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Casella was founded in 1975 as a single truck collection service operation in Rutland, 

Vermont. In 1977, we opened the first recycling facility in the state. From our Vermont 

roots, we’ve grown through a commitment to advancing material sustainability in 

collaboration with our customers and the communities we serve. 

We see “waste” as an opportunity for innovative conversion into a resource with 

economic and environmental value. 

Our focus is on building and growing our people, protecting public health and the 

environment, and creating and sharing sustainable value by conserving and renewing 

resources for future generations.
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Evaluation of Landfill Gas Collection Efficiencies with Drone-Based Methane Detection

⮚ Overview of study landfill sites & study parameters,

⮚ Drone sourced surface emission monitoring (SEM) data,

⮚ Estimating landfill methane flux rate from SEM data,

⮚ Results- Estimated landfill site gas collection efficiencies,

⮚ Results- Estimated cover type gas collection efficiencies,

⮚ Conclusions and take aways
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Presentation Overview



Casella Waste Systems Landfill 
Facilities
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⮚ Casella operates 8 MSW & 2 C&D 

active landfills located within the NE,

⮚ All 10 operating landfills have active 

gas collection systems, 

⮚ 5 Landfills have operating LFG 

electrical generation facilities, 

⮚ 5 RNG projects under development.

GHG/Sustainability Initiatives:

⮚ Voluntary: GCCS at our LFs not subject to NSPS,

⮚ Early Action: gas collection (pre-NSPS) & HCs in 

all operating cells,

⮚ Adv Cover: Wide use of engineered geomembrane 

intermediate cover systems,

⮚ Monitoring: Initiated drone-based surface emission 

monitoring of methane 2x annually at all active LFs 

since 2022. 

MSW 
Landfill
C&D 
Landfill
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Landfill Methane Collection 101
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Landfill Methane Emissions:
⮚ Active gas collection collects some (or most) LFG; estimation 

methodologies assume between 50% and  98% of  landfill methane is 
captured = ‘Collection Efficiency’,

⮚ Aerobic Methanotrophic bacteria in cover soils will metabolize up to to 
55% of fugitive methane not captured,

⮚ Research (and models) indicate higher emissions from operations areas, 
versus areas with intermediate cover, versus geomembrane or final 
cover systems,

⮚ LFG Emissions are known to be highly variable spatially, temporally and 
seasonally,

⮚ It is generally agreed that the current inventory estimation models are 
highly variable and often inaccurate when applied to a specific landfill 
site.

LFG Generation = LFG Collected + Oxidized + Migration + Surface Emissions            

LFG Emissions = Generation - LFG Collected - Oxidized + Migration + Surface Emissions + Uncombusted in Control 

device

Only Measured Value = LFG Collected
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Study Parameters

⮚ Drone flight SEM results for four flights each at 8 MSW landfills over a two-year period in 2022 & 2023: Over 400,000 SEM 
measurements, entire landfill surface each flight,

⮚ Pre-flight landfill existing conditions plan with cover type polygons developed for each site prior to flights (2, 3 & 4) to 
evaluate emissions from cover types, 

⮚ Post flight SEM data measurements (excel format) are assigned to cover type polygons for weighted SEM concentrations in 
each cover type area,

⮚ Manual (non regulatory) SEM conducted concurrent with Sniffer drone during 6 of the events in 2022, Manual SEM was 
modified to replicate drone monitoring approach,

⮚ Drone & manual SEM data used to estimate Landfill methane emission flux rate utilizing SEM2Flux(1) modeling software (16 
events in 2022),

⮚ Tracer correlation study conducted at one site over 3-days, concurrent with Manual SEM & drone flight (Fall 2022)

(1) SEM2Flux Abichou, T.; Bel Hadj Ali, N.; Amankwah, S.; Green, R.; Howarth, E.S. Using Ground- and Drone-Based Surface Emission Monitoring (SEM) Data to Locate 
and Infer Landfill Methane Emissions. Methane 2023, 2, 440-451. https://doi.org/10.3390/methane2040030
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https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.3390%2Fmethane2040030&data=05%7C02%7Crussell.anderson%40casella.com%7C6e9a97ad41f2450740f008dc6ead6d07%7C586801fcd2674a5691c7d8f3e24651d2%7C0%7C0%7C638506938370854879%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=0%2ByiC7Xz3ra2cuaHcymtnzhMmO3PTBjLJAwsnKnR%2BBM%3D&reserved=0


Drone Sourced Surface Emission Monitoring (SEM) Data
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Drone Based Methane Monitoring

⮚Regulatory requirement in the 
CAA/NSPS for landfill monitoring, 
500 ppm standard, 

⮚Manual: on foot using hand-held 
instrument, Limited access to some 
landfill areas,

⮚Typically 5 - 10 data points per 
acre,

⮚Method requires active 
reconnaissance for ‘emission 
points’. 
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⮚Non-regulatory (standard approach does not 
meet Method 21),

⮚Access to entire site surface, data set not bias 
by manual path,

⮚Able to collect 100-200 data points per acre, 

⮚Methane measurement technology similar to 
Manual SEM, 

⮚Better data analysis & mapping. 

