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* Global and US Trends

* Four US Initiatives to Help Trans
World’s Energy Systems
* Quadrennial Technology Review
* Key Science/Technology Program

* Quadrennial Energy Review
* Mission Innovation

* Discussion
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i}/ Similarities: U.S. and Colombia
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* Successful revolutions against European mon

* Major energy producers and exporters

* Increasing urbanization

* Coasts on two oceans

* Significant regional energy differences

* Robust research universities

* Energy infrastructure shared with other coun

* Climate/security policies suggest need for fu
diversification

 Until June 1, supporters of the Paris Climate



@} Top 20 Most Populous Countries, 2015/2050
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German

asgo M
199- M 3
m 164 M Pakistan
igeria
55 M 99 M
204 M 79M 255 M
238 M 195 M 322 M

[Overall, these countries will see a 24 percent increase in population by 2050 ]
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Source: World Bank and CIA World Factbook Global / US Trends/Issues




@.} Significant Global LNG Volumes by 2020
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“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

ADI Analytics

Japan South Korea  Indonesia

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

QlOoNdl / Uo ITENUS/ISSUES

*Plants under construction



@} Global Energy Investment
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PR
9 . Networks
g B Renewable B DOownstream and infrastructure Total Nuclear :
- Il Thermal $26 M
T TN o B~
Lo
8 Networks
= $277 M
S00 ----JNN.......... S2IBIM b R R

Renewables

Upstream B suilding
5297 M Uligings
250 - PRt . ... 5434 [\V/BB- - o e vvoenennnnmmuncnnnnnsnnsnmmenssssosssnsmmsnssnnssnssnsnnes Total Renewables
Togglgcl\cl’lalz in Transport/Heat:
Thermal $19 M
S117 M
0
Electricity Oil and gas Energy Efficiency Coal Renewables in
transport and
Total Electricity: Total O&G: Total Efficiency: heat
$691 M $649 M $231 M

Global energy investment totalled USD 1.7 trillion in 2016, 12% down on 2015 due mainly to a fall of

over one-quarter in oil and gas investment.
Global Trends/lIssues




Lifeline Network Interdependencies
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Shipping

Transportation

Power for Pumping Stations,
Storage, Control Systems

Fuel for Generators,
Lubricants

Shipping

Power for Pump/Lift
Stations, Control Systems

SCADA Communications

Ater for Cooling,
issions Reduction

Water for

Fuel for Generators

SCADA Communications
SCADA Communications

Fuels. Lubricants

Water for Cooling,
Communications Emissions Natural Gas
/|T SCADA Communications Reduction

SCADA Communications

Global Trends/Issues



4} Land and Ocean Temperature Percentiles, 07/17
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Data Source: GHCN-M version 3.3.0 & ERSST version 4.0.0

Record Much Cooler than Near Warmer than Much Record
) Coldest Cooler than Average Average Average Warmer than Warmest
’@\, Average Average
V Man Aua 14 070800 EDT 201

Global Trends/lIssues



Selected Significant Anomalies and Events, 07/17
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— INITIATIVE — ARCTIC. In July, sea ice extent was
16.1% lover than 1981-2011
average and the 5™ lowest extent

since satellite records were started

in 1978 i

NORTH AMERICA. Warmer-to-
much-warmer-than-average ASIA. Cooler to near-cooler avg. temperatures
conditions present across much of across much of N. Asia while much of S. Asia had
N. America, tying with 2016 as the much higher than normal temperatures. Parts of
5t highest July temperature since Mongolia and China had highest July temperatures
continental records began in 1910 on record. Overall, Asia had the 5t highest avg. July

\ temperature in the 108 year history of record-

‘. keeping.
% /
A
AFRICA. Overall, much warmer than

dh |/
average tempe_ratures engu!fed "A

Africa in July, with several locations

CONTINGUOUS US. Nearly 12% of in the Southern half experiencing BAHRAIN. Highest July mean and
contiguous US was in drought in July record warmth. Overall, it was the maximum temperature on record. AUSTRALIA. July was drier and
and drought intensified in the NW, hottest July on record. July minimum temperature was warmer than avg. conditions.
northern Rockies and central northern AN the third highest on cord in the National avg. temperature was
plains. ‘. Kingdom. highest since 1975 and 3 highest
" in nation’s 108 year history of
’ recordkeeping.
4h
e, ANTARCTIC. In July, sea ice extent ‘
was 4.5% lover than 1981-2010 e
SOUTH AMERICA. July ‘17 ayerage and lowest exFent in NEW ZEALAND. Wetter than average
ranked as 7t warmest ever in the history of record-keeping.
108 year history of record keeping. conditions in July, with several locations
recording more than three times the
monthly precipitation average.

