, 
including not only crops but also milk and meat from 

animals fed by grasses. Even without additional competi-
tion from bioenergy, it will be a great challenge to preserve 
the world’s natural carbon sinks—a vital strategy to avoid 
the worst impacts of climate change—while meeting rising 
food demands and other human needs (Searchinger and 
Heimlich 2015). 

In addition to the lack of true surplus lands, land always 
has an opportunity cost, not just in economic terms but 
in carbon terms as well. In general, any land productive 
enough to produce some kind of crop for bioenergy eco-
nomically is also productive enough at a minimum to grow 
trees and sequester carbon or to produce food. The former 
directly stores carbon and therefore holds down climate 
change and the latter frees other land to store carbon by 
meeting human needs. Even lands sometimes character-
ized as marginal have important opportunity costs in this 
way. Many lands treated as marginal are simply poor 
croplands but not poor for other uses. In general, analyses 
that have found benefits from dedicating land to bioenergy 
have ignored these carbon opportunity costs.

Examples of exceptions where crops for bioenergy would 
not compete with land use might include new production 
of cover crops where cover crops for food production 
are implausible or intercropped grasses or shrubs for 
bioenergy in tree plantations (Searchinger and Heimlich 
2015). 

In addition, determining what feedstocks constitute 
waste could be complex in some cases. The simplest 
definition of waste is a product that has no alternative 
use; but alternative uses typically depend on economics, 
and the economics often change over time. A waste at 
one time becomes a valuable product at another.  As an 
extreme example, gasoline was once the thrown-away 
waste product of kerosene production. Some potential 
feedstocks may have alternative uses that are sufficiently 
marginal to ignore. Inevitably, alternative use will often be 
a question of degree.11

One potential criterion could be to determine whether 
diversion of a potential feedstock for energy production 
is likely to result in replacement by other materials whose 
production involves significant GHG emissions or other 
social and environmental costs. If not, the material can be 
considered a waste. Typical wet feedstocks are generally 
likely to meet this criterion, although in some cases they 
are currently used for other bioenergy purposes (see 
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Box 2  |  Shifting Feedstocks from Other Bioenergy Uses to RNG for Vehicle Fuel

Most biogas that is currently collected and 
used for energy at landfills, livestock opera-
tions, and wastewater treatment plants is used 
for power or heat applications, driven in part 
by renewable electricity markets and other 
renewable policies (Murray et al. 2014; Russell 
et al. 2017). However, the economics are shifting 
with increasing incentives provided by renew-
able vehicle fuel markets, greater availability of 
lower-cost renewable electricity resources (that 
is, wind and solar), and increasingly stringent 
air quality regulations that power generators 
must meet (Miller et al. 2015). Operators of 
some existing biogas projects are finding that 
they are offered much lower rates from utilities 
when their power purchase agreements expire 
(U.S. Department of Agriculture et al. 2015). As 
a result, sites currently using biogas for power 
and/or heat may choose to shift resources to 
RNG production for vehicle fuel after or even 
before current power purchase agreements 
expire. 

While these decisions will largely be driven by 
economics, policymakers using RNG as part 
of a climate portfolio will need to consider the 

GHG impacts of shifting resources already being 
used for other bioenergy applications to RNG 
for vehicle fuel. In general, the greatest GHG 
benefits of RNG can be achieved by using waste 
that is not currently being used to produce bio-
energy. The issue is one of additionality:  GHG 
reductions only result from additional efforts. 
Because biogas is likely to replace fossil fuels, 
whether used for heat and power or for use in 
vehicles, shifting resources that are already 
being used for electricity production is unlikely 
to result in very large additional GHG emissions 
reductions. 

However, exceptions may exist. For example, 
RNG could lead to additional reductions if 
producers would otherwise begin flaring their 
biogas if they were unable to renew their cur-
rent power purchase agreements. It could also 
potentially be more beneficial from a climate 
and economic perspective to upgrade biogas 
to RNG for applications that can’t be easily or 
cheaply electrified, like heavy-duty vehicles, 
rather than electricity generation where other 
low-cost, zero-carbon resources like wind and 
solar already exist. However, innovations in 

electric battery and hydrogen fuel cell electric 
trucks and buses by Tesla, Nikola, and others 
may open up opportunities for electrification of 
heavy-duty transportation more quickly than 
once expected. The Union of Concerned Scien-
tists (2017) argues that RNG could be used most 
efficiently and achieve the greatest potential 
GHG reductions when used to power electric 
vehicles rather than as a vehicle fuel in itself. 

The net impact of shifting existing feedstocks 
to RNG will depend on the relative efficiency of 
use, the electricity mix currently being replaced 
with electricity from biogas, and other factors 
that would need to be determined on a context-
specific basis using a life-cycle GHG assess-
ment, as described in more detail in the main 
text. Further analysis of the relative benefits of 
RNG in competing applications or the best use 
of feedstocks in various potential bioenergy 
applications could help inform further evalua-
tion of RNG as part of a climate change strategy 
(for example, full life-cycle analyses of various 
end uses for feedstocks as described in Miller et 
al. [2015]). We do not conduct such an evalua-
tion in this paper. 

Box 2). Some forms of agricultural, forestry, and green 
residues that are composted, landfilled, or burned could 
also meet this criterion (Miller et al. 2015; Jaffe et al. 
2016). Deeper analysis of the social and environmental 
implications of using various feedstocks for RNG would be 
appropriate. 

2. RNG production and use must reduce  
methane emissions. 

Because methane, the main component of natural gas, is a 
much more potent GHG than carbon dioxide, its capture 
or avoided release from existing sources provides one 
of the greatest potential advantages of RNG. However, 
in some contexts, RNG production does not result from 
methane capture and, instead, comprises new methane, 
which we define as methane that would not otherwise have 
entered the atmosphere. New methane will generally be 
produced when management of feedstocks used for RNG 
would otherwise have resulted in carbon dioxide emis-
sions, as indicated in the following examples:  

1. The feedstocks used to produce RNG would have 
decomposed largely as carbon dioxide in typical 
management practices. This is generally the case for 
dry feedstocks, which would decompose in the pres-
ence of oxygen or be burned, primarily producing car-
bon dioxide rather than methane. If these feedstocks 
are converted to RNG instead, most of the methane 
produced would be new methane (U.S. Environmen-
tal Protection Agency 2015). 

2. The feedstocks used to produce RNG would have 
produced methane during decomposition, but that 
methane would be captured and combusted as part 
of typical waste management practices, therefore 
entering the atmosphere largely as carbon dioxide. 
This is the case at many landfills and wastewater 
treatment plants where biogas is captured and 
either burned as an air pollution management 
strategy (that is, flared) or for energy use. Flaring 
at these sites typically converts 98–99 percent 
of the methane burned to carbon dioxide (U.S. 
Environmental Protection Agency 2011). 
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3. Anaerobic digestion techniques lead to more 
methane production than would have occurred 
under typical management practices. This may 
occur when a primary feedstock is supplemented 
with other wastes, including FOG, food scraps, 
or agricultural waste, as a means to increase 
total methane production, a practice commonly 
used with animal manure and wastewater sludge 
(Linville et al. 2015). 

The circumstances under which new methane is produced 
may change as the reference case changes over time due to 
shifts in management practices and technologies. 

