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Drivers: Growing Availability of Public Methane Data

Exxon Broke Rules With Late Reporting of State investigates massive methane release
Permian Methane Leak Bloomberg, 2023-Mar-01
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Dr|vers Wasted Methane |s Lost Revenue
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¥ Each circle is an aerial measurement.
Free data on carbonmapper.org

o \% Methane Source Points at This Position

- _-’-

Date: October 27th, 2019, 17:53
ol Source Id: P00685

3M M/year

< @*’ SSie @@@@ ®
CH, ) 22> CH,
\( @» G_S_k’l_l 3(; 182‘:7'4;: ..19(3%“ g
\-Ifrl\—'“T'”ﬁ‘T—;' T ‘*{r"rllrllz R o (oY

¥
- G/ 1P~18" 19 20 ‘211,22 23 24 25 26 27 28 29 80~ 31N Tt




% Highwood fmsiers...

Drivers: Targets & Regulations

N Regulations are rapidly evolving, driven by a 0.2% intensity

_\' target in the US and a 75% reduction target in Canada.
ECCC Framework EPA Supplemental
Destruction Must achieve > 99% efficiency. Must achieve 2 95% efficiency.
Routine flaring Prohibited. Prohibited.
(associated gas)
Gas-driven pneumatic Prohibited. Prohibited.
controllers/pumps
Leak detection — Monthly inspections at all sites Up to monthly AVO and quarterly OGI/M21.
conventional
Leak detection — Not specified. Expected to be allowed. Streamlined approvals.
alternative
Super-emitters Not specified. A super-emitter response program is

implemented for sources = 100 kg/h.

Canada vs. United States Proposed Methane Rules - Highwood Emissions Management



https://highwoodemissions.com/bulletin/canada-united-states-methane-rule-comparison/
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Drivers: IRA Methane Fee

Facts:
« 2024: EPA data, $900/t
« 2026: Empirical, $1500/t

W 2024 m 2025 ™ 2026

Highwood Analysis:
« 207 companies will pay
« $700m in 2024
Top 11 companies (anonymized) * $1 2 - $6b in 2026
» 17 companies > $100m
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Brandt et al., 2016, ES&T

Analysis of ~15,000 measurements
from 18 studies

* First methane meta-analysis

« Source-level measurements

Opportunity: 50% of emissions
from only 5% of sources

Fractional emissions contributed by top 5% of emitters
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Brandt, Adam R., Garvin A. Heath, and Daniel Cooley. "Methane leaks from natural gas systems
follow extreme distributions." Environmental science & technology 50.22 (2016): 12512-12520.
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Best data: Measurements 650% higher than Reported Emissions

Large methane plumes are not accounted for in your inventory

: 1 2 4 8 16 250
% e ST I S ) : Largest ever measurement
§ campaign in history
= 200
98,000 aerial well site visits g o 6.5X
50% emissions from sources 3 150
above 375 MCF per day :
g 100
et 9.4% of production is * e
R T lost in NM Permian, or
$275MM peryear B

What companies What companies
T T 1 T ; actually emit think they emit

Chen et al., Environmental Science & Technology 2022 56 (7), 4317-4323



& Highwood izt Measurement is new and (very) complicated

Highwood’s database contains > 200 commercially available solutions
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Methane Detection Growth in North America

Methane Monitoring
Most spending on monitoring methane emissions is set to be in upstream
operations in 2025

$ million Total: $918 million

Upstream Midstream
and

% Satellites

0
g
8
7

Source: BloombergNEF
Note: Currency is in real 2022 US dollars. BloombergNEF
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Plan your technology deployment strategy

LDARSIV

The Leak Detection and Repair
Simulator (LDAR-Sim)

Emissions (kg/day)

_Q D Industry to optimize detection

Who uses LDAR Slm - and quantification technology
deployment

@3 Designed by a team of industry experts,

@ regulators, and academics _
Regulators to evaluate policy

and inform compliance
r%’*g; Published, peer-reviewed, open source, assurance strategy
'fg_,[g and transparent

