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The	Plan	for	Six	Sessions	
•  Session	1.		Understanding	the	scope	of	our	challenge.	

–  	In	this	session	we	will	cover	some	aspects	of	climate	change	and	energy	producQon	that	you	may	not	
have	thought	about.		We	will	discuss	climate	models	and	their	predicQons	and	some	of	the	issues	
related	to	changing	worldwide	energy	producQon	methods.	We	will	aTempt	to	bound	the	scale	of	the	
problem.		

•  Session	2.		Understanding	the	electric	grid	and	how	to	make	CO2	free	electricity	
–  	In	order	to	have	electric	cars,	trucks	and	trains	plus	electric	heaQng	systems	for	our	homes	we	will	

need	to	increase	our	capacity	for	electric	generaQon.		Our	exisQng	electric	grid	has	evolved	to	include	
systems	for	generaQon	and	distribuQon,	but	storage	of	electric	power	is	extremely	limited.		We	will	
discuss	how	the	electric	grid	funcQons	and	what	changes	will	be	needed	to	make	it	CO2	free.	

•  Session	3.		Renewables	are	necessary	but	not	sufficient	
–  	We	have	all	heard	that	to	stop	global	warming	we	need	to	replace	fossil	fuels	with	renewables.		In	this	

session	we	will	talk	about	the	advantages	and	limits	of	renewables,	technologies	for	energy	storage	and	
carbon	capture.	

•  Session	4.		How	do	nuclear	reactors	fit	our	need	for	electricity	producEon?	
–  	Unlike	solar	and	wind,	nuclear	power	plants	produce	electricity	24/7.		In	this	session	we	will	discuss	

nuclear	power	advantages	and	disadvantages,	safety	issues	and	current	status.		France	and	Germany	
have	taken	very	different	approaches	to	the	use	of	nuclear	power.		We	will	discuss	some	of	those	
differences	and	why	we	think	nuclear	power	is	necessary.	

•  Session	5.		Bringing	clean	energy	to	everyone	
–  	Our	use	of	energy	varies	around	the	world	from	the	electricity	we	depend	on	to	those	who	collect	and	

burn	wood	for	all	their	energy	needs.		A	sustainable	world	needs	to	have	clean	energy	for	everyone,	but	
how	can	that	happen?	The	UN	Sustainable	Development	Goal	7	promises	this	outcome.	

–  	What	will	be	the	role	of	microgrids	for	developing	countries?	Will	microreactors	play	a	role?	
•  Session	6.		Wrap	up.	

–  	We	will	reserve	this	session	for	further	discussion	of	any	areas	that	the	class	would	like	to	explore.	
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Goals	and	Non-goals	

Goals	as	axioms	
•  Accept	IPCC	climate	perspecQve	
•  ElectrificaQon	of	world	economy	

required	
•  UN	SDG	7	è	juice	for	all*	

–  Assume	clean	energy	for	all	is	#1	
•  Provide	realisQc	Scope	of	the	

problem	
•  Offer	our	perspecQves	on	best,	low	

risk	path	to	zero	emissions	by	2050	
–  Technologies	are	not	zero	emission	

goals	
•  InvesQgate	ways	to	reduce	CO2	in	air	

and	oceans	
–  InnovaQon	Beyond	Zero	

Non-goals	
•  Debate	the	veracity	of	

climate	models	
•  React	to	apocalypQc	claims	

3	
*	SDG	=	Sustainable	Development	Goal	(United	NaQons)	

Climate	problem	Review	



UN	Sustainable	Goal	Number	
7	
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CLEAN	ABUNDANT	

9.7	GigaPeople	
by	2050	
10.9	GP	by	2100	



Scope	of	the	Problem	
•  Plenty	of	POST	DOOM	rhetoric	in	the	cybersphere	
– We’re	doomed	and	if	you	don’t	believe	it,	you’re	in	denial	
–  No	such	thing	as	a	techno-fix	
–  Possibly	helpful	to	Prepare	for	the	Worst	

•  But,	we	are	in	denial	that	a	techno-fix	is	impossible	
–  Achieving	Net	Zero	Emissions	by	2050	is	plausible	
– World	financial	insQtuQons	are	on	board	

•  hTps://www.unepfi.org/banking/bankingprinciples/	
•  hTps://www.forbes.com/sites/davidcarlin/2021/02/20/the-case-
for-fossil-fuel-divestment/?sh=3f8a01ac76d2	

