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Alison Thompson

ABC Energy

Today we're going to learn more about:
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ABC Energy
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ABC Energy
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SOURCES OF ENERGY NATURAL GAS

Today we'e going to learn more about:
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José's m

ights In his closet, showered
in a bowl and addec
Youlube videos, then pl

José used his elegtric to

betore putting on shoes ‘
chair. Jose g‘omwe school bus for

| INGAA

FOUNDATION

Jose woke up before imrise because‘e alar

the refrigerator.
ne dishes in‘the d
ush an

NiNg

IN Warm water, put

fixed his hair wit

OW We USe energy every day.



José's morning

One example of how we use energy every day.

DIRECT ENERGY USE
a“l \§;:?.
7 Lilf i\
ALARM CLOCK CLOSET LIGHT HOT WATER REFRIGERATOR INTERNET ELECTRIC TOOTHBRUSH HAI-R%DRYER SCHOOL BUS SCHOOL
INDIRECT ENERGY USE

BED HOUSE CLOTHES & SHOES ~ CEREAL, MILK & BOWL ~ SCREEN & BATTERY ~ SINK, TOOTHPASTE & BACKPACK
HAIR PRODUCT

| INGA A Source: Switch Classroom

FOUNDATION



Which country uses the most energy?

TOP 10 BIGGEST ENERGY-CONSUMING COUNTRIES (BILLION kWh 2020)

160
140
120
100
80 =
—— |
60 el . N
—_—
40 —
20
14.1 13.4 12.7 12.3 12.2
0
< > @ N
CHINA UNITED INDIA AUSSIA JAPAN CANADA BRAZIL S YAl IRAN
INGAA Source: Energy Institute and the Institute for Energy Research

FOUNDATION
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Some are living withoutaceess to energy

A lot of people in the world live in energy poverty.
Energy poverty Is ’me ack Qf access 10
sustainable modern energy services and.-
“products and can be found i n all conditions
where there is a lack of adeq uate affordable,

reliable, quality, safe and environmentally sound
energy services to support development,

INGAA

FOUNDATION



Energy poverty exists globally

Annual Electricity Consumption

2500

2000

1500

Per capita kWh/year

1000

- ~ >~
500 — L, — - /\S

vy -
- 109 144 157
0
Ethiopia Tanzania Nepal Kenya Ghana Pakistan Your Fridge Mexico Your AC
INGAA Source: dataworldbank.org
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http://data.worldbank.org

Renewable energy sources

These sources of energy are virtually unlimited, but not é\ways constant,

A

INGAA |
BIOMASS
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Manufacturing renewables

Critical minerals used in the manufacturing of renewable energy.

COBALT  NICKEL

LITHIUM

REES

CRROMIUM

/INC

PGMs

ALUMINUM

BIOENERGY

GEOTHERMAL

NUCLEAR

ELECTRIC NETWORKS

P
-
—O
—O
1
»w)

EVS/BATTERIES

HYDROGEN

INGAA

FOUNDATION

= HIGH === MODERATE

LOW

Source: International Energy Agency



Non-renewable energy sources

These sources of energy are constant, but limited resources.

OIL NATURAL GAS COAL NUCLEAR

INGAA

FOUNDATION



U.S. primary energy consumption by source

1% GEOTHERMAL

CUCLEAR 11% SOLAR

FLECTRIC 10% HYDROELECTRIC

POWER >f
0, .
PETROLEUM 4 COAL /i\ ’i\ S
38% e
O s 59 BIOVASS WASTE
32% BIOFUELS
NATURAL GAS :
3607 60% BIOMASS

23% WOOD

Source: U.S. Energy Information Administration (EIA)
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Who uses the energy?

All of these rely on energy.

INDUSTRY
35%

INGAA Source: U.S. Energy Information Administration (EIA)
FOUNDATION



Global energy consumption mix

GLOBAL ENERGY (MILLION TONS OF OIL EQUIVALENT)
16,000 WIND

SOLAR \BIOI\/IASS

14,000 YDRO |
12,000 i
10,000 NATURAL

GAS
»o0 Today, no
6,000 ML source of
4,000 primary energy
2,000 con. 1S decreased

) globally.

