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Oil Essentials: scarcity or abundance 

and the energy transition
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Oil Basics
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The U.S. is the largest producer of crude + condensate in the world
followed by Russia, Saudi Arabia, Canada and Iraq

Source: EIA, Cansim, Enverus & Labyrinth Consulting Services, Inc                                                       EIA/EIA International/International_data MASTER_2020.xlsx
.

The U.S. is the largest producer of crude oil and condensate in the world
Followed by Russia, Saudi Arabia, Canada and Iraq
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https://www.sciencelearn.org.nz/videos/800-oil-formation

How is oil formed?
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How is oil formed?
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How is oil formed?
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How is oil formed?
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How is oil formed?
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How is oil formed?
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https://www.visualcapitalist.com/map-countries-most-oil-reserves/

Where is oil found?
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What is made from oil?

http://science-resources.co.uk/downloads/Fractioning_Column_A3.pdf
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What is 
depletion?
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BASE Rest of World Iran Saudi Arabia North Sea BZ-KZ-MX Canada Rest of OPEC Russia Iraq United States TOTAL LINESource: EIA & Labyrinth Consulting Services, Inc. EIA/EIA International/International_data MASTER_2020

World crude oil + condensate production has exceeded 2005-2011 plateau
"Rest of World" production has reached historic low

United States

Saudi Arabia

Other OPEC

Base

Incremental
mmb/d 

minimum levels
2000-present

Russia

Iraq

CanadaMexico-Brazil-Kazahkstan

IranRest of World

North Sea

Nov
2018

2005-2011 World Supply Plateau

Sept
2011

Aug
2021

Most of world oil production growth has been from the United States
since about 2010
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U.S. Oil 
Production

Source: EIA , Drilling Info & Labyrinth Consulting Services, Inc.     EIA Current/Monthly Updates/Crude Oil Prodution Annual

U.S. crude oil + condensate production peaked in 2019 at 12 mmb/d
It has declined by 0.8 mmb/d (6.7%) to 11 mmb/d in 2021

1970

2019

Impressive growth in U.S. oil production from 5 mmb/d in 2008
To 12 mmb/d in 2019
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Impressive growth in U.S. oil production from 5 mmb/d in 2008
To 12 mmb/d in 2019
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lower 48 Alaska offshore tight oil TOTAL LINE

Conventional
Lower 48 States

Source: EIA , Drilling Info & Labyrinth Consulting Services, Inc.     EIA Current/Monthly Updates/Crude Oil Prodution Annual_And_Forecast

Alaska

Offshore

Tight 
Oil

1970

2019

U.S. crude oil + condensate production peaked in 2019 at 12 mmb/d
It has declined by 0.8 mmb/d (6.7%) to 11 mmb/d in 2021
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Prior Years 2015 2016 2017 2018 2019 2020 2021

Source Enverus & Labyrinth Consulting Services, Inc.                 Oil & Gas Supply/TX-ND-NM-OK-FO/FO-ND-NM-OK-TX Merged Vintaged CUM 1980-2020 OCT 2021

*data includes all wells in FO GOM, ND, NM, OK, 
& TX which accounted for ~80% of U.S. output in Jan 2021

The U.S. oil production base decline was 41% per year in 2020
Ouput would fall almost 5 mmb/d in a year if no new wells were drilled

DECLINE WELLS
FO GULF -22% 1,524
ND -40% 14,113
NM -47% 25,502
OK -44% 25,920
TX -39% 129,684
WTD AVG -41%

High decline rates mean that increasing levels of drilling needed to 
prevent production levels from falling
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Conventional TightSource:EIA & Labyrinth Consulting Service                                   EIA Current/Proved Reserves/TIght OIl Proved Reserves/Oil Reserves 1900-2019 ALL

U.S. proved reserves declined from 1969 to 2007
Reserves increased 2008 to 2019 with deepwater Gulf of Mexico and tight oil 

Conventional

Tight Oil

Prudhoe Bay

1969

1930

E. Texas,
Yates

Wilmington,
Slaughter-

Wasson

Deep water
Gulf of Mexico

Decline and depletion are not necessarily the same thing
Depletion is about reduction of proved reserves
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Production Reserves