RNG projects that lead to new methane production can 
lead to a net increase in methane emissions due to meth-
ane leaks and venting that occurs throughout the RNG 
supply chain, which includes components specific to 
RNG, namely biogas production and upgrading, as well 
as those shared with conventional natural gas; namely, 
distribution in natural gas pipelines and fueling stations 
and combustion in natural gas vehicle engines. Common 
sources of methane emissions include leaks from the seals 
of anaerobic digesters during biogas production, venting 
and off-gassing during upgrading, leaks from compression 

equipment and pipelines during transmission and distri-
bution, leaks in valves or other fueling system components 
at the pump, and incomplete combustion of methane, as 
well as other leakage and venting when RNG is used in 
vehicles (Figure 5). 

Similar to conventional natural gas, such leaks can erode 
or outweigh RNG’s climate benefit relative to petroleum-
based fossil fuels and other alternative fuels (Bradbury 
et al. 2013). By a back-of-an-envelope calculation, loss 
of more than 3.3 to 4.5 percent of any new methane via 
leaks and venting before the gas is actually burned could 
cancel out the climate benefits of RNG that comprises 
new methane, compared to petroleum-based fuels.12 In 
practice, this leakage threshold could be lower when 
accounting for fossil fuel use along the supply chain, 
inefficiencies of RNG use compared to use of petroleum-
based fuels, and the warming potential of methane within 
shorter time periods than 100 years. For example, studies 
on conventional natural gas have shown that system-wide 
leakage rates would need to be below 0.8 percent of total 
natural gas production for heavy-duty vehicles running 
on compressed natural gas to have immediate climate 
benefits over petroleum-based fuels (Alvarez et al. 2012; 
Camuzeaux et al. 2015).

 
Figure 5  |  Estimates of Methane Leakage across the Renewable Natural Gas Supply Chain 

Notes:
aCommonly used in life-cycle GHG analyses of RNG by Argonne National Laboratory and the California Air Resources Board; based on Börjesson and Berglund (2006).
bUNFCCC 2012.
cDelgado and Muncrief 2015.
dLittlefield et al. 2017.
The transmission and distribution, fuel station, and vehicle aspects of the supply chain are common to renewable natural gas and conventional natural gas. Methane leakage rates from transmission 
and distribution, the fuel station, and the vehicle are from recent syntheses of data or literature reviews. Because we are unaware of any syntheses of methane leakage rates from RNG production 
(including anaerobic digestion, cleaning, and upgrading), we present leakage rates that are commonly used in life-cycle analyses of RNG or used for reporting purposes in GHG inventories. Leakage 
rates in some studies are expressed in terms of percentage of fuel delivered, but converting to percentage of fuel produced does not change the estimates shown here. 
Source: WRI.
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Significant research has been conducted to improve esti-
mates of methane leakage rates from conventional natural 
gas systems (Environmental Defense Fund 2017). This 
work provides useful insights into leakage rates from parts 
of the supply chain shared with RNG. Recent literature 
has estimated methane leakage rates of 0.4–0.9 percent 
of fuel produced from transmission and distribution, 0.3 
percent from the fueling station, and 0.5–1.7 percent from 
the vehicle tailpipe and crankcase. Pipeline compressor 
stations and use in the vehicle were the largest down-
stream sources of methane emissions noted in these stud-
ies (Delgado and Muncrief 2015; Littlefield et al. 2017). A 
recent study by Clark et al. (2017) also identified vehicles 
as significant sources of methane leakage, with rates rang-
ing from 0.5 to 3 percent of fuel consumed, depending on 
the type of vehicle. 

Less work has focused on leakage from RNG production, 
including anaerobic digestion, upgrading, cleaning, and/
or storage of biogas. While several studies have assessed 
leakage in specific contexts, we are not aware of any work 
that has synthesized data on leakage from various RNG 
feedstocks or production processes in the United States. 
Leakage rates of 2–5 percent of biogas produced from 
anaerobic digestion and 2 percent of biogas processed 
for upgrading are commonly used in life-cycle analysis 
of RNG produced from wet wastes (Han, Mintz, and 
Wang 2011; California Air Resources Board 2014a). 
Default leakage rates for biogas production systems for 
international inventories and reporting standards range 
from about 3 to 10 percent, depending on digester type 
(UNFCCC 2012; IPCC 2006).13 (In the context of new 
methane from wet wastes, leakage from biogas production 
wouldn’t increase net methane emissions in cases where 
anaerobic digestion would have happened as part of 
typical management practices.)   

Given the importance of methane leakage, companies, 
municipalities, and states considering RNG as a climate 
strategy will need to evaluate whether new projects or 
policies will lead to new methane production and estimate 
leakage rates along the supply chain using the most robust 
data available. Because methane is a short-lived climate 
pollutant, these entities may want to assess life-cycle GHG 

impacts over multiple time horizons, including shorter 
time frames in addition to the commonly used 100-year 
time frame. The 20-year global warming potential for 
methane, which is 84–86 times that of carbon dioxide, is 
sometimes used. Alvarez et al. (2012) developed a method-
ology that enables comparison of fuels over a continuum 
rather than a single specified time horizon, which can 
be used to determine to what extent and over what time 
frame fuel switching would yield a climate benefit.

Many strategies are available to reduce methane leakage, 
although they may not always be under the control of the 
producer or end user of RNG. RNG producers can use 
efficient technologies and operational practices to limit 
leakage from anaerobic digestion, where relevant, as well 
as biogas upgrading (for example, see Jonerholm and 
Lundborg 2012; Sun et al. 2015) New project developers 
can choose project locations or types that reduce 
leakage compared to others. For example, locating RNG 
production or processing closer to end users can reduce 
pipeline leakage, or using RNG for on-site fueling can 
eliminate pipeline leakage. Fleet owners and operators 
can choose technologies to limit leakage from vehicle 
use, such as closed crankcase technologies, which are 
now commercially available (Clark et al. 2017). Leakage 
that occurs throughout the transmission and distribution 
network generally is beyond the control of RNG producers 
and end users and will require concerted action to reduce. 
However, state and local policymakers can put policies in 
place to address leakage from these sources as part of their 
overall climate change strategies. Companies can reduce 
these emissions with cost-effective technologies that are 
currently available to cut emissions from transmission and 
distribution of natural gas from compressor stations to 
storage tanks to pipelines (Bradbury et al. 2013; Warner et 
al. 2015). 

Further data and analysis on methane leakage specific 
to RNG is needed. It would be useful, for example, 
to understand the maximum leakage rates at which 
RNG has climate benefits over diesel fuel over various 
time horizons, similar to the studies that Alvarez et al. 
(2012) and Camuzeaux et al. (2015) conducted around 
conventional natural gas.  
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Which RNG Projects Can Meet These Conditions?
RNG produced from wet wastes that are presently already 
leading to methane emissions in typical management 
practices is most likely to meet both conditions described 
previously. These projects generally include food and yard 
waste in landfills or diverted from landfills, wastewater 
sludge, FOG, and manure from livestock operations (Table 
1). Avoided methane emissions account for the very low 
and negative carbon intensities estimated for RNG from 
some types of wet waste estimated by other organizations, 

 Table 1  |  Achieving Large GHG Reductions with RNG

RNG IS MOST LIKELY TO ACHIEVE LARGE NET GHG REDUCTIONS COMPARED 
TO FOSSIL FUELS USED IN VEHICLES WHEN IT MEETS TWO CONDITIONS:

1. It is made from waste rather than dedicated uses of land.
2. Its production and use reduces methane emissions.   

RNG PROJECT TYPES MOST LIKELY TO MEET BOTH CONDITIONS:

 ▪ food and yard waste diverted from landfill disposal 
 ▪ livestock manure where methane is currently uncontrolled
 ▪ sludge at wastewater treatment facilities that aren’t already 

capturing methane
 ▪ landfill gas from landfills that aren’t capturing methane or that 

significantly increase the amount of methane they capture when 
producing RNG      

Figure 6  |   Life-Cycle Carbon Intensities of RNG and Other Transport Fuels Certified under  
California’s Low-Carbon Fuel Standard

Source: California Air Resources Board 2017d. 

including the California Air Resources Board for imple-
mentation of its low-carbon fuel standard (for example, 
dairy manure and food and green waste). 

