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Solutions – part A
The Ultimate Primary Focus: Energy and Sequestration of CO2
1. Econom ics

• ofdoingnothing(solely adapting)vs.theeconom icsofm itigation
• Actuality:itW IL L beacom bination

2. Capitalism ,GDP /grow thbasedeconom icsvs.“ Herm anDaly” econom ics(no-
grow th/steady-state)

3. S olutions? P aradigm shift? From w ecan’t/tooexpensivetoW ECAN
4. T hereisprom ise,butatw hatcost? (O nem ightbesurprised).

• Energy
• M itigation– Agriculturalrevolution/biofuels:BiocharforCarbonDioxideR em oval

(CDR )



The economics/the solutions?
continued

5. Geoengineering:
• S olarR adiationM anagem ent(S R M )and
• CarbonDioxideR em oval(CDR )

6. Biocharvs.BECCS solutionsS EEM Y BIO CHAR L IN KIN O T HER P AGES :
http://denverclim atestudygroup.com /?page_id=28

7. Efficiency – thesinglequickestw ay toreduce:
• W hatN R EL isdoing:Efficiency,S olar,w ind,other

8. O therstrategies:
• CCL – carbonfee/dividend
• Capandtrade?

9. Gloom andDoom ? N O !IT ’S A CHAL L EN GE,andhum anity hasalw aysbeenchallenged
andw eareanadaptablespeciesthathasm etthechallengeoverandoveragain!



FIRST

• W ebsite:
• W eek6– theAnthropocene

• W eek7(and8)

• A reading:R ichardAlley’saT erribleshow er– transitionsarenot
w ithoutdifficulty – butalsow ithopportunity

• http://denverclim atestudygroup.com /w p-
content/uploads/2015/10/A-terrible-show er.pdf



SECOND

• W HY Ihopeyou areconvinced
• clim atechangeishappeningatanunprecedentedrate

• T hereareunknow nim plicationsofoceanacidificationattheseratesof
change

• T hereareeconom icrepercussions
• duetosealevelrise

• increasedincidentsofseverew eather

• Agricultural

• Etc.



And to review the data





Plants and Animals are Responding to a Warming Climate

Spring is springing forward: Spring events, like bird and butterfly migrations, flower
blooming times, and frog mating, have been advancing by about three days per decade over the
past 30 years.

Source: Jeongetal.,2011,“ P henologyshiftsatstartvs.endofgrow ingseasonintem peratevegetationovertheN orthernHem ispherefor

theperiod1982– 2008”



Fall is falling back: From 2000 - 2008, the end of the growing season was delayed

by 2.3 days. In the U.S., fall now occurs ten days later than it did 30 years ago.





Arctic Sea Ice Volume has Shrunk by 5x; Extent by 2x



Climate Changes from Ocean Sediment Cores, since 5
Ma. Milankovitch Cycles
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When CO2 levels get below ~400-600 ppm Orbital parameters
become more important than CO2

thelasttim einferred tem peratures
w illhavebeenthishigh– once
equilibrium isreached,w illhavebeen
3-5 m illionyearsagoorm ore

*
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Azollaevent:
~ 49 M a
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http://m edia.hhm i.org/hl/12L ect4.htm l
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Economics

• S eew eek7links,EEElinksandAR 5-W G2:
• Economic related reports:
• 2015 T heS ocialCostofCarbonstudy sum m ary
• 2007.03.18DiscountR ateandClim ateChangeDL C
• Stern Report:sternreview _report_com plete
• N ordhausbriefly describesthe“ freerider” problem andhisprofferedsolutionasalead-intohis

recentreview ofthebook,Climate Shock.Here’sthelinktotheN Y R eview ofBooks
w ebsite: http://w w w .nybooks.com /articles/archives/2015/jun/04/new -solution-clim ate-club/

• Inadifferentform at,N ordhausproduceda30-slideP ow erP ointversionforhisP residential
addresstotheAEA lastJanuary.Availableathttp://carbon-price.com /w p-content/uploads/2015-
01-04-N ordhaus-Clim ateClubAEA-v2-slides.pdf