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

INGAA Source: BP Statistical View of World Energy (2018)
FOUNDATION



Future global energy consumption mix

GLOBAL ENERGY (EXAJOULES)

800 BIOMASS

/00

600

500 NUCLEAR .

00 ~ Avportfolio of
VR energy sources

30 s needed for

200 o affordable,

100 — reliable, secure

COAL
) energy.

1965 1975 1985 1995 2005 2015 2025 2035 2045 2055 2065

| INGAA Source: BP Statistical View of World Energy (2018)
FOUNDATION



Energy In our homes

Electricity 1s created at power stations and delivered through power lines.

[t takes all kinds of energy OF THE

to power our lives each day. CO,\E%T@;DE PNEﬁﬁE

UNITED STATES

INGAA Source: eia.gov

FOUNDATION


https://www.eia.gov/kids/energy-sources/electricity/electricity-in-the-us.php

What uses the most energy in our homes?

AIR CONDITIONING
SPACE HEATING

WATER HEATING
LIGHTING
REFRIGERATORS

HOME ENTERTAINMENT
CLOTHES DRYERS
CEILING FANS

AIR HANDLERS: HEATING
SEPARATE FREEZERS
COOKING
DEHUMIDIFIERS
MICROWAVES

POOL PUMPS

AIR HANDLERS: COOLING
HUMIDIFIERS
DISHWASHERS
CLOTHES WASHERS
HOTTUB HEATERS
EVAPORATIVE COOLERS
HOTTUB PUMPS

ALL OTHER MISC

()
2

2% 4% 6% 8% 10% 12% 14% 16% 18%

INGAA Source: U.S. Energy Information Administration (EIA)
FOUNDATION



America's top source for electricity generation

Natural gas generates about 43% of American electricity.

SOURCES OF U.S. ELECTRICITY GENERATION

NATURAL GAS
43%

e NUCLEAR
W 19y
Nt COAL
16%

Source: U.S. Energy Information Administration (EIA)



" Data Centerstax the power gnd

& e -r'
- U.S. DATA CENTER ENERGY DEI\/IAND
40
By 2026, data centersiare | (B |7 g lekE bl e
prOJected to Conaume 6% of
America's total electricity. o
= 20
= ~ & . “ ¥
o- PP TS 10
0 — - — B
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
INGAA | ‘ v | . . Source: McKinsey and Company, January 2023
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Workers in energy

HOW many people work to ensure you have the energy you need?

‘ Increase In women
working In energy
— k in 2022

energy sector
Jobs added in 2022

FOUNDATION


https://usafacts.org/state-of-the-union/energy/
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Natural gas plays a pivotal role In our energy mix

NATURAL GAS CONSUMPTION
BY SECTOR NET GENERATION BY ENERGY SOURCE
" 900,000 832,41
= 621,853
TRANSPORTATION = 600,000 — -
4% % 427933
............ —— 3 000 — - L 232,953
T 103,930
ELECTF;I7C%F)’OWER : T
COMMERCIAL e NATURALGAS ~ COAL NUCLEAR HYDRO ~ RENEWABLE* PETROLEUM
11% P "
NDUSTRIAL INDUSTRIAL SECTOR ENERGY CONSUMPTION
12,000 16,793
RESIDENTIAL _ 8,455
15% & 8,000 — -
§
§ 4000 — W 2,297
; il 194 3.07
NATURALGAS PETROLEUM  BIOMASS COAL RENEWABLE*  HYDRO
| INGAA *Non-hydro, non-biomass renewables Source: U.S. Energy Information Administration (EIA)
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How IS natural gas formed?

Natural gas 1s what we call a fossil tuel.

300-400 MILLION YEARS AGO 50-100 MILLION YEARS AGO

Ocean
Sand and Silt

Ocean Rock

Sand and Silt

Plant and
Animal Remains

Oil and Gas

Jeons
Sand and Silt eposits

INGAA

FOUNDATION



Where do we find natural gas today?
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The journey of natural gas

NATURAL GAS PIPELINE NETWORK Y

GATHERING ;PROCESSING : TRANSMISSION

UNDERGROUND
STORAGE

INDUSTRIAL
CUSTOMERS

GAS-FIRED ELECTRIC
POWER PLANT

po
o
.....

GAS PROCESSING
PLANT

e
: COMPRESSOR _~
- ) % STATION %
] . B e GAS TRANSMISSION PIPELINE
\ > COMPRESSOR
CITY GATE STATION
| § e
GAS DISTRIBUTION . .
COMPANY
MIXED NGLs GAS DISTRIBUTION PIPELINES
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What exactly Is natural gas?