While WRI doesn’t endorse any specific RNG life-cycle 
GHG analysis, CARB’s certified RNG pathways provide 
a reasonable starting point for estimating the GHG 
reduction potential of RNG from wet sources (Figure 6). 
Certified life-cycle carbon intensities of RNG range from 
about 50 percent to well over 100 percent less carbon-
intensive than fossil fuels. The landfill gas pathways are 
53 percent less carbon-intensive than diesel fuel and 44 
percent less carbon-intensive than natural gas on average; 
and the wastewater sludge pathways are 81 percent less 
carbon-intensive than diesel and 77 percent less intensive 
than conventional natural gas, respectively (California 
Air Resources Board 2018). The carbon intensities of 
RNG from anaerobic digestion of food and green waste 
and from dairy manure are negative because of credits 
given for avoided methane emissions, an average of -264 
grams carbon dioxide equivalent per megajoule (gCO2e/
MJ) for RNG derived from dairy manure and -23 gCO2e/
MJ for the single approved pathway for RNG from 
source-separated food and green waste. RNG from these 
sources is the least carbon-intensive fuel option of any 
alternative under California’s low-carbon fuel standard. 
However, these estimated carbon intensities are sensitive 
to assumptions used to conduct the analysis (see Box 3). 
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Box 3  |  Assumptions Used in the California Air Resources Board Certified RNG Pathways

The California Air Resources Board assumes 
a 100-year global warming potential of 25 for 
methane and provides the default methane 
leakage assumptions listed in Table 2 in the 
model underlying certified carbon intensities 
of RNG fuel pathways (CA-GREET 2.0). These 
assumptions, among others, will significantly 
affect the life-cycle carbon intensities of RNG 
calculated using this tool. As we discuss in 
the text, methane leakage rates from biogas 
production and processing have not been well 
studied. If life-cycle analyses underestimate 
these or other methane leakage rates along 

the supply chain, the actual carbon intensi-
ties of RNG would be higher. Recent work by 
Clark et al. (2017), for example, found higher 
leakage rates from some types of vehicles than 
currently used as default assumptions in the 
GREET tool. Likewise, if policymakers or other 
potential RNG project developers are concerned 
about the warming potential of methane along 
a shorter time period than 100 years, a higher 
global warming potential for methane would 
be appropriate, which would decrease the 
calculated carbon intensities for RNG pathways 
that lead to a net reduction in methane pro-

duced (for example, animal manure and food 
and green waste) and increase the calculated 
carbon intensities for pathways that lead to a 
net increase in methane produced (for example, 
wastewater sludge). Sensitivity analysis of RNG 
carbon intensities based on a range of assumed 
leakage rates, global warming potential, and 
other key assumptions would be helpful to get 
a better sense of the range of potential GHG 
reductions possible with waste-derived RNG.

Table 2  |  Default Methane Leakage Rates from Waste RNG Pathways Certified by the California Air Resources Board 

RNG PATHWAY METHANE LEAKAGE RATE SOURCE

ANAEROBIC DIGESTION

     Livestock Manure 2–5% of initial methane produceda
California-modified Greenhouse Gases, Regulated Emissions, and Energy Use in 
Transportation tool (CA-GREET 2.0), Dairy CNG Template, Offset Credit Tab, April 17, 
2017, https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet2-dairycng.xlsma 

     Wastewater Sludge 1% of initial methane produced CA-GREET 2.0, RNG Tab, September 29, 2015,  
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm 

BIOGAS CONDITIONING 

     Landfill Gas 1% of methane at inlet to upgrading CA-GREET 2.0, RNG Tab, September 29, 2015,  
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm

     Livestock Manure 2% of RNG at inlet to upgrading CA-GREET 2.0, Dairy CNG Template, Offset Credit Tab, April 17, 2017,  
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet2-dairycng.xlsm

     Food and Green Waste 1% of initial methane produced plus 
2% of purified methaneb  

CARB Certified High-Solids Anaerobic Digestion Pathway,  
(California Air Resources Board 2012)

     Wastewater Sludge 1% of methane at inlet to upgrading CA-GREET 2.0, RNG Tab, September 29, 2015,  
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm

TRANSMISSION AND 
DISTRIBUTION 0.4% OF NATURAL GAS THROUGHPUT CA-GREET 2.0, INPUTS TAB, SEPTEMBER 29, 2015,   

HTTPS://WWW.ARB.CA.GOV/FUELS/LCFS/CA-GREET/CA-GREET.HTM

USE IN VEHICLE 0.0375 GRAMS OF METHANE  
EMISSIONS PER MILE

CARB CERTIFIED HIGH-SOLIDS ANAEROBIC DIGESTION PATHWAY  
(CALIFORNIA AIR RESOURCES BOARD 2012)

Notes: 
aMethane leaks from the digester are based on CARB’s Livestock Offset Protocol under California’s cap-and-trade program (https://www.arb.ca.gov/regact/2014/capandtrade14/ctlivestockprotocol.
pdf). Biogas collection efficiencies in the Protocol are 98 percent for complete mix, plug flow, or fixed film digesters, 95 percent for bank-to-bank impermeable covered anaerobic lagoons, and (95 
percent * percent area covered) for partial area, impermeable anaerobic covered lagoons.
 bMethane leaks from this pathway are from feed and product gas compressors. 

https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm
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Further analysis of life-cycle carbon intensities of various 
RNG pathways, including sensitivity analyses under a 
range of potential leakage rates and other assumptions, 
would improve our understanding of waste-derived RNG’s 
GHG reduction potential. 

In cases where biogas produced by wet wastes is collected 
and flared as part of typical management practices—which 
is the case at many landfills and wastewater treatment 
plants—production of RNG may lead to a net increase 
in methane produced. For example, The California Air 
Resources Board’s certified wastewater sludge-to-RNG 
pathway indicates that RNG production at medium-to-
large wastewater treatment plants can increase methane 
emissions by at least 34 percent, from 704,000 grams 
of methane per day to 940,000 grams per day, because 
biogas at these facilities would otherwise be flared  (Cali-
fornia Air Resources Board 2014a).14 In these cases, the 
calculated life-cycle carbon intensities may still be lower 
than fossil fuels due to the avoided carbon dioxide emis-
sions from flaring. RNG from medium-to-large wastewater 
treatment plants had a calculated life-cycle carbon inten-
sity around 8 gCO2e/MJ, despite the increase in methane 
emissions, which is 11 times lower than the carbon inten-
sity of conventional natural gas. However, if methane 
leakage rates are higher in reality than what is assumed 
in the analysis, RNG may be less beneficial from a climate 
perspective or may actually lead to a net increase in GHG 
emissions. 

Given what we know about leakage today, and the 
uncertainty around leakage rates from RNG production, 
it could be risky to include these resources as part of a 
climate strategy, unless new RNG projects can achieve 
significant improvements in the efficiency of existing 
biogas collection systems. Landfill gas collection systems 
are highly inefficient, with uncontrolled emissions in the 
range of 15 to 25 percent of biogas produced (California 
Air Resources Board 2012). Opportunities may exist to 
increase the efficiency of gas capture at landfills, even 
those in compliance with new source performance 
standards; for example, by increasing the frequency with 
which gas collection wells are monitored and adjusted. 
Operators of landfill gas-to-RNG projects have an 
incentive to invest time and money in technological or 
operational improvements and repairs to maximize the 
amount of gas that can be captured and upgraded. If 
infrastructure improvements associated with a new RNG 
project increased collection efficiencies beyond current 
levels (and beyond levels required by any applicable 
existing regulations), not all of the RNG would comprise 
new methane. 

