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PhD	resulted	into	this	book	
Completed	before	the	signing	of	the	Paris	Agreement	in	December	2015	
	
Where	world	governments	agreed	to	limit	global	average	temperature		
rise	to	well	below	2°C,	and	to	strive	to	limit	it	to	1.5°C.	
	

The	book	is	premised	on	the	fact	that	we	are	already	experiencing	climate	change	at	a	rapid	pace.	Therefore,	
acIon	to	curtail	further	impact	needs	to	be	done	speedily	as	well.		
	
We	will	skip	the	discussion	on	what	sort	of	impacts	are	these.		
I	am	assuming	we	have	heard	enough	of	these	already.		
	

In	this	book,	I	focus	on	how	we	could	accelerate	climate	miIgaIon	in	the	energy	sector	–	meaning	how	to	rapidly	
replace	fossil	fuel	powerplants	and	fossil	fuel	use	with	sustainable	energies.		
	
I	do	this	by	looking	at	the	rapid	sociotechnical	changes	that	occurred	during	World	War	2	and	see	what	possible,	
replicable	strategies	can	be	employed	for	rapid	climate	acIon.	

	
We	will	not	be	discussing	the	policy	strategies,	the	financing	strategies,	and	labor	mobilisaIon	strategies	today.	
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My	talk	today	will	revolve	around	Chapter	4	of	this	book.	
	
The	chapter	deals	with	the	technologies	of	rapid	miIgaIon,	viewed	through	the	lenses	of	accelerated	energy	
transiIons.	
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In	parIcular,	I	focus	today’s	discussion	on	one	secIon	of	this	chapter.	
	
This	secIon	deals	with	the	technological	porYolio.	
	
What	I	want	to	gain	from	our	conversaIon	later	is	your	views	regarding	these	sets	of	technologies.	
	

Take	note	that	this	book	was	wri<en	between	2011	and	2015,	and	polished	for	book	publicaIon	beginning	in	
September	last	year.		
The	manuscript	was	finished	in	end-November,	a	week	before	the	Paris	climate	talks.	
	
So,	the	book	doesn’t	talk	about	the	normaIve	ambiIon	of	the	Paris	Agreement,	rather	it	speaks	of	a	thought	
experiment	on	what	countries	can	do	to	accelerate	acIon	on	climate	by	rapidly	changing	our	energy	architecture.	

	
In	addiIon	to	this	secIon	of	the	book,	let	us	also	navigate	today’s	talk	using	some	recent	materials	published	
post-Paris.	

	
Again	Paris	is	about	limiIng	warming	to	2C	while	striving	for	1.5C.	
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Despite	that,	
	
Bill	McKibben,	of	350.org,	who	happened	to	be	among	those	few	people	who	read	the	book	manuscript	before	its	
June	publicaIon,	wrote	in	The	Guardian,	a	day	a\er	the	signing	of	the	Agreement	in	December	13,	this	opinion	
piece.	

	
The	pistol	has	fires,	so	why	aren’t	we	running.	
	
In	this	piece	McKibben	wrote:	
	
Hi^ng	those	targets	(and	he	meant	the	2C	target)	is	absolutely	necessary:	even	the	one-degree	rise	that	we’ve	
already	seen	is	wreaking	havoc	on	everything	from	ice	caps	to	ocean	chemistry.	But	meeIng	it	won’t	be	easy,	
given	that	we’re	currently	on	track	for	between	4C	and	5C.	Our	only	hope	is	to	decisively	pick	up	the	pace.	In	fact,	
pace	is	now	the	key	word	for	climate.	Not	where	we’re	going,	but	how	fast	we’re	going	there.	Pace	–	velocity,	
speed,	rate,	momentum,	tempo.	That’s	what	ma<ers	from	here	on	in.	We	know	where	we’re	going	now;	no	one	
can	doubt	that	the	fossil	fuel	age	has	finally	begun	to	wane,	and	that	the	sun	is	now	shining	on,	well,	solar.	But	the	
quesIon,	the	only	important	quesIon,	is:	how	fast.	

