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Welcome remarks

Brendan Devlin - Strategy & Foresight Counsellor,
DG ENER, European Commission
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Welcome remarks

Anatol Feygin b Executive Vice President & Chief
Commercial Officer, Cheniere Energy
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Welcome remarks

Francisco de la Florb Director of Enagas GIE & MARCOGAZ
Board Member
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Welcome remarks

Malcolm McDowell B Team Leader responsible for methane
strategy, DG Energy, EuropeanCommission
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State of Science:
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Moderator
Fiji George b Senior Director, Climate & Sustainability
Cheniere Energy
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State of Science:
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David T. Allen b Gertz Regents Professor of Chemical
Engineering & Director of the Center for Energy &
Environmental Resources, University of Texas at Austin
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State of SCienC'EI\/Ionitoring, Reporting &

Department of Chemical Engineering and Center for Energy and Environmental Resources

AGEG\

American Gas
Association
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2018 US National Academy of Science,
Engineering, and Medicine (NASEM) report

ASkewed emission distributions
wamstnicies ANeed to match temporal
o s SCales, spatial scales, and
magnitudes of emissions with

observations (particularly
Important upstream)

wememaenaaencs  AVIUItI-SCale observations
National Academies report;

available for free at: - needed

characterization-of-anthropogenic-methane-emissions-in-the-




Skewed emission distributignatermittency of
emissions, detection limits

Skewed distributions are encountered in most emission categories; exampli
iInclude:

A2% of sites in a Texas production region lead to 50% of methane emissior

A19% of pneumatic controllers in the United States account for 95% of
emissions from controllers

A10% of passenger vehicles on the road account for 50% of emissions

Underlying causes of high emitters include older equipment and equipment
malfunction; equipment malfunctions not well predicted in current
Inventories; accurate quantification of high emitters needed, yet these are
small sulpopulations and can be intermittent



Skewed emission distributionstermittency
of emissionsdetection limits

Allen, et al., Variability in Spatially and Temporally Resolved Emissions and Hydrocarbon Source Fingerprints for Oilsaddgasn Shale Gas Production RegiBnsironmental Science & Technology,
51, 1201612026 (2017).



Skewed emission distributionstermittency
of emissionsdetection limits

How do we quantify intermittent emissions”

If goal Is to determine emissions at specific e
sites,sample for long periods of time /”‘

OR

If goal is to determine average emissions
from a number of sitessample a large
number of sites for short periods of time

Case study in a Texas production basin

Allen, D.T., et al., Field Trial Of Methane Emission Quantification Technologies, Society of
Petroleum Engineersoi: 10.2118/20153MS October, 2020




Skewed emission distributions, intermittency
of emissionsgletection limits

Case study of high detection limit remote
gensmg measurements in a Texas production
asin

A All techniques detected high emitting
sub-populations

A Sites identified as high emitting vary,
depdendlng on when measurement IS
made

A Estimates of total emissions from all sites
can vary by a factor of 2 or more
depending on what is assumed about
non-detects

A Non-detect = zero emissions?
A Nondetect = half of the detection limit?

A Nondetects are assumed to have
distribution of norhigh emitting sources?




Consistent metrics needed

Important issue for wet gas and associated gas production, including some of the largest
production regions in the United States (Permian, Bakken, Denll@esburg, Eagle Ford, par
of the Marcellus, and others)

Case study for Eagle Ford In

Texas: EI]VIHI]IIIHHITH[

Does associated gas produced in Somezalatnobey £ £

the Eagle Ford have emissions
IeSS than or ten times that Of dry Consistent Metrics Needed for Quantifying Methane Emissions from
gas prOduced In the same Upstream Oil and Gas Operations
reglon? David T. Allen,* Qining Chen, and Jennifer B. Dunn

An SWGF d ep end S On Cite This: https:/dx.doi.org/10.1021/acs.estlett.0c00907 I:IRead Online

which of multiple

products (0”: natural das, Al methane emissions assigned OR Methane emissions allocatec

gzrﬁtjsrgg%%salrlgua{ggl)gne d to to natural gas produced among all energy products