We aren’t aware of research that broadly investigates 
how much collection efficiencies have been or could be 
improved due to implementation of RNG projects at land-
fills with existing collection systems in place. However, 
case studies from the automated landfill gas collection 
company Loci Controls demonstrate the increases in gas 
capture and reduction in frequency of gas diversions to 
flare that have been documented from one technological 
approach on the ground at landfill gas-to-RNG projects, 
among other project types (Loci Controls 2018a). Imple-
mentation of the company’s automated collection system 
increased gas collection by 17 percent at a southwestern 
landfill gas-to-RNG project, for example (Loci Controls 
2018b). The company indicates that its experience with 
the technology has shown increases in gas collection in 
the range of 10 to 30 percent across existing projects and 
demonstrations, with higher levels of improvement noted 
in some exceptional cases.15 Research into the potential 
for RNG projects to reduce methane emissions at landfills 
with existing gas collection systems and documentation 
of improvements made on the ground  would be helpful, 
given how financially attractive these sites are for new 
projects, as discussed in more detail in Section 3. 

Similar risks would arise with RNG production from dry 
feedstocks, which would otherwise mostly produce carbon 
dioxide when they decompose. This means that RNG from 
agricultural, forestry, and other woody residues that may 
be considered waste may not meet the second condition. 
Likewise, even if energy crops could meet the first condi-
tion, they may not meet the second condition. Although 
dry feedstocks are not currently used as primary sources 
of RNG, the commercialization of thermal gasification 
technologies could enable their use in the future, and 
many resource assessments of RNG potential include 
them (for example, Hamberg et al. 2012; Murray et al. 
2014). Research on the life-cycle GHG emissions and 
other environmental and economic implications of these 
feedstocks is therefore needed. 

In any case, RNG project and policy developers will need 
to determine the net GHG impacts of RNG on a case-by-
case basis, since emissions will vary not only on the basis 
of feedstocks, but on project location, technology and 
processes used for collection, production and end-use, and 
other factors (Mintz 2015a; Jaffe et al. 2016). Life-cycle 
analysis of vehicle fuels provides a systematic method to 
account for energy use and GHG emissions at all stages 
in the life cycle of fuel, and different organizations have 
developed a variety of models to calculate life-cycle emis-
sions of fuels. They include the publicly accessible GREET 
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model developed by Argonne National Laboratory and 
modifications of that model used by the California Air 
Resources Board (CA-GREET. Because the GREET model 
does not factor in indirect land-use change, it could not 
be used to evaluate biomass from dedicated uses of land, 
which would generally not meet our first condition.) In 
addition, some models are targeted specifically toward 
corporate fleets, such as Business for Social Responsibil-
ity’s Fuel Sustainability Tool (Business for Social Respon-
sibility 2016). WRI does not endorse any particular model 
or the assumptions used in existing life-cycle analyses 
conducted with these models, but they can serve as useful 
tools and foundations for further analysis.

Although well-to-wheels must always be the ultimate 
focus, different actors may approach the calculations 
differently. For example, a fleet owner with its own pumps 
that buys RNG from a generic source will need to rely on 
broad calculations of average well-to-pump RNG emis-
sions. But that fleet owner can do its own calculations of 
emissions at the pump and in its vehicles in generating a 
final GHG balance. By contrast, a producer of RNG will 
need to rely on generic calculations of emissions from 
RNG distribution and use but can use its own calculations 
of the production emissions that it can control directly.

One of the conventions in many life-cycle analyses of bio-
energy that we do not recommend is to ignore the carbon 
dioxide released by burning the bioenergy fuel, which 
in this case would be RNG. Life-cycle assessments for 
various RNG feedstocks conducted by Argonne National 
Laboratory and California’s Air Resources Board using 
GREET do include emissions from combustion of RNG in 
the vehicle. However, many life-cycle analyses of bioen-
ergy more broadly ignore the carbon dioxide from burning 
the fuel due to the assumption that the carbon released 
by burning the biomass is offset by the carbon absorbed 
by the original plant growth that produced the biomass.16 
Failing to fully count both the emissions produced by the 
fuel itself and the carbon dioxide removals during photo-
synthesis can lead to errors or failure to fully appreciate 
the implications of bioenergy use, described in more detail 
in Searchinger et al. (2015). 

Another critical issue in life-cycle GHG analyses is appro-
priate assessment of the reference case. It is critical that 
the reference case accurately reflect current waste man-
agement practices. For example, Argonne National Labo-
ratory’s assessment of RNG from dairy manure showed 
that a 10 percent change in the amount of methane 
assumed to be controlled and flared in the reference case 

led to a 130 percent change in the estimated net life-cycle 
GHG emissions of RNG (Han et al. 2011). And typical 
waste management practices may change over time. For 
example, anaerobic digestion of manure otherwise des-
tined for an open lagoon reduces methane emissions and 
therefore generates GHG benefits. This methane reduction 
can be an important benefit of RNG today, but over time, 
due to new policies or voluntary shifts in manure manage-
ment, the realistic alternative to RNG might be some kind 
of capture of this methane regardless—although its end 
usage may vary. The reference case would then involve not 
a simple release of the methane into the atmosphere, but 
a flaring of captured methane gas, for example. Realisti-
cally analyzing the current reference case and reanalyzing 
it over time, in light of new technologies and policies, is 
necessary for an accurate understanding of life-cycle GHG 
benefits. 

Similarly, accurate assessment of the fuel RNG replaces will 
also be necessary. In the near term, RNG may largely be 
used to replace conventional natural gas in existing natural 
gas vehicles. But in specific projects and contexts and over 
the longer term, RNG may displace the use of diesel as 
fleets transition directly to natural gas vehicles that run on 
RNG. When RNG displaces diesel, it can lead to additional 
carbon dioxide reductions since diesel emits more carbon 
dioxide per unit of energy than natural gas. However, the 
relative impact of methane leakage could be greater than in 
cases where RNG replaces conventional natural gas.

ECONOMIC FEASIBILITY OF RNG  
FROM WET WASTES
In addition to GHG and other environmental implications, 
entities considering RNG as a climate strategy also need 
to assess its economic feasibility. Of course, determining 
whether a project is economically feasible or attractive 
is largely in the eye of the beholder. Depending on their 
motivations and resources, different entities can accept 
longer payback periods or higher up-front capital require-
ments than others. But early experiences on the ground 
indicate that a variety of different types of waste-derived 
RNG projects—including various feedstock types, produc-
tion scales, and fuel buyers—can be economically feasible 
and cost-effective, in some cases with expected payback 
periods of 5 to 10 years or less. And resource assessments 
suggest that significant untapped potential remains to 
produce RNG from wet waste sources, which have the 
greatest potential to meet the criteria described in Section 
2 and achieve large net GHG reductions.
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In this section, we synthesize research on the economic 
feasibility of RNG production from wet waste sources, 
including production costs, sources of revenue, cost sav-
ings and incentives, and market potential.

Costs to Produce RNG from Wet Waste
The costs to produce RNG from wet wastes typically include

 ▪ collection, storage, sorting, and cleaning of feedstocks 
at projects that bring in waste from off site (for 
example, livestock manure or wastewater sludge 
projects that supplement with food waste and FOG); 

 ▪ installation, operation, and maintenance of anaerobic 
digesters to produce biogas or a biogas collection 
system at landfills, where needed; 

 ▪ installation, operation, and maintenance of 
conditioning equipment to clean and upgrade biogas 
into RNG; and 

 ▪ equipment and infrastructure to distribute the fin-
ished RNG. 

