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Presentation Outline

= What is natural gas?

= Lower Carbon Gas

= Gas wells

= Gas storage and delivery
= Gas measurement
=Natural gas advantages
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What is Natural Gas?

~g

Natural Gas

= Natural gas is a nonrenewable source of energy used primarily
for heating and generating electricity

= Combustible hydrocarbon

= Primarily Methane (CH,)

" Found in underground reservoirs
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Properties of Natural Gas

. o .
Natural gas is 94% Methane with
other trace elements.
Trace elements in Natural Gas: Methane (CH,) —_
Ethane - 3.60%
Nitrogen - 1.80%
Carbon Dioxide - 1.00%
Propane - .80% Ethane (C,H) Energy
Butane - .29% Components
Pentanes - 13% Sadmed netts
Hexane - .08% Fropane (CiHy? e
Water - .01%
Butane (C H )
Condensates (C.H, -CH, ) ==
Nitrogen (N.) =] -
Carbon Dioxide (CO) :z;:::;ﬁ{s
Hydrogen Sulphide (H,S) (Not in order of
S Helium (He) Abuneanee)
W Esc 2019 Canadian Gas Association Playbook - 5

Properties of Natural Gas Vapor Density

Natural Gas is lighter than air and rises
and dissipates into the atmosphere

f Propane is heavier than air and falls
‘// (Firemen do not like propane leaks as
the propane collects at floor level.)
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Photos by Unknown Author are licensed under

30% lighter
than air
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Properties of Natural Gas

= Measured by B.T.U. (British Thermal Unit)
= Amount of energy required to raise one |b. of water 1 degree Fahrenheit
= Natural Gas approximately 1037 BTU/CF
= Propane approximately 2500 BTU/CF

Natural Gas

T

Propane

~1037 Btu'’s per cubic foot 2500 Btu’s per cubic foot

Approximate Gas Comparisons

Natural Gas

Approx. Range of Vapor Density Approximate
Flammability ° Ignition

(% mix with air) (Ete=141) Temperature

Hydrogen

Propane

Gasoline
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Natural Gas Liquid Attributes
- /_
NGL Attribute Summary eia
Natural - -
Chemical —— Primary
f‘:as' . Applications End Use Products By
Liquid
CaHg Ethylene for plastics Plastic bags; plastics;
Ethane production; petrochemical  [anti-freeze; detergent Industrial
feedstock
CHs Residential and commercial {Home heating; small Industrial,
Propane h heating; cooking fuel, stoves and barbeques; | Residential,
petrochemical feedstock LPG Commercial
CiHyp Petrochemical feedstock; Synthetic rubber for Industrial
Butane Jﬂ" blending with propane or tires; LPG; lighter fuel Trans onali.on
gasoline P
CiHy Refinery feedstock; Alkylate for gasoline;
(sobutane ;J petrochemical feedstock aerosols; refrigerant Industrial
CeHiz Natural gasoline; blowing Gasoline; polystyrene;
Pentane 1 agent for polystyrene foam  [solvent Transportation
- = https://www.eia.gov/todayinen
Blending with vehicle fuel;  |Gasoline; ethanol ergy/detail.php?id=5930
Pentanes | Mix of CsH:; (exported for bitumen blends; oil sands Transportation
Plus* and heavier |production in oil sands production P
&/ ESC
C indicates carbon, H indicates hydrogen; Ethane contains two carbon atoms and six hydrogen atoms 9
*Pentanes plus is also known as "natural gasoline.” Contains pentane and heavier hydrocarbons
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Natural Gas Safety

Natural Gas Upper Explosive Limit (U.E.L) is ~15% gas in air
Natural Gas Lower Explosive Limit (L.E.L) is ~¥5% gas in air

\ |

100% Vol

TOO RICH FOR COMBUSTION

COMBUSTIBLE MIXTURE

TOO LEAN FOR COMBUSTION

0% Vol

Natural Gas will not ignite in air if there is less then 5% gas or more than 15% gas in that air.

https://www.enggcyclopedia.com/2011/10/gases-explosive-levels/
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Characteristics of Natural Gas

Mercaptan is a foul-smelling gas that is added to natural gas.

Since natural gas is colourless and odourless, mercaptan acts as
an odorant to make it easier to detect.

