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• Global	and	US	Trends	
	

• Four	US	Ini9a9ves	to	Help	Transform	the	
World’s	Energy	Systems	

	

•  Quadrennial	Technology	Review	
•  Key	Science/Technology	Program	
•  Quadrennial	Energy	Review	
•  Mission	Innova>on	
	

• Discussion	
	

Today’s	Discussion		
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Similari9es:	U.S.	and	Colombia		

•  Successful	revolu9ons	against	European	monarchs!	
•  Major	energy	producers	and	exporters	
•  Increasing	urbaniza9on	
•  Coasts	on	two	oceans	
•  Significant	regional	energy	differences	
•  Robust	research	universi9es	
•  Energy	infrastructure	shared	with	other	countries	
•  Climate/security	policies	suggest	need	for	fuel	
diversifica9on	

•  Un9l	June	1,	supporters	of	the	Paris	Climate	agreement	
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Overall,	these	countries	will	see	a	24	percent	increase	in	popula9on	by	2050	
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Top	20	Most	Populous	Countries,	2015/2050		

Global	/	US	Trends/Issues	
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New	LNG	capacity	by	2020:	
7939	bcf	
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*Plants	under	construc>on	

	
By	2020,	globally	traded	LNG	will	exceed	pipeline	gas	
	

	
15,289	bcf	LNG		

compared	to	
14,433	bcf	pipeline	gas	

	
	
	
This	could	have	major	implica>ons	for	the	development	
of	a	truly	global	LNG	gas	market.		The	US	will	be	one	of	
the	largest	LNG	exporters	in	the	world.		

5	

Significant	Global	LNG	Volumes	by	2020	

Global	/	US	Trends/Issues	

	
“Only	 23	 of	 the	 exis9ng	 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	 nau9cal	 miles	 without	 the	 canal	
and	9,133	nau9cal	miles	using	the	canal.	That’s	a	saving	of	
42%..”	

ADI	Analy>cs	
																																																															

US	LNG	Volumes	to	Asia	through	
Panama	Canal	by	2020	expected	
to	exceed	3	bcf/d.		EIA	
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6	

Upstream	
$434	M		

Global	Energy	Investment	

Downstream	
$215M		

Total	O&G:	
$649	M	

Networks	
$277	M		

Renewables	
$297	M		

Thermal	
$117	M		

Total	Electricity:	
$691	M	

Total	Efficiency:	
$231	M	

Total	Coal:	
$59	M	

Total		Renewables	
in	Transport/Heat:	

$19	M	

Total	Nuclear	:	
$26	M	

Global	Trends/Issues	
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Lifeline	Network	Interdependencies		

Global	Trends/Issues	
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8	

Land	and	Ocean	Temperature	Percen9les,	07/17		

Global	Trends/Issues	
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Global	Trends/Issues	
Global	average	temperature:	July,	2017	average	land	and	ocean	temperature	

was	the	second	highest	for	July	since	recordkeeping	began	in	1880.			 9	

Source:	NOAA,	
July,	2017	

NEW		ZEALAND.	Weder	than	average	
condi>ons	in	July,	with	several	loca>ons	
recording	more	than	three	>mes	the	
monthly	precipita>on	average.				

CONTINGUOUS	US.		Nearly	12%	of	
con>guous	US	was	in	drought	in	July	
and	drought	intensified	in	the	NW,		
northern	Rockies	and	central	northern	
plains.						

SOUTH		AMERICA.				July	17	
ranked	as	7th	warmest	ever	in	the	
108	year	history	of	record	keeping.					

NORTH		AMERICA.		Warmer-to-
much-warmer-than-average	
condi>ons	present	across	much	of	
N.	America,	tying	with	2016	as	the	
5th	highest	July	temperature	since	
con>nental	records	began	in	1910	

AFRICA.		Overall,	much	warmer	than	
average	 temperatures	 engulfed	
Africa	 in	 July,	 	with	several	 loca>ons	
in	 the	 Southern	 half	 experiencing	
record	 warmth.	 	 Overall,	 it	 was	 the	
hodest	July	on	record.						