•  hTps://www.goldmansachs.com/media-relaQons/press-releases/
2021/2021-tcfd-decarbonizaQon-targets.html	

•  hTps://kpcb.com/ggf							Kleiner	Perkins	Green	Growth	Fund	
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Net	Zero	
Banking	Alliance	
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ArcQc	refuge	lease	sale	goes	bust,	as	major	oil	
companies	skip	out	

By	
Tegan	Hanlon	&	Nathaniel	Herz,	Alaska	Public	Media	-	

January	6,	2021	
	•  One	of	the	Trump	administraQon’s	biggest	energy	iniQaQves	suffered	a	

stunning	setback	Wednesday,	as	a	decades-long	push	to	drill	for	oil	in	
Alaska’s	ArcQc	NaQonal	Wildlife	Refuge	ended	with	a	lease	sale	that	
aTracted	just	three	bidders	—	one	of	which	was	the	state	of	Alaska	
itself.	

•  Alaska’s	state-owned	economic	development	corporaQon	was	the	only	
bidder	on	nine	of	the	tracts	offered	for	lease	in	the	northernmost	
swath	of	the	refuge,	known	as	the	coastal	plain.	Two	small	companies	
also	each	picked	up	a	single	parcel.	

•  Half	of	the	offered	leases	drew	no	bids	at	all.	
•  “They	held	the	lease	in	ANWR	—	that	is	history-making.	That	will	be	

recorded	in	the	history	books	and	people	will	talk	about	it,”	said	Larry	
Persily,	a	longQme	observer	of	the	oil	and	gas	industry	in	Alaska.	“But	
no	one	showed	up.”	

•  hTps://www.alaskapublic.org/2021/01/06/long-awaited-arcQc-refuge-
oil-lease-sale-aTracts-liTle-interest/	
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Necessary	CondiQons	are	Emerging	

•  Net	Zero	by	2050	is	spreading	like	a	virus	
•  Fossil	Fuel	Divestment	is	spreading	
•  Clean	Energy	Techno-fix	is	plausible	
– Sufficient	condiQons	are	sQll	necessary	
– Obstacles	sQll	exist	

•  Geo-poliQcs	
•  Vested	interests	
•  Cost	
•  Need	support	from	Environmental	Wisdom		

9	

Techno-fix	feasible?		



Framework	for	Discussion	
•  Energy	=	Power	x	Time	
– WaT	Hours	=	WaTs	x	hours	

•  Will	convert	all	numbers	to	WATTS	
–  Example:	Your	solar	panels	have	5	kW	

•  kW	è	kiloWaTs	è	waTs	x	1000			(103)	
–  Your	energy	bill	from	PUD	is	in	$/kWh	

•  MW	è	MegaWaTs	è	kW	x	1000		(106)	
•  GW	è	GigaWaTs	è	MW	x	1000		(109)	
•  TW	è	TeraWaTs	è	GW	x	1000		(1012)	
•  PW	è	PetaWaTs	è	TW	x	1000		(1015)	

•  Energy	also	expressed	in	BTUs	
–  QUAD	=	quadrillion	(1015)	BTUs	

•  3.41	QUAD	=	1	PetaWaTHour	

10	Our	Universe	is	about	13.7	GigaYears	Old	
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3.41	QUAD	=	1	PetaWh	

9.44	PWh	
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27.2	PWh	

Achieving	an	all	electric		
global	economy	reduces	
energy	consumpQon	
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Global	Primary	Energy	ConsumpQon	
by	Source	
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Average	Growth	=	246	GigaWaTs	
						generaQon	capacity	per	year	
						1965	unQl	2019	in	this	data	

Total	energy	in	2019	173	PWh	
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Extrapolate	246	GW/yr	to	2100	
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PerCapita	Energy	ProjecQon	

14	

0	

2000	

4000	

6000	

8000	

10000	

12000	

1960	 1970	 1980	 1990	 2000	 2010	 2020	 2030	 2040	 2050	 2060	 2070	 2080	 2090	 2100	

