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Overall, these countries will see a 24 percent increase in population by 2050
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US population, 1950-2050

While the number of urban residents in the US 
has increased approximately 500 percent since 
1910, the number of rural residents has only 
increased by 19 percent. The southern, western, 
and coastal areas of the U.S. continue to see 
greatest population increases.,

US and Global Urbanization Trends
Between 2016 and 2030, the population in all 

city size classes is projected to increase, while the 
rural population is projected to decline slightly. 
While rural areas were home to more than 45 

per cent of the world’s population in 2016, that 
proportion is expected to fall to 40 percent by 

2030.

>10M   31 cities 2016  41 cities 2030
1-5M   326 cities 2016  558 cities 2030

500k-1M   551 cities 2016 731 cities 2030
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Second Installment of the 
Quadrennial Energy Review, 
Transforming the Nation’s 
Electricity Systems, 2017

Electricity and Lifeline Network Interdependencies

Alert (TA18-074A)  March 15, 2018

Russian Government Cyber Activity Targeting Energy and Other Critical Infrastructure Sectors

Systems Affected

• Domain Controllers
• File Servers
• Email Servers

“This joint Technical Alert (TA) is the result of analytic efforts between the Department of Homeland Security (DHS)
and the Federal Bureau of Investigation (FBI). This alert provides information on Russian government actions

targeting U.S. Government entities as well as organizations in the energy, nuclear, commercial facilities, water,

aviation, and critical manufacturing sectors.

DHS and FBI characterize this activity as a multi-stage intrusion campaign by Russian government cyber actors who
targeted small commercial facilities’ networks where they staged malware, conducted spear phishing, and gained
remote access into energy sector networks. After obtaining access, the Russian government cyber actors

conducted network reconnaissance, moved laterally, and collected information pertaining to Industrial Control

Systems (ICS).”
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By 2020, globally traded LNG (2015)  plus new LNG 
capacity could, if all new capacity is fully utilized, 
approximate pipeline gas crossing international borders.  
This could have major implications for the development 
of a global LNG market.  The US will be one of the 
largest LNG exporters in the world.   LNG supply chains 
for US exporters and allies will rise in importance.  

Significant Global LNG Volumes by 2020
“Only 23 of the existing 421 LNG vessel fleet could pass
through the canal. Now, nearly 90% of all LNG vessels can
pass through the canal….a typical trip from Sabine Pass to
Japan is roughly 16,000 nautical miles without the canal and
9,133 nautical miles using the canal. That’s a saving of
42%..”

ADI Analytics

US LNG Volumes to Asia through 
Panama Canal by 2020 expected 
to exceed 3 bcf/d.  EIA

Significant Global LNG Volumes by 2025



Argentina 27,560

Brazil 
35,645

China 93,649

Japan* 
122,358

South Korea* 
248,601

Mexico* 122,358

Jordan
38,794

Kuwait 9,981

Spain* 
10,310

DR
5,835

https://www.eia.gov/dnav/ng/ng_move_expc_s1_m.htm
NOT FOR DISTRIBUTION OR CITATION

US LNG Export Growth and Large-volume 
Customers, 2018  (mcf)
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3,270

Italy* 
17,290

Jamaica
1,303
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17.290
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2927

Pakistan
12,956

Panama 6,786

Poland*
3,321

Singapore
3,679

Taiwan 
16,731

Turkey*
26,827

UAE
3,638

UK
51,297*

Portugal 
2,296

C/S America/Car. (8)  
230,344 (23%)

Europe (10)  
153,571 (15%) Middle East (5)                                 

62,237 (6%) Asia (7)  
555,608 (55%)

Europe (10)  
153,571 (15%)

C/S America/Car. (8)  
230,344 (23%)

Middle East (5)  
62,237 (6%)

Asia (7)  
555,608 (55%)

TOTAL:
1,001,760 mcf

626,564 mcf (63%) 
goes to 12 OECD 

countries



Later-stage Private Investment in Sustainable 
Technologies by Selected Region or Country, 2006-2016

Sustainable energy 
technologies:
• Biomass
• Wind
• Solar
• Biofuels
• Energy smart technologies
• Energy efficiency 

technologies
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FirstFuel Software .* Kwantera *Pulse Energy
Retroficiency * WegoWise

Oracle BuildingsIQ * C3 Energy * Daintree Networks
Ecova * Energy Savvy

Building Energy Mgmnt.

Smart Cities/Grid

BAE Systems * IBM * IOActive * Lockheed Martin * AlertEnterprise *    
AlienVault * Black and Veatch

Cisco Systems * Intel (McAfee) * Entergy Services * HP * 
N-Dimension Solutions * Sophos * Sourcefire * Symantec

Auto Grid * Energy Impact Partners * Southern * National Grid * 
Xcel * Foundation Capital * Voyager Capital * Envision Ventures

Energy Data Analytics

E.ON * Venture Partners *  EMeter * Oracle * 
Siemens * Palantir * BP *IBM

Global Drones in Energy

AeroVironment, Inc. (US), * Aerovel Corporation (USA)                               
* Lockheed Martin (US), 

Northrop Grumman Corporation (US) * Proxy Technologies Inc. 
* VDOS Global LLC(U.S.).

Energy/Cyber-Security

Siemens * GE * Symantec * Managed Service Providers

Cisco * FireEye * RSA * General Dynamics

New players need 
technology, policy 

and analytical 
support

Source: Advancing the Landscape of Clean Energy Innovation, 2019



$716 B

Source: EJM, 2018. 
Compiled using data from 

IEA, World Energy 
Investment 2018.
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Flexible, transparent and competitive energy markets, including gas markets, 
should be developed.