Source: NOAA,
July, 2017

‘h
\ |/

——

Global average itemperature: July, 2017 average land and ocean temperature
was the second highest for July since recordkeeping began in 1880.




4} Global Water Stress, 2040
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Currently, 28% of the world lives in water-scarce countries. Experts
estimate that by 2080, this number will climb to between 43-50%*

Ratio of withdrawals
to supply
Low (< 10%)
Low to medium (10-20% ) |
Medium to high (20-40% )
B High (40%-80% )
. Extremely high (> 80% )

Water Stress by Country: 2040

For more: ow.ly/RiWop * World Bank, 2014, Huffman WORLD RESOURCES INSTITUTE 10
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“We are rather pessimistic that it is

possible for low income countries to develop without
increasing their level of energy use, given the ... need for

energy to drive GDP growth...energy is also embedded in the
construction of infrastructure when affluence levels go beyond
the satisfaction of basic needs. All countries that have reached
higher development levels in the past have increasingly
used energy-intensive inputs like steel and cement and
it is hardly plausible that this correlation will break,

at least in the near future.”

Human Development Index

Steckel, et al, “Development without energy? Assessing future scenarios of, +
energy consumption in developing countries”

sy D —— 35 VUL

Annual Per Capita Electricity Consumption (kWh)

Source: Human Development Index — 2010 data United Nations; Annual Per

Capita Electricity Consumption (kWh) - 2007 data World Bank. Updated: 4/11 Global Trends/Issues




@} Colombia, El Nino, Glaciers, Climate Change
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“The climate phenomenon known ) EmLANmON
as El Nino has accelerated the
melting of Colombian glaciers”.

Hydrology, Meteorology and Environmental Studies Institute

Niontana

1913 2012

/ “The Conejeras Glacier, located in Los
“| Nevados National Natural Park in the
Central Colombian Andes, lost 2.36
meters (7.8 feet) of its ice mass over
the last five months as a result of El

KNiﬁo” /‘




4’_} Closer to (My) Home: NASA Satellite Photos,
ENERGY FUTURES Elephant Butte Reservoir, New Mexico
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2013

13

Global Trendslssues




i} Climate Goals/COP 21 Temperature Targets
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A Emissions pathways B Temperature probabilities

= 80 Projected
3 / P ‘ | | ‘ || ' ‘warminguntil
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1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 Likelihood of projected warming until 2100 (%)

Fawcett et al 2015

o Global Trends/Issues
Deliberative draft—Not for distribution 4




4‘} Gulf Coast Hurricanes: Increase in Storm

Intensity Spells Trouble for Infrastructure

(o) [
Louisiana
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Gulf of Mexico

Petroleu Natural Gas: Propane:
e 42 refineries * 86 processing plants * Mt. Belvieu storage
* 8,225 MBbl/d * 31% of national gas complex and market hub
A refining processing capacity * ~35% of national propane
* 291 compressors stocks

e 1 issi h
3 transmission hubs US Trends/Issues



4‘} Fuel Switching And US CO2 Emissions
ENERGY FUTURES Reductions
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| Total CO2
CO2 emissions reductions in fossil fuel generation from emissions

shift to gas, 2006-2014: 1254 million metric tons reductions from
fuel switching

- 2006-2014: 1963
billion tons

111

CO2 emissions reductions from increase in non-carbon

carbon sources

generation 2006-2014: 789 million metric tons 61% from coal to
gas, 39% from no-
147
135
. 12 117
100 95 S S
62 61 1
B % l l x I
mm M Be HH HE HE BEE
J
100 1 T T T T T T T T I
2006 2007 2008 2009 2010 2011 02 2013 2014
@ Emissions reduction in fossil generation @ Emissions reduction from increase
mix from shift towards natural gas in non-carbon generation
Source: EIA

US Trends/Issues
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Shale Gas has Transformed US Energy Profile

Natural gas production (dry) o oo o i o
billion cubic feet per day Over 50% of US

80 production in
2016

70 -
60
50 Rest of US gas production

mm Marcellus (PA & WV)
40 mmm Haynesville (LA & TX)

mm Eagle Ford (TX)