/ Program 2: Alternative

Innovators to get regulatory
approval and understand
product-market fit

Academics to build the next
generation of methane
monitoring solutions
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Methane Technology & LDAR-SIim Training

LDAR-Sim information
and resources

LDAR-Sim paper1 LDAR-Sim paper 2 LDAR-Sim on github User manual - L

LDAR-Sim Training - Highwood Emissions Management soee = Foee = Boee = Boe =

Instructors

Dr. Thomas A. Fox

President and Director of Innovation at
Highwood Emissions Management

Dr. Jeff Rutherford

Director of Research and Development at
Highwood Emissions Management

Evahautol v v,
HIGHWOOD
e ESG Learning i

14


https://highwoodemissions.com/solutions/ldar-sim-training/

Section 3: Making a Dent
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Measurement-Informed Roadmapping

’ Understand «% Evaluate Optimize
your emissions <. opportunities your pathway
Emissions by Activity Net Zero Pathway Cost
140 80
Bacs tvell RALGERTA 120 = n———————————— g -0 Cart?on Offset
— _ B &0 Capital Spend
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0 l)
0 200k 400k 2020 2025 2030 2035 2040
Total Emissions Reduced (tCO2¢) Pathway Year
Total Annual Emissions vs Activity Type Emissions
8k 90k Base Case Emissions
& _ e L R e e Y |
o 80k
O —
O 6k & 70k
@® Compressor Station 54.9% % | O $5M/year Maximum Spend Emissions
c O 60k o
@® Gas Well 21.8% S S
B 2 50k
@ Pad 126% lg '% 40k
@ Muiti Well Battery 702% c_gu 2k e g 30k $10M/year Maximum Spend Emiss‘»ons.
@® Group Point 3.65% 5; 20k
© Single Well Battery 0121% O _ _ N e o 7 , ,
Direct Haring Electrification Combustion 2022 2024 2026 2028 2030

O Other 0.0186%

Activity Type Year
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Highwood Analysis 1: Feasibility of Canada’s Targets

% Highwood fssers..
Canada-wide study
31,750 Sites Simulated

Reduction
Pathways

Vented Emissions Annually Lower emissions if AB grid moves to 50/50
natural gas/low carbon energy

Capital Expenditure Cost estimate to electrify all compressor
stations in AB and SK

17
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CDF (% of Emissions)

Emissions
Management

Highwood Analysis 2: World Petroleum Congress
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Highwood Analysis 2: World Petroleum Congress

10° Small leaks =
low LDAR value

10° B LDAR-Handheld B LDAR-Continuous
W W LDAR-Screening I Non-LDAR Initiatives
N
S 10°
Sy Large leaks =
high LDAR value
101 g . . I . I I
[
Engine Engine  Recip Comp Replace Pneumatic
Propane  Improved thermal with low pump

Driver Type Efficiency destruction bleed thermal
pneumatics destruction

19
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The variety of voluntary initiatives

Emissions

% HighWOO Management

Global Methane =;, o G M P {5

FUTURE MiIQ
; SCIENCE
BASED
TARGETS
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is underway in the
production and use of
low-carbon energy.

An Overview of o < A s o

Voluntary
Emissions
Reduction | , e
Initiatives ‘ - - e = | ==

for the Oil and Gas Industry

we published our first report, bringing
10 the rapidly emerging voluntary initiat
ic dis

# Highwood 555 ‘ o s
August 2022 g . Highwood 5.

Download free on our website!

—

et we gave structure to the complex world of
o jatives be expan
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Q Global Reporting Framework

With 100+ signatories around the world, OGMP 2.0 is What IS OGM P 2-0?

consensus based and promotes continuous improvement. The Oil and Gas Methane Partnership

(OGMP) 2.0 is a voluntary UN initiative
to help the O&G industry curb methane.

.-
s

1

= Measurement & Reconciliation

Grounded in measurement, OGMP 2.0 requires companies to -
build, validate, and refine source-level inventories. ‘ l) G M p

Oil And Gas Methane Partnership 2.0

8 Five Levels & Gold Standard

Participating companies achieve the Gold Standard when
they reach Level 4 (source-level measurement) with a plan to
reach Level 5 (site-level measurement and reconciliation).

