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Global Population %
Each color on the map represents ~ 1 billion people
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Data: BP Statistical View of World Energy (2017)



= Tinker 20717

The Global Energy Mix

Million Tonnes Oil Equivalent 194
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Each color on the map represents ~ 1 billion people Data: BP Statistical View of World Energy (2016)
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Integrated Study Workflow

Well Economics

Geologic Analysis

- Recovery and Productivity - as a function of

* Well production profile

*Original-Resource-in-Place Statistical Analysis
*3-D Geologic Model

* Operational

Expected production * Market and regulatory

. arameters
as a function of P

* Well productivity drivers ' ‘

* Location and Completion Production Outlook

. . . * Inventory of future wells
* Production and its decline for y

: * Technically Recoverable Resources AE :
gas/oil/water L * Expected gas/oil/water

e Stimulated/drained rock volume production depending on

economics, technology, regulation

For presentation or publication, reference: Bureau of Economic Geology Shale Resource and Production Project http://www.beg.utexas.edu/research/programs/shale


http://www.beg.utexas.edu/research/programs/shale

AR

N

Minnesota ’

[ akken/Three Forks

2 ' &wgouth Dakota

Wisconsin

Jowa

ouri

¢ Fayetteville

Arkansas

Alabama

Mississippi

Completion
Date
@ before 2009
2009
2010
2011
2012
2013
2014

Elorida ) R
For presentation or publication, reference: k)-\

Bureau of Economic Geology Shale Resource and Production Project h
http://www.beg.utexas.edu/research/programs/shale L4

2015
-——2016



http://www.beg.utexas.edu/research/programs/shale

% ”._
K t\ .,.
7 7

]
) - %
N
& L p— . ‘ §
|L|||L'|| Lot
o S =T . : J.rnr %
e | AR : ; A . &
i P el 2= = % £ \ B
SRS T—T) e =) = T
R 4 AP L g el )
R e 7 e —— s U ! Rk
e ,.JN\ === % w L
= e
- e | G f e [
=i s
- =l S ::1&
o ’ ) —
. S —
I 2 =L o=

p—

7 v S e £ 2 PR v e
R s I [ e (R P & AR
< ‘n.ﬂlxtﬂ*mh_ﬂmﬂln_.u e g B =i
it %S == __lwITw\.ﬂ.hu_ B 2
“ M..!.L ' |H 7


http://www.beg.utexas.edu/research/programs/shale

§.{
SiNorth Dakota
e

Minnesota

aj(keh /Three Forks

y 3 ."6::‘“‘ §outh Dakota
) i v

hye »

Wisconsin

lowa

o

TN

ouri

¢ Fayetteville

s

Arkansas

Alabama

Mississippi

Completion
Date
@ before 2009
2009
2010
2011
2012
2013
2014

Elonda

| A
For presentation or publication, reference: k)-\
Bureau of Economic Geology Shale Resource and Production Project h
http://www.beg.utexas.edu/research/programs/shale L4

2015
-——2016



http://www.beg.utexas.edu/research/programs/shale

v
-,
O
S
©
.
ao
9
o
@
O
o
M
-
v
y
0
c
—
£
=
@
a

Source: TORA Bureau of Economic Geology, Dommisse et al (2016-2019)




SoLhteei Bureau 0! EconomiE Geology.Shale TORA

Wolfcamp A & B httgHnasnbegutexas.edultles éarch/proli Sl6
Thickness (ft) ”

— High 12,050

B Low: 0

[l Asse Lariiig Jnih resource @ i ‘ £ =88 Burpau cF
Assé basins without resourc (8 . e =g ECoNOoMIC
h“a T - i Su=y GEOLOGY
2dva
W ¥ L ]



http://www.beg.utexas.edu/research/programs/shale

Unproved Techmcally 'Recbvéraible
-- ~7,580 Tcf > A
~419 Bbo '

& BUREAU CF
=g boonoMIc
GECLOGY



http://www.beg.utexas.edu/research/programs/shale

(excl. Permian) Gas QOil
Tcf Bbb/

sy - s / L For presentation or publication, reference: Bureau of Economic |
Geology Shale Resource and Production Project

Bakkeﬁ/Three Forks http://www.beg.utexas.edu/research/programs/shale

- "'18,000 3
Original In-Place 3100 450 ~100,000
Tech. Recoverable 700 27 Mo
Production to date 70 5 A\’\i 38

Horizontal wells to date ¥l T lowa
Future wells (base case) Jg{ilifoli[i] \ .
Coloradoliin : \
GaS OII ‘ : N United States h;gr\/cf"us { ~10,500 West Virginia
o % 1 ~200,000
: Resource- ¥ o Missour \g 4 A 5
in-Place o | Bl ° Re:7553
B3 ek : North Carolina
| = Baiex 16,500 g 17 g T
u TRR = arn 4 ~63’000 A SouthiCarolina