Po
pu

la
'o

n	
in
	M

ill
io
ns
,	E
ne

rg
y	
in
	W

a4
s	

Year	

PerCapWa3s	

PopMillions	



15	

0	

1000	

2000	

3000	

4000	

5000	

6000	

7000	

Lu
xe
mb
ou
rg	

Un
ite
d	K
ing
do
m	

Ita
ly	

De
nm
an
k	

Po
rtu
ga
l	
Sp
ain
	

Ire
lan
d	

Ge
rm
an
y	

Ne
the
rla
nd
s	

Be
lgi
um
	

Jap
an
	

Cz
ec
h	R
ep
ub
lic	

Au
str
ia	

Sw
itz
erl
an
d	

Fra
nc
e		

Sin
ga
po
re	

Ne
w	
Ze
ala
nd
	

Au
str
ali
a	

So
uth
	Ko
rea
	

Ta
iw
an
	

Fin
lan
d	

Un
ite
d	S
tat
es	

Sw
ed
en
	

Ca
na
da
	

No
rw
ay
	

Ice
lan
d	

Co
ns
um

p(
on

	in
	W

a-
s	

PerCapita	Electricity	Consump(on	by	Country	2019	

US:	1396	waTs	



Yet	another	view	of	PerCapita	energy	

16	
12.2	MWh/year	è	1396	WaTs		
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5.7kW	1.1	kW	
9.7kW	

285	W	
570	W	 2.9kW	114	W	

US	at	12MWh	=	1.4	kW	for	electricity	



UN	Sustainable	Goal	Number	
7	
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CLEAN	ABUNDANT	

9.7	GigaPeople	
by	2050	
10.9	GP	by	2100	
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Scenario	1	
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What’s	Wrong	With	This	Picture?	
•  Numbers	are	annualized	averages	

–  On	yearly	average,	Chicago	is	a	moderate	climate	
•  100%	Renewables	AssumpQons	

–  Wind,	Solar,	Storage	(WSS)	can	do	the	job	
–  Add	Demand	Response		

•  Smart	Grid	and	lots	of	customer	buy-in	
–  Add	Energy	Efficiency	
–  IntermiVent	energy	can	be	compensated	by	imported	
intermiVent	energy	
•  Assumes	large	“aggregaQon	areas”	and	extensive	new	transmission	
lines	

•  Assumes	staQsQcs	will	always	insure	Supply	≥	Demand	
–  Blackouts	and	Brownouts	are	guaranteed	

•  Does	not	include	all	economic	sectors	
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Popular	US	100%	Renewable	PerspecQve	

24	
(Jacobson	et	al.,	Energy	&	Environmental	Science,	2015)	



Popular	US	100%	Renewable	
PerspecQve—Issues	

•  Gewng	to	ZERO	by	2050	does	not	stop	
climate	warming		
–  About	1	Trillion	Tons	CO2	need	to	be	removed	to	

get	back	to	350	ppm	
–  Will	need	abundant	clean	electricity	
–  This	in	not	controversial	
–  Not	a	scheme	to	keep	burning	fossil	fuels	

•  SDG	7	is	a	global	goal	
–  Abundant,	Clean,	Affordable	energy	for	all	
–  Growth	in	energy	producQon	required	

•  US	does	not	control	the	rest	of	the	world	
•  Our	posiQon	is	nuclear	is	clean	energy	

–  Part	of	the	soluQon	
–  Area	required	will	become	important	

25	
(Jacobson	et	al.,	Energy	&	Environmental	Science,	2015)	



Energy	Density	

26	



Storage	

•  BaTeries—suitable	for	a	few	hours	
–  Lithium	Ion—e.g.,	Tesla	PowerWall	

•  Warranty:	in	10	years,	capacity	≥	70%	
–  Loses	3.5%	of	capacity	per	year	(exponenQal	decline)	
–  Capacity	in	20	years	≈	49%	

–  Promising	new	technologies,	e.g.,	Lithium	Iron	
•  Molten	Salt--hours	
•  Pumped	Hydro—hours	to	a	few	days	
•  Gravity—no	Qme	limits	
•  Hydrogen	Conversion—could	be	seasonal	
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Daily	Averages—Solar	
•  Example	1:		Nameplate	kW	x	4	hours	=	kWh/day	
– Need	20	hours	of	storage	for	rest	of	the	day	
–  Suppose	home	needs	2kW	x	24	hr	=	48	kWh/day	

•  Nameplate	=	12kW	è	2	kW	for	usage,	10	kW	for	storage	
•  10kW	x	4hr	=	40	kWh	baTery	storage	
•  Tesla	Power	Wall	has	13.5	kWh	capacity	
•  Requires	3	PowerWalls	at	$10k	each	è	$30k	