0,

90 5% of US 30%
20 : production 20%

10 10%

0 0%

2000

2006 2008 2012

US Trends/Issues

2002 2010 2014

Source: EIA



4‘} Shale Gas Success: RD&D, Public/Private
ENEREY EUURES Partnerships, Policy Mechanisms
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40 - 3,5
i
35 Gas produced .
after tax credit
o
- 2’

GRI Funding
Steady over 16 years -1

Annual Program Budget
liogs US Dollgys in 1999 Dollars) &

Annual Shalk Gas Production (Tcf)7'
Value of Tax Credits ($/Mcf)

Federal > -1
Funding

CET
: produced
o 0 under tax

197619771978197919801981198219831984198519861987198819891990199119921993199419951996199719981999200020012002200320 c red it

Y
E Shale Gas DOE Spending i GRI Spending  =>¢=Tax Credits ($/Mc

Source: MIT Future of US Trends/Issues
Natural Gas Study

22




4} US Generation Capacity Additions
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80.000
1
70.000 — 1
|
Age of Natural Gas :
60.000 I
— |
50.000 Age of Gas,
m Wind & Solar
40.000 — = =
= Age of Gas
=
30.000 Age Solar
& Wind?
20.000 |
ol
10.000 I I B
|
0 1 = 1 = ) H == | | |
1995 2000 2005 2010 2015 2020 2025
Other . Wind Solar . Nuclear Natural gas . Coal
Notes: Additions exclude coal-to—natural gas or biomass conversions.
Source: IHS and ABB Velocity Suite us Trends/lssues
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@} Quadrennial Technology Review
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The 2015 Quadrennial
Technology Review (QTR)
examines the status of the
science and technology that are
the foundation of our energy
system, together with the
research, development,
demonstration, and
deployment (RDD&D)
opportunities to advance them.

AN ASSESSMENT OF ENERGY
TECHNOLOGIES AND RESEARCH

It focuses primarily on OFFORTUINITIES
technologies with
commercialization potential in
the midterm and beyond.




@} Key Transformational Technology Pathways:

* Fossil generation \

o Turbine efficiency
o Carbon capture, utilization, storage

ENERGY FUTURES
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* Renewable generation
o On-shore wind
o Off-shore wind
o Grid scale solar
o Distributed solar
o Small hydro

* Grid scale and distributed storage

* Small modular reactors and other advanced
nuclear technologies

e Grid modernization
o Integration of variable renewables
o Smart grid/meters
o IT/OT integration
o Internet of Things
o Distribution system automations




4‘_} Key Transformational Technology Pathways:
ENERGY FUTURES Transportation
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~

Batteries

Transportation

* Electric Vehicl
iy

_ * Fuel Cell Vehidles

-duty vehicle
ncy and Ilternative

|

L N% 4

Quadrennial Technology Review



@} Batteries: Key Clean Energy Enabler
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— INITIATIVE — — Table 1. Production, reserves, share of battery use and recycling rate of lithium and cobalt in 2015
(Jaskula, 2016) (CDI, 2016) (UNEP, 2011).

Annual production (Ton/a) 32.500 99.000
18(| Useful reserves (million tons) 14 7.1
16( | Global resources (million tons) 34 120
Share of battery use (%) 35 42
14(| Main reserves Chile, Argentina, Bolivia Democratic Republic of Congo
12( China, Australia
Recycling rate (%) <] 68
10(
Rated Power kW
Lithium needs for batteries and other uses
6000 140000
40001 120000
20001 100000
| |4 P
80000 014 | 2015 | 2016
B Sodium based Batte 470 | 25
60000
m Nickel based Batter
m Lithium-ion Battery *°%%° 135016145470 430 =
M Lead-acid Batter 20000 n 1100 | 6100
m Flow Battery : 100 | 1270
B Electro-chemical 2015/16 2020 2025 48

A 4

®m Consumer electronics ® Electric vehicles and busses
W Stationary storage ® Other uses h ogy Review

Source: DOE Global Energy Storage Database (energystorageexchange.org), April 6, 2016.