	
Indeed,	the	urgency	of	climate	acIon	is	one	that	is	least	discussed	in	the	policy	sphere.	And,	I	personally	think,	
this	is	a	new	kind	of	climate	denialism.	
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The	discussion	on	acceleraIng	climate	acIon,	nevertheless,	has	started	to	gain	a<enIon	–	at	least	in	few	pockets	
of	progressive	reporIng.	

	
Such	as	this	month’s	report	from	Oil	Change	InternaIonal.	
	
I	think	this	ahs	been	menIoned	in	one	of	your	meeIngs.	
	
The	report	highlights	that	our	current	global	fossil	fuel	reserves	are	more	than	enough	to	exceed	the	2C	limit.		
	
Therefore,	we	should	limit	further	emissions	through	a	managed	decline	of	the	fossil	fuel	industry.	
	
Or	using	the	report’s	own	words,	when	you’re	in	a	hole,	stop	digging.	
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Oil	Change	modeled	two	scenarios.	
	
One	gives	us	a	66%	chance	of	stopping	short	of	2C.		
The	other	gives	us	a	50%	chance	of	stopping	short	of	1.5C.	
	
Here’s	what	the	scenarios	look	like.	

	
As	you	can	see,	in	either	scenario,	global	emissions	must	peak	and	begin	declining	immediately.	
	
For	a	medium	chance	to	avoid	1.5C,	the	world	has	to	zero	out	net	carbon	emissions	by	2050	or	so	—	for	a	good	
chance	of	avoiding	2	degrees,	by	around	2065.	
	

A\er	that,	emissions	have	to	go	negaIve.	Humanity	has	to	start	burying	a	lot	more	carbon	than	it	throws	up	into	
the	atmosphere.		
	
Staying	beneath	2C	means	ceasing	all	new	fossil	fuel	development.	And	doing	it	as	quickly	as	we	could.	
	
This	requires,	in	simple	graspable	words,	accelerated	transiIons,	or	rapid	miIgaIon.	

	
In	the	book,	I	argued	that	this	can	be	done	quickly	in	the	energy	sector.	
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In	the	last	15	years	or	so,	there	has	been	a	preponderance	of	scenarios	and	studies	about	transiIoning	to	100%	
renewables.		

Some	of	these	are	shown	in	this	slide.	
	
Neither	of	these	scenarios	specify	a	transiIon	path	nor	they	share	common	methodology	in	their	analysis.	
	
However,	they	remain	very	valuable	in	showing	earlier	that	the	plausibility	of	bold,	aggressive,	large-scale	
reducIon	in	fossil	fuel	use	is	possible.	

	
Of	course,	we	have	to	take	note	of	the	constraints	such	as	source	availability,	technological	readiness,	and	
economic	costs,	which	are	varying	across	geographical	spaces	and	scales.		
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Perhaps	one	of	the	most	known	of	these	scenarios	is	this.	
	
I	reckon	you’ve	shown	or	have	seen	this	figure	a	number	of	Imes	already.	
	
This	figure	has	been	constantly	updated,	the	latest	update	was	just	made	available	yesterday,	24	October	
	

This	is	a	roadmap	develop	by	Mark	Jacobson	and	his	team	at	Stanford	showing	the	technical	possibility	of	
transforming	all-purpose	energy	infrastructures	of	139	countries	to	exclusively	WWS.	
	
The	roadmap	envisions	80%	conversion	by	2030,	and	100%	by	2050.	
	
At	any	rate,	the	roadmap,	shown	vividly	in	this	figure,	highlights	a	big	task	ahead:	accelerated	transiIons.	

	
But	is	acceleraIng	the	way	we	produce,	distribute,	and	consume	energy	possible?	
	
The	tradiIonal	view	of	energy	transiIon	is	that	it	is	a	long-term	exercise.	
	