Reserves are added faster than production-depletion occurs

Source:EIA & Labyrinth Consulting Service                                   EIA Current/Proved Reserves/TIght OIl Proved Reserves/Oil Reserves 1900-2019 ALL

Reserves (rhs)

Production (lhs)

Reserves are added faster than production-depletion occurs
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Reserves are added faster than production-depletion occurs
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Annual Depletion Reserves

Reserves

Depletion

Permian tight oil reserves are increasing faster than depletion

Source:EIA & Labyrinth Consulting Service                       EIA Current/Proved Reserves/TIght OIl Proved Reserves/Tight OIl Proved Reserves 2011-19

Permian reserves are increasing faster than depletion
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• Any movement, activity or event in nature requires energy
• Human society runs on energy

Ø Work requires energy—joules/calories.
Ø Subsistence: energy intake = energy expenditure.
Ø Surplus: energy intake > energy expenditure.
Ø If I accumulate excess energy such as grain, I may choose to have you do some of my 

work in exchange for some of that energy.
• Money is a call on work

Ø Today, most work is done by oil, natural gas and coal.
Ø Energy is the economy. Money is a call on energy. Debt is a lien on future energy.

• No species has never gone from a higher- to a lower-density energy source.

“Energy is and always will be the currency of life” 
–Nate Hagens
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13.1% 

30.6% 

36.5% 

8.3% 

2.7% 
0.9% 

2.5% 5.1% 

Wind	was	2.5	%	of	U.S.	Primary	Energy	Consumption	 &	Solar	was	0.9%
v

COAL NATURAL	GAS	 PETROLEUM NUCLEAR HYDRO GEOTHERMAL SOLAR WIND BIOMASS

Petroleum

Natural	Gas

Coal

Energy	is	the	Economy
For	now, that	means	oil,	natural	gas	and	coal

Source:	EIA	&	Labyrinth	Consulting	 Services,	Inc.																																																						Table_1.3_Primary_Energy_Consumption_by_Source

• The world economy is 79% dependent on fossil 
energy. Substitution cannot happen fast enough 
to both reduce emissions & maintain economic 
growth. 

• Fossil fuels cannot be abandoned because 
production of non-fossil energy requires 
substantial carbon use.

• Electric vehicles, solar panels & wind turbines 
made of metal & minerals that require fossil 
energy for mining, transport, manufacturing & 
distribution. Diesel is the principal fuel for 
mining and for shipping raw materials to 
manufacturing plants.

• Equipment change: 1.6 bn cars & trucks. Less 
than 1% of those—8.5 million—are electric. 
What happens to all of those vehicles that run 
on gasoline or diesel?

The truth about the energy mix is that fossil energy dominates
Little has changed over the last 50 years
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High energy density coal moved world population from 0.5 to almost 2 billion
Fertilizer and oil resulted in population increase to almost 8 billion by 2020
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POPULATION UN POPULATION EST ANNUAL GROWTH UN GROWTH ESTSource:  Our World in Data, UN & Labyrinth Consulting Services, Inc.  Labyrinth/Climate Change/World Population since 10000 BCE

Coal age 1700-1945 and oil age 1945-present resulted in major population growth
Earth's carrying capacity before fertilizer was approximtely 2 billion people

Population is the root cause of most global problems

1900
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2020

Growth (RHS)
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Energy density: amount of energy contained in a volume
Not all energy sources are equal
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MJ/m3 Coal vs Oil vs
Refined Products 42 0.6 1.0
Coal 23.5 1.0 1.8
Wood 17 1.4 2.5
Natural Gas 0.04 587.5 1050.0

Source: Layton (2008) & Labyrinth Consulting Services, Inc.  EIA/Energy Density/Energy Density Comparison

Energy density explains why we prefer coal over wood and oil over coal
Coal has 1.4 times  times as much energy as wood

Oil has 1.8 times more energy than coal and 2.5 more energy than wood
energy (J) is the potential to do work

energy density (J/m3) is the amount of energy contained in a volume
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Source: EIA, World Bank & Labyrinth Consulting Services, Inc.  Oil & Gas General/GDP VS OIL CONSUMPTION 2018

U.S.
China

JapanGermany

India
Russia

Saudi Arabia

IEA net zero roadmap will lead to an 80% reduction in oil consumption by 2050
Want to guess what happens to GDP?

