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I. INTRODUCTION TO BIOGAS AND RENEWABLE NATURAL GAS (RNG) PROJECTS



Renewable Natural Gas (RNG) is a waste-derived fuel that is created by capturing and processing methane from existing sources of waste. The
biogas used to produce RNG comes from a variety of sources, including:

• municipal solid waste landfills,

• digesters at water resource recovery facilities (wastewater treatment plants),

• livestock farms, food production facilities,

• and organic waste management operations

At each of these types of operations, biogas is produced as the organic materials are broken down by microorganisms in the absence of O2 (i.e.,
anaerobic conditions).

RNG is a term used to describe biogas that has been upgraded for use in place of fossil natural gas. Treatment includes removing moisture,
carbon dioxide (CO2) and trace level contaminants (including siloxanes, volatile organic compounds, or VOCs, and hydrogen sulfide), as well as
reducing the nitrogen and oxygen content. Once upgraded, the gas has a methane content of 90 percent or greater. Typically, RNG injected
into a natural gas pipeline has a methane content between 96 and 98 percent.

10

(a) Background
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(b)  RNG Feedstock Sources

Currently, there are four main sources of biogas used to produce RNG in the United States:

• Municipal solid waste (MSW) landfills: Landfill gas (LFG) is generated in MSW landfills as the organic wastes decompose

anaerobically. Instead of escaping into the air, LFG can be captured, converted and used as an energy resource. Applicable

federal and state regulations require certain landfills to capture and destroy the LFG generated; for these sites an LFG collection

infrastructure is already in place and potentially ready for an energy project.

• Anaerobic digestion (AD) at livestock farms: Livestock farms can use AD to convert livestock (e.g., dairy, beef, swine, poultry)

manure into biogas and digestate. Some manure-based digesters co-digest other waste materials with the manure, including

upstream (pre-consumer) food wastes such as beverage and distillery waste; fats, oils and greases; industrial food byproducts; or

processing wastes from a dairy or slaughterhouse. diagram in Figure 3 presents the biogas and typical digestate products from

manure-based AD projects and the levels of treatment that AD biogas can undergo to be used as an energy resource. Candidate

sites are generally considered to be dairies with at least 500 cows or swine facilities with at least 2,000 sows or feeder pigs.

• Anaerobic digestion (AD) at municipal water resource recovery facilities (WRRFs): Many municipal WRRFs use AD to treat sewage

sludge on site, while some facilities send the sludge to other facilities for AD treatment. Biogas is one of the byproducts of sludge

treatment through AD. WRRFs typically generate biogas with a high CH4 content and extremely low N2 and O2 contents, which

make them attractive candidates for RNG projects.

• AD at stand-alone organic waste management operations. These AD projects break down source separated organic material-

including food waste to generate biogas, which can be converted to RNG. Digesters that primarily process food waste can also

co-digest other organic materials including yard waste. A 2018 EPA survey of U.S. AD facility operators showed that a total of 9.2

million tons of food waste was processed at 44 stand-alone digesters during 2016.



Raw biogas has a methane content between 45 and 65 percent, depending on the source of the feedstock, and must go through a

series of steps to be converted into RNG. RNG can then be used:

• in thermal applications such as boilers, greenhouses and kilns (heat, steam, hot water, cooling or other processes),

• to generate electricity,

• for vehicle fuel,

• or as a bio-product feedstock.

RNG projects for direct thermal applications are not common, as the bulk of incentives for RNG are for transportation and electricity

end uses.

While many biogas projects generate electricity from partially conditioned biogas, there are a number of projects (primarily landfill-

based) where RNG is injected into a pipeline and used to generate electricity.

The two main methods for delivering RNG to end users are injection into a pipeline (fossil natural gas pipeline or dedicated RNG

pipeline) or onsite/local applications (e.g., onsite vehicle fueling station, transport by truck).

12

(c)  Types of RNG Projects



Vehicle Fuel Use:

1. Onsite RNG vehicle fuel projects:

• Avoid the need to meet natural gas pipeline specifications, and typically the vehicle fuel specifications are less stringent than the 

requirements from a pipeline operator.  

• Avoid the costs to interconnect and transport the gas via pipeline.  However, there must be an adequate and consistent demand for 

the RNG vehicle fuel.

• Often used where the owner of the biogas source also has a vehicle fleet, for example a public works department that has a landfill 

and/or WRRF as well as a CNG-compatible fleet inventory or an onsite fueling station that allows corporate fleets operating in the area 

to use the onsite station. 

• Here, the vehicles delivering a feedstock (e.g., garbage or food waste) are fueled by RNG from biogas produced by that feedstock, 

and these projects are considered “closed loop” or circular projects.

• Generally, local-use vehicle fuel projects are smaller scale than pipeline injection vehicle fuel projects.

2. Virtual Pipeline projects:

• If an RNG processing plant is not close to potential end users or an existing pipeline, a “virtual pipeline” can move compressed RNG from 

the point of generation to the point of injection or use.  In a virtual pipeline scenario, the RNG is compressed to up to 4,000 pounds per 

square inch for injection into a natural gas tube trailer, and then transported off site by truck. Once it reaches the destination, the RNG is 

decompressed back down to the pressure required by the receiving facility. The decompression site must include a “decant” facility 

that heats the RNG as it decompresses to minimize the freezing of valves and regulators due to decompression. A virtual pipeline allows 

remote landfills, farms or other biogas sources to market their RNG in populated areas. Leasing companies that will contract for loading, 

transporting and off-loading the RNG are also available. The costs to transport RNG in a virtual pipeline are in addition to the costs 

associated with RNG processing equipment and infrastructure needed to compress and decompress the gas.

