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What is Renewable
Natural Gas?

* Refined biogas originally produced from the
decomposition of Organic Material in Waste
Streams at Landfills, Wastewater Plants, Dairies,
Farms, and Digesters.

* Raw Biogas typically contains 45% to 65%
Methane plus other gases and contaminants
such as Carbon Dioxide, Oxygen, Hydrogen Sulfide,
Nitrogen, Volatiles, Siloxanes, Mercaptans,
Moisture, and Particulates.
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What is RNG?

* RNG typically contains 96% to 98% Methane after
treatment (cleaning and conditioning) and
traces of other gases depending on specification.

* |t’s a Renewable Fuel.
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Brief Biogas History

* 1876, German Chemist Felix Hoppe-Seyler
discovered acetate and sewage sludge could be
converted into equal parts methane and carbon
dioxide: Early confirmation of anerobic digestion.

* 1895, England, sewage biogas used for
street lights.

* 1897, India, sewage biogas used for
street lights.




What can RNG be
Used For?

* Transportation Fuel (CNG/LNG).

* Supplement to or Replacement
for Fossil Natural Gas (FNG).

 Power Production.

* Feedstock for Hydrogen
Generation (Emerging tech).
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RNG Systems

* Sophisticated Treatment Facilities to Purify the
Raw Gas to “Pipeline Quality.”

o Treat Gas to Remove:
= Moisture.
Nitrogen.
Oxygen.
Carbon Dioxide.
Other Contaminants.

o Pressurize for Storage, Transport, Injection,
Delivery to Market.
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Why the Hype?

It’s a Renewable Fuel

o Carbon Intensity (ClI) less than gasoline or diesel —
Creates Less Carbon Dioxide to Produce.

Helps Consumers Meet Sustainability Goals.

Helps Petroleum Producers and Distributors Meet Annual Renewable Fuel Standards
from the United States Environmental Protection Agency (USEPA).

Reduces Overall Carbon Footprint.




Why the Hype?

* Extremely valuable due to available renewable energy credit programs
(RFS, LCFS, IRA/ITC).

Average Cl Scores, gCO,e/M.J
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(California Air Resources Board, Current Fuel Pathways, Feb. 2023)
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Fossil Natural Gas = $2.29 / MMBTU (July 2024).
RNG (D3 RIN) = $40.33 / MMBTU!

Plus: CA/WA Low Carbon Fuel Standard Credit +SS.




Disposition of LFG

* LFG is generated when waste decomposes.

* What can you do with your LFG?
d Nothing—Can result in LFG migration/explosions.
d Collect and burn via flare.

O Collect and burn via internal combustion engines
to produce energy (Landfill-Gas-to-Energy [LFGTE] Facility).

(J Collect and convert to RNG.
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Disposition of LFG

* Another Option
o Combust MSW:
= Eliminate the waste.

= Produce energy.
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Disposition of LFG

* Energy Comparison:

Percent Ultimate Analysis Higher
Fuel (Wet Basis) H;::ltllllég
H20 C H>2 S 02 N2 Ash 10% BTU/Ib
Anthracite |, | g39 | 29 | 07 | 07 | 13 | 80 13.7
Coal
Number 2
Fuel Oil -- 86.5 13.2 0.1 -- 0.2 -- 19.6
Fossil
Natural Gas -- 74.0 25.0 -- <0.3 0.8 -- 21.0
Municipal
Solid Waste 27.1 26.8 3.6 0.1 19.7 0.2 22.0 4.5

Adapted from Atkinson, John D., Ghafari, Mohsen, Shelly, Michael, “Greenhouse Gas Emissions: Comparing Waste-to-Energy and Landfilling,”
New York Federation of Solid Waste Associations, Virtual Technical Meeting, October 2020.
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Disposition of LFG

* The Do-Nothing Option
o Cons include:
= Badthings can happen.
= Very bad things.

Loscoe LFG Explosion, One Bungalow Destroyed, 1986.
From Last, Steve, “Notorious Landfill Gas Explosions During
the 1980s in the UK and the US,” November 2012.




Disposition of LFG

* LFG has a nasty habit of finding the path of least resistance and
migrating off site due to pressure differentials and diffusion.

* LFG is highly combustible:

o Atlanta, Georgia, USA,1967: Migrating LFG accumulated, and
an explosion destroyed a single-story building:
two dead, two injured.

o Winston-Salem, North Carolina, USA, 1969: Migrating LFG accumulated, and an explosion
destroyed a nearby building:
three dead, 25 injured.
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Disposition of LFG

o Suburb of Akron, Ohio, United States, 1984: House exploded, other houses evacuated,
due to LFG migration from nearby landfill.

o Skellingsted, Zealand, Denmark, 1991: Two deaths resulted from
an explosion in a house adjacent to the landfill.
There was a marked drop in barometric pressure before the explosion.