(Logarithmic scales)

Oil consumption and GDP are an almost perfect correlation
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China
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Germany

India

Source: EIA, World Bank & Labyrinth Consulting Services, Inc.  Oil & Gas General/GDP VS OIL CONSUMPTION 2018

Countries with the largest economies ($GDP) use the most oil (mmb/d)
but only two countries really matter

(linear scales)

A linear scale reveals why U.S. and China are leading world economies
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The myth of human progress through ingenuity and free markets
The truth is it’s mostly because 1 barrel of oil contains 4.5 years of human labor
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The myth of human progress through ingenuity and free markets
The truth is it’s mostly because 1 barrel of oil contains 4.5 years of human labor

Economics for the Future: Beyond the Superorganism, Hagens 2020

• We should think 
about energy as 
workers

• Cost ≠ price ≠ value
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Series1

Solar PV has 0.6% the power density of natural gas and wind has 0.1%
Solar requires 200 times larger source area to deliver the same power as gas

Wind requires 1000 times larger source area to deliver the same power as gas

Source: Smil (2011), Layton (2008) & Labyrinth Consulting Services, Inc.  EIA/Energy Density/Energy Density Comparison

power (W) is the rate at which work is done

power density (W/m2) is the energy flow that 
can be harnessed from a given unit of volume, 

area or mass

Power density: how much energy can be converted to power from a volume
Natural gas has 200 times more power density than solar 

and 1000 times more power density than wind

We should think about energy as 
workers

• 1,100 wind workers equals
1 natural gas worker.

Cost ≠ price ≠ value
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WTI INFLATIONSource: OECD, EIA & Labyrinth Consulting Services, Inc  Oil & Gas General/CPI INFLATION OECD_DP_LIVE

Higher oil price is the leading cause of inflation
November U.S. inflation rose from 6.2% to 6.8%

WTI price decreased slightly from $81.48 to $79.15

WTI (LHS)

Apr 2020
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Factors causing oil demand destruction are poorly understood
2021 oil demand growth is highest ever and annual inflation rate is highest since 1990
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Overshoot:  we are destroying the biophysical basis of our own existence

Renewable energy promoters claim that we can replace our energy needs without 
fossil fuels but that does not address ecological overshoot
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NON-FOSSIL COAL OIL GAS Renewable POPULATIONSource:  Our World in Data, UN & Labyrinth Consulting Services, Inc.  Labyrinth/Climate Change/World Population since 10000 BCE

Non-fossil energy sources only capable of supporting population of ~2 billion today
Tripling that capacity only supports ~6.0 of 9.8 billion projected 2050 population
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Transportation accounted for 16% of global greenhouse gas emissions in 

Transportation Residential-Commercial Industrial Agr iculture Other

Industrial
29%

Residential-
Commercial

18%

Agricultural
28%

Other
9%

Transportation
16%

Source:  World Resources Institute, Our World in Data & Labyrinth Consulting Services, Inc.        Labyrinth/Climate Change/Global GHG Emissions by Sector

Transportation accounted for 16% of global greenhouse gas emissions in 2020

• Transportation sector accounted for only 
16% of global greenhouse gas emissions in 
2020.

• Less than half of ICEs (78 mm) were for 
automotive use. Agriculture, 
manufacturing, power generation, forestry 
and construction accounted for the other 
53%.

Electric vehicles will reduce emissions much less than expected

Source:  World Resources Institute, Our World in Data & Labyrinth Consulting Services, Inc.                               Labyrinth/Climate Change/Global GHG Emissions by Sector 
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Source: Argonne National Laboratory

Experts believe that electric vehicles have reduced consumption of 
gasoline by 500 million gallons per year
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Gasoline consumption decline began long before electric vehicles
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Gasoline Cons Growth Poly . (Growth)
Source: EIA & Labyrinth Consulting Services, Inc.                                 EIA International/International Consumption

Claims that EVs have reduced world gasoline consumption are hard to demonstrate
Decline in world gasoline consumption growth began long before EVs

and gasoline must be produced to refine diesel, jet fuel, ethane for plastics, etc.