• Some projects may employ more than one delivery mechanism to match the RNG supply with demand. For example, a project may 

have an onsite vehicle fueling station for a portion of the fuel and transport the remainder to an offsite fueling station via a virtual 

pipeline.
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3.  Pipeline Injection projects:

• Many RNG projects inject RNG into a fossil natural gas pipeline. The RNG must meet the specification requirements of the 
receiving gas utility. This delivery method can be expensive due to extensive planning, land purchases, permitting, 
construction, and interconnection fees and equipment. However, pipeline injection can convey the RNG across a vast 
distribution network and provide flexibility on how and where the RNG is ultimately used.

• RNG can be used as fuel, as compressed natural gas [CNG] or liquefied natural gas [LNG], in a variety of vehicle types. 

• As of March 2020, the majority (91 percent) of LFG-sourced RNG pipeline injection projects were providing at least a portion 
of the RNG to a vehicle fuel market down the pipeline. In these cases, fueling stations far removed from the biogas source 
were receiving the RNG at the other end of a pipeline network.
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(d) Future Developments in RNG Projects

The U.S. has over 2,200 sites producing biogas: 250 anaerobic digesters on farms, 1,269 wastewater treatment plants using an anaerobic digester 

(~860 currently use the biogas they produce), 66 standalone (non-agriculture and non-wastewater) anaerobic digesters, and 652 landfill gas 

projects.

RNG production for transportation fuel has increased 10x since 2013.   Based on market conditions and incentives, several of the sites already 

recovering biogas for electricity generation or other applications could switch to producing RNG instead. 

The IEA estimates that, as a result of increasing policy support at both the state and federal levels to achieve net-zero ambitions, that an18x 

increase in global biomethane production, including an 8x increase in North America, by 2040 is needed to achieve net-zero targets.
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Future technologies:

• Almond/wood waste – Gasification; FT reactor to renewable liquid fuels. Power island and Carbon capture
incorporated into project.

• Green LNG

• Renewable Hydrogen

• CO2 Capture and sequestration



(a) RNG Sale for Vehicle Fuel 

(b) RNG Sale to Utility Programs

(c) Renewable Hydrogen

(d)  Green LNG and Other Revenue Options
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II. MONETIZING ENVIRONMENTAL ATTRIBUTES OF RNG



• Transportation market: CNG Vehicles and LNG 

• RNG can be used as a transportation fuel in the form of compressed natural gas (CNG) or liquefied natural gas (LNG). While CNG and 

LNG vehicles still emit emissions, the use of negative carbon sources, such as animal manure, results in a net decrease of GHG emissions. 

• Typically transported via pipeline but smaller projects sometime use trucks.

• While large capital expenditures are necessary to initiate an RNG-producing project and to connect it to the existing natural gas supply 

infrastructure, an overhaul of the supply architecture is not necessary in order to replace natural gas supply with RNG. Further, as a 

drop-in fuel, RNG can be utilized in natural gas vehicles (NGVs) with no engine modifications necessary.

• Demand for CNG for fleets is critical obstacle to future RNG projects.   Incentives for switching to CNG fuels are being proposed.

• Feedstock owner may have need for portion of CNG onsite (e.g. landfill owner’s trucks).
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(a)  RNG Sale for Vehicle Fuel 



RNG Voluntary Programs
• In recent years, utilities across North America began contracting for RNG to reduce their carbon emissions and deliver renewable energy to their customers. Many utilities

already offer RNG as an option and others are actively working with state, provincial and federal regulators to gain approval for RNG delivery to residential and business
customers.

• There has been an increase in the number of natural gas utilities offering voluntary opt-in programs for customers to procure RNG at a premium. As RNG is more expensive

than geologic natural gas, legislative or regulatory approval is required for utilities to invest in RNG gas supply.

• Vermont Gas was the first to offer such a program beginning in 2018. In 2019, Oregon signed SB 98 into law that sets voluntary RNG targets for the state's regulated utilities.
As of September 2020, 15 natural gas utilities had active or under-development voluntary RNG programs for residential, commercial, and industrial customers. The
American Gas Association's RNG Activity Tracker provides an up-to-date listing of utility RNG programs, regulatory actions, and state government proposals.

• In December 2020, SoCalGas and SDG&A received approval in California for a three-year, voluntary RNG tariff pilot program for residential, small commercial, and
industrial customers.

• Dominion Energy customers in Utah and Idaho can now sign up for CarbonRight, a new and affordable way to significantly reduce their carbon footprint. The program will
allow customers to offset carbon emissions from natural gas use in their home or business by supporting projects, including in Utah, that reduce greenhouse gas
emissions. The program is voluntary and available to all residential customers, as well as businesses, government buildings and schools. One Gas Inc. has lined up 22
projects to connect its pipeline system to RNG suppliers as part of a plan to meet new emissions reduction goals, and is looking at resources with175 Bcf of potential RNG
supply in Kansas, Oklahoma and Texas.

• Atmos Energy Corp. is on track to add another 1 Bcf of RNG per year to its supply portfolio, This puts the company on pace to reach 9 Bcf of total RNG transportation, or
about 3% of its distribution sales volumes, in 2022. The company is also evaluating roughly 20 projects that could add to its RNG flows.