AUSTRALIA.			July	was	drier	and	
warmer	than	avg.	condi>ons.	
Na>onal	avg.	temperature	was	
highest	since	1975	and	3rd	highest	
in	na>on’s	108	year	history	of	
recordkeeping.				

BAHRAIN.	Highest	July	mean	and	
maximum	temperature	on	record.					
July	minimum	temperature	was	
the	third	highest	on	cord	in	the	
Kingdom.	

ANTARCTIC.	In	July,	sea	ice	extent	
was	4.5%	lover	than		1981-2010	
average	and	lowest		extent	in	
history	of		record-keeping.								

ARCTIC.	In	July,	sea	ice	extent	was	
16.1%	lover	than	1981-2011	
average	and	the	5th	lowest	extent	
since	satellite	records	were	started	
in	1978	

ASIA.		Cooler	to	near-cooler	avg.	temperatures	
across	much	of	N.	Asia	while	much	of	S.	Asia	had	
much	higher	than	normal	temperatures.		Parts	of	
Mongolia	and	China	had	highest	July	temperatures	
on	record.		Overall,	Asia	had	the	5th	highest	avg.	July	
temperature	in	the	108	year	history	of	record-
keeping.						

Selected	Significant	Anomalies	and	Events,	07/17		
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Ra9o	of	withdrawals		
to	supply	

Low	(<	10%)	
Low	to	medium	(10-20%	)	
Medium	to	high	(20-40%	)	
High	(40%-80%	)	
Extremely	high	(>	80%	)	

Water	Stress	by	Country:	2040	
*	World	Bank,	2014,	Huffman	

Currently,	28%	of	the	world	lives	in	water-scarce	countries.		Experts	
es9mate	that	by	2080,	this	number	will	climb	to	between	43-50%*	

Global	Water	Stress,	2040		

10	
Global	Trends/Issues	
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Source:	Human	Development	Index	–	2010	data	United	Na>ons;	Annual	Per	
Capita	Electricity	Consump>on	(kWh)	-	2007	data	World	Bank.	Updated:	4/11	

Annual Per Capita Electricity Consumption (kWh) 
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The Human Development Index is a 
comparative measure of life expectancy, 
literacy, education, and standards of living. 
Countries fall into four broad categories 
based on their HDI:  very high, high, 
medium, and low human development.  

4,000 kWh per person per year is the 
dividing line between developed and 
developing countries. 

																																		“We	are	rather	pessimis9c	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	
construc9on	of	infrastructure	when	affluence	levels	go	beyond	
the	sa9sfac9on	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	correla9on	will	break,			
																at		least	in	the	near	future.”	
\	

					Steckel,	et	al,	“Development	without	energy?	Assessing	future	scenarios	of		
																																																						energy	consump>on	in	developing	countries”	

 

Human	Development	Index	&																																								
Electricity	Consump9on		

11	

Columbia	

Global	Trends/Issues	
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Global	Trends/Issues	
12	

“The	climate	phenomenon	known	
as	El	Niño	has	accelerated	the	
mel9ng	of	Colombian	glaciers”.		
Hydrology,	Meteorology	and	Environmental	Studies	Ins7tute	

“The	Conejeras	Glacier,	located	in	Los	
Nevados	Na9onal	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	
Niño”	

Colombia,	El	Nino,	Glaciers,	Climate	Change	
Boulder	Glacier,	Montana	

Glacier	in	Peru	
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13	

Closer	to	(My)	Home:	NASA	Satellite	Photos,	
Elephant	Buue	Reservoir,	New	Mexico		

1994	 2013	

Global	Trends/Issues	
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14	Delibera(ve	dra,—Not	for	distribu(on	

