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Lecture 6:
Pasteur’s Quadrant

1.	The	climate	crisis	 reinvented	 (3.28.2016)
Klein,	 chapters	1	&	2	|	Optional:	Dove	&	Kammen,	chapter	1

2.	Our	mistrust	of	the	future	makes	it	hard	to	give	up	the	past (4.4.16)
Klein,	 chapters	3	|	Optional:	Dove	&	Kammen,	chapter	5

3.	We	don’t	tenure	Mother	Teresa	 (4.11.2016)
Klein,	 chapter	9	|	Optional:	Dove	&	Kammen,	chapter	2

4.	What	are	the	barriers	 to	action?	 (4.18.2016)
Klein,	 chapter	6	- 8	|

5.	A	new	economics	of	the	planet	 (4.25.2016)	 now	(5.2.2016)
Klein,	 chapter	4	|	Optional:	Dove	&	Kammen,	chapter	3;	Klein	12

6.	Pasteur’s	Quadrant	 (5.2.2016)	 now	(5.9.2016)
Klein,	 chapter	7,	11	|	Optional:	Dove	&	Kammen,	chapter	4

Twitter:	@dan_kammen

Website:	http://rael.berkeley.edu

Resources: New design mentality

•	Redesigning	a	standard	
(supposedly	optimized)
industrial	runaround	
pumping	loop	cut	its	power	
from	70.8	to	5.3	kW	(–
92%),	cost	less	to	build,	
and	worked	better

§ Just	two	(key)	changes	in	
design	mentality
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New	design	mentality:	an	example

1.	Big	pipes,	small	pumps	(not	the	opposite)
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What does it mean to ‘solve the carbon and climate 
problem’ over the next 50 years?
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O
Interim	Goal

What is a “Wedge”?
A “wedge” is a strategy to reduce carbon emissions that 
grows in 50 years from zero to 1.0 GtC/yr. The strategy 
has already been commercialized at scale somewhere.

1	GtC/yr

50	years

Total	=	25	Gigatons	carbon

Cumulatively, a wedge redirects the flow of 25 GtC in its first 50 
years. This is 2.5 trillion dollars at $100/tC. 

A “solution” to the CO2 problem should provide at least one wedge.

Wedges	 #1	- #8	(out	of	15)	
Option Effort by 2054 for one wedge, relative to 14 GtC/year BAU Comments, issues

Energy
Effic ienc y and 
Cons erv ation

Ec onomy -wide carbon-in tensi ty  
reduc tion (emis sions/$GDP)

Inc reas e reduction by addi tional  0 .15% per y ear (e.g., inc rease 
U.S. goal  o f reduction of 1.96% per year to 2 .11% per year)

Can be tuned by carbon policy

1. Effic ient v ehic les Inc reas e fue l economy  for 2 b il l ion c ars  from 30 to  60 mpg Car s iz e, power

2. Reduc ed us e of v ehic les Dec reas e c ar trav el  for 2 b i ll ion 30-mpg cars from 10,000 to  5,000 
mi les  per y ear

Urban des ign, mass  trans it, 
te lec ommuting

3. Effic ient bui ldings Cut c arbon emis sions  by one-fourth in bui ldings  and applianc es  
pro jec ted for 2054

Weak  inc entiv es

4. Effic ient bas eload coal  plants Produc e twice today ’s  coal  power output a t 60% instead of 40% 
effic ienc y (compared wi th 32% today )

Adv anc ed high-temperature 
materia ls

Fuel  s h i ft 5. Gas  bas eload power for coal  
bas eload power

Replac e 1400 GW 50%-efficient coal  plants wi th gas  plants (4  
times  the c urrent production of gas-bas ed power)

Competing demands  for natura l 
gas

CO2 Capture and
Storage (CCS)

6. Capture CO2 at baseload 
power p lant

In troduc e CCS at 800 GW c oal or 1600 GW natura l gas  
(c ompared wi th  1060 GW c oal  in  1999)

Tec hnology  al ready in use for H2
produc tion

7. Capture CO2 at H2 plant In troduc e CCS at plants  producing 250 MtH2/y ear from c oal  or 
500 MtH2/y ear from natura l gas  (compared wi th 40 MtH2/y ear 
today  from a l l sources)

H2 s afety , infrastructure

8. Capture CO2 at coal -to-
s y nfue ls  p lant

In troduc e CCS at sy nfuels p lants  producing 30 mi l lion barrels  per 
day  from c oal (200 times Sasol), i f hal f of feeds toc k carbon is  
av a i lab le for c apture 

Inc reas ed CO2 emis sions, i f 
s y nfue ls  are produced without
CCS 

Geologic a l s torage Create 3500 Sle ipners Durable s torage, suc cessfu l 
permi tting 

Wedges	 #9	- #15	(out	of	15)
Option Effort by 2054 for one wedge, relative to 14 GtC/year BAU Comments, issues

Nuc lear Fis sion 9. Nuc lear power for coal  power Add 700 GW (twice the c urrent c apac ity ) Nuc lear pro li feration, terrorism, 
was te