Traditional Manual SEM:  EPA Method 
21

Sniffer Drone Technology
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Landfill Cover Types
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EPA Part 98, Subpart HH (MRR): Relies heavily on default collection efficiency values based on cover type (table 
HH-3):

Weighed CE% = (A2 x 0% + A3 x 60% + A4 x 75% + A5 x 95%) / (total area A2, A3, A4, A5)

(2) New Part 98 rule published in FR April 25, 2024, effective January 1, 2025

For this study, additional A5 cover sub-type designations were 

made: 
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Example Cover Type Pre-Flight Plan
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Sniffer Methane Drone Survey Data
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⮚Base map:  Provided 
landfill area with cover 
type polygons,

⮚Flights at 75 or 100-foot 
path offsets - Entire LF,

⮚Results Data Provided:

⮚ Leak points: detections at 200 
ppm, 500 ppm

⮚ Concentration Grids: 100x100 
boxes

⮚ Excel Data: methane 
concentrations assigned to cover 
polygon areas & position

⮚Flights typically had over 
15,000 measurement 
points per 100 acres.
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SEM2Flux: Calculating CH4 Flux Rate

⮚ SEM2Flux is a landfill emissions estimation tool developed in cooperation with Florida State University, 
College of Engineering; FSU college of Engineering was a study partner, performing all SEM2FLUX modeling,

⮚ Utilizes an inverse Gaussian air-dispersion model, SEM2Flux uses actual ambient methane concentration data 
(i.e., SEM data in PPM), associated with an area CH4 source, to calculate total emission flux rate from the area 
source,

⮚ Model input data: Site topographic data, weather/wind data obtained from site or local weather station and 
SEM results data with position coordinates,

⮚ Model output:  Total landfill CH4 emission rate in kg/hr. with a standard deviation.
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Field Tracer Correlation Method

⮚ Tracer correlation is a field method used to measure 
emissions from large area sources, i.e. landfill emissions,

⮚ Release of a tracer gas (high grade acetylene - C2H2) then 
obtaining down wind measurements of CH4 & C2H2 using a 
high resolution mobile analytical lab,

⮚ Correlation of down wind CH4 detections with C2H2 

detections from know source/release rate to calibrate 
SEM2Flux model, 

⮚ Tracer correlation method is widely considered by experts 
to be the most accurate (for LFs),

⮚ Tracer method is resource intensive, requiring specialized  
equipment & technical expertise, and minimum wind 
conditions required during test,

Note: Florida State University performed all in-field measurement work 
associated with the tracer correlation & all modeling calculations
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SEM2Flux Results

⮚ Actual LFG recovery data (i.e., flow & methane) from the GCCS is recorded continuously, i.e., 
recovery of CH4 (in kg./hr.) verified from data, each landfill, each day of drone SEM events,

⮚ Results of SEM2Flux model provides estimated fugitive emission rate in kg./hr. from SEM results 
(std dev),

⮚ Collection efficiency calculation example:

o GCCS measured CH4 Recovery:  1450 kg/hr.

o Calculated CH4 SEM2Flux (emissions): 306 kg/hr. +/- std dev 54 kg/hr. (17.6%)

o Recovery (1450 kg/hr) + Flux (306 kg/hr) = 1756 kg/hr. Total CH4 Generation

o Recovery divided by Generation = Percent % CH4 collected

1450 kg/hr. / 1756 kg/hr.  = 84.2% CE  (range 80.1% to 85.2% range based on Std Dev) 

Note, that this approach assesses total LF emissions in areas covered by drone methane survey and, is inclusive of any 
methane mitigation which may be occurring from soil oxidation (OX) in landfill cover soils 
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Results- Estimated landfill Site Gas Collection Efficiencies
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Estimating Collection Efficiency from Landfill Methane SEM2Flux

casella.com  •  16

Landfill Site / SEM event
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Analyzing Cover Type Results

Evaluation of Drone based SEM data between cover types:

⮚ Location based drone SEM data are aggregated into cover type averages

⮚ Utilizing SEMFLUX Total Site CE% Results, relative CE% for each cover type can be found iteratively
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Cover Type CE% Results – A3
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Cover Type CE% Results – A4
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Cover Type CE% Results – A5.1
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Cover Type CE% Results – Final A5
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Take Aways & Conclusions

⮚ Median CE% for 7 MSW LFs based on Drone SEM data was 81.2%

⮚ Median CE% for specific cover types was:
o Daily: 70.1%

o Intermediate: 79.7%

o Exposed Geomembrane Liner: 96.7%

o Final Cover: 96.6%

⮚An expected amount of variability was found between sites and SEM events,

⮚ Collection efficiency was higher overall than the current Part 98, HH method for determining CE% 
via static cover type,

⮚ EPA changes to Part 98, HH methodology (decreasing CE 10%), will cause significant 
overestimation of LF emissions (at least in the Northeast),

⮚ This approach, using real SEM data, offers some promise in evaluating and calibrating accuracy of 
traditional inventory-type LF emission models
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To learn more, please visit casella.com
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Thank You!

Contact:

Russ Anderson, Director of Energy Production

Email: Russell.Anderson@casella.com

Phone: 603-290-5846

mailto:Russell.Anderson@casella.com