• Northwest Natural Holding Co. continued to advance projects under its agreement to develop RNG projects at Tyson Foods Inc. facilities in partnership with BioCarbN. The
company's utility subsidiary Northwest Natural Gas Co. secured options to buy or develop RNG supplies equal to 3% of its annual sales volume in Oregon. State law allows
the utility to procure up to 5% of annual volumes as RNG through 2024.

• Northwest Natural's formation of a new subsidiary to supply renewable fuels to end users, including other utilities, will help accelerate earnings growth, executives said. The
utility expected EPS to grow at a 4%-6% compound annual growth rate between 2022 and 2027, up from its prior forecast of 3%-5%. and the company anticipates the
segment's investments will generate internal rates of return north of 10%.
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(b)  RNG Sale to Utility Programs



Other Examples of Utilities active in the RNG space:

• Dominion Energy Inc. seeks to achieve a new goal of reaching net-zero Scope 3 greenhouse gas emissions, which are tied to ratepayers' gas

consumption. Dominion already runs voluntary RNG procurement programs for ratepayers in Utah and North Carolina.

• Dominion Energy now has one RNG project in service and 10 under construction, with another six new dairy farm projects scheduled to come

on line within the year. as the company invests in hog and dairy farm projects in partnership with Smithfield Foods Inc. and Vanguard

Renewables LLC.

• Great Lakes Region gas distributor WEC Energy Group Inc. announced its first contract to supply RNG for its distribution system. The project will

interconnect with a large local dairy farm and provide enough RNG to achieve 25% of WEC Energy's 2030 methane reduction goal.

• Gas utility operator, Spire Inc. is looking for RNG project opportunities, particularly in Missouri, where the state's Public Service Commission is

developing rules for gas utilities to recoup the costs of operating voluntary RNG programs.

• CenterPoint Energy Inc. plans to submit a natural gas innovation plan to the Minnesota Public Utilities Commission in the mid-2022. Under a 2021

law that CenterPoint championed, gas utilities can submit the plans to recover the cost of displacing standard natural gas with alternatives.
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Different ways that Chesapeake is active in the RNG Space.



• Hydrogen generators can use RNG to create renewable hydrogen (RH2), providing similar

opportunities for farmers and local communities to create clean, storable energy, while reducing

waste, decarbonizing and making use of existing infrastructure.

• Although still a relatively new commodity, RH2 at scale could significantly reduce carbon emissions

from thermal and mobility applications. When RH2 production is paired with carbon capture and

sequestration, the renewable natural gas process is ultimately carbon-negative.
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(c) Renewable Hydrogen, Green LNG and Other Revenue Options



(a) EPA Renewable Fuels Program (RINs)

(b) California Low Carbon Fuel Subsidies (LCFS)

(c) Oregon’s Clean Fuel Program (CFP)

(d)  Other Programs
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III. REGULATORY FRAMEWORK FOR RNG



• The federal RFS requires a certain volume of renewable fuel to replace or reduce the quantity of petroleum-based transportation

fuel in the U.S. each year. Mandated volumes are set annually for four renewable fuel categories: biomass-based diesel, cellulosic

biofuel, advanced biofuel, and total renewable fuel. These eligible fuels generate Renewable Identification Numbers (RINs) that

can be bought and sold separately from the fuel.

• Refineries and fuel suppliers comply by either blending quantities of renewable fuel into the transportation fuel supply or by

obtaining enough RINs to meet specified volume obligations. RINs generated by RNG used in transportation can be sold to refiners

and fuel suppliers to meet their annual obligations, thus earning revenue for the RNG project developer. An obligated party's

requirement, known as Renewable Volume Obligation (RVO), is calculated by multiplying annual percentages set by the EPA by

the volume of gasoline or diesel they produce.

• Market prices for RINs under RFS vary depending on generation fuel category. RINs generated by primarily cellulosic biofuel (D3)

have historically had the highest value. To qualify to generate D3 RINS, the average cellulosic content of the biofuel must be

greater than or equal to 75 percent.

• RINs generated by advanced biofuel (D5) have historically had the lowest value. As illustrated in Figure 2, in April 2019, D3 RINs were

selling for $1.85/RIN while D5 RINs were selling for only $0.34/RIN. Based on this current market value of D3 RINs, RNG from qualifying

sources can generate RINs worth approximately $21/MMBtu of delivered RNG. Since 2017, the average D3 RIN price has been $2.39

(minimum $1.04, maximum $2.95) while the average D5 RIN price has been $0.70 (minimum $0.28, maximum $1.05). The minimum

RIN price set by the federal government is $0.05/RIN for both D3 and D5 RINS, while the maximum prices are $3.50/RIN and

$2.00/RIN, respectively.

• Based on EPA analysis, RNG from landfills, municipal wastewater treatment facility digesters, agricultural digesters, and separated

municipal solid waste (MSW) digesters qualifies for D3 RINs. Some portion of RNG produced in other waste digesters could qualify as

D3 fuel depending on the biofuel’s cellulosic composition. RNG from waste digesters qualifies as an advanced biofuel and

generates D5 RINs. Although D3/D5 combined production is permissible, EPA has yet to approve a feedstock-to-biogas derivation

methodology.

