Spatium naturalis per
humana vita




el o/ L Cil prednasky
) )N

s
j/_/ * Neprezentujeme originalni vyzkum

* Terminologie

* Informovat a otevrit diskusi o tématu které je:

e Jedna z nejvétsSich divokych karet lidstva pro 21
stoleti (WEF, 2010)

* Trendujici

 Bychom méli mit vydiskutovano jaka je nase pozice
a pro¢

e Zajimaveé pole pro vyzkum (akceptovatelnost,

mechanismy, cena, geopolitika, bezpecnost ...), kde
drive vyvinuté metody mohou byt pouzity




T Proc geoinzenyring?

\99%
N
N * Mapovani bilych mist statni politiky zp

e * Projekt TACR TITO MZP702 MEHOSTRADO

’ e Zesilujici signaly nastupujicich trendu které mohou
silné ovlivnit zp v CR




17,1 Jak identifikovat bilé
N [ | V misto?
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N j/_/ e Mix pristupu — sledovat instituce, individuality,

Ve clanky, zpravy (kde je mira?)
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The Climate Fixers
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e\l / /&’/_o Terminologie
N\ / j L

%
AN j/_/ Co je geoinZenyring?

* Deliberate large-scale manipulation of the
/ planetary environment (Keith, 2000)

Co je klimaticka intervence?

8 * Deliberate large-scale manipulation of the
planetary environment to counteract
anthropogenic climate change




Energeticka bilance planety

V4 ] . _2
(adaje jsou ve W.m™32)
(dle Earth's Annual Global Mean Energy Budget; Kiehl, J. T. and Trenberth, K. E., 1997 Bull. Amer. Meteor.
Soc., 78, 197-208.)

Prichozi zareni 342

Qdehozi zareni 235

Odrazené
zareni 107

Odraz od
oblaku,
aerosolu

Vyzareno atmosférou 198 aéni okna 40

Absorpce atmosférou

Latentni
teplo 78

Zpétné zareni
atmosféry 324

Odraz od
Evapo-

Vedeni transpirace 78
Absorpce tepla 24

povrchu 168




Aerosol-enhanced
albedo effect

Fshort =So(1- Q)

* Hilding Kéhler 1936
* Sean Twomey 1974

So(1-a)) + F . =0T,

surf

F FLong ,
Short )‘ ‘\
/

Sun
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(Energy In = Energy Out + Sources — Si&s)

Earth’s "Energy Balance”

CO,-enhanced

greenhouse effect
Joseph Fourier
1824

¢ John Tyndall
1858

e Svante Arrhenius
1896

1%t Law of Thermodynamics

FShort= FLong
* Rudolf Clausius 1850

* William Thompson
(Lord Kelvin) 1848

Stefan-Boltzmann Law
= c,-Ts;urf4

F

Long
* Josef Stefan 1874
* Ludwig Boltzmann 1884

J* Max Planck 1901
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\/Uo Pro nas ¢as : o S-B
costants (odrazivost)  sklenikovych onstanta
\\ plynd
Teplota (GHG forcing)
/o povrchu
.
N\ Plan B — Adaptovat se
Zpomalit
Plan D - Trpét Plan C - Intervenovat zvySovani GHG
(mitigovat)




Mitigujeme? Ne....

Annual CO: emissions Our World

Annual carbon dioxide (CO-) emissions, measured in tonnes per year.

in Data
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Source: Global Carbon Project; Carbon Dioxide Information Analysis Centre (CDIAC)
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions/ « CC BY







intervence?

1170 /’ /j . Jaké jsou tedy moznosti
J N

/
N\
o j//dj/ * Modifikace albeda

h * Zména reflektivity zemského povrchu a/nebo
Va atmosfeéry
, * nebo zmeéena solarni konstanty....

* CO, sekvestrace

e Actively removing carbon dioxide from
atmosphere

N * Rozsahla zména proudéni na planete
(fringe)

* Barents sea, Bering strait




T. M. Lenton and N. E. Vaughan: Radiative forcing potential of climate geoengineering

Incoming Solar Radiation
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Zvyseni albeda lidskych
staveb

e
Do-It-Yourself and save up to

40% on your electricity bill.

-

http://www.ecocem.ie/




Prosvétlovani nizkou oblacnosti
(marine stratocumulus seeding)
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P. Durkee, 1994




Eastern Pacific Emitted Aerosol Cloud

Experiment (E-PEACE) 2011

Cruise Track AJIN
WIND _—

Emitted
Particles

R/V Point Sur ‘
¢ s

Lynn M. Russell?,
Armin Sorooshian3,
John Seinfeld?,
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Matthew Coggon?,
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Jack J Lin%, Andrew R
Metcalf?, Robin Modini?,
J. Muelmenstaedt?,
Greg Roberts?, Taylor
Shingler?, Siwon Song>,
Zhen Wang?, Anna
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1.Scripps/UCSD,
2.Caltech,
3.Univ.Arizona,
4.GeorgiaTech,
5.Univ.Miami,
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R/V Point Sur Smoke Operations
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1 Blocking Sunlight:

*A 100,000 km cloud
ecomprised of 16 trillion manhole-
/3 cover sized discs,

*~3 million miles from earth,
*blocking 2% of the sun's rays.
$1 -S5 trillion depending on launch
technology.

B Eli Kintisch, FOE, 2012




Injektaz stratosférického aerosolu
(Mt. Pinaturbo Effect)

NASA
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The tethered-
balloon delivery
system

Eli Kintisch, FOE, 2012

Injektaz stratosferického
aerosolu

processes

transport

of source scavenging
gases

An overview of geoengineering of climate using stratospheric sulphate aerosols
Philip J Rasch, Simone Tilmes, Richard P Turco, Alan Robock, Luke Oman, Chih-Chieh
(Jack) Chen, Georgiy L Stenchikov, Rolando R Garcia

Phil. Trans. R. Soc. A 2008 366 4007-4037; DOI: 10.1098/rsta.2008.0131. Published 13 November
2008




Fungovalo by to?