Total production costs vary widely by project due to many 
factors, including required capital investment, volume 
of production, transportation costs, and whether the gas 
is distributed through the natural gas pipeline network 
(Underwood and Tomich 2012; Murray et al. 2014; Miller 
et al. 2015; Jaffe et al. 2016; Russell et al. 2017), described 
below. 

Capital investment required
Capital costs for RNG projects can be high, ranging 
from hundreds of thousands to tens of millions of dol-
lars depending on the technologies used and the scale of 
production (Murray et al. 2014; Jaffe et al. 2016; Energy 
Vision 2017). Project developers can limit the capital 
investments required by locating projects at sites that 
require relatively less buildout than others. For example, 
landfill projects only require installation of a collection 
system to gather biogas that is already being produced 
from the organic waste disposed of on-site, rather than 
installation of a digester. Many landfills already have these 
collection systems in place (Miller et al. 2015). Likewise, 
projects at wastewater treatment plants and livestock 
farms that already have anaerobic digesters installed can 
avoid what would otherwise constitute a large proportion 
of total up-front costs (Jaffe et al. 2016). However, all 
RNG projects will require capital for conditioning equip-
ment, which can be prohibitive for smaller-scale produc-
ers (Jaffe et al. 2016; Russell et al. 2017).

The magnitude of capital costs will also depend on the 
equipment and infrastructure needed to deliver and, 
in some cases, use the gas. If some of the RNG is used 
to refuel trucks on-site, project developers may need to 
construct a new fueling station with adequate storage 
capacity. If some or all of the gas will be used off-site, con-
struction of pipelines may be necessary to reach an off-site 
fueling station or to connect with the natural gas distribu-
tion network. Fleets transitioning from diesel to RNG will 
need to purchase new natural gas vehicles or convert exist-
ing diesel engines to run on natural gas. 

Volume of production
Production and conditioning of biogas show significant 
economies of scale. Upgrading and cleaning costs, for 
example, range from tens to hundreds of dollars per million 
British thermal units (MMBtu), depending on the volumes 
processed (Jaffe et al. 2016). Due to the distributed nature 
of waste feedstocks, it will not be practical to transport and 
convert them to gas in mass quantities (U.S. Department of 
Energy 2017a). However, some studies have suggested that 
aggregating feedstocks or biogas from multiple local sources 
into a single site for anaerobic digestion or biogas process-
ing can help cut costs (Miller et al. 2015). For example, Jaffe 
et al. (2016) estimated that RNG project costs at California 
dairies could be cut by 60 percent through centralized 
conditioning and pipeline injection. Murray et al. (2014) 
estimated that centralized processing of biogas derived from 
manure would be 74 to 85 percent less costly than processing 
on individual farms. The potential to cut costs through use of 
different production models warrants additional research. 

Transportation costs
The distances that feedstocks, biogas, and finished RNG 
must be transported along the supply chain significantly 
affect project costs and feasibility (Hamberg et al. 2012; 
Miller et al. 2015). Waste streams from wastewater treat-
ment plants, landfills, and homes and businesses offer 
promising market potential in part because these sites are 
widely geographically distributed and typically located 
close to potential end users (U.S. Department of Energy 
2017a). But costs to collect feedstocks and deliver the 
finished fuel can pose a challenge for sites like livestock 
operations, which have a large resource base but are 
located in rural areas or far from existing fueling stations 
or the pipeline network.
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Pipeline distribution
RNG project developers will need to ensure that all the 
RNG continuously produced from a project can be sold to 
end users, and it can be a challenge to deliver all the gas to 
end users (Underwood and Tomich 2012). In most current 
projects on the ground, the RNG producer and/or project 
investor also use at least a portion of the gas produced—
for example, in the case of municipalities that invest in 
landfill gas or wastewater projects and use the RNG to 
fuel their waste trucks and other municipal vehicles. 
This model allows states, municipalities, or private fleet 
owners to secure a long-term, fixed-cost gas supply. But 
local fuel demand may not be high enough to offtake all 
of the gas produced. When larger volumes are required 
for economies of scale or to satisfy local climate or waste-
management objectives, pipeline distribution may be 
required to connect the supply with distant markets 
(Mintz 2015b; Miller et al. 2015).

Several studies have noted that pipeline injection carries 
high costs as well as logistical challenges of negotiating 
with utilities or pipeline operators that can be prohibitive 
for some projects (Miller et al. 2015; Jaffe et al. 2016; 
Russell et al. 2017; U.S. Department of Energy 2017a). 
Pipeline specifications vary by state and owner, and 
upgrading biogas to meet these requirements tends to 
be more expensive than direct use in vehicles because 
engine manufacturers guarantee performance at a lower 
energy content, although the on-site storage required 
for direct use can be costly as well. In addition to the 
costs of upgrading and cleaning the gas to meet pipeline 
standards, interconnection requires costs of pipeline 
construction to get the gas to the network, compression 
stations, and real-time or intermittent monitoring to 
ensure that the gas continues to meet injection standards. 
Total upgrading, cleaning, and interconnection costs are 
estimated in the tens to hundreds of thousands of dollars 
per site outside of California, and $1.5–3.5 million per site 
within California, where pipeline injection requirements 
are the most stringent in the United States (Russell et al. 
2017). Although some utilities are interested in injecting 
RNG into their networks—not only for transportation use, 
but to offer to their residential, commercial, and industrial 
customers as well—they cannot invest in RNG infrastructure 
without regulatory approval (Russell et al. 2017). 

California’s Public Utility Commission is pioneering an 
approach to address this issue with a recently established 
incentive program to offset the costs of pipeline intercon-
nection for RNG projects, up to $5 million per project for 
clustered dairy projects and up to $3 million for other 

individual projects, with total funding for the program 
capped at $40 million (Public Utility Commission of the 
State of California 2015; State of California 2016). 

Cost Data
While data on the ground is limited, available estimates 
show that waste-derived RNG production tends to be 
relatively expensive, compared to conventional natural 
gas. Four recent studies provide synthesized cost esti-
mates: The American Gas Foundation (2011) models 
average RNG production costs in the United States for 
two RNG market penetration scenarios based on cost data 
from available literature and its own previous estimates. 
Hamberg et al. (2012) provide a synthesis of estimates 
from the literature. Murray et al. (2014) calculate national 
supply curves using project data and technology estimates 
provided by equipment vendors. And Jaffe et al. (2016) 
calculate supply curves for resources in California using 
project data, estimates in the literature, and comments to 
the California Public Utility Commission. Cost estimates 
from these sources range from about $3–30/MMBtu for 
RNG derived from landfill gas, wastewater sludge, animal 
waste, and diverted food and yard waste combined (Figure 
7), and the supply curves show that a significant amount of 
RNG could be supplied from these sources at $10/MMBtu 
or less. The wide range is in part due to differences among 
the studies in terms of data, methodology, and assump-
tions. However, costs also vary widely, project to project, 
on the basis of feedstock type, volume of production, 
infrastructure requirements, and location with respect to 
the pipeline, among other factors. 

Meanwhile, conventional natural gas has averaged about 
$3.50/MMBtu since 2010, with average annual prices 
ranging from $2.52–4.37/MMBtu (U.S. Energy Informa-
tion Administration 2017b) and prices are projected to 
remain below an average $5.00/MMBtu (2016) per year 
through 2030 in the absence of any policy changes (U.S. 
Energy Information Administration 2017c). 