Produced Fayetteville ~13,000

to-date i . ,ﬁ, ~

ER

Georgia

Mississippi Alabama

Completion
Date
@ before 2009
2009

2010

ile

2011 .. Elonida g

2012 _ ~61000 J’”/"ﬂz}

2013 &t ] M2 '-,"-.\ ~
a—2014 o % ', ~90 000 351000 4 /Pj
-—2015 3 3 ¥ Na % US Deptt ef\Sgtate Ggograpner I ThP Ba’\amas t
2016 Y 0 % g/ mage La;&:g;%ég{:: nicus < BOQg e

Data SIO, NOAATUIS N‘B . NGA; GEBCO


http://www.beg.utexas.edu/research/programs/shale

L \ For presentation or publication, reference: Bureau of Economic
Geology Shale Resource and Production Project

(eXC|. Pel’mian) E O_il ‘ : 1 ' Bakkeﬁ Three Forks http Ilwww.beg.utexas. edu/research/proqrams/shaIe
ch Bbbl ; = £ J!\Jorh Dakota = i,
- < ~18,000 -

Original In-Place 3100 450 ; ‘.~ ~100 oo
Tech. Recoverable 700 27

Recovery to date of just 3 %
of the natural gas and 2% ofg
the oil leaves a tremendous
remammg resource.

(

aynesville >~

~6,000
~35,000

;s \\‘.ﬂ’ ""Qﬁ (\-'_ LR
A il rorth g

? % ~16,500

y2 Flonda

ﬂ’ ]
US DeptiofiStateiGeographer The Ba*\amas *

Image Lazng;s:tég%%é?; nicus GoQgIe Ear



http://www.beg.utexas.edu/research/programs/shale

Tinker 2019

10)1)

Preoeltjee

i)

0.

|

ezl €

©

0.
‘o)
©)

Q)

400.0

350.0
300.0
250.0
200.0
150.0
100.0

50.0

0.0

910¢
v10¢
¢10¢
010¢
800¢
900¢
¥00¢
¢00¢
000¢
8661
9661
V66l
c661
o661
8861
9861
861
861
0861
8.61
9/61
vie6l
clel
061

World less US m US

Data: BP Statistical View of World Energy (2018)



Tinker 2019

Sl onal Natural Eas Hrosl.lr*tlgn

576 Total U.S. Gas and U.S. Shale (Tight) Dry-Gas Production

100
Total U.S. Gas Production

80
60 WWWM

40

BCFD

20

0
Jan-00 Jan-05 Jan-10 Jan-15

Data: BP Statistical View of:Waorld Energy (2018)




Global Natural Gas Production
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Some believe human caused chmate |
change is the most lmportant issue; "
of our time.

It is vntal that they understand what
can be done to actually address it.
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CO2 Emissions (Million Tonnes)
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CO2 Emissions (Million Tonnes)

Don’t blame Asia, they make

products for the world
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Summary map of regional, national and subnational carbon pricing initiatives

Pricing

Initiatives

Source: World Bank

@ ETS implemented or scheduled for implementation
ETS or carbon tax under consideration
@ ETS implemented or scheduled, tax under consideration

@ cCarbon tax implemented or scheduled for implementation
@ ETS and carbon tax implemented or scheduled
& Carbon tax implemented or scheduled, ETS under considera...
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CHaNGENNNCOFEMISSIONS
2017, million tonnes

Largest 40 0 40 ‘ 80 120
Reductions
I United States
‘ Ukraine
'~ Mexico
' Britain
: South Africa
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Increases |
Iran
European Union |
Turkey
India |
China | |

Source: BP Statistical Review of World Energy, 2018
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The cycle of biomass energy

Trees take
up CO2
and release
oxygen

= L o

—= Wood Transport Pellets ; Biomass
lresldues p factory I"?,:}ﬁ)ti':‘)g" Bl power plant

ey p— ) 7% /
Lumber industry ‘70x

Source: NBCI



“Renewable”

HEELIES

eneration

Wind

Hydro

Biomass
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Percentage of electricity generation from all renewable sources

100%
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Biomass/other
B Wind/solar
Bl Geothermal
Hydro

Uruguay,
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Kenya
Brazil
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0%

Source: IRENA, German Federal Ministry for Economic Affairs and Energy. Based on 2016/2017 electricity generation.
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Germany Baseload Electricity Generation
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RENEW A EEIECTICILY

30

German electriCIty, priGes

B

7.5 "

Cents/kwh (euros) average household

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Source: Federal Association of German Energy and Water Industries (BDEW), 2017, via Clean Energy

N o
Source: IRENA, German Federal Ministry for Economic Affairs and Energy. Based on 2016/2017 electricity generation.
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Tne Futtire Elsciricity Vi
Average national electricity prices (in 2011 US cents/kWh)

Data: average prices from 2011 converted at
mean exchange rate for that year

41
Affordable
Available
Reliable |

Sources: IEA, EIA, national electricity boards, OANDA, shrinkthatfootprint.com
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Source: EIA
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ElECIIC POWESECIONUISHECOS EMISSIONS
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2,500] —Electricity 2400Mimt
GeneratlorL‘ ; ) t ;4\;@9@
O 1) 2018
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Naturallg —_— ~ 1600 Mmt

1,500 ! i
Ii .

