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Energy is the Engine of the 
Economy

Vast and complex
Touches Everything

Concurrent daunting challenges
In the Face of stunning global growth

Many sources of inertia

There is a wide portfolio of options
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The Global Energy 
Challenge
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A triple challenge
• Global prosperity

• Energy demand growth
• Energy security

• Supply challenges
• Climate protection

• Carbon constraints
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4 Why Is This Not Going Away?
A: Energy Translates to GDP



Energy: 
Where Do We Get It? 
How Do We Use It?



Sankey Diagram of Energy Flows in US Economy
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Energy Generation and Use
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Buildings: Energy Supply and Use
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Industry: Supply and Use
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Transportation: Supply and Use
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US Carbon Dioxide Emissions
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Global Energy Demand Growth
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Global Energy Growth Patterns
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BP Statistical Review of World Energy 2018



Global 
Coal 

Usage
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BP Statistical Review of World Energy 2018



Global Oil 
Production 

and 
Consumpti

on
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BP Statistical Review of World Energy 2018



Global Petroleum Flows

We Use ~20 Mb/day, Import ~7Mb/Day
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Oil and Gas Transportation Choke Points
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2017 Gas Flows
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a

aProjected Global Net Gas Flows
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Shale and Fracking
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EIA / ARI assessed 
Shale Oil and Shale Gas resources 2013 22



US Wind Fields and Needed Transmission Lines
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Larger, Taller Turbines to Capture 
Improved Wind FIelds
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US Solar Insolation
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The Impacts of Renewables 
Capacity Factor
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Small Modular Reactors:
Safety, Reliability, Cost
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Origins of Anthropogenic CO2
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Paris
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31 National Academy Analysis of CDR: A Scenario
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Geological Sequestration Resources
For CO2 Mineralization 
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34 Why Are Folks Freaking Out???!!!



Electrification is a Fundamental Global Trend 
• Global Electrification – Path to Growth and Economic Security
• Accommodation of Asymmetric Supply and Demand Technologies (Renewables +)
• The Engine for Carbon Constraint Response

35



36 Office of Science FY 2011 BudgetGrowing Vulnerabilities to Instability, Internet Related 
Intrusion, Foreign Adversaries, Natural Disasters
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Dynamic Range of the Grid
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Modelling and the Grid: Toward Faster-

Than-Real-Time Operational Models
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Storage Has A Wide Variety of Values 



Efficiency as a 
Core National Strategy

(and an indispensable global strategy)
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How Will We Support The Emerging 
Economies and Technologies???
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Critical Materials Institute Palette for Study



Figure 3. Distribution of documented REE deposits as 
presented by A. Mariano in (Mariano, 2010). 

Global Rare Earth Elements Deposits
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Rare earth metals are not rare – found in 
many countries including the United States 

Source: Watts 2011 
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Things to Read

´ The Quadrennial Technology Review: energy.gov/qtr
´ Plus the technology assessments

´ The Quadrennial Energy Review

´ The Annual Energy Outlook: DOE.EIA.GOV/AEO

´ World Energy Outlook: https://www.iea.org/weo2018/

´ BP Statistical Review of World Energy 2018
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https://www.iea.org/weo2018/


Thank You


