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“All Models are Wrong, but Some are Useful”
George G.P. Box 
British Statistician, 1919-2013 

….Or Exactly How Hard is Net Zero When
Balancing Energy Security, Affordability
and Decarbonization?
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Large Uncertainties Even in Business-as-Usual Forecasts

EPRINC Business as Usual Estimate

Note: Exajoule (EJ) is a comprehensive unit of energy, roughly equivalent to 1.05 quadrillion British thermal units (quads). One EJ equals 1018 (one quintillion) joules, and one 
joule equals the amount of work done on a body by a 1 Newton force that moves the body over 1 meter. One exajoule per year = 447,000 barrels of oil equivalent per day.

How do you explain 
the wide 
differences in 
outlooks?



It’s Hard to Predict Non-OECD Demand: China Case
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Note: On March 27, 2023, CNPC announced that 2023 petroleum demand would be 756 milion metric tons (mt) . Earlier forecasts 
for 2023 were 690mt (2018),  705mt (2019) and 740mt (2020). Bloomberg



Ambition vs. Reality 
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Worldwide experience
is similar: 

According to Bloomberg 
NEF, 
direct government subsidies 
and payments for wind, 
solar and other modern 
renewable fuels amounted 
to $5 trillion over the last 20 
years. It has yielded a total 
contribution to worldwide 
primary energy demand of 
approximately 5%.



6Larson, et al, Net-Zero America: Potential Pathways, Infrastructure, and Impacts. See
https://environmenthalfcentury.princeton.edu/sites/g/files/toruqf331/files/2020-12/Princeton_NZA_Interim_Report_15_Dec_2020_FINAL.pdf

How Difficult is Net Zero?
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Mills, Mark.  Evs the Impossible Dream. see https://manhattan.institute/article/electric-vehicles-for-
everyone-the-impossible-dream

EV PRODUCTION COMES WITH A LARGE 
CARBON FOOTPRINT 

https://manhattan.institute/article/electric-vehicles-for-everyone-the-impossible-dream
https://manhattan.institute/article/electric-vehicles-for-everyone-the-impossible-dream


Net Zero Requires Wide Range of Measures
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Energy Transition is Hard & Rare
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Source: Energy Policy Research, Vaclav Smil, BP

Fossil fuels still dominate 80+ percent 
of primary energy supply; use is driven 
by cost, energy density, convenience 
and reliability

Global impact of direct government subsidies
According
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MAIN PILLARS OF MODERN CIVILIZATION RELY ON FOSSIL FUELS 
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System Power Cost Rise with Intermittent Energy Sources 



Energy Supply and Human Development Index
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Per Capita Energy Demand and Human Development 
Index (2019)

Daily per Capita Energy Demand by Human 
Development Index (2019)

Source: Energy Policy Research



Different Pictures in Europe and Asia
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Primary coal supply in 
non-OECD Asia (incl. China 
and India) was 2,751 
Mtoe, 60% higher than the 
entire primary energy 
supply of OECD Europe.

In final consumption, 94% 
of non-OECD Asia coal use 
is consumed in industry, 
incl. “harder-to-abate” 
sectors like cement and 
steel. 

Source: EPRINC figures based on IEA data
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Electrification Trends: Non-OECD Long Way to Go
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Except in the Middle 
East, per capita 
residential electricity 
consumption in Non-
OECD is nowhere 
near the OECD 
levels.



Non-OECD: Energy Must Grow to Meet Economic Progress

15Source: Energy Policy Research, IEA



Net Zero Goals: Ambition or Delusion?
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WORLD FOOD PRODUCTION IS DEPENDENT ON FOSSIL BASED FERTILIZERS



Problem with OECD-Centered Worldview
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China Runs on Coal and Keeps Consuming Record Volumes
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Managing natural gas 
demand is not easy. 
Many think the primary 
risk is the energy 
transition, but the real 
risk is coal.

Despite its carbon 
neutrality goals, China's 
coal consumption is 
estimated to  reach 136 
exajoules (EJ) in 2023. It 
was 82.5 EJ in 2014.



USMCA Natural Gas Trade Balance
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U.S. supplied 
84% of 
incremental 
global liquids 
demand 
between 2010 
and 2020.

Expansion of US Production Kept Gasoline Prices Low 
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Most Progress in OECD, Led by U.S.
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USMCA Combined Crude Oil & Petroleum Products Trade Balance



EIA Expects US Crude Oil Production to Hit All Time 
High in 2024
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What Happens if Investment is Halted Worldwide for 
New Oil and Gas Development?

26Source: Energy Policy Research, Michael Lynch 
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Oil and Gas Prices According to IEA

“If  supply were to transition faster than demand, with a drop in fossil fuel investment preceding 
a surge in clean energy technologies, this would lead to much higher prices—possibly for a 
prolonged period—even if  the world moves towards net zero emissions.” (IEA, WEO–2022, p. 
134)



Oil and Gas Prices Under No New Investment Scenario (IEA-
NZE) Based on Historic Price Elasticities of Demand
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Source: Energy Policy Research



Implications of High Oil and Gas Prices Under No 
Investment Scenario 
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Oil Supply Concentration under Net Zero
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OPEC Share of Global Oil Production



Level of Commitment: Divide Between 
OECD and Non-OECD
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Two-Speed Transition: Net Zero by 2050 Level of Commitment



Energy Intensity Improvements under Net Zero
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Many Technologies Still in Early Stages of Readiness
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Massive Critical Minerals Required in a Low-
Carbon Future
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Increased Vulnerability to Mineral and Metal Prices
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Dependence on China to Increase with Energy Transition
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Share of top three producing/processing countries in selected minerals and fossil fuels, 2019

Sources: IEA Report The Role of Critical Minerals in Clean Energy Transition; USGS (2021), World Bureau of Metal Statistics (2020); Adamas 
Intelligence (2020)



The Myth of Stranded Oil & Gas Assets
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12/31/15 = +115 bp

05/29/20 = +128 bp

6/30/14 = +79 bp

12/31/19 = +97 bp

5/28/21 = +92 bp

U.S. Investment Grade Energy Bond Credit Spread Curves



Performance of Index Funds: S&P 500, S&P 500 Energy 
Sector and S&P Global Clean Energy 

38Source: Energy Policy Research
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Do Policy Makers Understand the Consequences 
of the Net Zero Energy Transition?
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• Founded 1944

• Not-for-profit organization

• Studies intersection of petroleum/energy economics 
and public policy. Routinely testifies before 
Congress

• Provides independent and technical analyses for 
distribution to the public

• Supports USG projects, e.g., Quadrennial Energy 
Review, DoD strategic outlook

• EPRINC Embassy Series

• IEEJ-EPRINC Project on “Future of ASIAN LNG “ 
upcoming program on “Sustaining Resilience & 
Security in the Energy Transition”

• Launch of Gaskins Center for Energy Security 
Studies 

• www.eprinc.org

About Energy Energy Policy Research


