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Problem vs. predicament




Aktualni globalni problemy

Klimatické zmeény
Ropny vrchol

Ekonomicky kolaps
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Svet je komplexni, nelinearni,
adaptivni system

Environment

Ekonomika

Energie
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Antropoceén

* ... Soucasna geologicka epocha
* Paul J. Crutzen

* Podle Crutzena Ize za pocCatek antropocénu
povazovat obdobi, kdy James Watt zdokonalil
parni stroj (patent 1769).

http://academics.eckerd.edu/instructor/carlsopr/Papers/Anthropocene.pdf
http://blisty.cz/art/51845.html
http://www.vesmir.cz/clanek/bedrich-moldan-priroda-a-civilizace-zivotni-
prostredi-a-rozvoj-lidske-civilizace



Transformace biosfery
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JONES, Nicola, 2011. Human influence comes of age. Nature 8



Nosna kapacita Zeme
ve stavu prestreleni (overshoot)
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Wackernagel, M. 2002. Tracking the ecological overshoot of the human economy. °
PNAS, http://www.pnas.org/content/99/14/9266.full.pdf



. Klimatické zmény
Chemicke znedisténi :
(dosud nevycisleno)

Okyselovani

e, .
' oceanu

| * Ubytek

stratosférického
ozZonu

Atmosférické aerosoly
(dosud nevycisleno)

Dusikovy
cyklus

Ztrata biod :
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Rockstrom, J. et all., 2009, A safe operating space for humanity, NATURE



Modelovani environmentalnich
dopadu lidské Cinnosti
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Kayova rovnice
(modelovani emisi uhliku)

M=C

M — emise uhliku
C — vytezeny uhlik
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Kayova rovnice
(modelovani emisi uhliku)

C
M=— FE
L

M — emise uhliku
C/E — energeticke zdroje
E — spotreba primarni energie
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Kayova rovnice
(modelovani emisi uhliku)

C £
M—E TP HDP

M — emise uhliku

C/E — energeticke zdroje

E/HDP — energeticka narocnost HDP
HDP — hruby domaci produkt

14



Kayova rovnice
(modelovani emisi uhliku)

C E HDP
M_E HDP N N

M — emise uhliku

C/E — energeticke zdroje

E/HDP — energeticka narocnost HDP
HDP/N — HDP na obcCana

N — svetova populace
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Figure 11. Impacts of four Kaya factors on world
carbon dioxide emissions, 1990-2035

(index: 2007 = 1.0)
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International Energy Outlook 2010



Kaya identity

¢ E HDP
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www.valek.pro/ekologii/kaya



Kaya identity Legend:
A index: 2009 = 1.0

e C/E - Carbon intensity
2.2 e E/HDP - Energy intensity
s HDP/N - Output per capita
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Kaya identity
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Zatez zivotniho prostredi (I-PAT)
Ehrlichova rovnice

I=P-AT
| — Impact
P — Population
A — Affluance

T — Technology )

Ehrlich, P. R., Holdren, J. P., 1971, Impact of population growth, SCIENCE



Zatez zivotniho prostredi (I-PAT)

P-A
| =
S
| — Impact
P — Population
A — Affluance

S — Sustainable Technology

Sachs, J., 2008, The common wealth, Penguin Group
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Studie Meze rustu, 1972 Wlh
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http://cs.wikipedia.org/wiki/Meze_r%C5%AFstu#Meze_r.C5.AFstu_a_World3

Studie Meze rustu (1972) a skuteénost

Historicky trend
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http://www.esf.edu/efb/hall/2009-05Hall0327.pdf
http://gaiachange.blogspot.com/2011/09/integrated-global-change-model-part-1.html

AL AN 4

maji svého spoleCcného jmenovatele. Je jim
ekonomicky rust praktikovany v prostredi, jehoz
zdroje jsou omezene.”