Pipeline quality gas Is natural gas
that has been processed to remove
Impurities and contaminants,
ensuring It meets specific standards
for transportation through pipelines.

| INGAA

FOUNDATION
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Products made with natural gas

Some examples of the products we use every day.

. | ‘51");"": "H.I'I o '4‘ " - T AR
i | Ak
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Natural gas IS used to proauce plastics

This helps provide some of the materials needed for solar and wind energy.
GLOBAL PLASTIC PRODUCTION

450M

420 MILLION
TONS

400M

350M

300M

250M

200M

150M

100M

50M

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
m INGAA Source: Geyer, Jambeck and Law (2017)
FOUNDATION



The world's largest producer of natural gas

2‘ 719 : PENNSYLVANIA

/ WEST VIRGINIA

OKLAHOMA
LOUISIANA

Most of the natural gas
used in the U.S. 1s produced in the U.S,




What's America’s role with natural gas?

The United States Is one of the top exporters of LNG in the world.

N \/
" 2 ‘<8 """ :: |
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NG export capacity has continued to grow

NG exports have exceeded pipeline exports since 2021.

PRODUCTION
U.S. NATURAL GAS PRODUCTION, CONSUMPTION AND NET EXPORTS I

35

30 32.26 TRILLION CUBIC FEET

25

Al

TRILLION CUBIC FEET

NET EXPORTS
0 —K_v___,\\w_// R

=3

1950 1955 1960 1965 1970 1975 1980 1985 1990 [EER) 2000 2005 2010 2015 2020

| INGAA
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Source: U.S. Energy Information Administration (EIA)



Why liquity natural gas?

NG Is natural gas that has been coolea

to a liquid state, making its volume about
600 times smaller and easler to transport
over long distances.

SAME AMOUNT OF
NATURAL GAS IN LIQUID FORM

| INGAA

FOUNDATION



Key benefits of natural gas
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Natural gas pipelines in the U.S

) America's unseen energy highways.

There are 2.6 million
miles of natural gas pipelines in the U.S.

| INGAA

FOUNDATION



Pipelines move energy more efficiently

Safely delivering trillions of cubic feet of natural gas.

[t would take a constant line of tanker
trucks, about 750 per day, loading up
and moving out every two minutes,
24 hours a day, seven days a week,
to move the volume of even
a modest pipeline.

INGAA

FOUNDATION



Quick history of pipelines

An innovation that has been part of our energy system for centuries.

-
- “q‘_
2,500 YEARS AGO 1817
Ancient Chinese use Baltimore Technological
bamboo pipes to

pecomes the first P ey dVANCEMENtS
American city to ke el 2|1
install gas street

transport natural gas. make It possible

to extract natural

lighting using a 3 i gas and to St A
1797 pipeline network 848 transport it TODAY
Scottish inventor Willigm 2l?enegtsthe Clty's There was an effort to light the tf;rc;ig;r:zra]rg?ﬁ Technology improves pipes with better
Murdoch created the first | J.S. Capitol with natural gas, Eaﬁuré asg tog steel, better ways to install pipelines
gas distribution networkin including a six-foot-wide natural J and the ability to continually analyze
INGAA Furope to light his home. more areas.

FOUNDATION gas lantern on the dome. pipelines in the ground.



Deciding where a pipeline goes

Many factors determine the route of a pipeline.

Engaging with Inding routes to avoid -0llowing existing
and listening to ighly populated, ‘outes when possible to
community vironmentally sensitive or minimize environmental
members, Ulturally significant areas. or community impacts.
PIpeline planners avoid Impacting rivers or lakes Land disturbance for pipeline construction Is temporary.
HORIZONTAL DIRECTIONAL DRILL 0y tunneling deep beneath them with horizontal Crews work to restore land to Its previous state with the
=g directional drilling (HDD). exception of markers to identity the location of a pipeline,
!3“‘\

INGAA

FOUNDATION
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Pipelines are the safest way to deliverenergy

Regulators and operators work together to keep pipelines sate.