It is added as a safety measure to ensure that natural gas leaks do not go

undetected.

= 1 |b. Per 10,000 gallons for propane Smells like

= % |b. Per million cubic feet of natural gas rotten eggs.

Helps people
identify a gas
leak.

N

@ESC ,

https://www.columbiagasohio.com/stay-safe/what-to-do-when-you-smell-gas/what-is-mercaptan-

Natural Gas Safety

Complete combustion = heat, carbon
dioxide & water vapor

Incomplete combustion produces
carbon monoxide

Y
m
n
0
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Natural Gas Accounts for Almost
of Energy Consumption

total = 97.33 quadrillion
British thermal units (Btu)

nuclear
electric

power
8% coal

1%
petroleum
36%
renewable

energy 12%

/_-\ April 2022, preliminary data
ela’ Note: Sum of components may not equal

&/ ESC

1/3

U.S. primary energy consumption by energy source

total = 12.16 quadrillion Btu

w— 2% - geothermal

12% - solar

19% - hydroelectric

27% - wind

4% - biomass waste

19% -

. e

biofuels biomass

40%

Data source: U.S. Energy Information Administration, Monthly Energy Review, Table 1.3 and 10.1,

100% because of independent rounding.

Source: Dept. of Energy, Energy Information Administration, AEO
https://www.eia.gov/energyexplained/?page=us_energy_home

Natural Gas Basics
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Natural Gas Accounts for Almost
of Energy Consumption

Energy production by source

AEO02022 Reference case

quadrillion British thermal units
2021

50 history ' projections dry natural
gas
40 | crude oil and
lease
30 | condensate
, other
renewable
20 energy
l coal
10 natural gas
plant liquids
- nuclear
0 - 18 hydro

1980 2000 2010 2020 2030 2040 2050

&/ ESC

EIA’s Annual Energy Outlook 2022

1/3

Energy consumption by fuel
AEO2022 Reference case
quadrillion British thermal units
2021

50 history | projections
Ty | proj petroleum
| and other
40 liquids
natural gas
30
| coal
other
20 | renewable
| energy
10 nuclear
hydro
0« ! -

1990 2000 2010 2020 2030 2040 2050

Note: Biofuels are shown separately and included in petroleum and other liquids.
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Per Household Gas Use Decreasing
(Energy Efficiency Success Story)
Millions of . Tcf/Year
Homes Gas Customers vs. Gas Consumption
68.00 6.00
66.00
5.00
64.00
62.00 4.00
60.00
3.00
58.00
56.00 2.00
54.00
1.00
52.00
50.00 0.00
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
mm Customers (Millions) == Sales Volumes (Tcf/Year)
N
W Esc AGA Data 15
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How Gas Is Formed

= Millions of years ago remains of plants & animals decayed and built up in
thick layers

* Mud & soil changed to rock, covered & trapped the organic material
beneath the rock

= Pressure & heat changed some of this organic material into coal, oil & gas
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No portion of this material may be reproduced without the expressed written consent of the
Energy Solutions Center Inc.



\\ ENERGY

SOLUTIONS
CE NTER

What is Natural Gas

Natural Gas Basics

Unit 2: Natural Gas Wells, Storage, Delivery, Measurement & Fracking

OCEAN
300-400 million years ago

| %
Tiny sea plants and
animals died and
were buried on the
ocean floor. Over
time, they were

covered by layers of
silt and sand.

ESC

OCEAN
50-100 million years ago

Sand & Silt

Plant & Animal Remains

Over millions of
years, the remains
were buried deeper
& deeper. The
enormous heat and
pressure turned
them into oil and
gas.

https://www.eia.gov/energyexplained/natural-gas/

Sand & Silt
Rock

Oil & Gas Deposits

Today, we drill down
through layers of
sand, silt & rock to
reach the rock
formations that
contain oil & gas
deposits.

17

Hydrocarbon Creation

/
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Gas
Cap = —

B !,._;Migration

Generation

https://www.eia.gov/energyexplained/natural-gas/

7%)7?@7
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Locating Natural Gas

® Locating the gas
= Geologists and Scientists look for types of rocks typically found near natural
gas deposits and then use seismic surveys to try and pinpoint areas to drill

19

Hydrocarbon Creation

RECORDING VIBRATOR
TRUCK — i TRUCK

SOUND
WAVES

RETURNING :‘E@# .