Jan Keller
Az na dno blahobytu, 1995
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,Roste ekologicka ucinnost technologii ve vsech
odvetvich a oborech, postupne se rozdvojuji
krivky ekonomického vykonu a zatéze prostredi.
AZ dosud ve veétSiné pfipadu klesa zatéz pouze
relativneé, to zamena, ze s ekonomickym rustem
stoupa, byt pomaleji nez rust samotny. Konecny cil,
absolutni pokles zateze i pri rostoucim vykonu, je
vsak obecne prijiman a v nekterych pripadech ho
jiz bylo dosazeno.”

Bedrich Moldan
(Ne)udrzitelny rozvoj, 2003
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WIEDMANN, T. et. al, 2013. The material footprint of nations. PNAS



Probleém je v metodice vypoctu HDP

S15 TRILLION

Kromeé inflace
je treba ocistit
HDP o dluh.

lan. 3: $15.26 trillion

£15.18*

510

*Estimatad GDP value is for the
third quarter of 2011 (August
through September).

Gross domestic
product

The severe economic downturn
of recent years has slowed
economic growth, and, for a
period, even shrunk the

55

economy’'s size. Meantime, the
national debt has surged, in
part because the economic
Outstanding federal debt slowdown has required that
the government spend more
T T T T on social benefits while tax

40 45 "50 '55 60 65 "0 "9 80 "85 ‘80 95 "00 ‘05 "10 revenues have declined.

L0

http://www.intellectualtakeout.org/library/chart-graph/2012-debt-gdp



K ekonomickému rustu je treba

GWP(bl$ at 2005)
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Energie
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Energie [1000 kCal]

Spotreba energie na osobu a den
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Low Hanging Fruit







Energeticka navratnost

http://www.holon.se/folke/kurs/logexp/rabbit.shtml
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Energeticka navratnost

http://www.holon.se/folke/kurs/logexp/rabbit.shtml
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Energeticka navratnost
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Energeticka navratnost

Rozvinuté zeme 1:10 Pro Krovaky asi 10:1

HALL, Ch., et al. 2009. What is the Minimum EROQI that a Sustainable Society Must Have? Energies 37



Energeticka navratnost

Energy Returned on Energy Invested

EROI = energie ziskana / energie vlozena

ERO] = EGROSS

INV

38



Energeticka navratnost

Energy Returned on Energy Invested

EROI = energie ziskana / energie vlozena

ERO] = EGROSS

INV

Skute€énou hodnotu pro spolecnost ma cista energie Engr,
ktera zbude po odelteni energetickych vydaju na ziskani

energie a jeji koncentrovani.

E..=FE —F —

1
EROI3)



E inv

ropa a plyn drive ropa a plyn dnes

Vitr jadro

fotovoltai kal/_\gv
ropné pisky\

biopaliva ‘\

EROI

E
EROJ = —gross _ 100 Pro EROI <1 je Ener 0.

INV E INV 40
http://www.roboticscaucus.org/ENERGYPOLICYCMTEMTGS/Nov2012AGENDA/documents/DFID_Report1_2012_11_04-2.pdf




Pokles energetické navratnosti tezby ropy v USA
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CLEVELAND, C. 2005. Net energy from the extraction of oil and gas in the United States. Energy
GAGNON, N. et al. 2009. A Preliminary Investigation of Energy Return on Energy Investmentifor
Global Oil and Gas Production. Energies



Pokles energetické navratnosti tezby ropy v USA
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Prumérna hodnota EROI pro cely svét
klesla asi na 18:1 v roce 20006!

CLEVELAND, C. 2005. Net energy from the extraction of oil and gas in the United States. Energy
GAGNON, N. et al. 2009. A Preliminary Investigation of Energy Return on Energy Investmentfor
Global Oil and Gas Production. Energies



Fig. 1.5: Nearing the energy returns diff-edge®

o EROEI . 2020
1990 2010
B0% \
&0%
40%
Declining EROEI )
20%
Energy cost as % GDP
0%
100 90 g0 70 &0 =10 40 30 20 10 o
N J

* Source: Tullett Prebon analysis

http://ftalphaville.ft.com/files/2013/01/Perfect-Storm-LR.pdf 43



Fig. 5.14: High EROEI Fig. 5.15: Low EROEI

Discretionary — consumjption Discretionary — consumption
and investment and investment

