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Renewables	are	necessary		
but	not	sufficient	

Neccesary	
•  Very	low	costs	

–  InstallaLon	
–  Electricity	

•  Feasible	growth	rates	to	
make	NetZero	by	2050	

•  Minimal	regulatory	hurdles	

Not	Sufficient	
•  Zero-emission	electricity	has	been	

≈	37%	for	20	years	
•  Dispatchable	Clean	Energy	(DCE)	

–  Hydro	
–  BaZeries	
–  Geothermal	
–  Nuclear	

•  Process	Heat		
–  Decarbonize	industry	
–  Heat	buildings	

•  Geographical	regions		
–  Like	Alaska	
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Low	Costs	
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Real	Purchase	Prices	
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Zero-emission	Electricity	37%	for	20	years	

5	hZps://ourworldindata.org/low-carbon-electricity?country=	
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Nuclear	Growth	5%	
Hydro	Growth	5%	
Solar	Growth	13%	
Wind	Growth	10%	
Wind		38.3	kW/Ac,	30	Ac/Windmill,		
WindCapFac	23%	GE	5MW/turbine	
Solar	55.9	kW/Ac	
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Land	Areas	
Alaska	=	570,641	sq	miles	
Texas	=	261,232	sq	miles	

New	Mexico	=	121,298	sq	miles		

SolarSqMiles	

WindAreaSqMiles	

≈	Area	of	Texas	

Texas	+	New	Mexico	

Recall—	
Energy	use	has	been	growing	at	

	246	GW/year	since	1965	



Approximate	Area	for	45-100MW	
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1	GW	in	under	½	Square	Mile	
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246	of	these	per	year	
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Necessary	but	not	Sufficient	
•  NetZero	by	2050	numbers	are	all	annualized	averages	
•  Doug	showed	us	a	movie	about	DUCK	CURVE	è	daily	performance	
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VariableRenewableEnergy	(VRE)		+	Smart	Grid	

•  IF			Supply	<	Demand		è		Brownouts	or	Blackouts	
•  IF			Supply	>	Demand		è		Supplies	must	be	Curtailed		
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				VRE		+		DispatchableCleanEnergy				=		Demand	
																																																									Response	

Wind	
Solar	

BaZeries	
Hydro	

Load	Following	Nuclear	
	

Grid	Operator	or	Aggregator	
Sends	messages	to	LOADS	

Not	NOW	è	Later	
Shed	the	load	NOW	

	

Electricity	Supply	
	
	
	
	è	look	at	daily	performance	



California’s	Duck	Curves	

•  Dispatchable	Energy	includes	CO2	emiqng	GAS	
•  Need	Dispatchable	Clean	Energy	(DCE)	for	ramps	

13	hZps://eta-publicaLons.lbl.gov/sites/default/files/ca_dr_potenLal_study_-_phase_3_-_shit_-_final_report.pdf	



It’s	actually	geqng	worse	in	every	dimension	
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Natural	Gas	Helps	Ducks		

15	



Our	PosiLon	

•  Fossil	Fuel	CombusLon	è	CO2	in	atmosphere	
•  InternaLonal	agreements	for	NetZero	by	2050	
•  What	is	the	correct	GOAL?	
–  Replace	Fossil	Fuels	with	Clean	Energy	

•  What	is	Clean	Energy?	
–  Renewables,	Hydro,	Geothermal,	Tidal	
– Nuclear	

•  Goals	of	100%	Renewables	by	<any	date>	
–  Confuse	a	technology	with	the	real	goal	
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Renewables	are	necessary		
but	not	sufficient	

Neccesary	
•  Very	low	cost	of	energy	
•  Feasible	growth	rates	to	

make	NetZero	by	2050	
•  Minimal	regulatory	hurdles	

Not	Sufficient	
•  Non-emiqng	electricity	has	

been	37%	for	20	years	
•  Dispatchable	Clean	Energy	

–  Hydro	
–  BaZeries	
–  Geothermal	
–  Nuclear	

•  Process	Heat		
–  Decarbonize	industry	
–  Heat	buildings	

•  Geographical	regions		
–  Like	Alaska	
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