Source: Terrex Seismic 20
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Lower Carbon Gas

= Renewable Natural Gas
= Hydrogen
= Responsibly Sourced Gas

Renewable Natural Gas

RNG is made by capturing and refining biogases released from decomposing organic
methane while they decay, with agriculture accounting for 36% of methane emitted

fossil fuel consumption and prevents the greenhouse gas methane from entering the
atmosphere. RNG is considered a carbon neutral fuel

RNG is interchangeable with conventional natural gas and can be used in residential,
commercial, industrial, and transportation applications. In high feedstock availability
scenarios, RNG production could be enough to cover 59 percent of industrial or 93
percent of residential natural gas demand.?

ﬁ—&‘ Esc 1. https://www.epa.gov/sites/default/files/2019-06/documents/methane_emissions_overview_may2019.pdf
ﬁ 2. https://gasfoundation.org/wp-content/uploads/2019/12/AGF-2019-RNG-Study-Full-Report-FINAL-12-18-19.pdf

waste material. Unutilized agricultural byproducts such as manure and plant matter emit

annually in the United States.! Using these biogases as RNG feedstock directly displaces

~g
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RNG Production Technologies

Anaerobic Thermal

Power to Gas

Digestion Gasification
o landfill gas (LFG) s Agricultural residue * Renewable electricity
o Animal manure o Forestry and forest
» Water resource recovery productiresidue
facilities (WRRF) o Energy crops
e Food waste *  Municipal solid waste
(MSW)

23

https://gasfoundation.org/wp-content/uploads/2019/12/AGA_3894-RNG-2-Pager_V-11.pdf

RNG Resource Potential
18,000
16,000
14,000
1,652
B 12,000 Industrial
= 10,000 13,963
= Techn}écal Reslaurae
- 8,000 otentia
3,318
6,000 Commercial
4,000 High Resource
L
4,846 Potential
2,000 Residential =
esidentia 4513 1913 - I.OWRE:SGHFGE
0 : ' Potential
Natural Gas Demand by Sector ~ Renewahle Natural
(2009-2018 Average) Gas Potential
7 Esc Source: American Gas Foundation, “Renewable Sources of Natural Gas. 2
Supply and Emissions Reduction Assessment”, 2019
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Hydrogen

FOSSIL RESOURCES BIOMASS/WASTE

* Low-cost, large-scale hydrogen
production with CCUS

= New options include byproduct
production, such as solid carbon

+ Options include biogas reforming and
fermentation of waste streams

« Byproduct benefits include clean water,

electricity, and chemicals

Coal
Gasification
with CCUS

Biomass
Conversion

A\
Natural Gas

Conversion
with CCUS

+ Electrolyzers can be grid-tied, or directly
coupled with renewables

+ New direct water-splitting technologies

offer longer-term options

Hydrogen can be produced in several ways. The most common method is through steam-methane reforming (SMR),
which uses high-temperature steam to heat methane from natural gas, producing hydrogen and carbon dioxide. More
than 90% of hydrogen produced today is through SMR?. Alternatively, hydrogen can be produced via electrolysis, which
uses an electrical current to split water molecules into oxygen and hydrogen. Natural gas pipelines and combustion
equipment can incorporate hydrogen in blends up to 30%, depending on equipment design and application.?

H,O SPLITTING

Direct-

Low Temp.
Electrolysis

- Electrolysis|

ps://fsr.eui.eu/hydrogen-in-the-energy-transition/
2. https://www.energy.gov/sites/default/files/2021-08/hyblend-tech-summary.pdf

https://www.energy.gov/eere/fuelcells/hydrogen-production-pathways

Natural Gas Basics

Unit 2: Natural Gas Wells, Storage, Delivery, Measurement & Fracking
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Colors of Hydrogen

Black Hydrogen

&/ ESC

https://globalenergyinfrastructure.com/articles/2021/03-march/hydrogen-data-telling-a-story/

Terminology Technology Feedstock/ GHG
Electricity source footprint™
- Wind | Selar | Hydro
g '5 Green Hydrogen Geothermal | Tidal
E = Minimal
S E Purple/Pink Hydrogen Electrolysis Nuclear
E:
e
ag Mixed-crigin grid energy Medium
Natural gas reforming + CCUS
Blue Hydrogen Gosw’ﬁcuﬁon 2 CCUSQ Natural gas | coal Low
2 . g Solid carbon
Sq Turquoise Hydrogen Pyrolysis by produc)
5 g Natural gas
= : Grey Hydrogen Matural gas reforming Medium
ag
g i Brown Hydregen Brown coal (lignite)
Gasification High

Black coal

*GHG footprint given as a general guide but it is accepted that each category can be higher in some cases.