U.S. 2/3 towards its 2030 Paris Accord Power Sector Targets £
/ST el ENEES
/4 Rapaweola Poliey o .

CO, Emissions (Million metric tons)

£ Co:ll Prassire
4 Lowsar Dameel (2ifieisney, 2:0artinef e irine))
1990 2000 2010 2020 2030

Source: EIA Source: U.S. Energy Information Administration, “U.S. Energy-Related Carbon Dioxide Emissions,” 2017
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US Enerey Vi
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2017 Energy Source (Mtoe)

People’s !
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China
United Coal?
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Natural gas
India . Bl Renewables
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Russian : :
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Source: World Energy Outlook, 2017, EIA QAe6815
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ElecircC=Veniclier Eorecasts
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Source: Bloomberg New Energy Finance, Economist.com; EIA, WEO, 2017 QAe5779
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ElecircC=Veniclier Eorecasts
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BatieR/Aviining

Lithium and Cobalt Production (Thousand Tonnes)

2005 2010
® Lithium m Cobalt

Data: BP. Statistical View of World Energy (2018)
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Climate Change
is the major
Issue of our
time, and fossil
fuels are the

problem

Poverty is the

major issue
of our time,
and fossil
fuels are the
solution
/ SWITCH BUREAU OF
ENERGY ALLIANCE EcoNnoMiIc
EOLOGY
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Cumulative USGS Earthquakes 2M3.0
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USGS Earthquake History 2M3.0 in Three Texas Regions |
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“Green ‘energy is energy that can be

extracted, generated, and/or consumed
without any significant negatlve impact
to the environment.” |
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https://en.wikipedia.org/wiki/Sustainable_energy
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Envirenmentaliimpact
Renewables and Batteries

MIRTNGranaRPIeCESSINGLand \Waters EmIisSions
ViR UACTUIING S IUrbines; Panels; Batieries
Productions='and for “Farms’
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Envirenmentaliimpact
Renewables and Batteries

The sun and the wind
R are renewable.

i The stuff to harness and
distribute them IS not.

> \VIin

> DIspoesalsiiandfill
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\Vieteral SHneuenpUL

18,000
Cement
Glass
B Other
Bl Concrete
Steel
368
92

111

Mass of materials (tonnes/TWh)

Solar PV Hydro Wind

Source: DOE Quadrennial Technology Review, Table 10. Murray R.L. and Holbert, K. E. 2015
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/SWITCH Carbon HardTrUthS | @

ENERGY ALLIANCE = GEOLOGY
Fossn Fue{s |mpact the envwonment e
S - X e,
. Clean them up! i s ‘* A AT

Carbon pricing does not reduce carbon emISS|ohs

* Increases taxes, Increases the cost of products maklng them
less competitive and shifting manufacturlng to other reglons
with lower emlssmns standards. One.atmosphere. '

“Zero Emissions” is... ?

« The products consumed—power, fuel, food, electronics,
clothing, steel, etc.—are made somewhere. One atmosphere.
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The sun and Wlnd are renewable panels and turbmes-aren’t.
« Mining, manufacturlng transmission, land use, landfill
« Shift impact from the atmosphere to the earth.

Renewable Energy won’t address climate change.
 Energy demand is too great, and models tell us time is too short.
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e 2 Poverty Hard Truths  @psss
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Energy (centrallzed and drstrlbuted fossrl and
renewable) is needed to address energy poverty

 Energy poverty for 1/3 of the world is not sustainable®~
Energy won’t end poverty, but poverty can’t end
without energy.



A Final Truth .
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/ ™. CO, Reduction at Scale @

Nat Gas, w/CCS, urban and rural - i
Nuclear dense and urban - r a 1
Coal w/CCS and Coal Phase Out > 4
Geothermal and Hydro, ‘where available

Small Modular Reactors, nuclear and natural gas
Wind w/backup, rural and urban

DRE, especially Solar, poor and rural

EVs urban, Efficient ICEs, and Fuel Cells

Efficiency, Consume Less



The Energy Transition_}_, -
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Ma‘ssnvely reduce enengyppoverty
Mmlmlze impacts on land, water and air
Flatten and decrease atmospherlc emussnons

Requires non~partlfan energy education
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“Green New Deal” Keep Ther in Poverty
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GEOLOGY
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Energy theeconomy and’ the envwﬁonment are Ilnked
T
The scale of energy demand cannot be overstated~ v

Fossil resources are vast; coal down, oll flat nat gas up

Renewable energles FIEVE growmg role
« All energy at .scal'e has envwonmental Impacts
 The positive impacts of energy are lost in the rhetoric

 Non-partisan energy education is vital
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Inspire an Energy Educated Future



-Join the Switch Eflergy Alhance

"Insplre an Energy Educa t@d Future 2
" SwitchOn. .org.

Follow Scott on lnstagram @doctinker

SWITCH For financial interests of Scott Tinker see
ENERGY ALLIANCE http://www.beg.utexas.edu/people/scott-tinker