For	instance,	Vaclav	Smil,	in	an	email	in	2012,	wrote	to	me,	and	this	is	in	the	book:	
	
“There	can	be	no	rapid	transiIon	either	to	new	sources	of	primary	energy	or	to	new	materials:	inerIa	of	exisIng	
complex	systems,	their	expensive	capitalizaIon,	scale	of	the	needed	replacements	and	many	inherent	problems	
with	alternaIve	conversions	and	materials	make	any	rapid	shi\s	(that	is	changes	that	could	be	accomplished	in	
less	than	several	decades,	or	on	the	order	of	two	generaIons)	impossible.”	
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Contrary	to	the	legiImate	reasons	and	arguments	presented	in	favor	of	the	longevity	of	energy	transiIons,	some	
empirical	data,	however,	suggests	that	under	certain	condiIons,	they	can	occur	rather	speedily.		

	
Benjamin	Sovacool	explores	no	less	than	ten	“quick”	energy	transiIons		
	
That	collecIvely	impacted	more	than	967	million	people.		
	
Countries	can,	in	fact,	alter	their	energy	balance	in	a	significant	way	–	stressing	low	carbon	energy	sources	–	in	
much	less	Ime	than	many	decision-makers	might	imagine.		

	
CriIcal	subsItuIon	shi\s	within	[Brazil,	France,	and	Denmark]	were	accomplished	o\en	in	less	than	15	years.		
	
Moreover,	these	transiIons	were	effectuated	even	amidst	circumstances	at	Imes	involving	highly	complex	energy	
technologies.	

	
At	any	rate,	these	prior	transiIons	may	have	been	accidental	or	circumstanIal,	compare	that	to	future	energy	
transiIons,	which	could	become	more	planned	and	coordinated	–	as	I	have	argued	in	the	book	--	or	backed	by	
aggressive	social	movement	--	as	I	will	be	arguing	and	expanding	in	my	next	one.		
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Going	back	to	the	report	from	Oil	Change	InternaIonal.		
	
Here	is	their	general	conclusion.	The	gradual…	
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I	would	like	to	read	the	word	‘gradual’	differently	here.	
	
Because	reading	the	report	in	its	enIrety,	and	using	the	evidence	they	menIoned,	what	they	actually	refer	to	is	
‘managed’	decline,	if	not	‘rapid’	decline.	

	
Take	note	also	of	the	focus	on	the	replacement	technologies:	clean	energy.	
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Take	note	also	of	the	focus	on	the	replacement	technologies:	clean	energy.	
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In	my	book,	I	use	the	phrase	‘proven	and	demonstrated’	in	addiIon	to	commercially	available	
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The	quesIon	I	would	like	us	to	discuss	and	focus	on	today	is	this.	
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In	the	book,	I	have	a<empted	to	respond	to	this	quesIon	
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But	have	to	acknowledge	the	tensions	surrounding	the	meaning	of	‘clean	energy’	itself.	
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In	the	book,	I	preferred	using	‘sustainable	energy’	over	‘clean	energy’	and	defining	the	term	as	‘the	form	of…	
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Again,	we	have	to	take	note	of	the	speed	requirement,	and	to	add	the	concept	of	jusIce,	which	is	explicitly	
menIoned	in	the	Oil	Change	InternaIonal	report,	and	in	a	number	of	emerging	literature	on	energy	transiIons.	
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There	are	various	forms	of	energy	end	use.	Electricity,	transport,	heat	and	cooling,	agriculture,	etc.	
	
Electricity,	however,	is	key.		
	
You	can	electrify	transport,	heaIng	and	cooling,	and	pracIcally	almost	every	other	use	of	energy.	
	

HighlighIng	the	speed	requirement,	primary	technologies	for	meeIng	this	change	include	the	following.	
	
I	don’t	need	to	describe	each	of	these	technologies	in	detail	here.		
	
I	am	sure	you	have	been	discussing	part	or	all	of	these	descripIons	already.	
	