With conventional natural gas prices so low, fleet 
managers are increasingly finding investment in natural 
gas vehicles to be cost-effective, particularly in long-
distance hauling, waste management, and transit (Jaffe 
et al. 2015; Boersma 2016). Natural gas vehicles are 
more expensive than diesel, with costs to consumers on 
the order of $25,000–30,000 more, but they can pay 
for themselves in three years or fewer when they travel 
more than 120,000 miles per year (Jaffe et al. 2015).17 
Although oil prices have fallen in recent years, the U.S. 
Energy Information Administration projects natural gas to 
continue to have a substantial price advantage over diesel 
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Figure 7  |  Estimated RNG Production Costs from Anaerobic Digestion of Wet Waste Sources
 

Notes:  Data are from four studies synthesizing costs from literature, economic models, and project data. RNG production costs reflect anaerobic digestion of waste sources to produce RNG for 
pipeline injection. The natural gas price provided for reference represents the 2017 average Henry Hub spot price for natural gas from the U.S. Energy Information Administration. 
Source: WRI. 

through 2030 (Brown 2017). Greater availability of natural 
gas vehicles presents an opportunity to replace relatively 
high carbon-intensity conventional natural gas with low 
and negative carbon-intensity RNG. But with production 
costs upwards of $3/MMBtu, it will be difficult for 
producers to offer RNG at or below parity with conventional 
natural gas (Miller et al. 2015) without the presence of 
incentives and other sources of revenue, discussed below. 

Sources of Revenue, Financing,  
and Other Incentives 
In addition to sale of the RNG itself, RNG projects can 
generate multiple sources of revenue and/or cost savings:

 ▪ Sale of credits for compliance with renewable 
and low-carbon fuel markets 
Recent prices under renewable and low-carbon fuel 
markets provide significant price support for RNG 
production for vehicle fuel (U.S. Department of 
Energy 2017a). At 2016 prices, for example, Jaffe et 
al. (2016) found that RINs under the Renewable Fuel 
Standard provided an effective incentive of $23.32/
MMBtu,18 and credits under California’s low-carbon 
fuel standard provided an additional incentive of 
$4.00-$4.25/MMBtu for RNG produced from landfill 
gas, $45/MMBtu from dairy manure, and $12.75/
MMBtu from municipal solid waste sources for fuel 
sold, supplied, or offered for sale in California.19 
Together, these markets provide more than enough 
of a price premium, compared to conventional 

natural gas, to allow profitable RNG production. 
The modeling of Jaffe et al. (2016) found that these 
policies could drive RNG production equal to levels 
five times greater than California’s 2015 natural gas 
use in vehicles, assuming credit prices remain at 
2016 levels through the 2020s and with conventional 
natural gas priced at $3.00/MMBtu.  
 
Although renewable and low-carbon fuel markets 
can provide substantial economic incentive for RNG 
production, they carry risk since their future prices 
can’t be predicted with certainty. RIN prices have 
historically been volatile due to regulatory uncertainty 
around the policy and the volumes that EPA will set 
each year, as well as past problems with fraudulent 
RINs. And the potential value of these markets 
typically cannot be used to secure a loan for up-front 
capital (Mintz 2015b; U.S. Department of Agriculture 
et al. 2015). 

 ▪ Avoided waste disposal costs or waste  
collection fees 
Most sources of waste that can be used for RNG 
feedstock would have to pay for disposal of that 
waste, through landfill tipping fees or wastewater 
remediation fees, for example. The opportunity to 
use waste that has little or even negative value as a 
commodity can itself be economically attractive (U.S. 
Department of Energy 2017a). Feedstock collection 
costs can be small or even negative when use of waste 
for RNG production leads to avoided disposal costs 
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(Jaffe et al. 2016; Langholtz et al. 2016). Projects that 
divert waste from landfills can allow waste managers 
to avoid tipping fees, significantly affecting project 
economics in some cases (Underwood and Tomich 
2012; Hamberg et al. 2012; Jaffe et al. 2016). In 2014, 
landfill tipping fees averaged $49.78/ton nationwide, 
and are expected to increase as landfills approach 
capacity and populations increase (U.S. Department 
of Energy 2017a). Tipping fees vary widely from state 
to state, ranging from $25 to $35 in the Midwest and 
Southeast, up to $75 or more per ton in the Northeast 
(U.S. Department of Energy 2017a). Jaffe et al. (2016) 
found that the market potential of RNG in California 
is highly sensitive to tipping fee rates. For example, if 
tipping fees in the state were 20 percent higher than 
current levels, the market potential of RNG produced 
from separated organic municipal solid waste projects 
would increase sevenfold. Source-separated projects 
that collect yard and food waste (for example, the 
CR&R Digester in Perris, California, discussed in Box 
1) can also charge homes and businesses for collection 
of the waste that is then used for RNG feedstock. 

 ▪ Sale or use of intermediary or coproducts from 
the RNG production process 
Multiple intermediary products or coproducts can be 
sold off-site to generate an additional revenue stream 
or used on-site, leading to cost savings. Some of the 
biogas produced can be used for heat and power, 
which can be sold or used to meet other on-site energy 
needs. The nutrient-rich digestate left over from 
biogas production can be used to produce fertilizer, 
which can be sold or used to displace and offset the 
costs of fertilizer at livestock operations, and the solid 
digestate can be used for animal bedding. 

 ▪ Sale of offset credits under carbon markets 
California’s cap-and-trade program and the Regional 
Greenhouse Gas Initiative both allow avoided methane 
emissions from livestock manure projects to generate 
offsets that can be sold for compliance (California Air 
Resources Board 2014b; RGGI, Inc. 2013). 

Other state and federal policies support RNG production 
and use through financing and other incentives. In 
recent years, federal programs have offered funding for 
anaerobic digesters and other biogas system components 
through USDA’s Rural Energy for America Program, 
Environmental Quality Incentives Program, Bioenergy 
Program for Advanced Biofuel, Biorefinery Assistance 
Program, and Conservation Innovation Grants, and 
the DOE’s Clean Cities Program (U.S. Department of 

Agriculture et al. 2015). Some states and municipalities 
also offer assistance with financing through cost-sharing, 
grants, loans, and loan guarantees. Many states also 
offer grants, loans, rebates, vouchers, and tax incentives 
for purchase of natural gas vehicles and development of 
natural gas fueling infrastructure, which can assist with 
RNG project development (U.S. Department of Energy 
2017b). 

Together, these revenue streams and incentives can 
greatly shift project economics, allowing producers to 
offset and recoup relatively high up-front costs. Early 
experiences show that a diverse range of RNG project 
types can be economically viable and potentially cost-
effective, with payback periods ranging from immediate to 
about 10 years in some cases  (U.S. Environmental Protection 
Agency 2014; Linville et al. 2015; Energy Vision 2017).20  

Market Opportunities 
As previously described, additional research is needed to 
estimate the market potential of RNG from wet wastes. 
But experience on the ground shows that projects across 
multiple wet waste sources can be economically feasible. 
Assessments of the available resource base and market 
opportunities across wet waste sources conducted by the 
DOE, EPA, and USDA find that untapped potential remains, 
with an excess of 50 million dry tons of food waste, animal 
manure, wastewater sludge, and FOG available for use each 
year (U.S. Department of Energy 2017a). 