Fawced	et	al	2015	

Climate	Goals/COP	21	Temperature	Targets	

Global	Trends/Issues	
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15	

Gulf	Coast	Hurricanes:	Increase	in	Storm	
Intensity	Spells	Trouble	for	Infrastructure	

	
Natural	Gas:	

	

•  86	processing	plants	
•  31%	of	na>onal	gas																					
processing	capacity	

•  291	compressors	
•  13	transmission	hubs	

	
Propane:	

	

•  Mt.	Belvieu	storage		
				complex		and	market	hub	
•  ~35%	of	na>onal	propane		
				stocks	
	

	
Petroleum:	

	

•  42	refineries	
•  8,225	MBbl/d	
•  52%	of	na>onal	refining		

																	capacity	
•  234	terminals	 US	Trends/Issues	



QUADRENNIAL ENERGY REVIEW 	|		Second Installment Fuel Switching And US CO2 Emissions  
Reductions 

CO2	emissions	reduc9ons	from	increase	in	non-carbon	
genera9on	2006-2014:		789	million	metric	tons	

Total	CO2	
emissions	

reduc9ons	from	
fuel	switching	

2006-2014:	1963	
billion	tons	

61%	from	coal	to	
gas,	39%	from	no-
carbon	sources	

CO2	emissions	reduc9ons	in	fossil	fuel	genera9on	from	
shil	to	gas,	2006-2014:		1254	million	metric	tons	

Source:	EIA	

16	US	Trends/Issues	
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17	

5%	of	US	
produc9on	
in	2004	

Over	50%	of	US	
produc9on	in	

2016	

Source:		EIA	

Shale	Gas	has	Transformed	US	Energy	Profile	

US	Trends/Issues	



QUADRENNIAL ENERGY REVIEW 	|		Second Installment 

	
	
	

	

	

	

	

	

	
	

	

	

	

	

	

	

	

	

18 

0 

0,5 

1 

1,5 

2 

2,5 

3 

3,5 

0	

5	

10	

15	

20	

25	

30	

35	

40	

1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	

An
nu

al
	S
ha

le
	G
as
	P
ro
du

c9
on

	(T
cf
)/
	

Va
lu
e	
of
	T
ax
	C
re
di
ts
	($

/M
cf
)	

An
nu

al
	P
ro
gr
am

	B
ud

ge
t	

	(M
ill
io
ns
	U
S	
Do

lla
rs
	in
	1
99
9	
Do

lla
rs
)	

Year 
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Federal	
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Time	limited	tax	credit	
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produced	
under	tax	
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Shale	Gas	Success:		RD&D,	Public/Private	
Partnerships,		Policy	Mechanisms	

US	Trends/Issues	
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US	Trends/Issues	

Age	of	Natural	Gas	

Age	of	Gas																								
&	Wind	 Age	Solar	

&	Wind?	

Age	of	Gas,	
Wind	&	Solar	

US Generation Capacity Additions 
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20	

The	2015	Quadrennial	
Technology	Review	(QTR)	
examines	the	status	of	the	
science	and	technology	that	are	
the	founda9on	of	our	energy	
system,	together	with	the	
research,	development,	
demonstra9on,	and	
deployment	(RDD&D)	
opportuni9es	to	advance	them.	
It	focuses	primarily	on	
technologies	with	
commercializa9on	poten9al	in	
the	midterm	and	beyond.		