• EPA certification of project and pathway as well as QRIN Verification is necessary.
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(a) EPA Renewable Fuels Program (RINs)



• RIN Prices 2017 – 2019 D3 and D5

• Small refiners with no more than 75,000 barrels per day - temporary small refiner exemptions (SREs) from the EPA.

• The statutory volumes under the RFS are set to expire at the end of 2022, giving the EPA unilateral authority to set biofuel blending requirements

post-2022 unless new statutory volumes are established through the legislative process. Some members of Congress have voiced support for the

replacement of the RFS with a national LCFS program (similar to California's) that provides incentives for a wider-range of low-carbon fuels

(e.g., hydrogen, electricity, biofuels, etc).

• Farm lobby is politically extremely powerful and usually wind these battles against oil and gas lobby.
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• The Low Carbon Fuel Standard (LCFS) is administered by the California Air Resources Board. Established In 2007 through a Governor’s

Executive Order, it uses a market-based cap and trade approach to lowering the greenhouse gas emissions from petroleum-based

transportation fuels like reformulated gasoline and diesel. The LCFS requires producers of petroleum-based fuels to reduce the carbon

intensity of their products, beginning with a quarter of a percent in 2011 targeting a 20 percent reduction in 2030. The LCFS is designed to

decrease the carbon intensity of California's transportation fuel pool and provide an increasing range of low-carbon and renewable

alternatives, which reduce petroleum dependency and achieve air quality benefits.

• California's 2030 GHG emission reduction target enacted through SB 32, added new crediting opportunities to promote zero emission

vehicle adoption, alternative jet fuel, carbon capture and sequestration, and advanced technologies to achieve decarbonization in the

transportation sector.

• The LCFS is designed to encourage the use of cleaner low-carbon transportation fuels in California, encourage the production of those

fuels, and therefore, reduce GHG emissions and decrease petroleum dependence in the transportation sector. The LCFS standards are

expressed in terms of the "carbon intensity" (CI) of gasoline and diesel fuel and their respective substitutes. The program is based on the

principle that each fuel has "life cycle" greenhouse gas emissions that include CO2, CH4, N2O, and other GHG contributors. This life cycle

assessment examines the GHG emissions associated with the production, transportation, and use of a given fuel. The life cycle assessment

includes direct emissions associated with producing, transporting, and using the fuels, as well as significant indirect effects on GHG

emissions, such as changes in land use for some biofuels. The carbon intensity scores assessed for each fuel are compared to a declining

CI benchmark for each year. Low carbon fuels below the benchmark generate credits, while fuels above the CI benchmark generate

deficits. Credits and deficits are denominated in metric tons of GHG emissions. Providers of transportation fuels must demonstrate that the

mix of fuels they supply for use in California meets the LCFS carbon intensity standards, or benchmarks, for each annual compliance

period. A deficit generator meets its compliance obligation by ensuring that the amount of credits it earns or otherwise acquires from

another party is equal to, or greater than, the deficits it has incurred.
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(b)  California Low Carbon Fuel Subsidies (LCFS)
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Figure 6 illustrates example CIs associated with each major step in a hypothetical LFG-to-CNG project: LFG recovery at the landfill,

treatment/processing of the raw LFG into RNG, transporting the RNG via pipeline networks to the CNG fueling stations, compression of

the RNG at CNG fueling stations and emissions from the CNG vehicles.

Example CIs for a Hypothetical LFG-to-CNG Project using Biomethane from North American Landfills with the following inputs and

assumptions:

• Input of 3,100 cfm raw LFG at 50 percent CH4.

• RNG processing plant that:

• Is powered by grid-purchased electricity.

• Does not require any supplemental propane or fossil natural gas to achieve the target specifications for pipeline injection of the RNG.

• Has an energy consumption of 0.009 kilowatt-hours per standard cubic foot (scf) of LFG and a 90 percent capture efficiency of CH4,

yielding 455 British thermal units (Btu) of RNG per scf (Btu/scf) of LFG.

• Three thousand miles of gas pipeline to transport the RNG from the landfill to the CNG fueling stations.

• U.S. average mix for the energy used to power the LFG recovery equipment, RNG upgrading/processing plant and transport of the

LFG via pipeline.

• California grid mix for the energy used to compress RNG at the CNG fueling station.



The carbon intensity of all fuels is expressed as grams of CO2-equivalent GHG emissions per mega-joule of delivered energy (g CO2-

e/MJ), to include all life-cycle emissions of CO2, CH4, and N2O. Life-cycle emissions include those associated with fuel production,

transportation, and end-use combustion. based on the difference between the target CI for the total fuel pool and the actual

approved CI of the fuel in question, based on a life cycle analysis. The lower a fuel’s CI, the greater number of credits it will earn for a

given sales volume. Credits are expressed as metric tons of carbon dioxide-equivalent emissions (MT CO2-e). Like RINs, these credits

can then be bought and sold.

As shown, RNG from landfills, wastewater treatment plants, and digestion of separated food waste can earn LCFS credits of $10-

$20/MMBtu, while RNG from a dairy digester could earn more than $45/MMBTU in LCFS credits. RNG used for transportation in

California can both generate RINs under RFS and generate LCFS credits

Average CI Comparison for Vehicle Fuels

• Using data from pathways that CARB has certified under the LCFS for 2021, Table 2 provides a comparison of average CIs for several 

renewable vehicle fuels to fossil-based fuels.
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The Oregon Clean Fuels Program, approved by the 2009 Oregon Legislature, aims to reduce Oregon’s greenhouse gas
pollution by lowering the carbon content of transportation fuel used in the state. DEQ is currently implementing the program’s
first phase, which entails collection of data from fuel importers and producers. Oregon’s Environmental Quality Commission
adopted rules for the first phase of the Oregon Clean Fuels program in December 2012 and amended them in December
2013.