Pipelines make
up less than

The steel used tor pipelines must be
certifled and meet industry and federal
government quality standards for

0 toughness and strength.
- 0

of all transportation
accidents in the U.S. O

E INGAA
FOUNDATION



PIPELINE MONITORING TECHNOLOGIES
Jeal-time sensors, Al-powered diagnostics and drones
ensure early detection of [eaks, corrosion or 01
issues, long before they would become dangerous:

Technologies like infrared =
cameras and laser-basec
systems help detect leaks
betore they become
hazardous.

| INGAA

FOUNDATION
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New pipelines create
Pipelines create hundred:

/‘Ff/}' ddl

A single major pipeline project can creat

42,000

jobs paying more than

$2 Dillion

in salaries for workers and their families \

| INGAA
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Wear%‘le@ghgok%y ike ™
smart helmets|or y vest .
can help fulfill a vanety

of safety functions:
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https://empoweringamerica.org/natural-gas-fuels-jobs-factsheet-national/#:~:text=Natural%20gas%20alone%20supports%20over%204%20million%20jobs:
https://www.api.org/-/media/files/policy/jobs/oil-and-gas-career-guide.pdf
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STEM careers in natural gas

For those Interested In pursuing a coHegé degree In STEM-related fields.

ENGINEER ENVIRONMENTAL CAD (COMPUTER- GIS (GEOGRAPHIC PROJECT IT ANALYST /

Salary range: SPECIALIST AIDED DESIGN) INFORMATION MANAGER INFORMATION
$78K—$130K* Sa|ary range: TECHN'C'AN SYSTEI\/'S) Salary range. SECUR'TY
$79K-$133K Salary range: ANALYST $89K-$172K ANALYST
$63K-$98K Salary range: Salary range:
$66K-$83K $120K-$182K
INGAA

EOUNDATION *These salaries reflect a range of median salaries for various types of engineers within this industry.



Career opportunities with no prior experience

For those Interested in heading directly into the workforce after high school

PIPELINE LAND NATURAL GAS INSPECTOR CONSTRUCTION WELDER

CONTROLLER SURVEYOR TECHNICIAN Salary range PROFESSIONAL Salary range
Salary range: Salary range: Salary range: $22-$35 per hour Salary range: $24-$35 per hour
$42-$57 per hour Il Sliiyes $24-$50 per hour $16-$43 per hour*

$22 -$45 per hour

Salary range:
Office Surveyor
$30-$50 per hour

| INGAA

EOUNDATION *These salaries reflect a range of median salaries for various types of construction professionals within this industry.



Career opportunities you might not expect

They p\ay crucial roles in supplying reliable energy and shaping our clean-energy future.

ATTORNEY HR PROFESSIONAL TRUCK DRIVER

COMMUNICATIONS REAL ESTATE GOVERNMENT PUBLIC RELATIONS HEALTH & SAFETY SALES
MANAGER AGENT AFFAIRS SPECIALIST SPECIALIST SPECIALIST REPRESENTATIVE

INGAA

FOUNDATION
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The natural gas industry Is evolving

Energy demands, environmental concerns and new technology are creating change.

RENEWABLE NATURAL GAS

uses on converting waste

ARTIFICIAL INTELLIGENCE e

Al helps optimize systems,

predict maintenance needs and  like landfills, dairy
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TERAWATT HOURS

The demand for energy keeps rising

Projected electricity use in the United States.

6000

5178

5000

4,315
4,085 4124
4000 —— — —

3000 —— — —

2000 —— — —

1000 —— — —

2022 2025 2030 2035 2040 2045 A

INGA A Source: Statista
F 'ION



Non-renewable sources still dominate global energy

Renewable sources are growing, but non-renewables still make up 80% ot global energy use.

100%

80%

60%

40%

20%

0%

1971 2019
Coal Ol Natural Gas B Nuclear B Hydro B Biofuels Other Renewables

| INGAA Source: International Energy Agency
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Natural gas comple

* » o i
—

= Natural gas-firec N
“power plants can‘be i = i
quickly to meet peak
electricity demand,

. balancing intermitten
. Lenewable sources.

INGAA
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Current emissions challenges

NITROUS OXIDE ~ FLUORINATED GASES
6.2% 2.1%

EMISSIONS BY
GREENHOUSE GAS

These gases lead to what Is called the
greenhouse effect’ which s the
phenomenon whereby the presence of

: | these gases in Earth's atmosphere traps
mry § more heat from solar radiation.