Quadrennial	Technology	Review	
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Quadrennial	Technology	Review	21	

•  Fossil	genera9on	
o Turbine	efficiency	
o Carbon	capture,	u>liza>on,	storage	
	

•  Renewable	genera9on	
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	

	

•  Grid	moderniza9on	
o Integra>on	of	variable	renewables	
o Smart	grid/meters	
o IT/OT	integra>on	
o Internet	of	Things	
o Distribu>on	system	automa>ons	
	
	
	

Electricity	

Key	Transforma9onal	Technology	Pathways:	
Electricity		
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22	

	
•  Electric	Vehicle/Baueries	
	
•  Fuel	Cell	Vehicles	
	

•  Automated	Vehicles	
	
•  Hybrids	and	Plug-ins	
	
•  Biofuels	
	
•  Light-weigh9ng	
	
•  Heavy-duty		vehicle	
efficiency	and	alterna9ve	
fuels	
	
	
	

Transporta9on	

Key	Transforma9onal	Technology	Pathways:	
Transporta9on	

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

Batteries: Key Clean Energy Enabler 
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24	

Significant	Cost	Reduc9ons	for	Key	
Technologies	

Cost	Reduc9ons	Since	2008	
	

Onshore	Wind			(-		41%	)	

Distributed	PV			(	-		54%		)	

U9lity		Scale		PV		(	-		
64%	)	Modeled	Bauery																																	
Costs	(	-	73%	)	
LED	Bulbs		(	-		94%	)	

Quadrennial	Technology	Review	
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(ARPA-E)	

	ARPA-E	focuses	on	promo>ng	
transforma>onal	technologies	
with	high	risk,	high	payoff	
characteris>cs	that	may	fall	
outside	the	path	of	conven>onal	
technology	roadmaps	

U.S.	Na9onal	Academy	of	
Sciences	recommended	a	
funding	path	to	an	annual	
budget	of	$1	billion		for	

ARPA-E	

DOE	Innova9on	Programs	
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DOE	Innova9on	Programs	

Energy	Fron9er	Research	Centers	

23	

8	
1	

Lead	Ins9tu9on	

University	 DOE		Laboratory	 Non-Profit	

EFRC Contributions* to 
Companies 

Science 
Applications 
Low-Carbon Power 

Energy Storage 

The	EFRCs	harness	the	most	basic	and	advanced	discovery	research	in	a	concerted	effort	to	
establish	the	scien>fic	founda>on	for	a	fundamentally	new	U.S.	energy	economy.				
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Quadrennial	Energy	Review:	
Intallments	One	and	Two	
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•  Presiden9al	Memorandum	stated	the	
Administra9on	will	conduct	a	
Quadrennial	Energy	Review	to	be	led	
by	the	White	House	Domes9c	Policy	
Council	and	Office	of	Science	and	
Technology	Policy	

	

•  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	
analy9cally	based,	integrated	ac9ons	
for	proposed	investments	over	a	four-
year	planning	horizon	

Quadrennial Energy Review 
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•  Review	and	concurrence	with	the	White	House	and	over	20	
Federal	execu9ve	departments	and	agencies	throughout	
process	

•  Addi9onal	analysis,	including	studies	and	data,	provided	from	
agencies	for	policy	analysis	and	modeling	considera9on	

10	

•  QER Process - Interagency 

QER	1.1	
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•  Public	mee9ngs	and	technical	workshops	across	the	U.S.		
•  Interna9onal	mee9ngs	in	Canada	and	Mexico	
•  Public	comment	portal	available	online	

7	

•  QER Process - Stakeholders 

QER	1.1	
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Focus	Areas	
•  Increasing	

Resilience,	
Reliability,	Safety	
and	Asset	Security	

•  Modernizing	the	
Electric	Grid	

•  Modernizing	US	
Energy	Security	
Infrastructure	

•  Shared	
Transporta>on	

•  Integra>ng	N.	
American	Energy	
Markets	

•  Workforce	
•  Si>ng	and	

Permitng	

Highlights	
•  12	recommenda>ons	are	implemented	
•  21	recommenda>ons	are	now	reflected	in	

Federal	law	following	Congressional	ac>on	
•  $2	billion	to	modernize	the	Strategic	

Petroleum	Reserve	

QER	1.1	

QER		1.1	Transmission,	Storage,	&		
Distribu9on	Infrastructure	



QUADRENNIAL ENERGY REVIEW 	|		Second Installment 

32	

Cushing,	OK	
Facility	

Recorded	Tornado	
Paths		
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2010	Crude	Oil	by	Train	Loading	(red)	and	
Offloading	(blue)	Facili9es	

2013	Crude	Oil	by	Train	Loading	(red)	and	
Offloading	(blue)	Facili9es	

33	

      QER 1.1: Geography of Supply/Infrastructure  
Changing Rapidly 

QER	1.1	
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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	
shipped	on	inland	waterways.	