Oregon’s Clean Fuels Program seeks to reduce the CI of transportation fuels in Oregon. It functions very similarly to 
California’s LCFS and also includes approved pathways for RNG made from AD biogas or LFG as the feedstock.  The CFP 
includes standards for gasoline and its fuel substitutes and diesel and its fuel substitutes.
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(c) Oregon Clean Fuel Program (CFP)



Other jurisdictions are joining California, which is evident in the Pacific Coast Collaborative, a regional agreement between

California, Oregon, Washington, and British Columbia, to strategically align policies to reduce GHG and promote clean energy.

CARB has been routinely working with these jurisdictions, and over time, these LCFS programs will build an integrated West Coast

market for low-carbon fuels that will create greater market pull, increased confidence for investors of low carbon alternative fuels,

and synergistic implementation and enforcement programs. CARB also continues to engage with representatives from Canada

and Brazil as they develop similar clean fuels program.

Washington Clean Fuel Program:

Washington State passed legislation to develop a carbon pricing scheme that has been partially upheld by the state
supreme court only to apply to direct emitters. The exact details of the scheme are still being decided.

Carbon Credits:

• Regional Greenhouse Gas Initiative (RGG I): RGGI, an initiative of the Northeast and Mid-Atlantic States of the U.S., is the
first market-based regulatory program in the United States to reduce greenhouse gas emissions. RGGI is a cooperative
effort among the states of Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New York, Rhode
Island, and Vermont to cap and reduce CO2 emissions from the power sector. Of note, the Regional Greenhouse Gas
Initiative (“RGGI”) was established in 2005 and operates as a regional cap-and-trade program for power plants. Power
plants over 25 MW are required to comply with the cap and purchase offsets. Avoided agricultural methane through
RNG production and landfill methane capture are qualifying offsets that provide carbon allowances based on avoided
emissions. Members of the RGGI include Connecticut, Delaware, Massachusetts, Maryland, Maine, New Hampshire, New
Jersey, New York, Pennsylvania, Rhode Island, Virginia, and Vermont.
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(d) Others Programs



(a) Federal Tax Credits for Landfill Gas, Solid Waste, and Biomass

(b) Carbon Capture and Sequestration – Code Section 45Q

(c) Local Tax Incentives

(d) Possible Legislative Changes
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IV. TAX CONSIDERATIONS



• Production and Investment Tax Credits (Prior to January 1, 2022).

• Production Tax Credits.

• Construction must start on or before December 31, 2021.

• Code Section 45.

• 1.3 cents per kilowatt hour in 2021 (adjusted for inflation).

• Code Section 45(c)(3) and (d) (3) define open-loop biomass – livestock waste.

• 45(d)(6) defines landfill gas facilities.

• 45(d)(7) defines trash facilities (0ther than landfill gas) as municipal solid waste – sewage treatment facilities.

• Code Section 48(a)(5) provides an investment tax credit election at 30% of the cost for any facility described in 45(d)(3), (6) and (7).

• Code Section 48(a)(5)(C)(ii) – construction began before January 1, 2022.

• Notice 2018-59.

• Physical Work Test (preliminary work does not count).

• 5% of total cost paid or incurred safe harbor.

• Continuous work requirement.

• Notice 2020-41 (allowed COVID Relief for projects, projects begun in 2016 and 2017 got 5-years instead of 4 years under the continuous

work requirement.

• Extenders Package was not enacted at the end of 2021 – waiting to see if Congress extends these. (Section 45(a)(5)(F) extended Offshore Wind

Facilities so that construction must begin before January 1, 2026.)

• Build Back Better Act would extend ITCs and PTCs for another five years for projects that begin through January 1, 2027. If the Administration

and Congress can break up the Build Back Better Act, carve off the energy tax credit provisions, and combine those with an Extenders Bill,

Congress may provide bipartisan support and get the legislation enacted this year.
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(a) Federal Tax Credits for Landfill Gas, Solid Waste, and Biomass



• 2008 through 2018

1. High Amount of CO2 thresholds.

2. 10 taxpayers claimed 99.9% of all credits.

• Bipartisan Budget Act of 2018

1. Carbon Oxide and Dioxide – expanded definition.

2. Credits run for 12 year period from date facility is “placed in service”.

3. Facility - 100,000 tons per year for direct capture, 500,000 tons per year for electric generating facility.

4. Captured, stored, utilized or injected.

5. Stored – means permanent storage underground.

6. Utilized – means incorporated into another product, like bricks, concrete, or plants

7. Injected – means injected into wells to re-pressurize the wells to recover more oil and gas.

8. Construction must begin before January 1, 2026 – 45Q(d)(1), (a) Physical Work Test, or (b) 5%. See Notice 2020-12, Rev. Proc.
2020-12, and Final Regulations (early 2021).