• 2015-01-04-N ordhaus-Clim ateClubAEA-v2-slides
• MIT:GO O GL EL IS T O F

L IN KS :https://scholar.google.com /scholar?q=m it+report+on+clim ate+change+econom ics&hl=en&
as_sdt=0&as_vis=1&oi=scholart&sa=X &ved=0CBsQ gQ M w AGoVChM IkM fkl8i9yAIVS uJjCh1x7w Kk

• IPCC AR5 WG2:http://w w w.ipcc.ch/report/ar5/w g2/#.U uAsbxDn9hE



Notes

• S tern/N ordhaus– prom otesupportahighdiscountrate– doing
som ethingN O W

• IP CC acknow ledgesadaptationw illbeam ust(thechangeisinthe
bankandaccum ulatinginterest)

• BjornL om borg– Danisheconom ist(notadenier)arguesforspending
later– i.e.nodiscountrate

• https://en.w ikipedia.org/w iki/Bj% C3% B8rn_L om borg
• http://w w w.desm ogblog.com /bjorn-lom borg

• W hichleadstow hetherornotw eneedaparadigm shift(#3)
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Courtesy ofGary W yngarden:Capitalism vs.theP lanet



Courtesy ofGary W yngarden:Capitalism vs.theP lanet



Courtesy ofGary W yngarden:Capitalism vs.theP lanet



Global Footprint
see http://www.footprintnetwork.org/en/index.php/GFN/page/glossary

• Hum anactivitiesconsum eresourcesandproducew aste

• EcologicalFootprintAccountingaddressesw hethertheplanetislarge
enoughtokeepupw iththedem andsofhum anity.

• Biocapacity representstheplanet’sbiologically productivelandareas
includingourforests,pastures,croplandandfisheries

• Biocapacity canthenbecom paredw ithhum anity’sdemand on
nature:ourEcological Footprint. T heEcologicalFootprintrepresents
theproductivearearequiredtoprovidetherenew ableresources
hum anity isusingandtoabsorbitsw aste.



• O urcurrentglobalsituation:Since the 1970s, humanity has been in
ecological overshoot with annual demand on resources exceeding
what Earth can regenerate each year.

• Itnow takestheEarthoneyearandsix m onthstoregeneratew hat
w euseinayear.

• W em aintainthisovershootby liquidatingtheEarth’sresources.
O vershootisavastly underestim atedthreattohum anw ell-beingand
thehealthoftheplanet,andonethatisnotadequately addressed.



• For9 billionpeople(m idrangeprojectionfor2050)toliveatN orth
Am erican/W esternEuropeanstandardsw illrequire5 planets.



Drawbacks of Capitalism

• W ealthandIncom eDistribution

• L argely ignoringtheecologicalim pactsandbiocapacity oftheplanet



Growth Dilemma

• Grow thisunsustainableinitscurrentform

• De-grow thisunstable



O bam aquotedinepisodeofYearsofL iving
Dangerously (paraphrased):“ It’sdifficultina
Dem ocracy todosom ething/passsom ethingw here
thepay-backis10 orm oreyearsout”

http://m edia.hhm i.org/hl/12L ect4.htm l



The solution: steady state economics?

• Herm anDaly’ssteady stateeconom icssee:

• https://en.w ikipedia.org/w iki/Herm an_Daly
• http://steadystate.org/herm an-daly/
• http://steadystate.org/category/herm an-daly/

The problem: how to effect that change
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Need for a paradigm shift

• Kerry Emanuel quote on p. 76: “ … costsm ay behighandthosepaying
them arenotlikely tobeseriousbeneficiariesoftheirow nactions. Indeed,
there are few, if any, historical examples of civilizations consciously
making sacrifices on behalf of descendents (sic) two or more generations
removed.”