Takeaways

AMeasurements and modeling are both needed

AMeasurements at multiple scales are likely to be needed

Alf goal is toquickly identify, locate and mitigate sources of unintended

emissionst specific siteghen high frequency measurements at individual sites
are needed

Alf goal is to certify low emission gdken short duration measurements at groups
of sites can be used if coupled with an understanding of the intermittency of
emissions

Alf goal is to produce national inventoriggen measurements designed to
estimate frequencies and magnitudes of unintended emissions and evolution of
Inventoried emissions over time are needed

AClear, consistent, and transparent metrics are needed
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Z5-« ©°9-3 «wzw >X°-30 «z N EX3 Z NJ°

Steven C.Wofsy b Professor of Atmospheric &
Environmental Chemistry in the John A. Paulsen School of
Engineering & Applied Science, Harvard University
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Satellite measurements of methane
emissions from the O_ & G
value chains ‘

—— e —

“Februar

, _
Steven CWofsy Harvard University *

John A. Paulson School of Engineering and Applied Science
Department of Earth and Planetary Science




Emissions of methane to the atmosphere arise from very
diverse, geographically dispersed activities in the O & G
value chains

Natural Gas Value Chain

Exploration Production Processing TR End Users
& Storage
* 3D Seismic « Bringing the gas to + Gathering & « Transportation * Industrials
« Geophysical Evaluation the surface Processing (pipelines) + Power
& Design * Field Development + Fractionation « Storage Generation
* Drilling Operations + Continuing drilling « Liquefaction (for « Utilities -

operations tanker transport) Residential and
\ / N A Commercial
Gasfield Services loads

« Contract Drilling
« Drilling Related Services & Techniques
* Production & Maintenance

UPSTREAM MIDSTREAM DOWNSTREAM
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Coverage or

.

|

Pixel Size Swath Precision**
Global and Continental Mappers
f SCIAMACHY  60kmx30km 1000 km b
TROPOM| 7 kmx 7 km  global daily 4c10pph 7660
L GOSAT* 10 km x 10km __ NA km
f GEOCARB 3.5 km x 3.5 km 2800 km x 6km ? —_- )
continent 2x daily )
Regional target + Large Sources
MethaneSAT 100x 400m 220 km 2¢ 4 ppb (k)rr?: J
Point sources imagers
/ GHGSat 30m x 30m 20 km (50 ppb) \
MERLIN*
'l { L oODC@Banx®BQmvux Xbkm 50 ppb
Carbon Mapper 30m x 30m 18 km ? 0.03
(constellation) km
EnMAP 30m x 30 m 30 km
PRISMA 30m x 30m 30 km 100 ppb




Aircraft for detecting and quantifying point sources
Fat* Tail sensors

DXCH4 (ppb)

[ 1750 1850 pph ~ XCH4

AVIRIS NG (20170906t210217) 5% precision, for 3m x 3m pixel
2 ¢ 5% precision, for 30m x 30m pixels



Satellites for detecting and quantifying large point sources
Fat Tail sensors

1000-2000 kg/hr,
Permian Basin
Feb. 2020

200 700 1300 2100 2800 PpmM-m
25 875 162.5 262.5 350 DpfEEH4

2.5% precision (detection) limit, 30m x 30m spatialrhilar to GHGSat
Data from the Chinese GHG1SI hyperspectral satellite mission

Retrieved/analyzed blyziar IrakulisLoitxateand LuisGuantey
Research Institute of Water and Environmental Engineering (IIAMA),
UniversitatPolitecnical 112 deValencia UPV)Valencia Spain



Satellites and Aircraft for detecting and quantifying
regional emissions (larger swaths) and point sources

XCHa [ppbv]

1845.0 {'
40.62 - MethaneAlIR Lof\)
MethaneSAT 1842.5 g
- @
40.60 - N. Weld Landfil )
400 kg/hr " 1840.0
1 km
LR 1837.5
1835.0
40.56 -
1832.5
AT 1830.0
1 Gathering facility
40,52 - 1827.5
1825.0

-104.92-104.90-104.86—-104.86-104.84-104.82-104.80
latitude [deq]

MethaneAlRand MethaneSAT
0.1¢ 0.2% precision, 100 x 100 (400) m spatial resolution



Simulation ofMethaneSATsatellite domain 266 x 266 km, 200 x 200m pixel
Barnett area (Dallag Fort Worth)

2/22/2021



Global Mapper: TROPOMI

MethaneSATargets

/ R o PO R T o

Latitude

Longitude
ppbv EEEEET —
1830 1840 1850 1860 1870
Zhang et al., 2028cience Advances 3 . 5%05

Eight month mean XCH4 over the US from TROPOMI
Precision 0.2, 0.5 % (one sounding,c410 ppb), 7000m x 7000m.