9. Credit is on sliding scale depending on the use or storage, up to $50.00 per metric ton.

10. Currently, the owner of the facility takes the credit, but can make an election to transfer the credit to the person that stores,
injects or utilizes the carbon oxide. Section 45Q(f)(3).
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(b) Carbon Capture and Sequestration – Code Section 45Q

• Value of Credits



• See attached Addendum A .
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(c) Local Tax Incentives 



• Build Back Better Act
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(d) Possible Legislative Changes 
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V. CONTRACTUAL STRUCTURING

• Financing Challenges

• The average RNG cleaning and conditioning facility costs $17 million to construct, with actual facility construction 

ranging from under $1 million to over $100 Million.    

• EPC and O&M Agreement not typical project finance risk shifting.

• Revenue streams subject to regulatory, change of law and market risks.

• Joint Venture Structures

• Bringing together necessary strengths of several 

• Alternative Financing for New Technologies

• DOE loan program and loan guarantee program

Uncapped Federal Finance Bank/Treasury Department (FFB) loans credit enhanced by DOE loan guarantees.

Many new and unique renewable, clean fossil and nuclear technologies are able to be funded. Alternative Fuel

and Electric Vehicle recharging infrastructure are included for such funding.

New Facility Plan for multiple (10, 20, 30, projects) smaller projects – like a credit line to draw approximately 3.5% to

4% fixed/30 year funding for approximately 70% of total project costs. Need commonality to make multiple projects

appear to be one – like one offtaker or a couple similarly investment grade or near investment grade credit-rated

offtakers.
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Example structure for LFG to RNG and sale for Vehicle Fuel



(a) Feedstock Agreements

(b) Offtake Contracts

(c) EPC, Vendor and Construction Contracts

(d) Land Rights Agreements

(e) Interconnection, Gathering, Pipeline and Transportation Agreements
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VI. MATERIAL CONTRACTS
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(a) Feedstock Agreements

• Large variation in contractual provisions depending on Landfill dairy manure feedstock source.

• Landfill projects typically larger with lower per MMBtu costs of feedstock.

• A mid-to-large sized landfill might produce 700,000 MMBtu/year of RNG, while a large dairy would produce only about 47,000 MMBtu/year 

of RNG. Estimated total RNG project costs for this landfill would be approximately $21.5 million, resulting in RNG production costs of 

approximately $8.70/MMBtu.

• By comparison, estimated RNG project costs for a 2,000-head dairy would be on the order of $8 million dollars for on-site digestion and $6 

million for centralized digestion9, resulting in RNG production costs of $28-$35/MMBtu. Dairy RNG projects are primarily influenced by the 

size of the contributing farm, the cost to upgrade the resulting biogas and the project’s carbon intensity score. 

• Centralized digestion consolidates manure from multiple farms to a centralized digestion facility which can increase economies of scale, 

but also adds operating costs for transportation and results in a lower net GHG reduction (higher CI).

• Critical issue for landfill project is who operates wellfield?

• Landfill operations priority

• Environmental and permitting compliance

• Calculation of Royalties - Minimum guaranteed payments

• No Guaranty of quality or quantity

• Some RNG projects also generate power for the production facility on site. If the process is powered with renewable energy such as solar, 

wind, excess biogas not sent to the RNG processing plant or even residual tail gas from the RNG processing plant, the overall CI of the 

LFG-to-fuel pathway can be reduced, which could result in additional credits from RNG used for transportation fuel.



Vehicle Fuel Sale:

• Typically use NAESB Gas Agreements with Biogas Addendum

• End user Vehicle fuel (CNG) or LNG demand is critical

• Change of Law risk

• Regulatory Risk

• Market Risk

• Downstream revenue stream “credit creation” with 3rd parties.

Utility Sales Contract:

• Bilateral long term agreement – enhances potential financeability.

• 800 pound utility mindset

• Termination rights if customers don’t adopt or tariff not approved.
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(b)  Offtake Contracts



• Scope of Work/Project Schedule – shortage of qualified contractors

• Allocation of Risk

> Shared Risk when FEED is completed by Owner

> EPC lead takes on only the detailed design risk

> Transfer of Risk to EPC when FEED and detailed engineer is completed by EPC Lead

• Price certainty

• Performance & Warranties

> Equipment and/or technology failure

> Project schedule tied to milestones in Feedstock Contract

• Performance Tests/Performance Standards

> Pipeline spec is either satisfied or project has no revenue (not proportional reduction) 

• Penalties / Liquidated Damages

> Insurance policy for failure to meet required performance standards
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(c) EPC, Vendor and Construction Contracts



Site Lease

Not as negotiated as in solar and wind projects

Change of use permitted?   Electricity to RNG

Off-site location preferable?

Restoration obligation

Right of First Refusal to buy Facility?

Permitting Risk if Joint Permits with Landfill

Pipeline ROWs

Pipeline for Delivery of feedstock?

Pipeline for transportation of RNG from Plant

Utility Easements

Electricity, water, sewer, condensate
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(d) Land Rights Contracts



Pipeline Injection

• Many RNG projects inject the product into a fossil natural gas pipeline.  The RNG must meet the specification requirements of the receiving gas utility. 

• This delivery method can be expensive due to extensive planning, land purchases, permitting, construction, and interconnection fees and equipment. 

• Pipeline injection can convey the RNG across a vast distribution network and provide flexibility on how and where the RNG is ultimately used. interconnection costs average 

between $1.5 and $3 million per site, depending on facility size and location These high costs and long lead times can be challenging for RNG project developers and make 

projects difficult to finance. In addition, utilities that are required to provide least-cost services to their customers are restricted from taking on these added costs without 

regulatory approval(s), adding to the complexity.