4‘_} Significant Cost Reductions for Key
ENERGY FUTURES Technologies
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$/Watt
$7 -

$6
$5 -
$4 -
$3 1

Cost Reductiq s |
2008 2009 2010 2011 | o |

0% +

Median Utility-Scale

PV Installed Cost Total Capacity

Cost Redus

-8
&
4
11
0

$0 N T T T T T
209 <{ 2008 2009 2010 2011 2012 2013 2014 2015
- (W) f f f ]
-40 g L
$/kilolumen Millions |
607 5180 LED A-Type Cost Total LED A:Type 240 ol

Bulb Installations o U DstrioutedPV (-54%)

$150 - F 200 S— g |
809 510 ; - 160 | - Utility Scale PV (-
1009 % 1 Modeled Battery
$60 - - 80
$30 1 I I 40 Costs (-73%)
$0 : . 1 - i - I _mm |

2008 2009 2010 2011 2012 2013 2014 2015

24 Quadrennial Technology Review




4‘_} Advanced Research Projects Agency — Energy
ENERGY FUTURES (ARPA-E)
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Since 2009 Tl H
/ARPA—E focuses on promoting K ARPA-E has AW 2 Sff:egje%
transformational technologies provided . ‘ new
with high risk, high payoff $1.5 billion < companies @
characteristics that may fall in R&D funding to o~ \ /
outside the path of conventional more than 580 projects [2077 Metricswi
technology roadmaps ] .
&Y g 68 projects 74 Projects O O
k have partnered ”t have attracted 5@'—%
with other re th
government Q r:: e than ) Ir. '"
U.S. National Academy of S $1.8 billion
Sciences recom mended a development . in private-sector follow-on funding
funding path to .ar.1 annual 1,328 = 208
budget of $1 billion for peer-reviewed — patents —~
Journal articles — = i d by U.S.
ARPA-E from ARPA-E Hen Patent and g
projects N Trademark Office igi
As of February 2017

DOE Innovation Programs




i} Energy Frontier Research Centers
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36 EFRCs in 34 States + D.C.

EFRC Contributions* to
Companies

‘ = Science
Applications
‘ = Low-Carbon Power
= Energy Storage

Lead Institution

S2 to 4 Million

per year "
per center

~ 595 Senior Investigators
~ 1630 students, postdoctoral fe
and technical staff
~ 110 Institutions

“ University M DOE Laboratory .dNon-Profit

The EFRCs harness the most basic and advanced discovery research in a concerted effort to
establish the scientific foundation for a fundamentally new U.S. energy economy.

DOE Innovation Programs



{'} Quadrennial Energy Re
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— INITIATIVE —

F IR

—

QUADRENNIAL ENERGY REVIEW: QUADRENNIAL ENERGY REVIEW

ENERGY TRANSMISSION, STORAGE, TRANSFORMING THE NATION'S

AND DISTRIBUTION INFRASTRUCTURE ELECTRICITY SYSTEM: THE SECOND
INSTALLMENT OF THE QER

Agril 2015

January 2017




i}/ Quadrennial Energy Review
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* Presidential Memorandum stated the
/ Administration will conduct a
/‘ Quadrennial Energy Review to be led
by the White House Domestic Policy

Council and Office of Science and
Technology Policy

THE WHITE HOUSE

press Secretdry

office of the

e Supported by a Secretariat established
at the Department of Energy

* Process involves the robust
engagement of federal agencies and
outside stakeholders

* Enables the federal government to
translate policy goals into a set of
analytically based, integrated actions
for proposed investments over a four-
year planning horizon




4}  QER Process - Interagency
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("'R'EVI'E'N and concurrence with the White House and over 20
Federal executive departments and agencies throughout
process

* Additional analysis, including studies and data, provided from
modeling consideration

% \h
et oF O




@} * QER Process - Stakeholders
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. publlc meetings and technical workshops across the U.S.
* International meetings in Canada and Mexico

K. Public comment portal available online

Winnipeg, Manitoba Ap 016
February 11, 2016
® Region: Canada
0 ()
© (&
) o€ -
D
Q
’ A @
A
)
0, 20
0
Mexico City, Mexico
February 25, 2016 QER 1.1 Stakeholder
7 Region: Mexico Meeting Locations
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QER 1.1 Transmission, Storage, &
Distribution Infrastructure

/I-Iighlights
* 12 recommendations are implemented
* 21 recommendations are now reflected in
Federal law following Congressional action

* S2 billion to modernize the Strategic
K Petroleum Reserve

Improving
Shared

Transport

Infrastructures

CENTURY

Modernizing U.S. Energy
Security Infrastructures in
a Changing Global
Marketplace