28	
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Daily	Averages—Solar	
•  Example	2:		Nameplate	kW	x	8	hours	=	kWh/day	
– Need	16	hours	of	storage	for	rest	of	the	day	
–  Suppose	home	needs	2kW	x	24	hr	=	48	kWh/day	

•  Nameplate	=	6kW	è	2	kW	for	usage,	4	kW	for	storage	
•  4kW	x	8hr	=	32	kWh	baTery	storage	
•  Tesla	Power	Wall	has	13.5	kWh	capacity	
•  Requires	3	PowerWalls	at	$10k	each	è	$30k	

29	

8	 8	 8	
8	
8	Daily	

ProducQon	

1	Day	=	3	x	8	=	24	hours	



Daily	Averages—Solar	
•  Example	3:		Nameplate	kW	=	12kW	for	Winter	
–  Suppose	home	needs	2kW	x	24	hr	=	48	kWh/day	

•  Nameplate	=	12kW	è	2	kW	for	usage,	4	kW	for	winter	storage	
•  SQll	need	40	kWh	baTery	storage	for	winter	
•  Daily	producQon	96kW	–	40	kWh	storage	=	56	kWh	surplus	every	day	

–  Curtail	or	Sell	at	Market	Value			
•  Tesla	Power	Wall	has	13.5	kWh	capacity	
•  Requires	3	PowerWalls	at	$10k	each	è	$30k	
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Annualized	Averages—Solar	

– Annual	Example:	My	neighbor	has	
•  13.5	kW	Nameplate	capacity	roozop	solar	panels	
•  Summer	7	months	NetMetering	sends	6400kWh	to	PUD	
• Winter	5	months	draws	that	down	to	a	few	hundred	kWh.	
•  Equivalent	to	having	around	5400-6400kWh	baTery	storage	

–  About	400-474	Tesla	PowerWalls	($4,000,000	with	cash	discount)	
–  84-100	Kia	Electric	Vehicle	baTeries	
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Annualized	Averages—Wind	

•  Wind		
– Can	have	periods	of	many	hours	to	days	with	low	
to	zero	output	

– Sources	of	imported	wind	energy	may	also	be	zero	
or	inadequate	

–  It’s	a	gamble	è	no	way	to	guarantee	that	
electricity	supply	will	meet	demand	
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Next	Week	

•  What	is	the	electrical	grid?	
•  What	is	Availability?	
•  What	is	Baseload?	
–  Is	it	sQll	important?	

•  What	is	IntermiTency?	
•  What	is	Dispatchable	Energy?	
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Wind	Turbine	Sizes	
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Largest	Wind	Turbine	
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Presenter	Bios	
•  Steve	Blake	reQred	in	2011	from	power	generaQon	uQliQes	in	the	US	and	

Germany.	He	was	in	Germany	when	the	government	issued	its	renewable	
energy	mandates.	He	understands	what	happens	when	undependable	power	
(solar	and	wind)	is	fed	to	the	grid.	

•  David	Blessing	worked	at	Naval	Reactors,	the	joint	DOE/Navy	nuclear	power	
program	for	32	years	and	for	9	years	at	Lockheed	MarQn	on	various	nuclear	
design	concept	developments.		

•  Chelcie	Liu	is	reQred	from	20+	years	of	teaching	physics	at	City	College	of	San	
Francisco.	He	is	interested	in	global	climate	change	and	technologies	being	
developed	to	reduce	CO2	emissions	while	supplying	the	world's	ever	increasing	
need	for	energy.	

•  Dave	Clive	served	in	the	United	States	Navy	for	23	years	as	a	nuclear	power	
plant	operator	and	trainer.	He	taught	theory	and	reactor	plant	technology	at	
the	Naval	Nuclear	Power	School.		

•  Gary	Nelson	is	a	reQred	telecommunicaQon	engineer	with	an	interest	in	
understanding	how	smart	grid	and	fiber	opQc	communicaQons	technologies	
will	help	enable	safely	producing	abundant	energy	with	zero	CO2	emissions.		

•  Doug	Rodgers	is	reQred	from	a	30+	year	career	with	GE	nuclear.	He	worked	in	
various	R&D	areas	including	molten	metals,	high	temperature	baTeries	and	
radioacQve	materials	transport.		 40	