	

•  DOT’s	Beyond	Traffic	2045	report	
concludes	that	”...	several	cri>cal	trends	
will	have	a	major	impact	on	the	
performance	of	cri>cal	marine	links	in	our	
transporta>on	systems.		They	include:	

	

ü  Increasing	imports	and	exports	and	
containerized	freight	will	lead	to	
greater	conges>on	on	America’s	
coastal	and	inland	ports.	

ü  Investment	in	ports,	harbors	and	
waterways	will	be	essen>al	to	meet	
the	demand	of	increased	trade	and	
compe>>on.”		

Lake	Charles	Ship	Channel	
designed	for	two	tankers	to	pass	

Current	channel	condi9ons	reduce	
cargos,	idle	un9l	high-9de,	or,	be	
subject	to	one-way	traffic	
restric9ons	

Port	Channel	System	

Crude	
and	

Petroleum	
Products	

Coal	 Total	Energy	
Percent	
Energy	

Shipments	

Lower	Mississippi	(LA)	 161	 47	 208	 48%	
Houston/Galveston	(TX)	 200	 3	 203	 69%	
Beaumont/Port	Arthur	
(TX)	 115	 -	 115	 89%	
Port	of	NY/NJ	 80	 0	 80	 59%	
Delaware	River	 62	 -	 62	 82%	
Corpus	Chris9	(TX)	 58	 -	 58	 77%	
Port	of	Virginia	 2	 50	 52	 66%	
Lake	Charles	(LA)	 49	 -	 50	 88%	
LA	and	Long	Beach	(CA)	 46	 2	 47	 33%	
Hun9ngton	-	Tristate	(WV)	 8	 32	 41	 87%	 34	

QER 1.1: Waterways of the U.S. 
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QER	1.1	
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Transpor9ng	Clean	Energy	Components	on		
Shared	Infrastructure	

QER	1.1	
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QER	1.1:	North	American	Findings/
Recommenda9ons	

Key	Recommenda9ons	
•  Con>nue	advances	that	have	been	

made	in	the	North	American	energy	
dialogue	

•  Increase	the	integra>on	of	energy	data	
among	the	United	States,	Canada,	and	
Mexico	

•  Undertake	compara>ve	and	joint	
energy	system	modeling,	planning,	
and	forecas>ng	

•  Establish	programs	for	academic	
ins>tu>ons	and	not-for-profits	to	
develop	legal,	regulatory,	and	policy	
roadmaps	for	harmonizing	regula>ons	
across	borders	

•  Coordinate	training	and	encourage	
professional	interac>ons	

North	American	Energy	Flows	

QER	1.1	
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North	American	Mapping	Effort	

QER	1.1	



QUADRENNIAL ENERGY REVIEW 	|		Second Installment 

38	

QER	1.2	QER	1.1	

		

QER 1.2: Electricity from Generation to End Use 

QER	1.2	
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Control  
Center 

KENDERDINE 
UTILITY Electricity Service Provider, 

corporate headquarters! 

 
 
 
 
 
Source: Annual Energy Conservation Progress Report, 2010 (Volume 
One): Managing a Complex Energy System. Toronto, ON, modified 
for presentation 
 
 	

 
 
 	

 	  	

c

Community	Microgrid	

Smart	Appliances	

Two Way Electricity  Flows: Value Creation, Consumer Choice, 
Complex Grid Operations, Visibility Needs, Cyber Security 

QER	1.2	
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Findings	

•  The	widespread	integra>on	of	VERs	at	both	u>lity	scale	and	distributed	across	all	consumer	segments	
significantly	expands	the	>me	dimensions	in	which	grid	operators	must	func>on	and	complicates	
opera>ons.	