Renewable Electricity 
and Fuels

10. Wind power for coal power Add 2 mi l l ion 1-MW-peak windmi lls  (50 times the current 
c apac i ty ) “oc cupy ing”30x 106 ha, on land or o ff shore

Mul tip le  us es  of land bec ause 
windmi l ls  are widely s paced 

11. PV power for c oal power Add 2000 GW-peak PV (700 times the current c apaci ty) on 
2x 106 ha

PV produc tion cost

12. Wind H2 in fuel -ce ll  car for 
gas ol ine in  hy brid c ar

Add 4 mi l l ion 1-MW-peak windmi lls  (100 times  the c urrent 
c apac i ty ) 

H2 s afety , infrastructure 

13. Biomas s  fue l for fossi l  fue l Add 100 times the current Braz il  or U.S. e thanol  production, with  
the us e of 250 x106 ha (1/6 of world c rop land) 

Biod iv ers ity , c ompeting land use

Fores ts  and 
Agric u l tura l Soils

14. Reduc ed defores tation, plus  
re fores tation, afforestation and 
new p lantations.

Dec reas e trop ica l defores tation to  zero ins tead of 0 .5 GtC/y ear, 
and es tab lish 300 Mha of new tree plantations  (twice the current 
ra te)

Land demands of agricu lture, 
benefi ts  to b iodiv ers ity from 
reduc ed defores tation

15. Cons ervation ti l lage Apply  to  a ll  cropland (10 times the c urrent us age) Rev ers ib i l ity, v eri fic ation

Source: DOE, Clean Energy Futures (2000)

U.S. Gov't R&D by Budget Function, 1955-1997
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More	Solar	Jobs	 in	California	 Than	 the	
3	Investor	Owned	Utilities	Combined

Source s:

So lar	 Foundation ,	2 0 1 4 	So lar	 Job s	Cen su s	

U.S.	Secu ri ties	 and 	Exchange	 Commission ,	 Fo rm	 1 0 -K ,	2 0 1 4

h ttp ://www.sec.go v/ed ga r/s e ar ched ga r/co mp anys e ar ch .h tml 	
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Recall	Klein	Chapter	4:	“Planning	and	banning”
- Jobs	in	Ontario,	Canada
- Housing	is	a	Climate	Issue	

Marginal Abatement Costs for Cooling Scenarios

www.vattenfall.com/climatemap

Just	a	few	examples	of	big	changes…

250	GW	changes	in	a	decade

Borneo	Says	No	to	Dirty	Energy
By	Jennifer	Pinkowski	
Feb.	22,	2011

UN General Assembly resolution 65/151
http://www.time.com/time/hea lth /art icle /0,8599 ,20 5262 7,0 0.html#ixzz1 lvOei iyz

Integrating	 these	systems	 tools	with	 civil	
society-industry	 dialog

Daniel	 Kammen	of	 the	University	 of	
California,	 Berkeley,	 who	directed	 an	energy	
and	environmental-impact	 study	
commissioned	 by	a	coalition	 of	green	
groups,	 which	 was	used	 widely	 in	 the	
discussions	 of	Sabah's	 energy	options.	 "It	 is	
a	 turning	 point	 that	 should	 bring	 deserved	
praise	 and	partnerships	 to	Malaysia	 at	the	
upcoming	 climate	 conference	 in	Durban,	
South	 Africa,”
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Property-Assessed	 Clean	 Energy	(PACE)

• Creates financing district   
& approval process

• Provides upfront capital
• Attaches repayment 

obligation to the building

• Identifies work & chooses 
contractor

• Repays financing as a line 
item on the property tax bill

• Repayment obligation 
transfers with ownership

$$ Upfront

$$ Repaid 
on tax bill

PAYG supports expanded access
(energy consumer survey, Kenya)

21

~80% prefer follow-on 
financing for expansion…

…beyond 
basic service

An	example	opportunity	 for	financing

$2+ Trillion US profits are “parked” overseas

Transformative 
opportunities for
Research, philanthropy 
and
business development

☑ Apple	 $138B Cisco	 $48B
☑ GE $110B ☑ Google $48B
☑ Microsoft $93B ☑ HP $38B
☑ IBM $52B ☑ Pepsi $34B
☑ Johnson &	
Johnson

$50B ☑ Oracle $33B

New	design	mentality:	 expanding	 returns,	 “tunneling	
through	the	cost	barrier”

23

New	design	mentality:	 expanding	 returns,
“tunneling	 through	the	cost	barrier”

“Tunnel” straight to the 
supereffic ient lower-cost 
destination rather than 
taking the long way 
around

24
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Old	design	mentality:	
always	diminishing	returns...