ELEcTRICWY

Y-}
ds°
oY w3
Q\f"\’\’o)\[\
03‘“

/(‘O((\
&
(Y

Modernizing
the Electric
Grid

@ Energy Infrastructure Objectives Crosscutting

/ Focus Areas\

Increasing
Resilience,
Reliability, Safety

and Asset Security

Modernizing the
Electric Grid

Modernizing US
Energy Security
Infrastructure

Shared .
Transportation

Integrating N.
American Energy
Markets

Workforce

Siting and
Permitting

v
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QER 1.1: Geography of Supply/Infrastructure
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Changing Rapidly

Final tone XL Project

Impact St K

2010 Crude Oil by Train Loading (red) and
Offloading (blue) Facilities

Existing Terminals.
@ Crude by Train Loading
W Crude by Train Off-Loading

Source: Esri 2013: Walton 2010: Fielden 2013: NuStar Energy L.P. 2010: North Dakota Petroleum Council 2010; comp:

Figure 1.4.3-11 Crude by Train Loading and Off-Loading Facilities

I c Canadian

Loacing
Operational YE 2013 Facilties - 24

Estimated Year End 2013 Capacity - €65.000 bpd
Evtimated Yeor End 2014 Copacity - 1.109,000 opd

Canadian Off-Loading
Operational YE 2013 Faciities - 4
Estimated Year End 2013 Capacity - 230,000 bpd

Point Tuppes, NS

Levis. ac
L & i
ADD 2 Bakken Loading
YE RUSESNe= 1A i
--- 2uwc=p=cny 15-uooowa Portiand, MET) PADD 1 Oft-Loading
YE 2013 Facilites - 11
e o' 2013 Capacity - 945,000 b
YE 2013 Facilites - 8 ND D) PADD 2 Non-Bakken Lo-qu y ASCRpscl -1 1H0nabId,
2013 Capacity - 210,000 bpd YE 2013 Facties - 11 B
2016 Cepaciy - 1.175.000 bod 2013 Capacity - 160,000 bpd |1 4 Lo
2816.CoScl = 200000 Lol hiacepain, PA (2 pain Rimbey, N3
Toleds; @Lordstonn. OH e paianoro, N5
L--v.iq Weseviia,
Lorenzo, C’ 9 Coaiz. o1 ‘Delmare City, DE
Frazeyours,

PADD 2 Stroud to Cushing Loading/
Transioading/Of Loading Terminsla
2013 Capaeity -

2016 Capaciy - 150,000 bpa

Worwiown A

PADD 2 n.-n % Marine Transioading

2013 Capact,
2016 Capacity - 450

Offloading (blue) Facilities

33

2013 Crude Oil by Train Loading (red) and

PADD 3 Off-Loadiny
YE 2013 Facilites - 24

2013 Capacity - 985.000 bpd
2016 Gapaciy - 1.775.000 bpd

Planned or Potential Terminals
< Loading Capacity Unknown 4 Terminal Planned/Under Developement
@ Of-Loacing Capacity Unknown & Potential Terminal

: company and media reports. Sources for all facilities are in Appendix C. I to Market Analysis.

Figure 1.4.3-12 Crude by Train Loading and Off-Loading Facilities in 2013 (Current and Planned). Estimated Capacities

QER 1.1




,} QER 1.1: Waterways of the U.S.
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In 2012, crude oil, refined petroleum
products, and coal were 55% of all U.S.
waterborne cargo traffic by weight.

Nearly 15 percent of all petroleum
products consumed in the U.S. are

Current channel conditions reduce shipped on inland waterways.
cargos, idle until high-tide, or, be

subject to one-way traffic DOT’s Beyond Traffic 2045 report
restrictions .y
p— concludes that ”... several critical trends
and EERL! will have a major impact on the
Port Channel System Coal | Total Energy Energy . . . .
performance of critical marine links in our

Petroleum ]
Shipments ! .
Products transportation systems. They include:

Lake Charles Ship Channel
designed for two tankers to pass

Lower Mississippi (LA)

T — v Increasing imports and exports and
Beaumont/Port Arthur containerized freight will lead to

(TX) greater congestion on America’s
Port of NY/NJ coastal and inland ports.

Delaware River Investment in ports, harbors and
Corpus Christi (TX) waterways will be essential to meet
Port of Virginia the demand of increased trade and
Lake Charles (LA) competition.”