What	I	have	to	stress	is	the	speed	element	of	deploying	these	technologies.	
	
UIlity-scale	wind,	solar,	and	geothermal	installaIons	can	be	accomplished	within	2-5	years	according	to	
computaIons	by	Mark	Jacobson.	

	
Tidal,	arguably,	is	a	contenIous	inclusion	here.	
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Following	on.	
	
We	need	to	meet	gaps	in	demand.	Those	that	cant	be	met	by	primary	technologies	I	have	listed	in	the	previous	
slide.	

	
This	can	be	possibly	met	by	biofuels	from	anaerobic	digesIon,	and	by	biomass	combusIon,	ideally	with	CCS.	
	
This	one	is	contenIous.	For	instance,	Jacobson’s	roadmap	excluded	this	technology.	That	might	be	possible;	
however,	in	some	areas,	small-scale	biofuel	might	be	needed.	

	
But,	and	this	is	an	important	qualificaIon	here,	they	have	to	be	replaced	as	storage	tech	become	more	efficient	
and	can	be	widely	deployed	at	commercial	scale.	

	
Storage,	indeed,	especially	for	large-scale	applicaIons,	seems	to	be	the	key	missing	item.	
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Our	sustainable	energy	folks	however	have	serious	compeIIons.	
	
Jacobson:	exclude	the	use	of	nuclear	power,	carbon	capture,	liquid	and	solid	biofuels,	and	natural	gas	primarily	
because	they	all	increase	air	polluIon	and	climate-warming	emissions	more	than	do	WWS	technologies.	

	
In	addiIon	to	that,	I	have	argued	in	the	book	for	the	Ime	element.	
	
If	energy	transiIon/climate	acIon	has	to	be	quick,	the	deployment	of	replacement	technologies	have	to	be	quick	
as	well.		

Again	using	that	descripIon:	proven	and	demonstrated,	and	if	you	add,	commercially	available,	too.	
	
CCS	is	not	a	mature	technology	
Fossil	gas	is	definitely	a	nonsustainable	resource	
	
Nuclear	energy	is	the	most	contenIous	here.	For	sure,	a	lot	of	discussions	had	already	ensued	on	the	arguments	
for	or	against	nuclear	in	this	group.		

But	I	would	like	to	highlight	here	the	speed	requirement.	
Nuclear	power	has	long	construcIon	and	deployment	Imes	–	a	median	of	9	years	plus	the	Ime	required	for	
planning	and	siIng.	

Jacobson	showed	that	the	Ime	between	planning	and	operaIon	of	a	nuclear	power	plant	ranges	between	10	and	
19	years.	

Some	faciliIes	have	even	been	constructed	for	30+	years.	
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So	which	technologies?	
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That	ends	the	presentaIon.	
	
Again	thank	you	for	having	me.	It	is	a	great	honor	to	have	this	conversaIon	with	you	today.		
	
I	would	like	to	take	this	opportunity	to	adverIse	a	special	issue	I	am	ediIng	for	Energy	Research	&	Social	Science.	
	

Abstracts	of	500	words	are	due	on	New	Year’s	Day	2017.		
	
If	you	have	quesIons	do	let	me	know.	That’s	my	email	there.	
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Hopefully,	we	can	focus	our	discussion	on	this	parIcular	quesIon,	and	its	associated	elements	and	aspects,	
together.	

	
Because	at	the	moment	the	world	has	no	real	plan	to	do	any	things	to	actually	meet	the	2C	ambiIon,	least	the	
1.5C	goal.		

And,	sadly,	no	country	on	earth	is	actually	taking	the	2C	target	seriously.	
	
Again,	the	objecIve	we	have	is	to	reduce	emissions	as	quickly	as	possible	unIl	we	reach	a	global	emissions	of	zero	
–	hopefully	before	midcentury.		

	
That’s	about	34	years	from	now.	In	one	generaIon,	our	generaIon.	
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