Essentials —
food, welfare,
government, law

Reinvested in Essentials —

energy extraction food, welfare,
government, law

Reinvested in

energy extraction

N . . /

* Source: Tullett Prebon estimates, see text

http://ftalphaville.ft.com/files/2013/01/Perfect-Storm-LR.pdf 4



Maslowova hierarchie potreb

realizace

Potreba ucty

/ Potfeba lasky

/ Potreba bezpeci

/ Fyziologické potreby

45



Minimalni energeticka navratnost

Funkce spolecnosti Minimalni EROI
Umeéni aj. 14:1
Zdravotnictvi 12:1
Vzdélavani 9:1 az 10:1
Podpora rodiny a pracujicich 7:1 az 8:1

Produkce potravin 5:1

Transport 3:1
Rafinace ropy 1,2:1
Tézba ropy 1,1

LAMBERT, J. G., et al. 2014. Energy, EROI and quality of life. Energy Policy
HALL, Ch. 2011. Introduction to Special Issue on New Studies in EROI. Sustainability
HALL, Ch., et al. 2009. What is the Minimum EROQI that a Sustainable Society Must Have? Energies
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Ropa a ekonomika



Muzeme vérit ekonomum?

Srovnani predpovédi ekonomu s realitou
Rust svétového HDP (%) 1972-2011

\ Real GDP YoY %

Consensus
Forecast GDP

\

G -
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3 -
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2 -
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8
Q

1-72 Q1-75 Q1-78 Q1-81 Q1-84 Q1-87 Q1-90 Q1-53 Q1-96 Q1-99 Q102 Q105 O1-08 Q1-11

Source: Federal Reserve Bank of Philadeiphia  Actus/ dala thwough Jun 2010; projection through Sep 2011



Korelace rustu svétového HDP
a produkce ropy

Svétové HDP

Rust [% / rok]
)
-
-

I
1.0 Nia ! [‘; t
Y
; +_s Produkce ropy
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FAZOVA ZMENA

Nahla zmeéna v ekonomice ropy je patrna v grafu produkce vs. ceny

1998-2004 data NEELASTICKE
82005-ildata o ee.. Produkce nestaci |
poptavce
=> cenove skoky

ELASTICKE

Produkce staci
poptavce
=> stabilizace ceny

Cena (USD/barel)

60 62 64 66 68 70 72 74 76 78 80
Produkce konvenéni ropy (miliony barel(l za den)

Murray, J., King, D. 2012, Oil’s tipping point has passed, NATURE



Uhel pohledu na tézbu ropy:

1]
=

A) o¢ima ekonoma T —\—/" ‘

2000 2005 2010
B) o¢ima geologa T J/N 5
(Hubert, 1335) 1930 2005 2050 t

C) ocima historika T A |

1500 20

00 2500

W
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Era ropy z historické perspektivy

Ropny vek
35

30
25
20

15

Miliardy barelov za rok

10

D 1 1 1 1 | ||
0 500 1000 1500 2000 2500 3005%

Roky (n.l.)



Sceénar produkce ropy podle IEA
(WEO 2012)

100

90 PRODUKCE A CENA ROPY - VYHLED

80 milliony barelti za den

70 i B ndarust objemu pii zpracovani surové ropy

60 ' M lehké ropa z nizkopropustnych vrstev

50 . W dalsi druhy nekonvenéni ropy
1

20 ' kondenzaty zemniho plynu a dalsich uhlovodikt
1

30 i Klasicka ropa:

20 ' | dosud neobjevena loziska

o ' M objevena loZiska,
: na kterych dosud nebyla zahajena téZzba

0 ' o i 2 " .
2000 2005 2011 2015 2020 2025 2030 2035 : B loziska vyuZivana v souc¢asnosti ZDROJ: TEA
53

Kerr, Richard A., 2012, An Oil Gusher in the Offing, but Will It Be, Enough?, SCIENCE



® Gross Hubbert Curve
M Net Hubbert Curve
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Argentina : Oil