'y ! m
}\ {.‘ ]" ;' E:'{. 2 _'t' 3
:= ~ ! o Pt . >
. .

METHANE s
173% — PN

""""

= CARBON DIOXIDE
- 74.4%

oL
INGA A Source: World Resource Institute
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What exactly 1s CO,?

o CO2 Is the primary greenhouse gas
emitted through human activities.

CARBON CYCLE

VOLCANOES

VEGETATION

FOSSIL FUEL
EMISSIONS
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Global increase in CO, emissions

The rate of increase of CO, emissions has slowed over the past decade.

CHINA

INDIA

UNITED STATES
UROPEAN UNION

GIGATONS OF CO>

REST OF WORLD

1960 1970 1980 1990 2000 2010 2020

INGAA Source: Global Carbon Project
FOUNDA’



Industry solutiens to reauce CO2 emISSIONS

Innovations align with the global ush for decarbonization.

: L
= ——

HYDROGEN

CARBON CAPTURE,
UTILIZATION AND STORAGE

| INGAA

FOUNDATION



Carbon capture, utilization and storage

Technology can reduce the carbon footprint of natural gas.

Repurposing ﬁ
£

SALINE UNMINEABLE ENHANCED DEPLETED OIL &
@ INGAA  FORMATIONS COAL SEAMS OIL RECOVERY GAS RESERVES Source: Center fo Climate and Energy Solutions

Capture

FZZY BEVERAGES
Z

FUELS
POINT SOURCE CAPTURE ~ DIRECT AIR CAPTURE

Storage




What Is Renewable Natural Gas (RNG)?

RNG I1s chemically identical to natural gas but has a much lower carbon footprint.

" Collect organic waste 3 Clean and condition biogas for
' Use In existing infrastructure
and appliances

' from various sources

| N homes,
businesses and
transportation

2 Capture greenhouse gases

' from organic waste

INGA A Source: The Coalition For Renewable Natural Gas
FOUNDATION



Hydrogen IS a promising new fuel

When produced using natural gas, it's known as “blue hydrogen.

GREEN HYDROGEN (
RENEWABLE
NATURAL GAS HYDROGEN ENERGY ORYGEN v DROGEN
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Understanding the source of emissions

The three scopes are a way of categorizing the different kinds of emissions.

Scope 1 Scope 2

Direct emissions Indirect emissions Inairect emissions
Emissions from sources a company Emissions that are a consequence of a company's activities but
owns or controls directly. occur from sources not owned or controlled by the company.
Burning fuel in a company’s Emissions created by producing the Emissions created by a company's activities
non-electric vehicle fleet Is an energy used by a company, like that are not covered by scope 1or 2, like buying,
example of scope 1direct emissions. electricity, is an example of scope 2 using and disposing of goods from suppliers,
Indirect emissions. are an example of scope 3 indirect emissions.

INGA A Source: National Grid

FOUNDATION



What exactly Is methane?

CH4 Is a primary component of natural gas and 1s emitted from a variety of sources.

GLOBAL METHANE BUDGET ' CH4 ATMOSPHERIC GROWTH RATE: (9&0,6) TOTAL SINKS

TOTAL EMISSIONS
SINK FROM SINK'IN
CHEMICAL SOILS
REACTIONS
IN ATMOSPHERE
64  5I5 33

(21-132)  (510-583) (28-38)

MILLION TONS OF CHa

FOSSIL FUEL AGRICULTURE AND BIOMASS BURNING WETLANDS OTHER NATURAL EMISSIONS
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Controlling methane emissions

Methane emissions in the U.S. decreased by 19% between 1990 and 2022,
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Helping to reduce methane emissions

The natural gas industry is focused on reducing emissions.

% EVEL 3: SATELLITES

Long-term monitoring
of industrial assets

LEVEL 2: AERIAL

Fast, repeat measurement

surveys to quantify site emissions MULTI-SCALE MEASUREMENTS
T0 ASSESS EMISSIONS

LEVEL 1: DRONE

Equipment-level quantification
surveys: verity inventory estimates

Continuous monitoring to flag emission
events and direct follow-up action

| INGAA

FOUNDATION Source: Wang et al. (2023), Daniels et al. (2023), Brown et al. (2023)
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MILLION METRIC TONS OF CO,

U.S. natural gas Is helping reduce emissions

Natural gas will be essential to achieve a net-zero emissions future.
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