It takes anecosystenpf measurement systems
¢ satellites, surface, aircraft, and compondatelg

to support monitoring, verification, attribution, and
mitigation of methane emissions from the oil & gas sector.




The Ecosystem:

Satellites

Global mappers
Wide coverage large pixels medium/high precisionA Big picture emissions

Regional + large point sources
Production areas, cities, ¢.small pixels; high precisiom Regional emissions

Point sources
Facilities, infrastructure tiny pixels¢ medium/low precisiom Identified
emissions

Airbornelq Finely detailed emissions, right tail of the distribution

Finely detailed emissions, facility level understanding,
Ground base(ij\ Intermittency, inventory development

Attribute emissions to engineering design and operations,
build enhanced inventories that model actual emissions.

ComponentsA




End of presentation



Extra slides



Natural Gas Emissions in Boston (kg [i& Capita, per year)
50% of emissions are not accounted for in current inventories
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*Urban/regional emissions of natural gas gm@portional to consumption (statievel)
Source: Maryann Sargent et al., Harvard University



U.S. oll and gas supply chain
emissions

Drilling & Gathering &
Production Processing

ocal
Distribution

Transmission &
Storage

044Tg 0.44Tg
0.1% 0.1%

. Methane Synthesis 2017 EPA GHG Inventory
Alvarez et al 2018 (For year 2015)

13.14 8.0dtals




Natural gas use by U.S. consuming sectors by amount and share of total U.S. natural gas
consumption in 2019

36%

: 11.31 Tcf
i electric power

33%

| 10.24 Tcf
! industrial

16%

! 5.00 Tcf
! residential

1%

: 3.52 Tcf
! commercial

3%

! 0.94 Tcf
i transportation

Source: U.S. Energy Information Administration, Monthly Energy Review, June 2020. Sum of shares may not equal 100%
because of independent rounding.

How natural gas is used in the United States

U.S. natural gas consumption by
sector, 2019

Total = 31 trillion cubic feet

@ industrial
commercial

@ clectric power
@ residential
@ transportation

Note: Transportation includes pipeline and distribution use
and vehicle fuel.

Source: U.S. Energy Information Administration, Monthly
Energy Review, June 2020, preliminary data for 2019

U.S. natural gas consumption by
sector, 1950-2019

trillion cubic feet
35

30
25
20
15
10

5
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£
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@ residential
@ industrial
@ transportation

commercial
@ electric power

Source: U.S. Energy Information Administration, Monthly
Energy Review, Table 4.3, June 2020, preliminary data for
2019
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30m x 30m in
3km swath
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Product:
CHa4 column-averaged concentration

~3% precisioibL
in excess of local background level
Timestamp:
2020-09-15 18:31:58.00 UTC

https:// www.ghgsat.confstaging/wp-content/uploads/2020/10/IrisGHGSaAlberta
150920206ch4_1200.jpg
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CH,4 Column Avérage Mixing Ratio [ppbv]

120W

<
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Four month mean XCH4 over the US
Precision (one sounding) 0.5 %, 7000m x 7000m.
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‘a_,@_s’ Queen Mary

University of London

State of the science: methane
emissions from LNG

220d Feb 2021
Dr Paul Balcomb@.balcombe@gmul.ac.uk



mailto:p.balcombe@qmul.ac.uk

Methane from LNG supply chains

- LNG stages may contribute half of total supply chain GHG
emissions.

Transmission
and storage

Gathering and
processing

- Energy intensive processes and transport distance (CO K
emissions).

- But methane emissions are assumed to be low.