• Interconnection consists of two primary components, a “point of receipt” and a “pipeline extension”. 

• The point of receipt monitors the quality of the RNG to ensure that it meets specifications and includes equipment to prevent non-compliant gas from entering the pipeline. 

The point of receipt also meters and may odorize the RNG prior to injection. RNG can be delivered to the point of receipt from the production facility through piping built 

specifically for this purpose or by truck.

• The pipeline extension is a dedicated pipeline to transfer the RNG from the point of receipt to the nearest fossil natural gas pipeline that has capacity to accept it. All 

projects have a pipeline extension to allow space for odorization, gas quality monitoring, and a shut off valve. 

• Limit utility ability to shut down interconnection for capacity/demand reasons.

• For pipeline injection projects, regardless of the eventual end use at the other end of a pipeline network, there is typically a higher CH4 content specification to meet than 

for onsite vehicle fuel projects. As a result, these projects usually recover a higher fraction of the CH4, typically in the 96 to 98 percent range. Pipeline specifications also put 

low limits on the levels of O2 and inert gases that are allowed in the RNG. 
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(e) Interconnection, Gathering, Pipeline and Transportation Agreements



(a)  Joel A. Goldberg

(b)  Jim Reardon
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Addendum A
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Arkansas SB 136: Amends state law related to gas rates allowing the PSC to 

consider utility purchase of natural gas or natural gas alternatives, 

such as RNG and hydrogen, as an operating expense if the purchase 

is in the public interest. 

Signed into law. March 2021. 

California SB 1440: CPUC can adopt a biomethane procurement program that 

benefits rate payers, is cost-effective, and advances the state’s 

environmental and energy policies. 

Signed into law. 2019. 

SB 457: extends the monetary incentives program established in 

D.15-06-029, which is set to run out on Dec. 31, 2021, until Dec. 31 

2026. 

Signed into law. October 2019. 

SB 1352: mandatory RPS for gas utilities. Requires the commission to 

establish a biomethane procurement program requiring utilities by 

2030 to procure at least 20 percent of its total volume of gas 

delivered to core customers in California with biomethane. The bill 

would require the commission, in designing and implementing the 

program, to ensure that the biomethane procurement program is a 

cost-effective means to achieve forecast reductions in emissions of 

shortlived climate pollutants. 

Introduced. February 

2020. 

AB 3163: Amended definition of biomethane to include methane 

produced from a number of specified organic waste feedstocks. 

Signed into law. October 2020. 
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 CA SB 1122: Requires PUC to consider green electrolytic hydrogen as 

a zero-carbon resource; requires CARB to prepare strategic plan to 

accelerate green electrolytic hydrogen. 

Introduced. February 

2020. 

Colorado HB 14-1159: Provides a sales tax exemption for anaerobic digester 

equipment. 

Passed into law. 2019. 

 

  SB 20-013: Establishes innovative tech program approved by PUC 

where utilities may seek approval of projects relating to technologies 

such as RNG, hydrogen, and CCS. Allows utility to fully recover costs 

of project and capital investments. 

SB 20-1018: Directs PUC to adopt RNG program for small and large 

utilities by July 31, 2021. Allows utilities to fully recover costs on RNG 

programs. Targets of 5% RNG by 2025, 10% in 2030, and 15% in 2035. 

Passed Senate; left on table. 2019. 

SB 21-161: Directs PUC to adopt rules for programs for voluntary 

emissions reductions for gas utilities; using a utility's 2019 GHG 

emissions as a baseline: By 2025 at least 5%; by 2030 at least 10%; 

and after 2035 at least 15%. RNG must account for at least 35% of a 

utility’s emissions reductions. 

Introduced. Tabled. March 2021. 
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Florida SB 896: aiming to support the growth of renewable natural gas as a 

renewable source of energy in the state. Adds definitions of biogas and 

renewable natural gas, adding the term renewable natural gas to the 

previously existing definition of renewable energy under state law. 

Allows PSC to approve cost recovery by utility for purchase of RNG 

where pricing exceeds NG market price but otherwise deemed 

reasonable and prudent. 

Passed. April 2021. 

Hawaii HB 1242: The bill requires gas RPS. Following renewable portfolio 

requirements: 25 percent of sales by 2025; 40 percent of sales by 2030; 

70 percent of sales by 2040; and 100 percent of sales by 2050. Allows 

for cost recovery through an automatic rate adjustment clause. 

Introduced. January 2019. 

SB 289: The bill requires gas RPS. Following renewable portfolio 

requirements: 25 percent of sales by 2025; 40 percent of sales by 2030; 

70 percent of sales by 2040; and 100 percent of sales by 2050. Allows 

for cost recovery through an automatic rate adjustment clause. Same 

as HB 1242. 

Introduced. January 2021. 

Illinois HB 3115: Under the bill natural gas utilities may seek authorization from 

the ICC to engage in RNG related activities such as facility investment, 

gas supply contracts, pipeline expansion to interconnect with RNG, and 

providing customers with the option to directly purchase RNG. Includes 

portfolio goals of 2% of the utility's supply portfolio by January 1, 2030 

and not less than 3% by 2035. 

Introduced. February 

2021. 
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Iowa HF 522: Provides that farms may store and process manure through 

anaerobic digesters and produce biogas as an alternative to the current 

required manure storage structures. 

Enacted. May 2021. 