26
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Hydrogen Production

o BLUE AND BLUE HYDROGEN GREEN HYDROGEN
GREEN HYGRODEN o,

RENEWABLE

Hydrogen produced through ENERGY
low carbon pathways, suchas
blue or green hydrogen, can  rueL H, o u
be injected into existing - -
natural gas pipelines to lower REFORMS NATURAL GAS (CH4) HYDROGEN FROM ELECTROLYSIS OF
the carbon content of the fuel. AND CAPTURES CARBON AL rowrn.on
A WORLD-FIRST FOR CLEAN HYDROGEN

6 HYDROGEN PRODUCTION OFFSHORE RENEWABLE ELECTRICITY SAFELY ZERO CARBON

FROM EXCESS RENEWABLES o5 WIND . PRODUCES HYDROGEN STORED  HEATING FOR HOMES.

Excess renewable energy can be used ™2
to power electrolyzers and preduce
hydrogen. Existing natural gas
infrastructure can be used to provide
long-duration storage of hydrogen,
complementing shorter-duration
battery storage systems.

N ESC Source: DOE, “How Wind Energy Can Help Hydrogen Contribute to a Zero-Carbon Future”
W 27

V
Responsibly Sourced Gas (RSG)

A core concern for the natural gas industry is methane emissions from unintentional leaks when natural gas is extracted,
processed, and transported. Responsibly sourced gas (RSG) is conventional natural gas that has been certified by a third
party to verify that its procurement, i.e., the collection and delivery of the gas, meets a set of environmental criteria. RSG
is also referred to as certified natural gas, differentiated gas, green gas, independently certified gas, and reduced-carbon
natural gas.

Production Gathering and Transmission Distribution to
Segment Processing and S g! G iti

In order to certify natural gas as responsibly sourced, it must undergo a formal process that uses technology to quantify
and monitor emissions. Certifications help organizations ensure their gas is sourced with minimal environmental and
societal impacts.

&/ ESC "
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PRODUCTION
SEGMENT
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RSG Certification Processes

MiQ is a methane emissions The Equitable Origin also TrustWell (through Project
certification standard that certifies natural gas producers Canary) offers similar
currently certifies over 4% of by assessing their methane certificates, but they differ
the global gas supply.? emissions across their from EO100 and MiQ in that
respective supply chains. they require continuous

METHANE LEAKS FROM ALL SECTORS OF THE NATURAL GAS SUPPLY CHAIN

monitoring of emissions data.?

GATHERING AND TRANSMISSION DISTRIBUTION TO
PROCESSING AND STORAGE COMMUNITIES

Source: Breaking Energy, “Want to Cut Emissions? Go Where the Emissions Are®

29
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Drilling Rig
Casing
Drill Pipe
Bit
% Esc S : AGA
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Natural Gas Resources

conventional
nonassociated

/ gas

é land surface

sandstone

Source: Adapted rom United States Geological Survey factsheet 0113-01 (public domain)

https://www.eia.gov/energyexplained/natural-gas/

Schematic geology of natural gas resources

coalbed methane

conventional
associated gas

tight sand

32
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Directional Drilling

Source: American Petroleum Institute

33

Completed Well

= Gas wells must be
closed off or sealed
when they are finished
being used

34
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U.S. Shale Gas Deposits

[0 Cument play - oldest stacked play ,
[ current play - intermediate depth/age stacked play -~ o/
[ Current play - shallowestyoungest stacked play

I Prospective play

B (e | z https://www.eia.gov/maps/images

* Mixed shale & chalk play Ty vy v ) =

deshalu&llr\empb . e LN [shale_gas_lower48.pdf

~ Mixed shale & dolostone-siltstone-sandstone play - =
**** Mixed shale & limestone-siltstone-sandstone play B AAnformat u 35