Disposition of LFG

* In addition
o LFG can migrate and contaminate groundwater.

o LFG can affect local air quality.
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Benefits of LFG to RNG

* Diversify fuel supplies.

* Increase fuel security.

* Provide economic benefits.
* Improve local air quality.

Reduce Greenhouse Gas emissions.

sssssssssssssssssssssss




Let’s Do lt. .. 1?!]

* Must get the RNG to the FNG Pipeline, including

o Technical Issues:

= Designing, permitting, and constructing the
necessary infrastructure.

= Associated long lead times.

o Regulatory Issues:

"= Permitting, monitoring, documenting, reporting.




Let’s Do lt. .. 1?!]

o Local Utility Issues:

= Perception of RNG being of lower quality compared to FNG.

o Potential Approximate Costs (c. 2025):

= $15 per 1 Million BTUs to extract FNG.
and get it to homes/businesses.

= $27 per1Million BTUs to convert LFG to RNG,
get into the FNG Pipeline, and get it to home/businesses.




Options

* Feasibility Study Considerations

o Quantity and quality of biogas available for conversion:
= Does yoursite generate enough LFG?
= LFG Quality.
= LFG Modeling.

= Minimum Collection Efficiency of 75 Percent.

o Nearest FNG Pipeline.




Options

* Feasibility Study Considerations (continued)
o Areliable power source for the conversion process.
o End users for the RNG (nearest FNG Pipeline).
o Economic considerations:

* Financing options.

= Available incentives.




Other Considerations

* Waste Diversion

o First,it’'s a Good Thing.
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Other Considerations

* Waste Diversion

o Second, there are consequences to be considered and
planned around.

" Less Waste to Landfill:
d Extended Landfill Life.
d FewerTipping Fees Collected by Landfill.
d FewerTipping Fees Collected by Regulatory Agency.




Other Considerations — Waste Diversion

d If have a Flare:

» Perhaps need a Smaller Flare (costs less).

d If have an LFGTE Facility:

» Perhaps need Fewer Generators
(less income in a given year).

d If have an RNG Facility:

» Perhaps Introduce Less RNG into the FNG System
(less income in a given year).
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Other Considerations
* These are the Kinds of Things to be

o Considered.
o Discussed.

o Planned Around.

* We Cannot Do the Above if we First Do Not Recognize and
Accept that Diversion appears to be Here to Stay.
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LFG Generation and Collection

* LFG Generation based on
o Waste characteristics and moisture content.
o Volume of waste accepted.

o Landfill location.

* LFG Collection is a function of
o Gas Collection and Control System (GCCS).
o Cover system(s).

o GCCS efficiency.




LFG Generation and Collection

* Modeling Using LandGEM™, Version 3.03 (USEPA)

o Use historical annual average LFG flow rates,
scfm at 50 percent Methane, to develop site-specific
LandGEM modeling parameters:

= k,the Methane generation rate constant,
reciprocal years (year™).

= |, the potential Methane generation capacity,
cubic meters of gas per megagram of waste (m3/Mg).




Example #1




LFG Generation and Collection

* Theoretical (Example) Landfill

o Annual solid waste accepted: 600,000 tons.

o Total capacity: 24,600,000 tons.
o Landfill waste acceptance life: 1995 to 2035.

o LFG generation rate 100%.

o LFG collection rate: 75%.

o Waste diversion rate: 0%.




LFG Generation and Collection

 Curve #1 (Baseline / AP-42)

o Conventional (non-arid, non-wet) Landfill.

* Curve #2
o Arid Landfill (e.g., Colorado).

* Curve #3
o Wet Landfill (e.g., Louisiana).




Projected LFG Collection

Projected Landfill Gas Collection
(No Waste Diversion)

Example Landfill
Anywhere, USA
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Notes:

1.
2.

Waste acceptance (actual and projected) from 1985 to 2035, and assumed opening and closure year, are from mind of the presenter.
Waste diversion is not accounted for in this analysis for each of the curves presented above.




Example #2




LFG Generation and Collection

* Theoretical (Example) Landfill

o Annual waste accepted (1995-2014): 600,000 tons.
o Annual waste accepted (2015-2042): 450,000 tons.

o Total capacity: 24,600,000 tons.

o Landfill waste acceptance life: 1995 to 2042.

o LFG generation rate: 100%.

o LFG collection rate: 75%.

o Waste diversion rate: 25% (Starting 2015).




LFG Generation and Collection

 Curve #1 (Baseline / AP-42)

o Conventional (non-arid, non-wet) Landfill.

* Curve #2
o Arid Landfill (e.g., Colorado).

* Curve #3
o Wet Landfill (e.g., Louisiana).




Projected LFG Collection

Projected Landfill Gas Collection
(With Waste Diversion)
Example Landfill
Anywhere, USA
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1. Waste acceptance (actual and projected) from 1995 to 2042, and assumed opening and closure year, are from mind of the presenter.