25 UN General Assembly resolution 65/151rael.berkeley.eduOctober 2011

Use Inspired Basic Science …

Actual market 
development

27

27

Japanese “Sunshine” Program
way too much detail, but technology push/demand pull is clear The	Evolving	Solar	Energy	Economy
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Federal R&D Policy
Can be Effective

Figure 1.  Total U.S. patents granted and
 total U.S. investments in R&D.
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From: R. Margolis  and D. Kammen (1999)
Science, volume  285, pages  690 - 692, 
30 July is sue.  Available at:
http://socrates .berkeley.edu/~rael/papers .html

Lack of Federal R&D policy… 
leads to lack of support for energy options

Figure 2.  U.S. energy technology patents and 
total U.S. energy R&D.
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If you think US public sector energy R&D 
funding is doing poorly …

Kammen & Nemet (2005)
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Figure 3.  R&D as percent of net sales for selected sectors  
in the U.S. in 1995.  
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Figure	 2.	 Regional	 patterns 	 in	energy	 patents.

Betten cou rt	 LMA,	Tran cik	 JE, 	 K au r	 J	 (2 0 1 3 )	Determinan ts	 o f	 th e	P ace	 o f	Global 	 In novation 	 in 	Energy	 Techno lo gies.	 P Lo S	 ONE	 8 (10 ): e6 7 8 6 4 .	

d o i :1 0 .1 3 7 1 /jou rnal .p one.0 0 6 7 8 6 4
h ttp ://www.p lo sone.o rg/article /in fo :do i/1 0 .1 3 7 1 /jou rnal .p one.0 0 6 7 8 6 4

9	May	2016

Summary	of	market	Capitalisations for	A1-A3	
companies,	 by	Sector	($bn)

No te:	Excluded :	OTC ,	Dai ly	 traded	sh are	volume	=	no t	avai lab le	3	mon ths	or	more,	 insufficient	market	cap 	 information	avai lable.	 Carbon 	
Markets	and 	Carbon 	Captu re	&	Sequestration .	 	Market	 cap i tal isations as	of	30	 June	20 15.	 	Compan ies	above	A4 	Expo sure	have	1 0%	o r	
mo re	o f	 th ei r	valu e	estimated 	 to	be	attribu table	 to	 thei r	 clean 	energy	activi ty.

Sou rce:	B loomberg	New	Energy	Fin an ce
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Market	capitalisations	 for	A1-A3	companies,	 by	
region	of	listing	 ($BN)

No te:	Exclude	d :OTC ,	Dai ly	 traded	sh are	volume	=	no t	avai lab le	3	mon ths	or	more,	 insufficient	market	cap 	 information	 avai lab le,	 	 	Carbon	
Markets	and 	Carbon 	Captu re	&	Sequestration .	 	Market	 cap i tal isations as	of	30	 June	20 15.	 	Compan ies	above	A4 	Expo sure	have	1 0%	o r	
mo re	o f	 th ei r	valu e	estimated 	 to	be	attribu table	 to	 thei r	 clean 	energy	activi ty.

Sou rce:	B loomberg	New	Energy	Fin an ce
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Innovation	 in	Electric	 Vehicles:
100	mile	 range,	recharges	in	20	minutes

40Proterra Battery	Electric	Bus

The	Zero	Waste	Household

UN General Assembly resolution 65/151

Categorizing	 	R&D	and	Innovation

No Yes

Yes

N
o

Pure Basic
Research
(Bohr)

Pure Applied
Research
(Edison)

Research is inspired by:
Consideration of use?

Quest for
Fundamental
Understanding?

Adapted from Pasteur’s Quadrant: Basic Science and Technologic al Innovation, Donald E. Stokes 1997
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UN General Assembly resolution 65/151

Categorizing	 	R&D	and	Innovation

Adapted from Pasteur’s Quadrant: Basic Science and Technologic al Innovation, Donald E. Stokes 1997

No Yes

Yes

N
o

Pure Basic
Research
(Bohr)

Pure Applied
Research
(Edison)

Research is inspired by:
Consideration of use?

Use-inspired
Basic Research
(Pasteur)Quest for

Fundamental
Understanding?

Discussion:	 Questions,	 Directions,	Opinions	…
From	Klein:
Chapter	4:	Planning	and	Banning
”But	I 	confess	the	last	five	years	immersed	in	climate	issues	has	 left	me	impatient.”

Chapter	5:	Beyond	Extractivism
Nauru,	the	Jared	Diamond	“Collapse”	anecdote.		What	ability	do	we	have	to	transition	from	
extraction	to	investment	under	current	economic	models?

Chapter	6:	Fruits,	Not	Roots
The	Nature	Conservancy	and	“carbon	cowdoys”	engagement	on	fracking:	When	are	‘market	
based’	climate	solutions	workable,	and	when	are	they	the	road	to	ruin.	 [See	next	slide]

Chapter	7:	No	Messiahs
Where	climate	science	needs	a	public	relations	makeover.

Chapter	8:	Dimming	the	Sun
Has	anyone	read	Garrett	Hardin?		“Social	problems	rarely	[if	ever]	have	a	technical	fix.

Chapter	8:	Blockadia

Chapter	11:	You	and	What	Army?

Fugitive	Emissions:	WECC
(If	we	take	the	2	degree	cap	seriously)

46