Infrastructure modernization will improve energy system resilience.  Promoting 
supply and demand policies will help withstand systemic shocks. 

Energy fuels, sources and routes should be diversified and development of 
indigenous sources of energy supply should be encouraged.

Reducing our greenhouse gas emissions and accelerating the transition to a low 
carbon economy are key contributors to enduring energy security.
Energy efficiency in demand and supply, and demand response management should 
be enhanced.

Deployment of clean and sustainable energy technologies and continued
investment in research and innovation should be promoted.

Emergency response systems, including reserves and fuel substitution for importing 
countries, should be put in place to manage major  energy disruptions.

Adapted from Joint Statement, Rome G7 Initiative for Energy Security, May, 2014

Top 20 Most Populous Countries, 2015/2050 Energy Security for the 21st Century



Top 20 Most Populous Countries, 2015/2050 IEA Technology Scenarios for Electricity 
Installed Capacity (GW)

Hydro

Coal

Natural Gas

Nuclear
Oil

Biomass

Wind

Solar

Geothermal

Ocean

+ Approx. 6,000 GW, 
2020-2050



US Non-fuel Mineral Import Dependence, USGS, 2017

Electronics
Solar PV

Power plants,  
desalination plants

Sensors

LEDs



Median Metals Demand for Supplying Solar 
Photovoltaic Technologies Through 2050

2D

4D

% Resource found in Top 
5 Countries

% China*

% US*
* Denotes  one of  top 5

Aluminum Smelter
Capacity

72.3%
52.3%*

2.9%

Iron Content of 
Crude Ore

73.3%
8.5%*
4.1%

Lead

83.7%
18.2%*

5.7%

Nickel

52.7%
3.8%
0.2%

Zinc

76.1%
19%*
5.5*

Indium

92%
49%*
None

Copper

63.7%
4.6%*
4.2%

Molybdenum

86.5%
30.7%*
24.5%*

Silver

71.9%
7.5%*
4.4%

Metals/Minerals
In Top Five of Global Resource Holders

Solar PV  

US  2  China 8 (9)
Wind Generation 

US 1  China 6 (9)
Battery Storage  TOP FIVE

US  0 China 7  (7)



0 India 9

1 Peru 4 

2 Chile 2

0 Canada 5

0 Mexico 4

2 South Africa 3

1 Congo 0

Select Metals, Minerals and Processes, #1 & Top Five

1 Guinea 0

0 Russia 7

0 Japan 3

5 Australia 9

9 China 6

1 Kazakhstan 0
0 R. of Korea 2

0 United States 10

#1 resource holder
In top five resource 

holders, not # 1

0 Brazil 4

North America Top 5 in –
Aluminum Smelter Capacity (Canada)
Aluminum Refinery Production (US)

Bauxite (Jamaica)
Cadmium (Mexico)

Cobalt (Cuba)
Copper (US)

Indium (Canada)
Iron Ore (US)
Lead (Mexico)

Molybdenum (US)
Nickel (Cuba)

Platinum (US, Canada)
Silicon Production (US)

Zinc (Mexico, US)

No number one’s

South America Top 5/#1 in –
Aluminum Refinery Production (Brazil)

Bauxite (Brazil)

Cobalt (Cuba)
Copper (Chile)

Indium (Canada)
Iron Ore (Brazil)

Lead (Peru)
Lithium (Chile, Argentina)

Manganese(Brazil)
Silver (Peru)

Molybdenum (Peru)

Platinum (Canada)
Silicon Production (US)

Zinc (Peru)

3 Number One’s

Asia Top 5/#1 in --
Aluminum Smelter Capacity (China)

Aluminum Refinery Production (China)
Bauxite (Vietnam)
Cadmium (China)

Chromium (Kazakhstan, India)
Cobalt (Philippines)

Indium (China, Japan, R. of Korea)
Pig Iron (China)

Raw Steel (China)
Iron Ore (China, India)

Lead (China)
Lithium (China)

Manganese (India)
Molybdenum (China)

Silicon Production (China)
Silver

Titanium (China, India)
Zinc (China)

10 Number Ones

Australia Top 5/#1 in –
Aluminum Smelter Capacity

Aluminum Refinery Production 
Bauxite 
Cobalt 
Copper

Indium (Canada)
Crude Ore 

Mineral Iron Content
Lead 

Lithium 
Manganese

Nickel
Silver
Zinc

5 Number One’s



Lithium Demand by End Use Application, 2013-2025

Non-battery Demand

Batteries/Traditional

E-Bikes

Electric Vehicles

Energy Storage
Cobalt Prices, 2000-2018 Lithium Carbonate Prices, 200-2018



The technologies assumed to populate the clean energy shift (wind, 
solar, hydrogen and electricity systems) are in fact significantly MORE 
material intensive in their composition than current traditional fossil-
fuel-based energy supply systems … 

…Simply put, a green technology future is materially intensive and, 
if not properly managed, could bely the efforts and policies of 
supplying countries to meet their objectives of meeting climate and 
related Sustainable Development Goals. It also carries potentially 
significant impacts for local ecosystems, water systems, and 
communities. 
The Growing Role of Minerals and Metals for a Low Carbon Future, World Bank Group/EGPS, June 2017

Conclusions: World Bank Study, Mine

Cobalt Mining in Democratic Republic of CongoUS should –

Ø Increase its diplomatic and investment focus on Western 
Hemisphere and Africa

Ø Protect LNG supply chains, especially for our allies
Ø Protect supply chains for minerals/metals needed for wind, 

solar and batteries
Ø Support new domestic mining activities for key 

minerals/metals
Ø Support innovation in earth abundant materials for wind, 

solar and batteries
Ø Promoted humane mining conditions around the world
Ø Develop rules of engagement for cyber-attacks