Sl v BN O T RGNhISETY LY

y -

Highwood &, .

v =
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MiQ now certifies > 20% of gas produced in US

0 o

Calculated Intensity Robust Monitoring Company Practices
Technology Deployment Policies and procedures

Methane emitted

= at Facility- and for methane emissions
Natural gas produced Source-levels. management. ﬁ bp CHESAPEAKE Eﬁ‘T
ENERGY 9
\ 4 \ 4 \ 4

Accredited third-party Certifying Bodies audit and verify .
ExtonMobil & repror ﬁ
v v \ 4

=< 0.05% Quarterly Stringent
= 010% Semi-annually High
= 0.20% Semi-annually Medium

= 0.50% Annually* Mandatory minimum

= 1.00% Annually* Mandatory minimum

< 2.00% Annually* Mandatory minimum 25
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Management

% Highwoo

Updated baseline (Sherwin et
al. 2023)

Previous baseline (Alvarez et
al. 2018)

MiQ-Highwood US Methane Intensity Index

1.0% 1.2%
~367,000
measurements
0.9% 0.5%
~500
measurements

PR\

W Production

Gathering, boosting, processing, transmission

0.0%

1.0% 2.0% 3.0%

Methane intensity [%], allocated to natural gas product

>

# Highwood i | @Mia

e MiQ-Highwood Index™ :
national-scale measurement-
nformed methane intensity for

the United States

June
plopk

26
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Emissions management today...

..l00Ks very different than the past

Then

Simple emissions data
Small focused teams
No 39 party oversight

Minimal LDAR (handheld)

No voluntary initiatives

Minimal reporting/taxation

No strategic data usage

Investor focus on ROI

Now

Billions of data points

Large, integrated teams

Public satellite data

200+ alternative methods

27+ initiatives (OGMP 2.0, MiQ)
EPA, ECCC, SEC, CSA, and more
MACCs, Al, simulation, optimization

Carbon liabilities in focus
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Carbon accounting is here to stay

What to expect Challenges

Carbon accounting &
supply chain integration

Estimation uncertainty

Helping the 99%
Reconciliation

Harmonizing standards

Measurement-informed and regulations

Inventories
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GTI Veritas Initiative: Paving the way to measurement

Sponsored by 40+ US companies, Veritas is a standardized
measurement-informed approach to calculating methane emissions

Constrain

) Regulators
uncertainty J

Transparent ESG Reporting

standards Standards

Product
differentiation
& certification

Guidance on
reconciliation

Measurement
-informed

inventories (x

GTI ENERGY

Solution




Level up.

It's time to action these key takeaways.

Highwoo

Emissions
Management

@ You may think you know

Companies do not know their true emissions, amid rapid
change in technology, regulations, and expectations.

= The future requires better data

Measurement will soon be table stakes for understanding,
“voluntary” and regulatory disclosure, and decision making.

’if?; There is opportunity in change

A parallel need for global decarbonization and reliable
energy will reward proactive companies.

e
L1’ Highwood’s tools bring efficiency & assurance

Our holistic emissions management solutions can keep you
ahead of the curve and aware of risks and rewards.
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Work with the best (and friendliest) in emissions

rg] Deep O&G expertise

“®" Independent & agnostic

@ Trusted internationally

®] On the cutting edge

== Building the future




ReaCh out to Iearn « Learn about Highwood’s solutions.

« Sign up to the Highwood Bulletin for regular updates.

more & collaborate

Register for a software demo.

 Download the free 2022 Voluntary Initiatives Report.

« Reach out to chat: thomas@highwoodemissions.com

% Highwood Vassmen
g
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https://highwoodemissions.com/solutions/
https://highwoodemissions.com/bulletin/
https://highwoodemissions.com/software/
https://highwoodemissions.com/reports/voluntary-emissions-reduction-initiative-2022/
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