- Much progress in methane measurement from gas supply

Liquefaction |
-

chains in the last 8 years, but LNG stages have been less Loading ]\\
studied. 1 \
- The current assumption is low LNG methane emissions, but ( LS ]
several publications now question this assumption. \ _ /
- Very few independent studies have published primary [&d'”gj /
measurements. o -

Storage/
regas

L
%) Queen Mary

University of London



LNG shipping: what do we know?

[ bD aKALILAY3I A& | YAESR olF3IX Yppn &EKALAZ JI NB.
- Age
- Size
- Engine type
- Storage/ boHoff gas management
- Operators 300
300
250
g
% 150
o
< 100
50
0 —
10-19 20-29 29<
W Steam/Steam Reheat m DFDE/TFDE mSSD MEGI XDF B STaGE
30,000- 125,000 m125,001-150,000 m=150,001-180,000 180,000<

- e yomw.igu.org/app/uploads
\& Queen Mary Source: IGU, 2020 World LNG repastw.igu.org/app/uploads

Uriversity oUNERN] wp/2020/04/2020World-LNGReport.pdf


http://www.igu.org/app/uploads-wp/2020/04/2020-World-LNG-Report.pdf

What do we know?

Maintenance and other activities
(e.g. cold vent, gassing up)

Key methane emission categories: Independent, peer
reviewed published data
- Engine slip ~
- Vents/BOG X
- Fugitives X
X

Emissions are likely governed by:

- Technology type

- QOperator/procedure
- Regulatory authority

L
%) Queen Mary

University of London

Source: Balcombe, P., et al. 2021, How canfuii&d
targets? An environmental and economic analysis,
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New LNG carrier
engine types: not
enough data



What do we need to know?

- Emissions are almost never zero. If we assume this, then we are underestimating.

- What are the total methane emissions across the LNG carrier fleet?

What are the key emission sources?

How do we effectively detect/measure them?

What are the variablilities? What are their characteristics/ root causes?
How and by how much can they be reduced?

L
%) Queen Mary

University of London



LNG shipping measurement study

A Project lead: Dr Paul Balcombe, Queen Mary University of London (QMUL), Measurement lead: Matthew
Harrison, SLR.

A Pilot study of one ship, measurement campaign start ~23rd March 2021

A Scope: quantification of total methane (and £ @missions from round trip LNG carrier voyage
A LNG loading; cargo journey; LNG unloading; & ballast return journey
A Including engine/generator exhausts, flares/vents and fugitive emissions

Month
Task Dec-20 Jan-21 Feb-21 Mar-21 Apr-21 May-21 Jun-21 Jul-21 Aug-21 Sep-21 Oct-21
Project kick-off
WP1: Project set-up and design
Workshop
Site visit
Inventory assessment and measurement study desig
Report
WP2: Measurement campaign
Equipment preparation ‘
Ancillary data collection with industrial partners

Conduct detailed ship measurement study
Progress review with IAG

WP3: Analysis and reporting

Data synthesis, emissions analysis
Academic paper submission

Final report delivery and IAG workshop

L
% Queen Mary -

University of London




LNG shipping measurement study

A Engine exhausts Siaasiiin
A Vents
A Flares
A Fugitives

Boi' oﬁ gas Dalinmiiafantinn p a
compressors \Culane o« Lry)

LNG fuel system

Energy recovering

/ system

Cargo handling
system

A Operations monitored: loading; cargo journey; unloading; ballast journey
A Equipment used: FTIRs, OGI/QOGilo samplers, RMLD

L
%) Queen Mary L

University of London




Additional research Effective MRV for methane: what are
the main opportunities and barriers?

Maria Olczak, PhD researcher at Queen Mary University of London

The aim: wdak with the industry and policgnakers todevelop a robust MRV system for energjated methane
emissions

Specific objectives:
A to identify the main barriersand opportunitiesrelatedto the creation of a effectiveMRV
A to suggest possible strategies, which could be employed to overcome the identified barriers

A to identify what could and what should happen to create a robust EU MRV system and to reduce methane
emissions

How?

A by conducting a series of sestructured interviews with the main stakeholders: companies, policy makers,
regulators, civil society organizationisyestors.etc.