LA and Long Beach (CA)

QER 1.1

Huntington - Tristate (WV



Transporting Clean Energy Components on

NERGY FUTURES Shared Infrastructure
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ENERGY FUTURES

@} QER 1.1: North American Findings/
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Key Recommendations

Recommendations

North American Energy Flows

Continue advances that have been
made in the North American energy
dialogue

Increase the integration of energy datg
among the United States, Canada, and
Mexico

Undertake comparative and joint
energy system modeling, planning,
and forecasting

Establish programs for academic
institutions and not-for-profits to
develop legal, regulatory, and policy
roadmaps for harmonizing regulations
across borders

Coordinate training and encourage
professional interactions

563 ‘
' ] Mbbl/d l . o
Bf/d f GWh/d
133 l ' _ I J
( a15 e
' Mbbl/d ( (B’ ‘ot

Mbbl/d

| S 2.5 ‘\\j'

X 3
[ 532 Bcf/d
L Mbbl/d 3
- 18 >
Bcl/d
16

W) Crude Gil (Mbblid, 2013)

W) Refined Products (Mbbl/d, 2013) GWh/d
WP Natural Gas (Bef/d, 2013)
W Electricity (GWh/d, 2012)




@} North American Mapping Effort
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Layers/l egend

X Remove All

[ElTrilat Layers
v 4 Natural Gas Processing Plants

] A Liquefied Natural Gas Terminals
@ [=] Refineries

El Refinery
IJ Upgrader
a Asphalt Refinery
@ [=] Refineries, by Types
w O Refinery
w O Upgrader
w O Asphalt Refinery
@ [=] Power Plants, 100 MW or more
@ Biomass
O coal
© Geothermal
@ Hydroelectric
o Natural Gas
e Nuclear
@ cther
: ) A 0 Petroleum
‘ O"'On & ) ‘-g.‘if;*lmopal @ Pumped Storage
X - ['j\ré 2% / o §Solar
- ‘g St em aly Wind
I

i

QER 1.1
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QER 1.1 QER 1.2

National Security

Economic
Competitiveness

\lnlllafin-—'

SITING
Ensure

System Reliability,

v& Increasing the Resilience, O(//o Security, and
N Reliability, Safety, and < Resilience
< Asset Security of TS&D «é
< Infrastructure w S
Electricity
Improving Maximize System
e Economic of the 21st Enable

Shared " |NFRASTRUCTURE |~ Modernizing

Transport FOR THE 21ST the Electric Value and < Century a Clean

Electricity

Infrastructure: Grid
e Consumer
Future
Modernizing U.S. Energy
Security Infrastructures in
a Changing Global
Marketplace

ELEcTRICTY

QER 1.2: Electricity from Generation to End Use
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Q /C’rﬁricity Service Provider,
-

corporate headquarters!

o -

S,

\ A
Feeder \
Meters

Co Dis}jution
nsumers ~ -
S SubBtation

Automat Appliances \

74
Thermostat [

Home Energy
Monitor

= Residential
» Consumers

Community Microgrid ‘ - | - y » Remotely

= Controllea \‘

Recloser SIS

-
~
- -
OGS
s

DT T TS0, Commercial
Wi Tutines ErenySursge Undergrourt AL Consumers

/0\ 7> ‘}'@\ Distribution

"
- .’.J
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i“‘j

Source: Annual Energy Conservation Progress Report, 2010 (Volume Underground
One): Managing a Complex Energy System. Toronto, ON, modified Distribution
or presentation
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Evolving Requirements for System Operations

Findings

* The widespread integration of VERs at both utility scale and distributed across all consumer segments

significantly expands the time dimensions in which grid operators must function and complicates
operations.

* Dispatch effectiveness will require the integration of automated grid management with continuing

human oversight as well as an increase in the granularity, speed, and sophistication of operator
analytics.

R ——

System Reliability Depends on Managing Multiple Event Speeds

Frequency . ;
One AC . Service Restoration
Regulation
Cycle . (from Outages)
®Variable Ene
Non-Market : bty L4
Protective Relay Res.ou.rc Planning fo
Market Operations Inertial Revitions Carbon Goal
Response \J D4 T&D s
@ Hybrid Q Planning
| I I I I | l | l
108 103 10°

10° seconds

millisecond second minute hour day year decade

Source: von Meier, 2014 QER 1.2




4} Changing Needs for Electricity Reliability

ENERGY FUTURES
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Figure 1-3. Company Survey: Approximately How Many Minutes of IT Downtime Can Occur before
Business Is Negatively Impacted?
Share of Responses
35%
3 29%
25%
20%
17% 17% 16%
15% —
1%
10% -
6% .
5% — *
0%
Zero 1-5 6-15 15-60 60-180 180-360 <360
When the grid goes down, data centers face significant risks as backup power does not always work. The
key is to try to minimize the likelihood of grid power outages. Local power grid reliability should be a factor
considered when choosing data center locations.