•  Dispatch	effec>veness	will	require	the	integra>on	of	automated	grid	management	with	con>nuing	
human	oversight	as	well	as	an	increase	in	the	granularity,	speed,	and	sophis>ca>on	of	operator	
analy>cs.	

System	Reliability	Depends	on	Managing	Mul9ple	Event	Speeds	

Source:	von	Meier,	2014	

Evolving	Requirements	for	System	Opera9ons	

QER	1.2	
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Changing	Needs	for	Electricity	Reliability		

41	 QER	1.2	
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“Assuring	that	we	have	reliable,	accessible,	sustainable,	and	affordable	electric	
power	 is	 a	 na9onal	 security	 impera9ve.	 Our	 increased	 reliance	 on	 electric	
power	 in	 every	 sector	 of	 our	 lives,	 including	 communica9ons,	 commerce,	
transporta9on,	 health	 and	 emergency	 services,	 in	 addi9on	 to	 homeland	 and	
na9onal	 defense,	means	 that	 large-scale	 disrup9ons	 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	 effec>vely	 in	 the	 U.S.	 or	 deployed	 in	 theater,	 these	
missions	are	directly	linked	to	assured	domes>c	electric	power.”		
	

	 	 	 	 						–Center	for	Naval	Analyses,	2015	

42	

		

Mirai	Botnet	Adack	–	October	21,	2016	

Electricity	Is	a	Cri9cal	and	Essen9al	Asset	

QER	1.2	
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Protect	the	Electricity	System	as	a	Na9onal	Security	Asset.		
Ø Amend	the	Federal	Power	Act	to:	

Ø  Clarify	and	affirm	DOE’s	authority	under	the	FAST	Act	to	develop	prepara>on	and	response	capabili>es	
that	will	ensure	it	is	able	to	issue	a	grid-security	emergency	order	to	protect	cri>cal	electric	infrastructure	
from	cyber	adacks,	physical	incidents,	EMPs,	or	geomagne>c	storms.	In	this	regard,	DOE’s	authority	should	
include	the	ability	to	address	two-way	flows	that	create	vulnerabili>es	across	the	en>re	system;	and	

Ø  Authorize	FERC	to	propose	new	reliability	standards	and	to	modify	NERC-proposed	reliability	standards	if	
FERC	finds	that	expedi>ous	ac>on	is	needed	to	protect	na>onal	security	in	the	face	of	fast-developing	new	
threats	to	the	grid.	

Ø Collect	informa9on	on	security	events	to	inform	the	President	about	
emergency	ac9ons	and	imminent	dangers.				

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

Ø Assess	natural	gas/electricity	system	infrastructure	interdependencies	for	
cybersecurity	protec9ons.			

QER	1.2	Recommenda9ons	
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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	exis>ng	transmission	
infrastructure.	
	

•  U.S.-Canada	cross-border	electricity	trade	and	
coordina>on	of	opera>ons,	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	collabora>on	
across	na>onal	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	integra>on.	

U.S.	Electricity	Trade	with	Canada	in	Four	Regions	

Source:	Energy	Informa>on	Administra>on,	2015	

Electricity	Flows	between	the	U.S.	and	Mexico	

U.S.	to	Mexico	 Mexico	to	U.S.	

