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Wind	&	Solar	IntegraDon	Challenges	
The	integra+on	of	high	volumes	of	wind	and	solar	power	to	reduce	emissions	
will	require	significant	changes	to	the	electric	power	system	in	coming	decades	
	
	
	

§  Wind	and	solar	are	weather-driven	and	variable	sources	of	energy	
generaDon	

	
§  Without	storage,	uncontrollable	fluctuaEons	can	cause	reliability	challenges	

in	meeDng	demand	
	
§  Need	for	back-up	operaEng	reserves,	which	increase	costs	and	oJen	cannot	

adjust	power	output	fast	enough	

§  Risk	of	over-generaEon	
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3	InterconnecEons	 NERC	Reliability	Regions	

Organized	Electricity	Markets	

The	Electric	Power	Grid:	A	“Balkanized”	System	
Constraining	the	U+liza+on	of	Loca+on-Dependent	and	Variable	Resources	
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(DOE,	2015)	 (NERC,	2014)	
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NEWS Simulated Results!

	
	
	
	

The	NaDonal	Energy	with		
Weather	System	(NEWS)	Simulator	

**	A	cost-opDmizing	model	for	
					the	U.S.	Power	Grid	for	2030	
	

**	Determines	opDmal	blend	of		
					power	generaDon	sources	and					
					locaDons	throughout	the	U.S.	

**	Emission	reducDons	up	to	80%	
					without	increased	costs	and	with	
					current	technology,	using	the		
					naDonal	transmission	system	
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A	NaEonal	HVDC	Transmission	Network	

(Clack,	MacDonald	et.	al	2015)	



Research	ObjecDves	
1)  Incorporate	and	evaluate	impact	of	exisEng	U.S.	

electric	sector	policies	in	the	NEWS	Simulator	
–  No	Policies	
–  State	Renewable	Por`olio	Standards	(RPS)	
–  Federal	ProducDon	Tax	Credit	(PTC)	and	Investment	Tax	
Credit	(ITC)	

	

2)  Assess	the	NaEonal	HVDC	System	compared	current		
						electricity	markets	and	a	regional	expansion	scenario	
–  Current	Electricity	Markets	
–  Regional	Expansion	
–  A	Revised	NaDonal	HVDC	Transmission	Network	
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Boundary	Modeling	

Methodology	
State	Boundaries	&	Electricity	Market	Regions	

	



State	Boundaries:	Grid	Points	to	States	
Original	32	Regions	 State	Boundaries	

State	Wind	and	Solar	Sites	 State	ExisDng	GeneraDon	2012	
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State	Hourly	Electric	Load;		
Nuclear	&	Hydro	GeneraDon	

State	Average	Load	(MWh)	 State	Average	Nuclear	GeneraDon	

State	Average	Hydroelectric	GeneraDon	
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New	State	HVDC	Load	Centers:		
LocaDons,	Distances,	and	HVAC	Losses	

Centroid	Top-5	CiDes	PopulaDon-Weighted	
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Power	System	Modeling	Scenarios	

A	Revised	NaEonal	HVDC	System	

Current	HVAC	Networks	(sub-NERC)	 Regional	HVAC	Expansion	(NERC)	
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U.S.	Electric	Sector	Policies	
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ProducEon	Tax	Credit:	
à	$23.0	/	MWh	Wind	
GeneraEon	

&	
Investment	Tax	Credit:	
à	30%	UElity-PV	
Investment	
	

Regional	Greenhouse		
Gas	IniEaEve	

&	
California’s	Global	
Warming	SoluEons	
Act	of	2006	

Federal	Renewable	Energy	IncenEves	 CO2	Cap-and-Trade	Programs	

State	Renewable	Porfolio	Standards	
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Policy	&	Grid	
Assessment	

	



	
	
	
	
	
	
	
	

Power	Grid	&	Policy	Assessment	
Electric	Sector	Carbon-Free	GeneraEon	(%)	

Average	Electricity	Costs	($	/	MWh)	

Carbon	Dioxide	Emissions	(MMTCO2)	
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Power	GeneraDon	SiDng	
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NaEonal	System	

Current	Markets	 Regional	Expansion	

*	PTC	&	ITC	
			Policy		
			Scenarios	

ProliferaEon	
of	Wind	Sites	
in	Great	Plains	
and	Northeast	
U.S.	



Summary	
•  NEWS	Simulator	uDlizes	NOAA’s	weather	experDse	to	opDmize	a	

cleaner	power	sector,	reduce	emissions,	and	miDgate	climate	change	
	

•  The	present	research	expands	the	NEWS	modeling	capabiliDes	to	
assess	electric	sector	policies	and	new	power	system	scenarios	

•  The	implementaDon	of	a	naDonal	network	enables	significantly	more	
renewable	energy	deployment;	lower	electricity	costs	and	emissions	
compared	to	current	and	regionally	expanded	networks	

•  The	PTC	and	ITC	provide	large	market	incenDves	for	renewable	
generaDon	as	well	as	enhance	impact	of	the	naDonal	network;		
Current	RPSs	will	be	largely	ineffecDve	by	2030	
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Future	Work	
•  Submit	paper	for	journal	publicaDon	

•  Senior	thesis	assessing	physical	and	insDtuDonal	challenges,	
including	analysis	of	wholesale	electricity	market	reform	and	
transmission	expansion	

•  Further	simulaDons	and	NEWS	model	expansions:	
–  Combined	policy	scenario	of	exisDng	policies	

(RPS,	PTC	&	ITC,	cap-and-trade)	
–  SO2,	NOX,	and	Hg	regulaDons	(must	track	these	first)	
–  NaDonal	policies:	carbon	tax,	RPS,	etc.	
–  Apply	model	outside	of	U.S.	
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More	informaDon	on	NEWS	Study:	
hlp://www.esrl.noaa.gov/gsd/
renewable/news-simulator.html	
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Policy	Modeling	Methodology	
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Emissions	Constraint	

Permit	Price	

ProducDon	Subsidy	 Investment	Subsidy	

Load	Constraint	
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