2xCO2-CONTROL

d e Crutzen, P. J. (2006),Albedo
Z enhancement by stratospheric
J ' - _, sulfur injections: A contribution
. o to resolve a policy
| NS e dilemma? Clim. Change, 77,211—
i . 220, doi:10.1007/510584-006-
9101-y.
* Rasch, P. J., P.J. Crutzen, and D. B.
2 Ao Coleman (2008), Exploring the
: : geoengineering of climate using
N\

stratospheric sulfate aerosols:

The role of particle size, Geophys.
3 —— Res. Lett., 35, L02809,

Geoengineering by cloud seeding: influence on sea ice and climate system doi:10.1029/2007GL032179

Philip J Rasch?, John Latham?2 and Chih-Chieh (Jack) ChenZ Environ. Res. Lett. 4 (October-December 2009) 045112
doi:10.1088/1748-9326/4/4/045112

dhbbLioanbo®
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http://dx.doi.org/10.1007/s10584-006-9101-y
http://dx.doi.org/10.1029/2007GL032179
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Source: Relative outcomes of climate change mitigation related to global temperature versus sea-level rise, Gerald A.
Meehl, Aixue Hu, Claudia Tebaldi, Julie M. Arblaster, Warren M. Washington, Haiyan Teng, Benjamin M. Sanderson, Toby
Ault, Warren G. Strand & James B. White Ill, Nature Climate Change 2, 576-580 (2012) doi:10.1038/nclimate1529




Why do we might
consider GE?

Geoinzenyring

cas




1170 /’ /&, Proc to neni mozna
/—O ° \V & 4 ’ ?

nejlepsi n :

UL j <o ejlepsi napad

Sucho, zejména selhani monzunu v Asii a Africe
Poskozovani ozonové vrstvy
Poskvrnéni/zabarveni oblohy

Muze byt ovlivnéna tvorba mraku

U&inek na ekosystémy !!!

Vliv na slunecni energii

* Depozicni ucCinky

N * Nerovhomeérné ucinky

 Stratosféricka zmeéna teploty (ohrati stratosféry)
* Dalsi okyseleni planety

o







NA

SA photo of deforestation in Tierras Bajas project, Bolivia, from ISS on April 16, 2001.

Znovuzalesnéni a zalesnovani

(biosequestration of
atmospheric carbon dioxide)

Letecké zalesnovani?

photo: Discovery Channel
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\\ j/_/ * Pyrolyza biomasy

* Drevené uhli

, * Mélky depozit do pudy
* Mozna obohacuje pudu
e Ukladani pryc CO2




,,Klasické” CCS

Methane »

Mineral carbonation .
——y
CO, geological
storage

AR
RN

v: Y €O\ geological N (Ship or pipeline)
i 1 storage

Ocean storage




° Zachytavani CO2 z
atmosféry (DACS)

Geoffrey Holmes et al. / Energy Procedia 37 (2013) 6079- 6095
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o Biologicka CO,

T k (BECCS)
N / j)
o
\/
Forests replanted after harvesting
\ so more CO, is removed from
the atmosphere Carbon dioxide
\ capture
/) Atmospheric carbon dioxide
] Woody
Biomass Carbon dioxide
I transport
Biological CO, sequestration Bioenergy conversion
plant to provide, heat,
power, hydrogen etc. CO, sequestration
N
Also can sequester
some extra carbon into
the soil as “bio-char” Depleted.petrol.eum
reservoirs, saline
aquifers, etc.
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CCS vs SRM

... address the cause of human-induced
climate change (high atmospheric GHG
concentrations).

...do not address cause of human-
induced climate change (high atmospheric
GHG concentrations).

...do not introduce novel global risks.

... introduce novel global risks.

...are currently expensive (or comparable
to the cost of emission reduction).

...are inexpensive to deploy (relative to
cost of emissions reduction).

...may produce only modest climate
effects within decades.

...can produce substantial climate effects
within years.

...raise fewer and less difficult issues with
respect to global governance.

...raise difficult issues with respect to
global governance.

...will be judged largely on questions
related to cost.

...will be judged largely on questions
related to risk.

...may be implemented incrementally
with limited effects as society becomes
more serious about reducing GHG
concentrations or slowing their growth.

...could be implemented suddenly,

with large-scale impacts before enough
research is available to understand their
risks relative to inaction.

...require cooperation by major carbon
emitters to have a significant effect.

...could be done unilaterally.

...for likely future emissions scenarios,
abrupt termination would have limited
consequences.

...for likely future emissions scenarios,
abrupt termination would produce
significant consequences.




(ne)potrebujeme GE ...

ol 1 Pokud se rozhodneme ze
Wil /2 .
J N

%
AN j/_/ Mame platformu, abychom to mohli

vyjednat?
/ « OSN / OECD / WTO?
Mame nastroj?
 UNFCCC

* ENMOD
Mdame organizaci/mechanismy vymahat?
* UNSC




ollel /&’/_o Problém akce/neakce
N / j L

\9%
\\j/_/ * Stejné jako u zk budou vitézi i porazeni

- * Nékteré GE jsou atraktivnée levné ve
srovhani se zmirnénim / prizptsobenim

* GE jako strasidlo proti neakci
* GE jako odUvodnéni pro neakci

8  Klimaticka setrvacnost (tj. Klima nema brzdy
a nékteré moznosti GE je nemaji také)




Dékuji za pozornost
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