U.S. Shale Production

Dry natural gas production by selected shale play
trilli bic feet
20|oncu ic feef 2021 -
history | projections ntrim
Barnett
Woodford
Eagle Ford
Other
Utica
Marcellus
2000 2010 2020 2030 2040 2050
Note: Other includes natural gas production from other tight oil formations.
Esc https://www.eia.gov/outlooks/aeo/ 36
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Shale Gas Deposits in Canada

Major Areas of Exploration Activity
g i \SSERAS N L O7
. { . ¥
U W

Shale Gas Resources
— 1| T Bowser Basin
s T Colorado Group

| W Jurassic and Paleozoic

? Devanian Shales

iy e i

= e
etonian Age Michigan Basin

Sewrce: Canadian Sociaty for Unconventional Gas

Canacdi

https://kaymor.ca/2015/02/02/liquid-natural-gas-albertas-saving-grace/

&/ ESC

\ ! 4 Aﬂsmn Bluft Fm
.y ‘ I - o
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Shale- One Source of Natural Gas

= Sedimentary Rock - combination of clay,
silica, carbonate and organic materials

= Typically collects at the bottom of large
lakes, deep seas or oceans

= Bacteria feeds on the organic material,
producing oil and natural gas

Source: National Energy Board - Canada
A Primer for Understanding Canadian Shale Gas - Energy Briefing Note  ISSN 1917-506X

&/ ESC

Dark layers are shale, light layers are limestone.
A writing pen is shown for scale.

38
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fractures open

Source: National Energy Board - Canada

Basics of Fracking

= Pump Fluid into the well at high pressure
® Pressure creates Fractures in the shale
= Filler material mixed with fluid keeps

= Natural Gas then able to move to the well

A Primer for Understanding Canadian Shale Gas - Energy Briefing Note  ISSN 1917-506X
https://publications.gc.ca/collections/collection_2011/one-neb/NE4-2-6-2009-eng.pdf

Horizontal Drilling for Shale Gas

ExniBiT 30: CasING ZONES AND CEMENT PROGRAMS

2000 — [ Sat Water Zane | ¢

Operators have strong
economic incentives to ensure
that fractures do not
propagate beyond the shale

= Waste of materials, time, and money

= Potential loss of the well and the
associated gas

= |ead to excess water production from
adjacent strata — increasing production
costs

Source: www.netl.doe.gov/technologies/oil-gas/publications/EPreports/Shale_Gas_Primer_2009.pdf

40
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Drilling for Shale Gas

Drill Rig
&/ ESC

Diamond
Drill Bit

Water Storage

Natural Gas Basics

Unit 2: Natural Gas Wells, Storage, Delivery, Measurement & Fracking

41

Producing Shale Well

&/ ESC

Control Shed

Heaters

42
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U.S. Natural Gas Production

Dry natural gas production, AEO natural gas supply cases
Reference case
trillion cubic feet

60 1
history | projections

50 |

|
40 |
30
20

10

0
2000 2010 2020 2030

2040

Note: Tight and shale gas includes tight gas, shale gas, and natural gas from tight oil formations.

tight & shale gas

2050  other

other Lower 48 states onshore
Lower 48 states offshore

43

Abundant Gas Supply

= Gas Production = 34.5 Tcf

= NG from Canada = 2.5 Tcf

=  Gas Consumption = 30.7 Tcf

= Known reserves = 473.3 Tcf

= Technically recoverable gas = 3,368 Tcf

2023 AGA Playbook, https://playbook.aga.org/natural-gas-data

Rocky
Mountain

564 Tct

600 Tet

North
Central

AR

J
5 Atlantic
_’r‘ 1.328 Tet

G I
Gulf Coast  /
542 Tef

44
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Natural Gas Storage & Delivery

How Gas is Stored and Delivered

= Gas can be stored in huge storage tanks, in underground wells, or in
liguefied form

&/ ESC "
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Underground Storage

=
Figure 1. Types of underground natural gas storage facilities e’ia

A Salt caverns
B Mines
C Aquifers
D Depleted reservoirs
E Hard-rock caverns

Source: PB-KBB, inc., enhanced by EIA.