A Followed by transcription and coding in NVivo
Expected resultspeerreviewed journal article (final draft in mi2i021)

L
%) Queen Mary

University of London
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Please note that this session is held un@matham House Rule

For Q&A in all sessions:
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Moderator
Scott Foster b Director, Sustainable Energy, UN Economic
Commission for Europe (UNECE)
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Policy session:
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Paul M. Gunning b Director, Climate Change Division,
U.S. Environmental Protection Agency
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Presentation for Methane emissions policie
In North America:
Lessonsto be drawn for the BJ

HPA Experience

February 22, 2021

Paul Gunning
Director, dimate Change Division
USEnvironmental Protection Agency



Overview

w BEmissions
¢ National GHG Inventory
¢ Greenhouse Gas Reporting Program (GHGRP)

w Programs and Policies
¢ Natural Gas STARProgram ¢ Methane Challenge
¢ CAA - Performance Sandards
¢ Gobal Methane Initiative and Aimate Aean Air Coalition

w Lessons Learned



Oil and Natural Gas Emissions Trendsin
the USGHG Inventory

CH,, MMT CO,e

250

wm
Total:-17%

+ Distribution: -69%

« Transmission and Storage: -
35%

|+ Gas Production: +55%

» Oil Production:-13%

« Gas Processing: -42%

« Exploration: -88%

200

150

100

50
0]
19201991 199219931994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2002 20102011 20122013 201420152016 2017 20182019
m Gas Exploration m Oil Exploration ®m Gas Production
m Oil Production m Gas Processing B Gas Transmission and Storage
B Gas Distribution m Oil Transportation B Qil Refining



Greenhouse Gas Reporting Program (GHGRP)

w Annual reporting of GHG data by 41 source categories

w Facilities use uniform methods prescribed by BPA to calculate GHG emissions, such as direct
measurement, engineering calculations, or emission factors derived from direct measurement

¢ In some cases, facilities have a choice of calculation methods for an emission source
w Direct reporting to BPA electronically
w BPAverification of GHG data

' Production & Processing

1. Drilling and Well Completion 0 é

2. Producing Wells
a. Onshore Wells
b. Offshore Wells
3. Gathering and Boosting (not
covered by Subpart W)
4. Gas Processing Plant

. Natural Gas

Transmission & Storage
5. Transmission Compressor Stations
6. Underground Storage
7.LNG or Propane/Air Plant
8. LNG Import-Export Equipment

Crude Oil to Refineries
(Reported under subpartY)

Distribution

9. Distribution Mains/Services
10. Regulators and Meters



Addressing Methane Emissions ¢
Programs and Policies

w Natural Gas STAR (1994) - industry partners across entire natural gas value
chain - focus on information sharing about cost-effective best practices (BMPs)
and technologies (e.g., case studies, webinars, workshops) Natura]GasA

w Methane Challenge (2016) - provides opportunity for additional commitments
and recognition for partners. BMP Commitment Option and ONE Future ¢
Robust and transparent tracking and reporting

w dean Air Act ¢Performance Sandards (Section 111)

¢ Seriesof regulatory actionsimpacting thisindustry (1984, 2012, 2016, 2020)

¢ Actionsover time have affected different segments and different pollutants (ie.,
VOCs, (H4)

¢ Todate, actions have been focused on new and modified sources
w Executive Order 13990
¢ September 2021, arulemaking to reduce methane emissionsin the O&G sector by

suspending, revising, or rescinding previously issued new source performance A
standards (NSPS COALITION

- . . . TO REDUCE SHORT-LIVED

¢ September 2021, establish comprehensive standards of performance and emission CLIMATE POLLUTANTS

guidelines (EG) for methane and VOCemissions from existing operations
w International Engagement
¢ Global Methane Initiative Global

¢ Jdimate and ean Air Goalition Methane Initiative
5



Key Lessons Learned

w Robust and transparent data is a significant and
necessary building block

w Data on emissions can be used to inform a number of
different types of analyses and actions