QER 1.2
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[ Mirai Botnet Attack — October 21, 2016 ]
- \um Al - .,

ﬁsuring that we have reliable, accessible, sustainable, and affordable elem

power is a national security imperative. Our increased reliance on electric
power in every sector of our lives, including communications, commerce,
transportation, health and emergency services, in addition to homeland and
national defense, means that large-scale disruptions of electrical power will
have immediate costs to our economy and can place our security at risk.

Whether it is the ability of first responders to answer the call to emergencies
here in the United States, or the readiness and capability of our military service
members to operate effectively in the U.S. or deployed in theater, these
missions are directly linked to assured domestic electric power.”

K —Center for Naval Analyses, 2015/
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Protect the Electricity System as a National Security Asset.

» Amend the Federal Power Act to:

» Clarify and affirm DOE’s authority under the FAST Act to develop preparation and response capabilities
that will ensure it is able to issue a grid-security emergency order to protect critical electric infrastructure
from cyber attacks, physical incidents, EMPs, or geomagnetic storms. In this regard, DOE’s authority should
include the ability to address two-way flows that create vulnerabilities across the entire system; and

» Authorize FERC to propose new reliability standards and to modify NERC-proposed reliability standards if

FERC finds that expeditious action is needed to protect national security in the face of fast-developing new
threats to the grid.

» Collect information on security events to inform the President about
emergency actions and imminent dangers.

» Adopt integrated electricity security planning and standards on a regional
basis.

> Assess natural gas/electricity system infrastructure interdependencies for
cybersecurity protections.
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North American Electricity Integration

U.S. Electricity Trade with Canada in Four Regions

Terawatt-Hours
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Source: Energy Information Administration, 2015

Electricity Flows between the U.S. and Mexico

Monthly Trade in Megawatt-Hours
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Source: Department of Energy, 2016

Findings

* Trade has been increasing across the North
American bulk power system, but cross-
border flows, especially between Canada and
the United States, are now using the full
capacity of existing transmission
infrastructure.

* U.S.-Canada cross-border electricity trade and
coordination of operations, policy, and
regulatory planning are extensive, mature,
and efficient, as evidenced by the December
2016 Joint U.S.-Canada Electric Grid Security
and Resilience Strategy.

* One model for power-sector collaboration
across national borders is demonstrated by
the reliability planning under NERC, but this
engagement has been limited to Canada, the
U.S., and the Baja California region of Mexico.
Notably, Mexico’s ongoing electricity reform
could have significant impacts on the future of
cross-border integratioHA
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* Leaders of 20 Countries Representing over 80 % of Global Clean Energy
R&D Investment Agreed to Support a Joint Statement on Innovation

e Each Country Supported a Doubling of Governmental Clean Energy R&D
Investment over Next Five Years (www.mission-innovation.net)

* GoVv't Investment was Complemented by a Private Sector Initiative led by
Bill Gates, the Breakthrough Energy Coalition

(www.breakthroughenergycoalition.com)
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Clean Energy Innovation
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Saudi \
« 4 of 20 countries get 60-92% 8f tMelect

'vﬁm
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-76% of their power from coal. (China, 76%,
%, Australia, 68%, Indonesia, 49%, pdonesia .
y, 46%, US, 40%)

\
e T & o

Mission Innovation partners span five continents 4
They represent nearly 60% of the world’s population and include thetop fivexmost populous

countries in the world

Coalition emits two-thirds of the world’s total greenhouse gas emissions and nearly 3/4ths of the

CO2 emissions from electricity

GDP in these countries represents almost 70% of the global total
Mission Innovation countries represent over 80% of all government.i
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Baseline (Million Five-Year Target Amount

Country :sdei"e: ed“-pe‘"' r‘;"ea' ' ;"q US Dollars per (Million US Dollars per

' year) year)
Australia 104 AUD 78 156
Brazil 600 BRL 150 300
Canada 387 CAD 295 L [ 500
Chile 4.1856 USD 4 9
China 25,000 RMB 3,800 | 7,600 J
Denmark 292 DKK 45 90
European
thaian 989 EUR 1,111 .w
France 440 EUR 494 989
Germany 450 EUR 506 qiliiili!_________
India 4700 INR 72 145
Indonesia 16.7 USD 17 150
Italy 222 6 EUR 250 500
Japan 45,000 JPY 410
Kingdom of
Saudi Arabia el L Lo
Mexico 20.71 USD 21 62
Norway 1132 NOK 140 280
Republic of
Koron 490 USD 490 L [ 980 3
Sweden 134 SEK 17 33
— 10 USD 10 34
Emirates
United 200 GBP 290 580
Kingdom
United States | 6415 USD 6,415 - 12,830 J
TOTAL 14,690 29,510