2. Waste diversion (2015 to 2042)is accounted for in this analysis for each of the curves presented above.

3. WetMax Flow and Collection are from 2043-2043.
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Projected LFG Collection

Projected Landfill Gas Collection
(No Waste Diversion)

Example Landfill
Anywhere, USA
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Notes:

1.
2.

Waste acceptance (actual and projected) from 1985 to 2035, and assumed opening and closure year, are from mind of the presenter.
Waste diversion is not accounted for in this analysis for each of the curves presented above.




Projected LFG Collection

Projected Landfill Gas Collection
(With Waste Diversion)
Example Landfill
Anywhere, USA
3,000
No Waste Diversion 1995 through 2014.
25 Percent Waste Diversion 2015 through 2042.
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Notes:

1. Waste acceptance (actual and projected) from 1995 to 2042, and assumed opening and closure year, are from mind of the presenter.

2. Waste diversion (2015 to 2042)is accounted for in this analysis for each of the curves presented above.

3. WetMax Flow and Collection are from 2043-2043.
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Looking at This Another Way

Total LFG Collection Projections

* Example #1-1995 to 2043 (Baseline / AP-42)
o No Waste Diversion.
o Total 1995 to 2043 = 72,000 scfm.

 Example #2 - 1995 to 2043 (Baseline / AP-42)
o With Waste Diversion.

o Total 1995 to 2043 = 67,000 scfm
(= 7 Percent Less).
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Looking at This Another Way

Total LFG Collection Projections

* Example #1-1995 to 2036 (Arid)
o No Waste Diversion.
o Total 1995 to 2043 = 47,000 scfm.

* Example #2 - 1995 to 2043 (Arid)
o With Waste Diversion.

o Total 1995 to 2043 = 43,000 scfm
(= 9 Percent Less).
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Looking at This Another Way

Total LFG Collection Projections

* Example #1-1995 to 2036 (Wet)
o No Waste Diversion.
o Total 1995 to 2043 = 91,000 scfm.

* Example #2 - 1995 to 2043 (Wet)
o With Waste Diversion.

o Total 1995 to 2043 = 85,000 scfm
(= 7 Percent Less).

sssssssssssssssssssssss




Looking at This Another Way

* This is All Theoretical.

* Each Site Should do its Own Modeling.

* Note that Actual Results will vary.
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Looking at This Another Way

* Landfilling Organics Instead of Other Options (e.g., Composting)?
o Organics Diversion results in a reduction in LFG generated and collected.

o Sufficient numbers of composting (and other) facilities need to be
designed, permitted, constructed, operated, maintained.
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Facility Cost Considerations

* Generalized (Budgetary) Costs
o Candlestick (Open-Air) Utility Flare.
o Enclosed Flare.
o LFGTE Facility.
o RNG Facility.

e Assume 3,000 scfm LFG collection.




Facility Cost Considerations

Approximate
Budgetary

Cost,
Installed

Candlestick Flare $1,000,000 Burning LFG

Enclosed Flare $2,000,000 Burning LFG

LFGTE Facility $3,000,000 Generating Electricity

RNG Facility $20,000,000 Producing RNG to Natural Gas Pipeline

Note that Actual Pricing will vary.
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RNG Industry Growth

The RNG Coalition tracks projects US and Canada

2023
* Operational: 281
* Under Construction: 180
* Planned: 296
* Total: 757
2024
* Operational: 433
* Under Construction: 162
* Planned: 290

e Total: 885
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RNG Industry Growth

* RNG Coalition
o Operational Facilities (2023 to 2025):
= 39 Percent Increase!

o Small Percentage of Total LFG Available.
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Contact Information

Doug Eagleton, P.E.

Mobile: 720.273.1547

E-Mail: deagleton@landfillgasom.com

MCC - Phoenix, Arizona
(Licensed in AZ, CO, NE, NV, NC, UT)
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Looking at This Another Way

* Nonetheless, Something to Consider

o Maximum Projected LFG Collection:

= AP-42,2036, No Diversion versus 2043, With Diversion:

(d =15 Percent Less Peak Collection (2043 versus 2036),
~ 7 Percent Less Total scfm (through 2043).




Looking at This Another Way

o Maximum Projected LFG Collection:

= Arid, 2036, No Diversion versus 2043, With Diversion:

d =9 Percent Less Peak Collection (2043 versus 2036),
~ 9 Percent Less Total scfm (through 2043).




Looking at This Another Way

o Maximum Projected LFG Collection:

= Wet, 2036, No Diversion versus 2043, With Diversion:

d =21 Percent Less Peak Collection (2043 versus 2036),
~ 7 Percent Less Total scfm (through 2043).

o Note that, long-reduction in overall Total scfm
can be less than the short-term reduction in overall Total scfm.