47

https://www.eia.gov/naturalgas/storage/basics/

Working gas in underground natural gas storage in
the United States, 2019-2022

= All Storage Fields
trillion cubic feet
Other than Salt Caverns

Salt Caverns

https://www.eia.gov/naturalgas/monthly/pdf/figure_05.pdf
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Underground Gas Storage

U.S. Lower 48 Underground Natural Gas Storage Facilities, by Type

Yv v

WA ND

oR v v s

West Region

Reservoir Type Sites
A saltCavem £
® Aquifer 43
¥ Depleted Reservoir 331

Note: L th Some

L

&/ ESC

\\\\\\\

5. Enengy Information A dministration, F orm E1A-1914, *Annual Ungderground G as Storage Report

GA

g 1“"&". 224

NC

scC

'; East Region

v‘wf

’m) NS

VA

nc

DE

VT
NH

MA
cT Rl
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Liquefied Natural Gas (LNG)

= LNG is natural gas that has been chilled down to minus 160 degrees

Celsius and compressed.

= Roughly 600 CF of natural gas can fit in 1 Cubic foot of LNG.
= LNG is constantly boiling off vapor.

= LNG can be stored or transported.

= LNG is often used to meet peak day demands

= LNG must be re-gasified before use with consumers

&/ ESC

12”

12”
LNG
600 CF

12”
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LNG Storage Tank

51
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LNG Transportation

Tanker Truck

These Photos by Unknown Authors are licensed under CC 8Y-NC

Rail Car

52
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LNG Imports & Exports

billion cubic feet

3,600
3,400
3,200
3,000
2,800
2,600
2,400
2,200
2,000
1,800
1,600
1,400
1,200
1,000

800

600

400

200

U.S. LNG imports and exports, 1985-2021

A
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Pipeline Construction

= FERC or state approval
= Submit plans & economic studies
= Show need
= Environmental impact statement

= Obtain right-of-way
= Construction
= Trench & directional drill

= |[nstall & connect protected pipe
= Backfill

&/ ESC

54

© Energy Solutions Center Inc.

No portion of this material may be reproduced without the expressed written consent of the

Energy Solutions Center Inc.



N\ ENERGY Natural Gas Basics

=
/// SOLUTIONS Unit 2: Natural Gas Wells, Storage, Delivery, Measurement & Fracking

CENTER

Interstate Pipeline Network

@ Interstate Pipelines
@ Intrastate Pipelines

= 2.6 million mile underground system

=~2.2 million LDC, ~300,000 Transmission
% Esc Source: AGA Playbook o

How Gas is Stored and Delivered

Natural Gas Delivery System - )

5.6 Million Commercial Customers
71.9 Million Offices, Hospitals, Hotels & Restaurants

i Households
Producing e
Wells + &6 Million
Houzehoids -
-

Utility ol Regulator !” i
1 > Underground <ar Meter % -"ﬁ E

' Storage \< i o p

i = R LDICt i egulator

& g Transmission egulator y Meter

ke Underground "/l\

o

Com::;:si:;r Storage SupplementdlL® ‘|>

Processing El g Fuels - LNG, LPG i
Plant Ay !' City Gate qPq = =y
=

i -
T
Regulator /'. Regulator
“ Meter l—l"‘ Meter
- § Regulator/  MINIZE/NE

Meter TRANSMISSION
LINES e

2.3 million

Miles in U.S.

182,000 Factories
And Manufacturers

1800 Electric
Power Plants
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Data from AGA’s 2023 Playbook, https://playbook.aga.org/natural-gas-data, Image from an older Playbook
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Transportation System
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'
’ COMPRESSOR STATION
- = |
,
.
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GATHERING
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COMPRESSOR STATION

CITY GATE
REGULATORS &
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N
W Esc UNDERGROUND STORAGE
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Natural Gas Measurement
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Natural Gas Measurement

= Get’s tricky.................