Source:	Department	of	Energy,	2016	

Month	
44	

North	American	Electricity	Integra9on	



QUADRENNIAL ENERGY REVIEW 	|		Second Installment 

45	

Mission	Innova9on	

•  	Leaders	of	20	Countries	Represen>ng	over	80	%	of	Global	Clean	Energy	
R&D	Investment	Agreed	to	Support	a	Joint	Statement	on	Innova>on	

•  Each	Country	Supported	a	Doubling	of	Governmental	Clean	Energy	R&D	
Investment	over	Next	Five	Years	(www.mission-innova9on.net)		

•  Gov’t	Investment	was	Complemented	by	a	Private	Sector	Ini>a>ve	led	by	
Bill	Gates,	the	Breakthrough	Energy	Coali>on	
(www.breakthroughenergycoali9on.com)		
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Mission	Innova9on	

Source:	World	Bank,	EIA	

United	
States	

Canada	

Mexico	

Brazil	

Chile	

Norway	
Sweden	

UK	

France	
Germany	

Italy	

Saudi		
Arabia	 India	

China	

Japan	

Indonesia	

Australia	

UAE	

South		
Korea	

Denmark	

•  4	of	20	countries	get	60-92%	of	their	electricity	from	
hydro	

•  6	get	30-91%	of	power	from	natural	gas	(UAE	98%)	
•  6	get	40-76%	of	their	power	from	coal.		(China,	76%,	

India,	74%,	Australia,	68%,	Indonesia,	49%,	
Germany,	46%,	US,	40%)	

	

•  Mission	Innova>on	partners	span	five	con>nents		
•  They	represent	nearly	60%	of	the	world’s	popula>on	and	include	the	top	five	most	populous	
countries	in	the	world	

•  Coali>on	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	Innova>on	countries	represent	over	80%	of	all	government	investment	in	clean	energy	R&D	

Mission	Innova9on:	Focus	on																																																				
Clean	Energy	Innova9on		
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Mission	Innova9on	R&D	Doubling	by	Country	
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Biomass 
Wind 

Concentrating Solar Thermal 
Photovoltaic

s 

Tidal2 

Wave 
Hydropower 
Geothermal1 

Resource 
Dark = 
Higher 
Light = 
Lower 

1 Does not   
  include Alaska  
  or Hawaii 

2 Does not   
  Include 
Hawaii Source:  NREL 2006, 2012 
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Mapping	of	U.S.	Renewable	Resources		

Mission	Innova9on	
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Sources:		EIA,	2014	data	from	“Net	Genera>on	by	State	by	Type	of	Producer	by	Energy	Source	(EIA-906,	EIA-920,	and	EIA-923),”	October	21,	2015.	hdps://www.eia.gov/electricity/data/state/			
USGS,	EIA	data	via	Maupin,	M.A.	et	al.,	2014,	Es>mated	use	of	water	in	the	United	States	in	2010:	U.S.	Geological	Survey	Circular	1405,	56	p.,	hdp://dx.doi.org/10.3133/cir1405	

1	Includes	Wind,	Solar,	Biomass,	Geothermal	
2	Includes	Petroleum,	Other	Fossil	Fuel	Gases,	Pumped	
Storage,	Non-Biogenic	Municipal	Solid	Waste,	Baderies,	
Hydrogen,	et	al.	
	

Northeast	

Southeast	
Southwest/Central	

North	Central	 Midwest	

West	 NETL	

SNL	

NETL	

40,840	Mgal/day	
16,780	gal/MWh	

200	Mgal/day	
370	gal/MWh	

6,740	Mgal/day	
7,010	gal/MWh	

17,510	Mgal/day	
9,340	gal/MWh	

3,240	Mgal/day	
4,370	gal/MWh	

39,890	Mgal/day	
20,630	gal/MWh	

14,000	Mgal/day	
19,160	gal/MWh	

35,320	Mgal/day	
17,410	gal/MWh	

Mid-Atlan9c	

Northwest	

Coal	
Natural	Gas	
Nuclear	
Hydroelectric	Conven>onal	
Non-Hydro	Renewables	
Other	

   KEY (GENERATION SOURCE DATA)