Gasoline consumption

Consumption growth (rhs)
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GASOLINE DIESEL ETHANE JET PROPANE OTHER OILS RESIDUALSource: EIA & Labyrinth Consulting Services, Inc.   EIA Current/Monthly Updates/U.S. Product Supplied Master

Gasoline accounts for 45% of U.S. refined products in 2021
If U.S. consumes less gasoline because of EVs, it will still be produced 

Cannot produce diesel, jet fuel, ethane or propane without also producing gasoline
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BASE CONVENTIONAL DEEP WATER-OIL SANDS TIGHT OIL TOTAL LINESource: EIA, Cansim, Drilling Info & Labyrinth Consulting Services, Inc                                                       EIA/EIA International/International_data MASTER_2020.xlsx
.

Conventional

Deep Water 
+ Oil Sands

World crude oil + condensate production has recovered to November 2013 level
but remains -7.3 mmb/d (-9%) less than November 2018 peak output

Tight Oil

Base

Incremental
mmb/d

Nov 2018

Nov 
2013

Aug
2021

World crude + condensate production is 9% less than 2018 peak level
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BASE Crude + Condensate NGPL Other Refinery Gain TOTAL LINESource: EIA, Cansim, Enverus & Labyrinth Consulting Services, Inc                                                       EIA/EIA International/International_data MASTER_2020.xlsx

Crude + condensate

Base

NGL

Other liquids
Refinery gain

World total liquids production has recovered to December 2014 level
but remains -5.9 mmb/d (-6%) less than November 2018 peak output

Dec 2014

Nov 2018

Aug
2021

World liquids production is 6% less than 2018 peak level
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OPEC forecasts a supply-demand deficit for 2022
but a lower deficit than for 2021
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BALANCE POS BALANCE NEG SUPPLY DEMAND

Positive Balance (LHS)

Negative Balance (LHS)

EIA forecasts a supply-demand surplus that will incrase in 2022

Source:  EIA & Labyrinth Consulting Services, Inc. EIA Current/STEO/ STEO Master 2020

Supply (RHS)

Q3
2021

Concerns about a supply shortfall may be misplaced
Demand growth has shifted downward from long-term trend

Pessimistic supply forecasts still project lower S-D deficits than in 2021



Slide 43Labyrinth Consulting Services, Inc. artberman.com

52

76

108

126

51

76

0

20

40

60

80

100

120

140

160
19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

20
22

20
24

20
26

20
28

20
30

20
32

20
34

20
36

20
38

20
40

20
42

20
44

20
46

20
48

20
50

W
or

ld
 L

iq
ui

ds
 D

em
an

d 
(m

m
b/

d)

Chart Title

OPEC EIA RYSTAD Series4Source:  OPEC, EIA, Rystad Energy & Labyrinth Consulting Services, OPEC/Annual Statistical Bulletin 2021/ASB2021_all/T47 ANNUAL DEMAND & FORECAST

Four forecasts for future oil demand show range of uncertainty
EIA is unrealistic for continuous growth & OPEC for flat trajectory

AEB puts 2050 demand back to 2000 level, Rystad to 1972

OPEC

EIA

Rystad

AEB

2000

1972

Peak demand forecasts apparently not a factor 
for those calling for structural supply deficits
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U.S. oil output reached almost 13 mmb/d in late 2019 
and is not expected to reach that level in 2022

Production 

Negative Growth
(RHS)

Positive Growth
(RHS)

Nov
2019

May

Nov
2021

Dec 
2022

U.S. production peaked in 2019 
Forecasts do not suggest return to that level by late 2022
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GROWTH POS GROWTH NEG PRODSource:  EIA STEO  & Labyrinth Consulting Services, Inc. EIA Current/STEO/STEO Master 2020

World production reached a peak in late 2018
and is expected to reach that level again by late 2022

Pos growth (RHS)

Production (LHS) 

-11.5 
Jun 2020 
not to scale

Oct 
2021

Nov
2018

Feb 2021

Neg growth (RHS)

Nov
2019 Jun

2022

Nov 
2022

World production peaked in 2018 
but some forecasts suggest return to that level by late 2022