= | DC (Gas Utility) buys natural gas in
Therms
= Buy on heating value
= LDC often sells gas to
consumers in Cubic Feet
(U.S.) or Cubic Meters (Canada)

= Sell on volume

CONTINUED

&/ ESC "

Measurement Continued

= 1 British Thermal Unit (BTU) is the amount of heat required to raise 1
Pound of water by 1°F at atmospheric conditions

= 1 Therm = 100,000 BTU

= 1 Deca Therm =10 Therm or 1,000,000 BTU

= 1 Cubic Foot (CF) = approximately 1,037 BTUs (varies)
= 1 MCF Gas = 1,000 CF = 1,037,000 BTU

= 1 Cubic Meter = 35.31435 CF

&/ ESC "
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= Meters

= Rotary meters
= Turbine meters
= Orifice meters

&/ ESC

The Utility Cash Register

= Diaphragm/bellows meters

of fuel consumed

&/ ESC

The Utility Metering Function

= The gas meter is a specialized flow meter, used to measure the volume

= Used at residential, commercial, and industrial buildings

= Gas is more difficult to measure than liquids, as measured volumes
are highly affected by temperature and pressure

= Gas meters measure a defined volume, regardless of the pressurized
quantity or quality of the gas flowing through the meter

= Temperature, pressure and heating value compensation must be
made to measure actual amount and value of gas moving through the meter

~g

62

© Energy Solutions Center Inc.

No portion of this material may be reproduced without the expressed written consent of the

Energy Solutions Center Inc.



S\ ENERGY

Natural Gas Basics

\
‘/// gghl#;’:?NS Unit 2: Natural Gas Wells, Storage, Delivery, Measurement & Fracking

The Utility Metering Function

= The volume of gas flow provided by a gas meter is just that, a reading
of volume

= Gas volume does not take into account the quality of the gas, the
amount of heat available when burned

= Utility customers are billed according to the heat available in the gas

= The quality of the gas is measured and adjusted for in each billing cycle

&/ ESC
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The Utility Metering Function
= To convert from volume to thermal energy, the pressure and
temperature of the gas must be considered

= Pressure is not a problem; the meter is simply installed
downstream of a pressure regulator and is calibrated to read
accurately at that pressure

= Pressure compensation occurs in the utility's billing system

= Varying temperatures — some meters are designed with built-in
temperature compensation to keep them reasonably accurate
over their designed temperature range

&/ ESC
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The Utility Metering Function
= Any type of gas meter can be obtained with a wide variety of
indicators (read outs)

= The most common are indicators that use multiple clock hands
(pointer style) or digital readouts similar to an odometer

= Remote readouts of various types are also popular with larger
commercial & industrial customers

& ESC - .
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Advantages of Natural Gas
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Gas and the Environment

= Natural gas is the cleanest burning fossil fuel _

» When burned, it produces virtually no emissions of sulfur dioxide or
particulate matter and far lower levels of "greenhouse" gases and
nitrogen oxides than oil or coal

= Unlike the oil, coal and nuclear processes, the natural gas process
produces virtually no solid waste

= Natural gas is delivered to the customer with around 92% efficiency,
compared to electricity which is around 38%

T
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Site vs. Source

Direct Use of Source Enoray
Natural Gas: 100

Converting to 100
Electricity: MMBtu

&/ ESC

2023 AGA Plavbook, hitos://plavbook aea ore/natural-cas-datg

Extraction, Processing Generat
& Tramssortation "’“ ik 1o Cuntomar
¥ 7% Energy Loss ¥ 1% Energy Loss 92

93 mMBtu

= = 92 mmety MMBtu

. therefore
no energy is lost ‘
J

Extraction, Pro<essing
& Tramspontation
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Residential Gas vs. Electric Appliances

Electric Electric
e e (AII Sources) (F055|I Fuel)

NOXx (pounds/year) 6.70

SO2 (pounds/year) 0.04 62.41 85.79

CO2 (pounds/year) 8,514.78 _—
Acres of forest to remove add CO2 from electric 0.73 1.33

Number of cars removed (gas vs. electric) _—

&/ ESC

Less emissions with natural gas than electric on a source basis:
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Advantages of Natural Gas

= Domestic Product

= Approximately 85 % of natural gas is produced in the US with
almost all the remainder coming from Canada

= Reliable

= Ample supply

= Competitively priced

= Environmentally friendly

= Greater comfort

&/ ESC
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Thank You

Consider taking the on-line test while
course material is fresh in your mind

400 North Capitol Street, 4th Floor
Washington, DC 20001

escenter.org

© Energy Solutions Center Inc.
No portion of this material may be reproduced without the expressed written consent of the
Energy Solutions Center Inc.