¢ For example, it can be integrated with life cycle analyses,
complement atmospheric GHG studies, and inform updatesto

emission inventories.
¢ Improvesour understanding of the occurrence of emissions
from avariety of sources and informs strong and effective
policy and measures
w An appropriate mix of regulatory and voluntary policies

and programsis an effective way to achieve methane

emissions reductions aswell as air quality and energy

co-benefits



Policy session:

z5X°%] J«X Xa 7

Adriana Lopez de Alba Gomezb Director of International
Cooperation National Agency for Industrial Safety &

Environmental Protection of the Hydrocarbon Sector (ASEA),
Mexico
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2019 Stats

4 .3Million

utility customers

631,000

retail customers

75,58Miles
of pipe

185Bcf

storage capacity

4,446

employees



Perforacion

. MEDIO AMBIENTE [J ASEA

AGENCIA DE SEGURIDAD,
ENERGIA Y AMBIENTE

Produccion

2N

~—
368,284 Km. 413,376 Km? +30,000 350

, - " ) pozos
sismica 2D sismica 3D terrestres

TRANSPORTE —

3 e [l

6 empr
+60,000 Km. 2,600 con permiso
de ductos

semirrem olq ues bu que-tanques de carro-tan qgues

111 Terminales
de Almacenamiento
de Liguidos

plataforma 1.7 millones de 4.8 billones de
marinas barriles diarios*

ft3* diarios

ALMACENAMIENTO

30 permisos 4 permisos
de almacenamiento de alma amiento
de Gas L.P de Gas Natural

TRANSFORMACION INDUSTRIAL

6

refine

procesadoras
de gas

DISTRIBUCION Y EXPENDIO AL PUBLICO

+12,000

Estaciones L’Og-7 F_’llc‘;:!nt_a_s
de servicio de e Distribucion
Diesel y Gasolinas

de Gas L.P.

—r

+50,000 Km de gas
para la distribucion de gas LP natural por medio de ducto

+20,000 vehiculos

2,274 Estaciones

de Servicio con fin
especifico de expendio
de Gas L.P.

=)

55 Estaciones
de Suministro de
vehiculos automotores GNC
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In the Mexican O&G industry
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Steps for emitting

January 8, 2017

November &', 2018

the rules

Benchmark

Development

Public
Consultation

Publication
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FEDF s

ENVIRONMENTAL
DEFENSE FUND®

Fmdmg the ways that work

CA CLEAN AIR
BB TASK FORCE

=CCAP

CENTER FOR CLEAN AIR POLICY
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Mexican rules for methane emissions

In the OIl & Gas industry

AnnuallmplementationReport /’ ’

Diagnosis
Assessellya 1/3Party

Mexico took a giant leap forward
in regulating methane emissions

Progranfor the Preventiorand

Preventiorand ControActions :
_ \ / Comprehensiv€ontrolof Methane
Continuoudmprovement Emissions

(PPCIEM)
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Enforcement of the rules to reduce methane emissions -
In the Mexican O&G Iindustry
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2019

A 3 workshopso socializethe ruleswith the industry (associations)
A Personameetingswith operatorsto fit eachproject

A Publicationof the callfor 1/ 3 Parties(December9th 2019
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2020

A Deliveringof PPCIEMvasplannedby February5th 2020

A PPCIEMs S NBd¢li@eiied on time becausethere is no 1/3 party authorizedyet, but operators has already
startedto developthem.

A We havereceivedseveralrequestfor receivingauthorizationto be 1/ 3 Party,but files are beingevaluated

A We still work with our partnersto enforcethe regs



( ASEA

~~ AGENCIA DE SEGURIDAD,
ENERGIA Y AMBIENTE

Adriana Lopez -de-AlbaG. - 9
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@ gob.mx/asea @ AgenciaASEA @ @agencia_asea
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Colorado Meth ane
Emissions Policies &

Reduction Efforts
for OIl & Gas

Tim Taylor, Planning Analyst & Rule Specialist, CR Seminar
Climate Change Unit February 22, 2021

COLORADO

% Air Pollution Control Division

Department of Public Health & Environment
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Colorado Methane Policies Summary

e Colorado hasbeen a leader in addressing emissions from oil & gas
since 2005 with a particular focus on methane since 2014

e Colorado wasfirst jurisdiction in the U.S. to adopt LDAR
requirements for upstream oil & gas operations and expand those
requirements to pneumatic controllers ( ind and fix0)

e Colorado has addressed emissions from all segments of oil & gas
from drilling and production to transmission and distribution

e Colorado continuesto explore waysto further reduce methane
emissions from oil and gas as mandated by statewide GHG and Qi
& Gas emissions reduction requirements adopted by Coloradod s
legislature and signed into law in 2019