Slide 46Labyrinth Consulting Services, Inc. artberman.com

5043

3907

8279

7373

-1,500

500

2,500

4,500

6,500

8,500

10,500

0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

5,000
Ja

n-
07

Ju
n-

07
N

ov
-0

7
Ap

r-
08

Se
p-

08
Fe

b-
09

Ju
l-0

9
D

ec
-0

9
M

ay
-1

0
O

ct
-1

0
M

ar
-1

1
Au

g-
11

Ja
n-

12
Ju

n-
12

N
ov

-1
2

Ap
r-

13
Se

p-
13

Fe
b-

14
Ju

l-1
4

D
ec

-1
4

M
ay

-1
5

O
ct

-1
5

M
ar

-1
6

Au
g-

16
Ja

n-
17

Ju
n-

17
N

ov
-1

7
Ap

r-
18

Se
p-

18
Fe

b-
19

Ju
l-1

9
D

ec
-1

9
M

ay
-2

0
O

ct
-2

0
M

ar
-2

1
Au

g-
21

Ja
n-

22
Ju

n-
22

N
ov

-2
2

Ap
r-

23
Se

p-
23

Ti
gh

t O
il 

Ne
w

 W
el

l P
ro

du
ct

io
n 

(b
/d

) 

Ne
w

 W
el

l P
ro

du
ct

io
n 

Pe
r R

ig
 b

y 
Pl

ay
 (b

/d
)

Chart Title

Bakken Eagle Ford Permian Niobrara Total

Tight oil producers increased rig-time efficiency ~64% in 2020
Productivity gains have declined about -11% in 2021 

led by poor performance in the Bakken and Niobrara plays

Source: EIA & Labyrinth Consulting Services, Inc.     EIA Current/DUC-DPR/dpr-data_MASTER

Permian 

Tight Oil 

Niobrara

Eagle Ford
Bakken

Dec
2019

Nov

May
2020

-11%

+64%

Oil producers have found ways of improving efficiency with technology
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Investors and Credit Markets Are Shorting Energy
Investors believe there are better returns outside of energy
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Chart Title

ENERGY VS S&P ESG ENERGY

Energy sector performance has fallen by about 50% since 2014
while ESG sector performance has increased 140%

ESG has out-performed equities by about 1.5% while energy has under-performed

Source:  S&P Dow Jones Indices & Labyrinth Consulting Services, Inc.                       Oil and Gas General/S&P 500 Energy_ESG_Total S&P PerfmormanceComparison

ESG Index (LHS)

Energy Index (LHS)

Energy-Equity Index Ratio 
(RHS)
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Shale companies have free cash flow 
for the first time in the history of tight oil plays
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That is largely because they aren’t spending much capex

$58.19

$73.72

$80.59

$49.61

$43.13

$0

$20

$40

$60

$80

$100

2017 2018 2019 2020 2021

Ca
pi

ta
l E

xp
en

di
tu

re
s (

$ 
bi

lli
on

)

Chart Title

COP CVX XOM CPE EOG FANG LPI OXY PXD MRO DVN MUR CLR HES OAS WLL TOTALSource: Yahoo Finance & Labyrinth Consulting Services, Inc. Oil & Gas Supply/Sampled E&Ps/Sampled E&Ps FINANCIAL

2021 sampled E&P capex -13% less than in 2020 & -46% less than in 2019
2021-2019: COP -24%, CVX -49%, XOM -56%, EOG -41%, FANG -46%, OXY -59%, CLR -75%

Annualized based 
on Q1-Q3 10-Q
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PXD



Slide 50Labyrinth Consulting Services, Inc. artberman.com

159

143

179

214

199

$0

$50

$100

$150

$200

$250

$300

2017 2018 2019 2020 2021

To
ta

l D
eb

t (
$ 

bi
lli

on
s)

Chart Title

COP CVX XOM CPE EOG FANG LPI OXY PXD MRO DVN MUR CLR HES OAS WLL TOTALSource: Yahoo Finance, EIA & Labyrinth Consulting Services, Inc. Oil & Gas Supply/Sampled E&Ps/Sampled E&Ps FINANCIAL

Debt has fallen about -7% in 2021 from record 2020 levels
but is +11% more than in 2019 and +39% more than in 2018

COP, FANG, PXD and DVN took on substantial debt for acquisitions in 2020-2021

Annualized based 
on Q1 - Q3 10-Q
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Debt remains high but is more acceptable because of cash flow


