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What to Expect Today

Why Methane and Why Now

Colorado's Opportunity for Landfill Methane Leadership

Meet the HomeGrown Tech Changing the Game

nChampionXx
nLongPatiechnologies
nGrand Valley Instrumentation
nTrelliSense

nProject Canary

Q&A

What Comes Next
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How do landfills impact the climate and
communities?




Colorado has a plan to address landfill pollution

Colorado Greenhouse Gas
Pollution Reduction Roadmap 2.0

Policy Priorities through 2026 | February 2024

COLORADO
Governor Jared Polis
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Proposed landfill standards leverage homegrown
technology & innovation to deliver local benefits

Deploying advanced landfill

monitoring & controls will:

A Improve local air quality

A Protect public health

A Support local businesses

A Sustain 1,700+ jobs

A Slow near-term warming
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climate goals
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Projected benefits are6Xthe
estimated compliance costs
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Non-Endorsement. RMI is a nonpartisan nonprofit organization that is independent in its policies, vision
¢cUIl WeHqR2RqRIJt IOWA~f WRt W6 Yt qRUNWgG6 R WnY!l ed WgYWneal c
to secure a clean, prosperous, zerecarbon future for all and to raise awareness of the emerging

technologies that can achieve our mission.RMI does not directly or indirectly endorse today's

speakers or the companies they represent, or any product, service or data published or provided

thereby.
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CHAMPION ¢
EMISSIONS TECHNOLOGIES
L andfill Measurements

Overview

Dr. Mackenzie Smith, Director of Airborne
Operations/Field Science
July 31, 2025
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Emissions Solutions CHAMPION X
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Airborne Quantification of CH

CHAMPION X

EMISSIONS TECHNOLOGIES

4 Emissions

A Airborne quantification of methane emissions
using fixed-wing aircraft and drones

A Airborne platforms fly through emissions
plumes and measure CH, concentration

A Methane concentration combined with wind
speed and direction and vertical plume mixing
A Mass emission rate

Methodology established in the peer-reviewed literature:

Conley, S. A., et al. i ALow-Cost System for Measuring Horizontal Winds from Single-Engine
Ai r c d.&tmbsoQcean. Technol., 2014.

Conlet, S., et al. A Me t hemss&ons from the 2015 Aliso Canyon blowout in Los Angeles, C A 0,
Science, 2016.

Conley, S., et al. A Ap p| i af &taius thésem to quantify localized surface emissions from
airborne measurements of wind and trace g a s eAgndos. Meas. Tech., 2017.
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Alircraft Modified for Science Operations CHAmMPION X

EMISSIONS TECHNOLOGIES

A FAA approved modifications to add
air sample inlet on the outboard
section of the wing.

A All aircraft capable of measuring 1-
second winds, along with
temperature, humidity and pressure.

A Available trace-gas analyzers for
CH,, CO,, CO, ethane, O3, and NO,,
and whole air samples for VOC
analysis

A FAA approval for low-altitude flight

GOALZERO




Quantification Principles CHAMPION X

EMISSIONS TECHNOLOGIES
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Mass Balance
Principle of mass

conservation:
Emission = Out - In

O Effluent
Plume
. Effluent

Source

— == Flight Path

Needs: Horizontal wind & species concentration GOALZERO




Quantification Principles CHAMPION X

EMISSIONS TECHNOLOGIES

Map out the plume

A Circles as low as
possible up to the top
of the plume

Enhancements are
downwind

Methodology can be
scaled up to larger
regions




Case Study: Emissions Reduction Validation CHAMPION X

EMISSIONS TECHNOLOGIES

A CH, emissions measured
before and after a methane
mitigation strategy
implemented at a Louisiana
landfill.

50% emissions reduction
confirmed by aircraft
measurements.

100s of kg/hr of methane
avoided




Years of Landfill Measurement Experience

CHAMPION X

EMISSIONS TECHNOLOGIES

California Air Resources
Board (CARB)

50+ landfills measured over 2
years as part of larger state-wide
methane study
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Assess contribution of different
source sectors to Denver
Julesberg basin methane

Method Intercomparisons for US

Landfills

_______________________________________________

Collaboration with Carbon Mapper
and US EPA to quantify landfills
across the United States
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Three Relevant Technologies

CHAMPION X

EMISSIONS TECHNOLOGIES
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Most Frequent Usage at Landfills

Fixed -Wing Aircraft

Aldeal for large areas,
including landfills

A Captures all emissions
from within the flight
path

AUseful for inaccessible
areas

ANo ground access
required

Drones

Range of uses:

A Small areas and small
emissions (10s of m; <1
kg/h)

AMedium sites and large
emissions (100s of m; >
100s of kg/h)