2012 exports decreased by 41. %

Consumption
Production

net Exports
net Impurts- —

Year 1960 1970 1980 1290 2000

Data: BP Stanstical Review 2003 Graphic: mazamascience.com

2002 — statni bankrot
2013 — inflace 25 %

2010

05

-0.5

0.0

million barrels per day
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Egypt : Oil

2012 imports increased by 282 %

Consumption
Production

net Exports
net Imports

Year 1960 1970 1980 1290 2000

Data: BP Stanstical Review 2013 Graphic: mazamascience.com

2010 — dovoz ropy, ruské sucho
2011 — JArabske jaro”

2010

0.5

-0.5

1.0

0.0

-1.0

million barrels per day
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Cena potravin a nepokoje ve svete
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Produkce ropy vs. nepokoje v Lybii

Crude oil productionin Libya, January 2010 to September2013

million barrels per day

1.8
16
Cimil war begins
February 2011
1.4 |: v J
1.2 After the civil war, oil production was
affected by sporadic labor-related
F protests and power supply problems at
1 £ ail fields.
&
0.8
0.6
0.4
Frotests escalate and
production falls to 2011 levels
0.2
D I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1
Jan 2010 Jan 2011 Jan 2012 Jan 2013

C]Eﬂ].\’ Source: U.S. Energy Information Administration, Short-Term Energy Outlook
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Ropa a PIGS: Zemeé s vysokym podilem ropy
v energetickém mixu odchadzeji prvni

Oil Dependence in the EU
Percentage of total Energy Mix

a . Luis de Sousa 2010
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Limiting cumulative CO, emissions over 2000-50
to 1,000 Gt CO;, yields a 25% probability
of warming exceeding 2°C.

Limit of 1,440 Gt CO,, yields a 50% probability.

As known 2000-06 CO, emissions were 234 Gt CO..

Meinshausen M. et al., Greenhouse-gas emission targets for limiting global warming to 2 °C,

Nature 20009.
66

http://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=90&pid=44&aid=8
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Annual Minimum

Arctic Sea Ice Volume

ZOPIOMAS Polar Ice Center, University of Washington
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IPCC AR4

"Neutrality" of the SRES Scenarios The SRES scenarios are
iIntended to exclude catastrophic futures. Such catastrophic
futures feature prominently in the literature. They typically
Involve large-scale environmental or economic collapses, and
extrapolate current unfavorable conditions and trends in many
regions...

...Many of these scenarios suggest that catastrophic
developments may draw the world into a state of chaos within
one or two decades. In such scenarios GHG emissions might
be low because of low or negative economic growth, but it
seems unlikely they would receive much attention in the light
of more immediate problems. Hence, this report does not
analyze such futures.
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... T is catastrophic and ongoing failure of market
economics and the laissez-faire rhetoric accompanying it
(unfettered choice, deregulation and so on) could provide
an opportunity to think differently about climate change.

...The world is moving on and we need to have the audacity
to think differently and conceive of alternative futures.

Civil society needs scientists to do science free of the
constraints of failed economics...”

Prof. Kevin Anderson, Deputy Director of the Tyndall Centre

Andreson, K., Bows. A. 2012, A new paradign for climate change, NATURE CLIMATE CHANGE
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Perspektivy budoucnosti lidstva



http://www.sei-international.org/video-archive/1827
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http://www.sei-international.org/video-archive/1827
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http://www.sei-intnational .org/video-archive/1827
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,Nejvice pozornosti psychologu pfitahuji ty probléemy
zivotniho prostredi, které v lidech vyvolavaji nejsilngjsi
emocni odezvu, napf. environmentalni katastrofy,
globalni klimatické zmeény Ci vymirani prirodnich
druhut -

Jan Krajhanzl
Dobre utajené emoce a probléemy zivotniho prostredi
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“No evidence is powerful enough
to force acceptance of a conclusion
that is emotionally distasteful.”

Zadné dukazy nejsou dost silné,
aby vedly Kk pfrijeti zaveru,
ktery je emocne nestravitelny.

Theodosius Dobzhansky
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As Sherlock Holmes famously said,
“when you have eliminated the impossible,
whatever remains, however improbable,
must be the truth”.

Sir Arthur Conan Doyle, The Sign of Four, 1890
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