• T hat’sw hatthediscountrateisabout.In that regard we need a social
paradigm shift

• Ifw earesoconcernedaboutleavinganationaldebttoourchildrenand
grandchildren,shouldn’tw eputthecostsofclim atechangeaspartofthatequation?

• Forthosethatdon’tacceptclim atechangem aybeitw ouldbeagoodthingtolim it
CO 2 intotheatm osphereanyw ay,especially attheratesw eareputtingitintothe
atm osphere– BECAU S EO FO CEAN ACIDIFICAT IO N issuesandthelaw ofunintended
consequences!
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Renewables:

• P hotovoltaics(P V)

• Concentratedsolarpow er(CS P )

• W ind

• Geotherm al
• Groundsource

• Deeptherm al

Hawaii becomes First State to Mandate 100% Renewable Energy.

S eeN R EL slidesform oredetails:http://denverclim atestudygroup.com /w p-
content/uploads/2015/04/O S HER -10.14.15.pdf



Renewables:

• T hem ythofBaseload
https://w w w.youtube.com /w atch?v=deW tgpheDJM &feature=youtu.b
e;seeotherrelatedvideosathttp://energyshouldbe.org/

• W indpow er:
7/7/2015 — A:ColoradoM atters:CouldConservativeDenver
Billionaire(P hilAnschutz)Becom eW est’sClim ateHero?

It’sanargum entofengagingenergy com paniesvs.“ dissing” them for
renew ables.S eem oreat:http://w w w.cpr.org/new s/story/could-conservative-
denver-billionaire-becom e-w ests-clim ate-hero#.dpuf
• excerpt:“ T hisw illgeneratefourtim estheam ountofpow erthatcom esout

ofHooverDam .Itw ouldsupply every householdinL osAngelesandS an
Franciscocom binedw ithgreenpow er.”



Colorado changes in renewable energy



Other non-carbon sourced energy to consider?
• N onCarbonbased:N uclear(fissionandfusion)

• Fission:Very Controversial

• Fusion:clean/difficulttoachieve

• N eednationalpolicy changeonreprocessing

• S eeKerry videoat56m inutesfordiscussionandconclusionsthereafter:
https://w w w.youtube.com /w atch?v=7so8GR CW A1k



However – POTENTIAL big game changers in
Energy and Carbon Dioxide Removal

1. Energy – from fusion

2. M itigationintheform ofcarbondioxiderem oval
(CDR ),agriculturalchangesandbiofuels



– http://www.lockheedmartin.com/us/p
roducts/compact-fusion.html

– http://aviationweek.com/blog/high-
hopes-can-compact-fusion-unlock-
new-power-space-and-air-transport

– http://aviationweek.com/fusion-
podcast

L ockheedM artinCom pactFusionbreakthrough?
1. Energy – from fusion



1. More on Fusion:
Fusion article in Science: Twisted Logic Science-
2015-Clery-369-7



Biochar

• S eew eek7,2014
http://denverclim atestudygroup.com /?page_id=776

• Andbiochartab:http://denverclim atestudygroup.com /?page_id=28

2. CarbonDioxideR em oval(CDR )



• https://en.w ikipedia.org/w iki/Biochar:

“ Biochar ischarcoalusedasasoilam endm ent.L ikem ostcharcoal,biocharis
m adefrom biom assviapyrolysis.Biocharisunderinvestigationasanapproach
tocarbonsequestrationtoproducenegativecarbondioxideem issions.[1] Biochar
thushasthepotentialtohelpm itigateclim atechangeviacarbon
sequestration.[2][3] Independently,biocharcanincreasesoilfertility ofacidic
soils(low pH soils),increaseagriculturalproductivity,andprovideprotection
againstsom efoliarandsoil-bornediseases.[4] Furtherm ore,biocharreduces
pressureonforests.[5] Biocharisastablesolid,richincarbon,andcanendurein
soilforthousandsofyears.[1]”

2. CarbonDioxideR em oval(CDR )



The rest – next week, week 8