ACan provide some spatial
localization

AGround access usually
helpful

» Least Frequent

Continuous Monitors

A Useful for identifying
unexpected or large
emissions

A Rough emissions
localization

Research opportunities:

A Not widely used on landfills,
but low cost and high time
resolution are appealing

A Comparison studies using
fixed-wing, drones




LONGPATH

Large Area Laser Emissions Monitoring Networks
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A Colorado Nobel Prize Winning Roots

A Rigorous Vetting at Every Stage of Growth
A Quality & Accuracy as the Basis for Trust
A 40+ team delivering Customer Success at Scale &

A 900+ square mile monitoring network

A Backing from DOE, Conoco Phillips, Williams

) LonGPATH




LONGPATH OIL & GAS METHANE MONITORING: Overview

Standard deployment: on -site hardware

Central Node

Solar Powered
MNPk Wc IJRNG q
Above-ground Install

T Passive Reflector

No power required

With a 1.6 mile range, each node can cover 8 square miles =Mk Wd ¢ # W6
Above-ground Install

) LonGPATH




LONGPATH OIL & GAS METHANE MONITORING: Overview

Upstream Midstream

# CentralNode @ Passive Reflector

Networked monitoring from a single tower Accurate equipment group &

full site quantification
) LonGPATH




LONGPATH OIL & GAS METHANE MONITORING: Overview

Operational framework

Bracket facility or sector with laser
beams from central node.

Record methane entering facility upwind
and exiting facility downwind.

Quantify emissions rate (MCFD or kg/hr)
based on methane differential.

Alert if persistent emission readings
exceed alert threshold over a period

) LonGPATH




LONGPATH IS TRUSTED BY FIELD OPERATIONS

Low false positive rate A quantified emissions reductions
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TRUST AND CONFIDENCE THROUGH REGULATORY LEADERSHI

Longpath leads the industry in approvals

Current Approvals Coming Soon
V EPA O00Oa/blc V Replacement of TCEQ AVO & OGI Inspections
V New Mexico Part 27, Part 50, and ALARM V European Union MMRV Requirements
V Colorado Alt. AIMM V California SB 1137 CM Requirements

V Colorado PreProduction Monitoring

V Colorado Methane Intensity Verification

V Wyoming Ozone NeAttainment

V BLM Waste Prevention Rule

) LonGPATH




LONGPATH EXPANDS INTO LANDFILL MONITORING

EPA STAR ProgramUnderstand and control municipal solid waste landfill air emissions

Multi-platform assessment of methane/VOC emissions and uncertainty through evolving landfill morphology

Point sensor Flux chamber LongPathlaser Mobile VOC Satellite/aerial
network network network measurements data products
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LONGPATHLANDFILL LASER SYSTEM DEPLOYMENT

Two systems deployed monltorlng
A Active face

A Maintenance area

A Gas handling infrastructure

) LonGPATH




LONGPATHLANDFILL LASER SYSTEM DEPLOYMENT

North system
A Active area of the landfill
A 13 beam paths

Measurements stats

A Started March 2025
A >150k measurements
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LONGPATHLANDFILL LASER SYSTEM DEPLOYMENT

) LonGPATH

South system

A Gas handling
Infrastructure

A 8 beam paths

Measurements stats
A Started March 2025
A >150k measurements




CH4 Concentration [arb]

EXAMPLE LONGPATH LANDFILL LASER SYSTEM PRELIM RESUL

Noon to 6pm
Daily Average CH4

Westward movement of active face +
new vertical well$
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Grand Junction, Colorado




WELLHEAD
ELEMENTS

a. Pressure Valve
b. Sampling Ports
c. Flow Restriction

(Orifice Plate)

www.GVI-USA.com

LANDFILL GAS COLLECTION AND CONTROL SYSTEM

2. HEADER PIPE

3. COLLECTION WELLS

i

LANDFILL GAS

iS

]

1. WELLHEADS

4. BLOWER
5. FLARE STATION/
@@ ENERGY RECOVERY

CHALLENGES TO LANDFILL WELLHEAD MANAGEMENT

When monitoring isn't frequent enough, system changes can go undetected
Costly issues like leaks or obstructions can go undetected for sometimes weeks
Manual monitoring and adjusting is a time intensive and hazardous process
Changes to one wellhead can affect neighboring wellheads

Environmental changes lead to continuously shifting gas composition and flow
Imbalanced wellfields lead to fugitive emissions or lost energy recovery
Exceding thersholds can result in costly compliance fines

Unnoticed excessive oxygen in the system can result in underground fires

Grand Valley Instrumentation © 2025



Example Landfill Site Overview

Gas Composition

Pressure Levels

www.GVI-USA.com Grand Valley Instrumentation © 2025