Generally speaking, landfills offer the greatest current 
economic potential, compared to other sources, because 
they require relatively little buildout and have a customer 
base readily available in the form of heavy-duty waste 
management vehicles. However, many landfills are already 
collecting landfill gas and either flaring the gas or using it 
for power or heat. RNG from these sources would be risky 
from a climate perspective unless investments made as 
part of the RNG project could significantly improve landfill 
gas collection efficiencies, as described in Section 2. RNG 
projects at landfills not already collecting gas would offer 
more certainty in achieving climate benefits. The EPA 
estimates that an additional 400 candidate landfills could 
effectively collect and produce energy with biogas; of these, 
184 are not currently collecting landfill gas according to 
data from EPA’s Landfill Methane Outreach Program (U.S. 
Department of Agriculture et al. 2014; U.S. Environmental 
Protection Agency 2016, 2017f). Over the longer term, 
however, as landfills reach capacity and states and 
municipalities put policies in place to prevent organic waste 
from landfill disposal, the resource base will likely decline. 
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In any case, diverting organic waste before it reaches the 
landfill provides an opportunity to achieve much deeper 
GHG reductions than landfill gas projects. Anaerobic 
digestion of source-separated food and yard waste can 
lead to GHG benefits even if the landfill that would other-
wise accept the waste has a gas collection system in place 
because these systems are not 100 percent efficient. By 
avoiding the uncontrolled methane emissions altogether, 
diverted waste projects can earn some of the highest credit 
values in California’s and Oregon’s low-carbon fuel mar-
kets (California Air Resources Board 2012). These projects 
require high up-front costs because all infrastructure to 
produce RNG will need to be constructed from scratch. 
But the revenue that can be generated from waste collec-
tion costs or through avoided tipping fees, combined with 
revenue from low-carbon fuel markets, can make these 
projects economically attractive. And because these proj-
ects aggregate waste from multiple sources, they can ben-
efit from economies of scale and be strategically located 
near pipelines, fueling stations, and existing waste transfer 
stations where waste is already sorted (U.S. Department of 
Energy 2017a). These projects also may be an increasingly 
attractive option as states and municipalities across the 
country take steps to divert organic waste from landfills 
for other environmental and economic reasons. 

Similar to landfills, many wastewater treatment plants 
already collect biogas generated during waste treatment 
and flare or, to a more limited extent, use it for heat or 
power (Seiple et al. 2017). The EPA estimates that more 
than 2,400 additional digesters could be added at existing 
wastewater treatment facilities, but the economic feasibil-
ity at these sites has not been evaluated as market poten-
tial studies focus on sites that already have anaerobic 
digesters in place (U.S. Environmental Protection Agency 
2014). However, regulatory approaches to wastewater 
treatment are shifting away from narrow, prescriptive 
approaches that have stifled innovation in the past toward 
a performance-based approach that may open the door for 
more wastewater facilities to explore new bioenergy proj-
ects while maintaining their commitment to public health 
and environmental protection. Many existing facilities are 
nearing the end of their useful lives, presenting an oppor-
tunity to add new digesters and conditioning equipment as 
existing facilities are replaced or upgraded (U.S. Depart-
ment of Energy 2017a). Additionally, many wastewater 
treatment plants are already equipped to handle more 
waste than they currently process and could potentially 
accept food and yard waste diverted from landfills. 

Livestock operations offer significant resource poten-
tial, with biogas recovery systems technically feasible at 
8,000 additional dairy and hog farms across the country 
(U.S. Department of Agriculture et al. 2014). Costs can be 
prohibitive for these projects, especially for smaller farms 
located far from the pipeline or potential end users. But 
some farms may be promising candidates for off-grid proj-
ects that make use of RNG produced locally and experience 
its benefits locally, rather than connecting to the pipeline 
(Parker et al. 2017). Similar to diverted food and yard waste 
projects, livestock projects can fetch high credit prices 
under California’s LCFS because of its negative certified 
carbon intensity.

CONCLUSION
Early research and experience suggest that opportunities 
exist for states, municipalities, and companies to cut GHG 
emissions by using RNG produced from wet wastes as a 
vehicle fuel. RNG can lead to life-cycle GHG reductions 
of at least 50 percent and in some cases well over 100 
percent, compared with fossil fuels, when it is produced 
from wastes that would lead to methane emissions in typi-
cal management practices—including food and yard waste, 
landfill gas, manure at livestock operations, FOG, and 
sludge at wastewater treatment plants. Source-separated 
food and yard waste and manure projects will generally 
offer the greatest potential for large net GHG reductions 
and involve little, if any, risk of increasing GHG emissions 
even if methane leakage rates are underestimated in life-
cycle analyses. Although RNG from wet waste sources is 
more expensive to produce than conventional natural gas, 
experiences on the ground are finding that RNG projects 
can be economically viable at sites around the country, with 
estimated payback periods under 10 years in some cases. 

RNG’s GHG reduction potential suggests that it could 
be an attractive low-carbon strategy, particularly in the 
near  to medium term, provided it meets the two criteria 
we described in this working paper. RNG projects can 
lead to immediate reductions in methane emissions from 
organic waste sources. When sourced from diverted food 
and yard waste or livestock manure, RNG can provide the 
least carbon-intensive source of low-carbon fuel currently 
available for heavy-duty vehicles. Both of these emissions 
sources must be addressed to avoid the most dangerous 
impacts of climate change (Hausker et al. 2015). Entities 
considering use of RNG as a climate strategy will need to 
assess the GHG impacts, costs, and benefits on a case-by-
case basis as they will vary from project to project.
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This working paper has provided a starting point to under-
stand RNG’s potential as GHG reduction strategy, but 
more research and on-the-ground experience are needed 
to fully evaluate RNG’s climate and economic benefits and 
its role in near- to long-term climate plans. We have high-
lighted the following topics as ripe for future exploration:

 ▪ Better data on methane leakage from all aspects of the 
RNG supply chain, especially from production and 
processing  

 ▪ Sensitivity analysis of RNG carbon intensities under 
a range of methane leakage, methane global warming 
potential, and other key assumptions 

 ▪ Analysis of the potential to estimate break-even meth-
ane leakage rates across the supply chain for waste-
derived RNG pathways below which RNG will have 
immediate climate benefits over conventional natural 
gas and petroleum-based fossil fuels 

 ▪ Life-cycle GHG estimates for RNG production from 
dry wastes (for example, forest, yard, and agricultural 
residues) and analyses of other social and economic im-
plications of potential use of these feedstocks for RNG 

 ▪ Estimates of RNG market potential from wet waste 
sources that incorporate the effects of low-carbon fuel 
markets and other incentives

 ▪ Development of a database of RNG projects on the 
ground that includes costs, incentives, life-cycle GHG 
emission benefits, and other data, if possible 

 ▪ Scenario modeling of RNG’s GHG mitigation potential 
and its contributions to state and/or national GHG 
emission reduction goals under a range of market 
conditions 

 ▪ Comparison of RNG’s climate benefits, costs, and fea-
sibility to other low-carbon fuels and other methane 
reduction strategies

Better understanding of these topics, together with more 
experience on the ground, will enable continued evalu-
ation of waste-derived RNG production and use as an 
economically feasible, potentially cost-effective tool to 
address climate change. 

GLOSSARY 
BIOGAS: A gaseous mix of carbon dioxide and methane that is produced 
from the decomposition of organic materials in the absence of oxygen. 

CONVENTIONAL NATURAL GAS: A composed of comprising primarily methane. 

FEEDSTOCK: A material used as fuel or converted to fuel for energy 
purposes. RNG feedstocks are organic materials that generally fall into two 
categories according to moisture content:  

WET FEEDSTOCKS: Food waste, yard waste, fats, oils, and greases 
(FOG), manure, sludge from wastewater treatment. These are the main 
feedstocks used to produce RNG today, and they are typically converted 
to RNG through anaerobic digestion, either in separated anaerobic 
digesters or at landfills. 