Maine LD-2017: Requires the PUC to develop and oversee a pilot project for 

the conversion of excess renewable energy into methane gas and 

hydrogen and the storage of the converted gas. Up to 3 energy-to-gas 

facilities, each up to 10 megawatts in production capacity, may be 

established. The commission is required to establish the pilot project no 

later than January 1, 2021; the pilot project expires December 31, 2026. 

Carried over due to emergency adjournment. 2020-2021. 

 LD 9: The bill would require the PUC to establish and oversee a power-

to fuel pilot program. The commission is required to approve up to two 

power-to-fuel projects between January 1, 2022 and December 31, 

2027, each up to 10 megawatts in production capacity, that convert 

renewable energy to hydrogen gas, methane gas or other fuel. 

Introduced. January 2021. 

LD 989: requires the PUC to allow utility to use RNG for no more than 

2% of the gas it supplies to its customers starting in 2022 and to allow a 

utility to use an additional 2% annually thereafter. Utility may include 

the costs of RNG in its cost-of-gas adjustment rate. 

Introduced. March 2021. 

Massachusetts H 3887: seeks study on the opportunities for sustainable and cost- 

effective market deployment of RNG, hydrogen, and low-carbon fuels 

to reduce emissions associated with the supply of natural gas for 

heating. 

Filed. February 

2021. 
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 H 4081: Beginning in 2025 the bill would establish a renewable heating 

standard requiring that at least 3 % percent of therms sold by obligated 

entities come from qualified renewable heating fuels. Beginning in 2030 it 

would go up to 5%, in 2035 7%, and by 2040 10%. The bill also directs the 

DPU to adopt regulations authorizing cost recovery by natural gas utilities 

of all prudent incremental costs arising from the implementation of the 

renewable heating fuel standards recovered by means of an automatic 

adjustment clause or any another recovery mechanism authorized by rule. 

Introduced. August 2021. 

Michigan HB 6036: expands the state’s PACE financing program to include anaerobic 

digestion as a qualifying “energy program” eligible for financing. 

Introduced. August 2020. 

SB 138: The bill directs the PSC to develop and periodically update an 

inventory of biogas and RNG resources available in the state. 

Introduced. February 

2021. 
SB 82: state budget bill includes $250,000 for the PSC to conduct an RNG 
study assessing the potential for RNG development in the state. 

Passed legislature. September 
2021. 

 
Minnesota SF No. 3013: The bill would establish a state regulatory policy allowing 

a utility to add RNG and hydrogen to its distribution system. Must 
submit plan to MPUC, the cost of the alternative resource plan must 
be no more than five percent of the utility’s total annual revenue 
requirement. Also calls for statewide inventory of Minnesota’s 
potential renewable natural gas resources. 
 

Passed Senate before session adjourned 
sine die. 

2020*. 

HF 239/ SF 421: allows gas utilities to propose innovative resource 

plans. Innovative resource is defined to include biogas, RNG, and 

power-tohydrogen among others. Could invest up to 7.5% revenue 

requirement in RNG. May also seek separate green tariff. 

Introduced. January 2021. 
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North Carolina SB 605: streamlines permit process for turning hog waste into RNG. Would 

create “general permits” for animal farm operations that allow the owner 

to operate a farm digester system that collects methane gas. 

Passed. June 2021. 

Ohio HB 166: Allows gas utilities to treat infrastructure related to biologically 

derived methane gas as “useful” facilities for distribution service, thus 

allowing utilities to recover on this investment as part of a normal rate case. 

Effective. July 2019. 

Oklahoma HB 3970: Requires OCC to issue a report by Dec. 2020 on recommendations 

regarding the ability and appropriateness of natural gas utilities to procure, 

transport and deliver renewable natural gas to customers 

Introduced. January 2020. 

HB 1815: Directs OCC, by December 1, 2021, to issue a report and 

recommendations to the legislature on the ability of utilities to procure RNG 

for customers. The report must also discuss the methods for recovery of 

associated costs from ratepayers, such as transport infrastructure and 

commodity costs. 

Enacted. April 2021. 

Oregon SB 98: Requires the PUC to adopt by rule renewable natural gas program for 

natural gas utilities to recover prudently incurred qualified investments in 

meeting certain targets for including renewable natural gas in gas purchases 

for distribution to retail natural gas customers. Law supports RNG targets of 

15% by 2030, 20% by 2035 and 30% by 2050. Requires commission to adopt 

rules no later than December 31, 2019. 

Became law. 2019. 
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 SB 314: Authorizes PUC to allow gas utilities to recover costs from 

retail customers for prudent investments infrastructure measures 

that support adoption and service of alternative forms of 

transportation vehicles. 

Passed Senate. March 2021. 

Virginia HB 461: establishes a tax credit for renewable energy property placed 

in service. The bill in part defines "renewable energy property" to 

include certain biomass equipment that uses renewable biomass 

resources and combined heat and power systems using waste heat 

to produce electricity or thermal or mechanical energy. 

Introduced. 2020. 

Washington HB 1257: Requires gas utilities to offer by tariff voluntary RNG service 

for customers with participation limited by availability of supply. 

Customer charge for RNG cannot be more than 5% of amount 

charged to retail customers for natural gas. 

Became law. 2019. 

HB 1070: provides a public utility tax exemption for sales of RNG by a 

gas distribution business, thereby subjecting the gas to the same (and 

therefore lower) tax rate as RNG used as transportation fuel. 

Reintroduced and retained in present 

status. 

2020. 

 