1	
2	

656	Mgal/day	
22,097	gal/MWh	

Alaska/Arc9c	

Hawaii	

60	Mgal/day	
3,130	gal/MWh	
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Power	Genera9on	Sources	and	Water	Withdrawals	for	Power	
Genera9on	Vary	Greatly	by	Region			

Mission	Innova9on	
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Northeast	

Mid-Atlan9c	

Southwest/Central	

North	Central	

Midwest	
Northwest	

West	

Universities with highest and 
higher research activity2 Manufacturing-Oriented Services-Oriented Both Manufacturing 

and Service-Oriented 
Not Specialized  
in Either 

Metro Area - Advance Industry Base Characteristics1  

Alaska/Arc9c		

Hawaii/Islands	

Southeast	
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Proposed	US	Mission	Innova9on	Funding:	
Regional	Clean	Energy	Innova9on	Partnerships	

Mission	Innova9on	
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•  Termina9on	of	Deployment	Programs	–	e.g.	EV	Everywhere,	Beder	Buildings	
Challenge,	Weatheriza>on	Grants,	Clean	Energy	Manufacturing	Ins>tutes	
	

•  Termina9on	of	Technology	Demonstra9on	Projects	–	e.g.	Offshore	Wind	
Technology,	SMR	Licensing	and	Design	assistance,	ITER,	Smart	Grid	
Demonstra>ons	
	

•  No	re-proposal	of	FY	2017	new	starts	–	e.g.	Desalina>on	Hub,	new	CCUS	pilot	
plant	projects,	FORGE	Geothermal	test	facility,	5	new	EFRCs,	NGCC	carbon	capture	
pilot	plant	
	

•  Significant	reduc9ons	to	on-going	applied	R&D	programs	–	e.g.	Sunshot,	
advanced	reactor	R&D,		LWR	sustainability	research,		upgrades	to	exis>ng	DOE	test	
facili>es	(ATR,	TREAT)	
	

•  Termina9on	of	ARPA-E	and	Climate	change	research	
	
•  Closure	of	2	of	4	SPR	sites	and	the	NE	Gasoline	Reserve	

Poten9al	Impacts	of	FY	2018		
Trump	Budget	Reduc9ons	

Discussion	
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Initial	Commitments	to	Meeting	US	NDC	under	Paris	Agreement*

OR	
(7)

WA	
(3)

MT

CO
(2)

NM

MN
(5)

IA
(3)

IL
(10)

NC
(2)

OH
(11)

VA	
(3)

NY
(29) CT

(7)

MA	(24)

RI	(3)

HI	(3)

ME
(5)

PA
(18)

MD	(15)

DE	(2)

VT
(8)

CT

ID
(1)

NV
(1) UT

AZ	
(3)

TX
(5)

KS

WI	

IN

KY

TN
(1)

GA
(3)

SC	
(1)

NJ	(11)

FL
(3)

LA
(1)

AR

MO
(1)

NH	(4)

MI	
(5)

NE	
(1)

Statewide	commitments	(22)
City/county	commitments,																																																															
includes	state’s	largest	city	(11)
City/county	commitments	(6)
No	state/city/county	
commitments	(11)

(246)		institutions	of	higher
learning

DC	
(4)

Puerto	Rico

ND

SD
WY

MS
AL

WV

OK

AK

CA
(31)

Paris	Withdrawal	Will	Put	Addi9onal																							
Pressure	on		Innova9on	Efforts	

Discussion	
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Upstream	
$434	M		

Global	Energy	Investment	

Downstream	
$215M		

Total	O&G:	
$649	M	

Networks	
$277	M		

Renewables	
$297	M		

Thermal	
$117	M		

Total	Electricity:	
$691	M	

Total	Efficiency:	
$231	M	

Total	Coal:	
$59	M	

Total		Renewables	
in	Transport/Heat:	

$19	M	

Total	Nuclear	:	
$26	M	

Discussion	