F OF 2




Other Colorado Methane Reduction Efforts

e Optical GasImaging (OQd) Inspection Program
0 Ower 12,000 O inspections completed since 2013

O Individual facility emissions issue rate decreased from 42%to 12%
after first four years of program




Other Colorado Methane Reduction Efforts

e Storage Tank & Vapor Control Sysem Guidelines

O Joint effort with oil & gasindustry that describes technical and
practical considerations for design, operation, and maintenance

of vapor control systems at Cdorado oil & gasfacilities

GAS PIPELINE

SEP/VRT WRUS | TANK VRUs (IF APPL)

SEP/VRT ECDs
A =

VAPOR CONTROL SYSTEM

—_— — — % OTHER VAPOR
SOURCES/

I COMPOMENTS

1

1

L O

COMBUSTORS / FLARE
SYSTEM, ETC (IF APPL)



Notable Recent Colorado Methane Policies

Require use of non-emitting pneumatic controllers at new and
existing oil & gasfacilities

Require use of storage tank measurement systems

Storage tank hydrocarbon liquid loadout emissions control
requirements

Continuous monitoring for emissions at pre-production
(drilling/ completion) and early-production oil & gas operations

Emission control requirements for pre-production flowback
vessls

Prohibit routine venting and flaring of natural gas (Colorado Oil &
Gas Conservation Commission)

&



THANK YOU

Colorado Air Pollution Control Division
Oil & Gas Compliance and Recordkeeping web page:

https:// cdphe.colorado. gov/ oil-and-gas-and-your-healt h/ oil-
gas-compliance-and-recordkeeping

Tim Taylor otimothya.taylor@state.co.us
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Corporate & Policy Experiences Related to Quantification,
Mitigation & Reporting of Methane Emissions:
Lessons for the Future

February 22, 2021
Jasmine Urisk, Executive Director ¢ CHPH




@

Canadian Energy Partnership
for Environmental Innovation

B Straotegic Ineovatian Coliazoatan

2030 and 2050 dimate Policy and Legislation

A In 2017, the Federal government released a plan to meet CanadaQ 2030 target 30% GHG reductions
from 2005 levels

A Inlate 2020, the Federal government released an updated climate plan

A Infall 2020, the Federal government tabled a 2050 Net-zero Bill in the House with 5-year legislative
GHGtargets

METHANE REGULATIONSIN PERSPECTIVE

QLEAN FUEL oL
STANDARD A OUT
23MT 16MT CARBON
(formerly (2030) PRIANG
30MT)
METHANE -
(2030) METHANE 80-90 MT

21IMT

005) (2022) A
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Federal Regulatory Measures-
Methane Regulations

» Canadian Federal Regulations Respecting Reductionsin the Release of Methane and
Certain Volatile Organic Compounds (Upstream Oil and Gas Sector) published on April
26, 2018 under the Canadian Environmental Protection Act, 1999

» Qbjective - reduce methane emissions from the sector by 40 to 45%below 2012 levels

» Regulationsare phased in starting in 2020 and fully implemented by 2023

» Under provincial equivalency, provinces and territories can choose to develop their
own regulations, provided they can demonstrate equivalent emissions outcomes are
achieved; regulated sources and regulatory approaches/ requirements may differ

» British Columbia, Alberta, Saskatchewan have achieved equivalency, so federal
regulations stand down for next 5 years (except for Federally regulated pipeline
facilities) A
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Canada’s 2018 Methane Emissions with Oil & Gas Sector
Fugitiv es by Source Category (%)

Other

m Fugitives: Oil & Gas Production &
Sectors

Processing (including oil sands) (94.4%)

= Fugitives: Transmission & Storage (4%)
53 Mt CO.e, 58%

m Fugitives: Distribution (1.6%)

