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1. Renewable Energy Revolution
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Global total of installed PV (GW)
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The Geopolitics of
Renewable Energy

Meghao O Sulieon

nam Overiansd
Qv Gardalon

-- Cartelization of key minerals

-- Distributed generation/energy security

-- Transnational electric grids/energy security
-- Reduced poverty

-- Reduced oil and gas revenues

-- Avoided climate change
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EIAIEO2016 BPEO2016 IEA WEO2016
Share of
Renewables
(defined as
"other" than
Share of  liquids, gas, Share of
Fossil coal and Share of Fossil ~ Share of Fossil Share of
Year Fuels nuclear) Fuels Renewables Fuels Renewables
2014 11.95% 9.22% 81.01% 14.16%
2015 83.25% 12.19% 85.43% 9.57%
2016  82.62% 12.66%
2020 81.26% 13.83% 83.01% 11.41% 79.04% 15.50%
2025 80.21% 14.66% 80.96% 13.28% 77.72% 16.50%
2030 79.33% 15.07% 79.10% 14.92% 76.34% 17.47%
2035 78.73% 15.61% 77.19% 16.65% 75.16% 18.41%
2040 78.24% 16.12% 74.04% 19.34%
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1. Renewable Energy Revolution

2. Shale Revolution
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Hydraulic fracturing

|

| Fractured Shale Formation
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U.S. Oil Production Heading for New Highs

Weekly U.S. field production of crude oil (thousand barrels per day)
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Oil Production Growth

(thousand barrels per day)

US Apr 2010 - Apr 2015 I
Saudi Arabia 1969 - 1974
Russia* 1999 - 2004
Iran 1968 - 1973

Soviet Union 1972 - 1977
Libya 1965 - 1970

Iraq* 1994 - 1999 ® Crude Ol NGLs
North Sea 1991 - 1996 * Recovery of previously lost production,
not organic production growth in Russia,
Iraq and Kuwai
Kuwait* 1991 - 1996 et
Mexico 1977 - 1982
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Source: BP Statistical Review, EIA
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US Oil Imports

(percent of total consumption)
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US Natural Gas Production
2000-2016

US Dry Gas Production
Bcf/day
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US Shale Gas Resource Is Huge

US Natural Gas Supply Curve, Henry Hub Breakeven Price
Trillion cubic feet, $ per MMBtu
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<€ X

12 ~50 years |

10 830 Tcf at < $3 per MMBtu of current consumption i

8 <€ . :

6 ~30 years :

s of current consumption :
2
0
-2
-4
-6
-8
-10
-12

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000

Source: IHS

&2 COLUMBIA |SIPA

Center on Global Energy Policy




US LNG Export Capacity Growing

US LNG Export Capacity Under Construction, Commissioning, and in Operation

Bcf per day
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A Changing Global Gas Order

Global Gas Trade by Mode
Billion cubic meters
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European Gas Imports Projected to Grow

Figure 8.9 =~ Natural gas balance of the European Union in the
New Policies Scenario

bcm
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Even with a flat demand outlook, the European Union’s gas imporis
increase to 2040 as domestic output continues fo decline

Source: IEAWEQ 2017

&2 COLUMBIA |SIPA

Center on Global Energy Policy
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1. Renewable Energy Revolution
2. Shale Revolution

3. Rise of China
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Tlananmen Square, Beljing
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Beijing Marathon October 2014
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Oil Imports

Annual U.S. and China gross crude oil imports (2004-2017) =
million barrels per day Cl
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Approximate routes of
B 21st Century Maritime Silk Road

8 silk Road Economic Belt
I China-Pakistan Economic Corridor
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1. Renewable Energy Revolution
2. Shale Revolution
3. Rise of China

4. Attack on Globalization
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ENERGY TECHNOLOGY AND GEOPOLITCS --
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Renewable Energy Revolution
Shale Revolution

Rise of China

Attack on Globalization

5. Saudi-Russia Rapprochement
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ENERGY TECHNOLOGY AND GEOPOLITCS --
EIGHT TRENDS

Renewable Energy Revolution
Shale Revolution

Rise of China

Attack on Globalization
Saudi-Russia Rapprochement

. Melting Arctic
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Sep 1984 Sep 2016




1979: 278 MILLION SQ. Ml. 1982: 2.89 MILLION SQ. ML

2006:2.27 MILLION SQ. ML 2007: 1.61 MILLION SQ. Ml.
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ENERGY TECHNOLOGY AND GEOPOLITCS --
EIGHT TRENDS

Renewable Energy Revolution
Shale Revolution

Rise of China

Attack on Globalization
Saudi-Russia Rapprochement
Melting Arctic

. Coal — Plateau or Long Decline?
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World total coal production (Mt)

Coal Information 2017
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US Power Generation by Fuel

Percent of Total
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U.S. Coal Mining Employment
Thousand Miners 1 900_201 5
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Source: Figure 2, Mine Safety and Health Administration, includes office
workers startingin 1973

&2 COLUMBIA |SIPA

Center on Global Energy Policy




World coal consumption (1990-2040) =
quadrillion British thermal units 2015 Cla
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Renewable Energy Revolution
Shale Revolution

Rise of China

Attack on Globalization
Saudi-Russia Rapprochement
Melting Arctic

Coal — Plateau or Long Decline?

. Transportation Revolution
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TRANSPORTATION REVOLUTION

* Ride Sharing

e Electric Vehicles

* Autonomy
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1. Renewable Energy Revolution
2. Shale Revolution

3. Rise of China

4. Attack on Globalization

5. Saudi-Russia Rapprochement
6. Melting Arctic
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8. Transportation Revolution
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