.} Mission Innovation R&D Doubling by Country

novation
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Power Generation Sources and Water Withdrawals for Power

4 Generation Vary Greatly by Region

ENERGY FUTURES
— INITIATIVE —

b o=

Jadh
J\V\\ly 14,000 Mgal/day
Alaska/Arctic NETL 19,160 gal/MWh
39,890 Mgal/day
| 20,630 gal/MWh
60 Mgal/day 200 M?a / 3‘7:: o a3
3,130 gal/MWh 370 gal/M - — -
0-Atld
3,240 Mgal/day NETL. PPL
. 4,370 gal/MWh
LBNL NREL 35,320 Mgal/day
LAC SNL 17,410 gal/MWh
LLNL\ ‘ ’
6,740 Mgal/day
7,010 gal/MWh LANL 0 c -
: 40,840 Mgal/day
\\\ SRNL 16,780 gal/MWh
17,510 Mgal/day
m '?-“D 9,340 gal/MWh
656 Mgal/day ‘
22,097 gal/MWh

KEY (GENERATION SOURCE DATA)

= Coal
Natural Gas 1 Includes Wind, Solar, Biomass, Geothermal
Nuclear 2 Includes Petroleum, Other Fossil Fuel Gases, Pumped

Storage, Non-Biogenic Municipal Solid Waste, Batteries,
Hydrogen, et al.

= Hydroelectric Conventiopal
u Non-H\édro Renewables

| Other
Sources: EIA, 2014 data from “Net Generation by State by Type e Proaucer by trergy Seuree EtA-526,-and-£1A-923),” October 21, 20

al
USGS, EIA data via Maupin, M.A. et al., 2014, Estimated use of water in the United States in 2010: U.S. Geological Survey Circular 1405, 56 p.,




Proposed US Mission Innovation Funding:
N Regional Clean Energy InnovationPartnerships
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~ Alaska/Arctic

e

Northwest Northeast
Midwest

Hawaii/lIslands

Metro Area - Advance Industry Base Characteristics’

O Manufacturing-Oriented O Services-Oriented . Both Manufacturing Not Specialized X Universities with hig_h_es; and
and Service-Oriented in Either higher research activity

Mission Innovation




Potential Impacts of FY 2018
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* Termination of Deployment Programs —e.g. EV Everywhere, Better Buildings
Challenge, Weatherization Grants, Clean Energy Manufacturing Institutes

* Termination of Technology Demonstration Projects — e.g. Offshore Wind
Technology, SMR Licensing and Design assistance, ITER, Smart Grid
Demonstrations

* No re-proposal of FY 2017 new starts — e.g. Desalination Hub, new CCUS pilot
plia\nt |:irojects, FORGE Geothermal test facility, 5 new EFRCs, NGCC carbon capture
pilot plant

 Significant reductions to on-going apglied R&D programs — e.g. Sunshot,
advanced reactor R&D, LWR sustainability research, upgrades to existing DOE test
facilities (ATR, TREAT)

* Termination of ARPA-E and Climate change research

* Closure of 2 of 4 SPR sites and the NE Gasoline Reserve
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ND

SD

NE
(1)

OK

Paris Withdrawal Will Put Additional

Initial Commitments to Meeting US NDC under Paris Agreement*

(TN) B statewide commitments (22)
1
AR sc ] City/county commitments,
o~ includes state’s largest city (11)
AL
Ms @) |:| City/county commitments (6)
LA J— I:I No state/city/county
) Vs \ commitments (11)
/\? (F;)\ (246) institutions of higher
\') learning
-
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$277 M Downstream
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250 <X AN . . ... ... $434M .............................................................. Total Renewables
in Transport/Heat:

Thermal
S117 M

0
Electricity Oil and gas Energy Efficiency
transport and
Total Electricity: Total O&G: Total Efficiency: heat
$691 M $649 M $231 M

Global energy investment totalled USD 1.7 trillion in 2016, 12% down on 2015 due mainly to a fall of

over one-quarter in oil and gas investment. m