Sourc es: ECCC (2020) and CEPEI (2020). Fugitive methane emissions for T,S&D include venting, leaks, flaring and damage
events.
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Measurement/ Monitoring
(Federal Methane Regulations)
» Focusof LDAR Compressor and meter stations, natural gas and LNG storage facilities

» Detection Requirements: Optical Gas Imaging (OGl) or portable monitoring
instruments (HPA Method 21)

» Detection Frequency: Three times per year, at least 60 days a part

» Repair Requirements: Within 30 days of detection, if repair can occur when the
equipment is operating

A
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Measurement/ Monitoring- Lessons Learned

» Performance detection limitsin the field using the prescribed instruments, even in the
hands of experienced, well trained operators, are higher than resultsin lab

» Measurement equipment isin short supply

» Leaksfound are measured and most attempt to repair them immediately so surveyors
can confirm the repair without a return to the field

» Data management require a significant and ongoing transition in information and
process management systems
A Daily field data up loads
A Tie-insto work order systems
A Record keeping requirements

» Jill evaluating how to use the data for mandatory reporting and inventories l
6

» An off-ramp is needed when steady state is achieved
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Prescriptive vs Performance Based Regulation

» Transmission pipeline systems are embedded infrastructure and vary considerably
across Canada
A Opportunities/ costsfor methane reduction vary greatly

» Prescriptive requirementsrequire a foundational understanding of sources being
regulated and clear definitions
A Compressor seals operate as part of a system- isthe limit per seal or per
compressor, where is compliance measured and with what tools
A Annual facility venting limits- what Qin/ what @ not
A What mitigation options are available

» Understand the costs, especially of retrofits; we continue to work on that
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Contact Information

Jasmine Urisk, CE°PH Executive Director

Phone: 519-836-3739
Bmail: [jtu@sentex.net
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Duke

NICHOLAS INSTITUTE

FOR ENVIRONMENTAL POLICY SOLUTIONS

CORPORATE AND POLICY EXPERIENCES RELATED TO QUANTGATEINANNMREPORTING OF METHANE
EMISSIONS: LESSONS FOR THE FUTURE

Seminar co-organized by GIE/Marcogaz and cheniere

Kate Konschnik | 22 February 2021




REGULATORY APPROACHES

A Prescriptive or commanend-control
A Outcome or performancebased

A Incentives to replace equipment, infrastructure

A Informationbased
A Market-based
A Hybrid approach




Downstream Purchasing Power: Regulator
Strategies

PerformanceBased: California, Oregon Low
Carbon Fuel Standards (border adjustments)

IncentivesBased: RNG, synthetic gas production;
building electrification

Information. | A SRY AGDNBSY DI a¢
methane intensity LCA scores

Market-Based: ETS offsets
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Involvement of actors
Public concern]

Scientists 0]
Government and stakeholders ]
Stronger government role [

Government[_]

Business[T]

A4

Confirm policy and
enact regulation

'

Policy/regulation
implementation and monitoring

Re-assess policies/regulations in |
light of new understanding

Y

Figure 2. North American Methane Reduction Framework. This model builds upon pre-existing policy models, but is adapted to address the
challenge of methane emissions from natural gas production systems.

METHANE
ABATEMENT
POLICY: EFFICACY
TURNS ON THE
SCIENCE
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Please note that this session is held un@matham House Rule

For Q&A in all sessions:

1. Go tohttps://app.sli.do/event/vajnri5hor use this QR code

Ofelo
[=]

2. Enter Event Code: 88391

3. When the event loads, please select the CORPORTE session to enter your question


https://www.gie.eu/index.php/about-us/who-we-are
https://app.sli.do/event/vajnrl5h

Corporate experiences in monitoring, abatement and reporting

Moderator
Mathew Goldberg D MARCOGAZ, Environmental Assurance
Manager, National Grid Gas UK
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Corporate experiences in monitoring, abatement and reporting

China Case Study
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Han Jinli B Chief Engineer, Beljing Gas Group Company
Limited; Director of Information Technology & Executive
Director, Gas Branch, China Civil Engineering Society;
Director of the Information Working Committee & Executive
Director, China Gas Association
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Beljing Gas Methane Emission Reduction
Progress and Knowledge -Sharing

February, 2021