DRY FEEDSTOCKS: Agricultural crop residue, forestry residue and other 
wood waste, and energy crops. Woody feedstocks are not generally 
used for RNG production today because the gasification technologies 
best suited to convert them to gas are not commercially available, but 
they may be used in the future as these technologies mature. 

LANDFILL GAS: Biogas that is produced from the decomposition of organic 
materials within landfills. 

METHANE LEAKAGE: Methane gas escaping from infrastructure into the 
atmosphere.

RENEWABLE NATURAL GAS: Biogas that has been processed into essen-
tially pure methane, which can be used interchangeably with conventional 
natural gas in all its end uses.

WASTE: A material with no alternative use. 
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ENDNOTES
1. If dedicated crops, such as switchgrass, were used to produce RNG, 

additional GHG emissions would result from land-use change and 
decreased carbon sequestration from the opportunity cost of using 
land that could otherwise store carbon. Dedicated crops are not used to 
produce RNG today because the technologies used to convert them to 
gas are not yet commercially available, but they are sometimes included 
in assessments of RNG’s technical or market potential. 

2. According to the 2006 methodologies for national GHG reporting recom-
mended by the IPCC guidelines, methane has 25 times the overall global 
warming potential over 100 years of carbon dioxide, and the most recent 
IPCC comprehensive assessment raised this figure to 28–34. Because 
the production of methane from biomass means modestly fewer emis-
sions of carbon dioxide, the net additional warming multiple is roughly 
22 or 30. Because methane is a short-lived climate pollutant, use of a 
higher global warming potential to estimate RNG’s net GHG impacts may 
be appropriate, as discussed in more detail in Section 2.  

3. While yard waste is not generally considered a wet feedstock, we in-
clude it in our discussion because it is suitable for high-solids anaerobic 
digestion with food waste (California Air Resources Board 2012). 

4. The gas produced from thermochemical technologies, typically referred 
to as syngas, largely comprises carbon monoxide and hydrogen. The 
syngas can then be methanated, cleaned, and upgraded into RNG. 

5. According to the 2006 methodologies for national GHG reporting recom-
mended by the IPCC guidelines, methane has 25 times the overall global 
warming potential over 100 years of carbon dioxide, and the most recent 
IPCC comprehensive assessment raised this figure to 28–34. Because 
the production of methane from biomass means modestly fewer emis-
sions of carbon dioxide, the net additional warming multiple is roughly 
22 or 30. Because methane is a short-lived climate pollutant, use of a 
higher global warming potential to estimate RNG’s net GHG impacts may 
be appropriate, as discussed in more detail in Section 2.  

6. The EPA treats biogas produced in separated municipal solid waste 
digesters containing cellulosic materials that would otherwise end up 
in landfills as cellulosic biofuel under the rule in the same manner as 
landfill biogas. This is also true for digester gas from agricultural digest-
ers that process predominantly cellulosic materials such as manure, 
crop residue, and yard waste. However, wastes that are not predomi-
nantly cellulosic may be processed in waste digesters, for example 
non-manure animal waste and separated food waste high in starch and 
sugars. The predominantly non-cellulosic portion of the digester biogas 
would qualify as an advanced biofuel rather than a cellulosic biofuel, 
satisfying EPA’s required GHG reduction threshold of 50 percent. For 
more information, see: <https://www.gpo.gov/fdsys/pkg/FR-2014-07-18/
pdf/2014-16413.pdf>. 

7. On May 31, 2017, the EPA issued a 90-day stay of these rules. Since the 
stay expired on August 29, 2017, the existing rules are currently in effect, 
although EPA intends to complete reconsidering portions of the rules. 
For more information, see https://www.epa.gov/stationary-sources-air-
pollution/municipal-solid-waste-landfills-new-source-performance-
standards. 

8. Data in this paragraph was converted to common units using conversion 
factors from the U.S. Department of Energy: https://epact.energy.gov/
fuel-conversion-factors. 

9. This list only includes market potential studies that present RNG poten-
tial from waste feedstocks separately from RNG potential from dedicated 
energy crops.

10. If RNG were produced from energy-dedicated crops, calculation of 
life-cycle GHG emissions would also have to account for the GHG op-
portunity costs of using land, such as the carbon storage that its use 
for bioenergy would ultimately sacrifice. Many life-cycle calculations 
of bioenergy have been flawed because they do not fully account for 
these emissions. For more details, see Searchinger, and Heimlich (2015). 
Avoiding Bioenergy Competition for Food Crops and Land. Accessible 
at: http://www.wri.org/publication/avoiding-bioenergy-competition-
foodcrops-and-land.

11. For one effort to differentiate the costs of alternative uses of waste 
sources, see Brander et al. (2009). 

12. Methane has a global warming potential in the range of 25–34, and 
when biomass is converted to methane instead of carbon dioxide, the 
net additional warming multiple is roughly 22 or 30. By simple arithme-
tic, if converting a gram of carbon in biomass into methane instead of 
carbon dioxide increases the 100-year global warming impact 30 times, 
then a 3.3 percent leakage rate of the additional methane produced 
for RNG production would generate 100 percent of the warming effect 
over 100 years as allowing the biomass to be decomposed or burned 
into carbon dioxide. In that case, even if each gram of carbon in waste 
biomass replaced one gram of carbon in fossil fuels, the leakage rate 
would entirely eliminate the GHG reductions. With a net warming impact 
of 22, a leakage rate of 4.54 percent would eliminate all global warming 
benefits. 

13. The UNFCCC Clean Development Mechanism methodology for calcu-
lating project and leakage emissions from digesters provides default 
assumptions of 2.8–10 percent depending on the digester type (UNFCCC 
2012). The values are 2.8 percent for digesters with steel or lined 
concrete or fiberglass digesters and a gas holding system (egg shaped 
digesters) and monolithic construction; 5 percent for floating gas hold-
ers with no external water seal; and 10 percent for digesters with unlined 
concrete/ferro cement/brick masonry arched type gas holding section, 
monolithic fixed dome digesters, and covered anaerobic lagoons. The 
IPCC recommends a default assumption of 5 percent absent additional 
information in its guidelines on national GHG inventory development 
(IPCC 2006). Other estimates from projects in Sweden indicate that 
average methane leakage rates from biogas production at wastewater 
treatment plants, digesters of separated household waste, and digesters 
of industrial waste are 3 percent, 1.7 percent, and 0.2 percent of biogas 
produced, respectively (Jonerholm and Lundborg 2012).

14. Estimated using data from Table VI-6 from California Air Resources Board 
(2014a). We assumed methane emissions from anaerobic digestion and 
management of the supernatant and digestate would have occurred 
if RNG were not produced as part of wastewater treatment practices, 
so the only additional methane emissions were due to biogas refining 
stages 1 and 2 and combustion in the vehicle. The estimate accounts 
for avoided methane emissions from off-site power generation that is 
displaced under the RNG pathway. 

15. Personal communication with Sarah Rizk, Director of Business and Sales 
at Loci Controls. 

https://www.epa.gov/stationary-sources-air-pollution/municipal-solid-waste-landfills-new-source-performance-standards
https://www.epa.gov/stationary-sources-air-pollution/municipal-solid-waste-landfills-new-source-performance-standards
https://www.epa.gov/stationary-sources-air-pollution/municipal-solid-waste-landfills-new-source-performance-standards
https://epact.energy.gov/fuel-conversion-factors
https://epact.energy.gov/fuel-conversion-factors
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