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zdroju .... a jejich spotreba

...a nefradicni, nekonvencni zdroje, ... a perspektivy...




Rimsky klub a zdroje-suroviny

Organizace zvand "Rimsky klub" v roce 1972 vyhldsila v knize "Meze ristu”, ze
ndm brzy pry dojdou suroviny (ropa do 1992). RK pry nevéfi, ze je mozny dalsi
rust a rozvoj. Nevéri, ze najdeme novd feseni. RUst je pry neudrzitelny a musi byt
zastaven cilené, pozvolna a vcas, jinak prijde kolaps ndhle a prudce.

Navzdoyy tomu je podle Rimského klubu cil dosazeni spolecenské renesance,
kterd prinese vice spolecenské rovnosti a uprednostni rovnovdhu mezi
Eloy&kem a piirodou. Rimsky klub proto apeluje na viaddy, manazery, v&dce,
nevlddni organizace i obcany, aby zacali brét hrozbu zmény klimatu vdziné a
tvorili civilizaci, kterd bude prosperovat s respektem k planetdrnim mezim.

...Do roku 2020 zgijistit exponencidinirozvoj technologii. Do roku 2025 zabezpecit
vyssi efektivitu vyuzivani materidld a surovin a jejich recyklaci. Rozsifit
nizkouhlikové vyuzivani pudy a ndstroje, jak snizovat emise sklenikovych plynd, a
prizpUsobovat se dopadim zmény klimatu (mitigacni a adaptaéni opatieni)....

Limits and Beyond: 50 years on from The Limits to Growth, what did we learn
and what's nexte

https://www.clubofrome.org/

50 years on from The Limits to Growth,

what did we learn and what’s next?

EDITED BY UGO BARDI & CARLOS ALVAREZ PEREIRA

Limits and
Beyond

With essays from the original The Limits to Growth authors
Dennis Meadows and Jorgen Randers and many more...
A REPORT TO THE CLUB OF RO
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Yep, it’'s bleak, says expert who tested
1970s end-of-the-world prediction
(Sun 25 Jul 2021 16.00 AEST)

tos://wattsupwiththat.com/2@21/07/26/guardian-2040-club-of-
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https://wattsupwiththat.com/2021/07/26/guardian-2040-club-of-rome-end-of-world-prediction-on-track-thanks-to-climate-change/

pravdu o misté clovéka a kultury v pfirodé.

Profesor Ekonomicko-sprdvni fakulty
MU Josef Smajs (1938) se jiz Fadu let
zabyvd konfliktem lidské civilizace (v
jeho pojetikultury) a pfirody. Vytvoril
koncept evolu¢ni ontologie, ktery
rozpracoval ve svych knihdch
Ohrozend kultura (1995, 1997, 2011),
Evolu&ni ontologie (2003), Filosofie —
obrat k Zemi (2008) Ci Potffebujeme
filosofii prezitie (2011).

\ /

....nase preddatorska kultura uz t€éméer jedno
stoleti vede krutou nevyhldsenou valku se
Zemi, druhovy existencni zapas se Sirsim a
mocnejsim prirodnim systémem, ktery bez
radikdlni zmény své strategie nemuze vyhrat"

\\

Josef Smajs: Biofilni desatero

Globdlni kultura, kdysi nastavend nejen lidskym genomem, ale pozdé&ji v Recku i skrytym preddatorskym duchovnim paradigmatem, dospéla
do stadia svého mozného zdniku. Viem zndmy kopernikdnsky objev Zemé jen jako planety obihgjici kolem Slunce bledne pred zjisténim, ze
lidstvo si nedctou k prirodé maze zkrdtit biologicky vymezenou dobu své druhové existence. Bez biofilniho obratu, 1j. vici pfirodé vstiicnému
pozndni, aktivité a materidini kultufe, hrozi lidstvu vyhynutiz jeho vlastniintelektudini omezenosti. Smyslem biofiiniho desatera je pripomenout

1. Clovéce, uctivej Zemi, svébytny planetdrnisystém, jehoz prirozend evoluce t&
zrodila.

2. Pomni, Ze jako docasné existujici druh nejsi skutecnym partnerem Zemé, ale jen
domyslivym souperem jeji velkolepé tvorivé schopnosti.

3. Zavisis na Zemi kazdym nadechnutim, kazdym douskem vody, kazdym soustem.
4. Jsi postaven z chemickych prvkd Zemé, které, az umres, si planeta vezme zpét.
5. Zemé ti nepatfi, i kdyz se ti na cas podarilo zapdlit opozicni kulturni evoluci.

6. Kultura ti rovnéz nendlezi, nebot ji budujes z prirodé odcizené latky, energie a
informace, tvoris ji na Ukor Ubytku prirozené usporddanosti planety.

7. Kulturni evoluci vytvdris uméle usporddanou stavbu, ale jen jako chatre ze sutin
borfeného chradmu dumysiného kosmického vytvoru Zeme.

8. Tvoje protipfirodné orientovand kultura je sice tvou druhovou pychou, ale
ublizuje nejen Zemi, nybrzi tobé, jsi ohrozenym druhem.

9. Pomni, Ze Zemé kulturu nepotrebuje a Ze jeji novatorstvinemUze piijmout; po
tvém zaniku se ani nejdumysinéjsi teorie a technické systémy na Zemi nezachovaji.

10. Clovéce, respektuj stardi, 3irsi a mocné&jsi sily planety, pecuj o jeji nadiazenou
subjektivitu, jiz je tvd vzdorovitd subjektivita jen cdsti a pribéhem.

https://sedmagenerace.cz/josef-smajs-biofilni-desatero/



/ivotnost surovin

...odviji se od investic do
pruzkumu, vyzkumu a
dalsich faktorU:

napr. scéndre A, B, C

Jak pUsobi technologicky pokrok a ¢im je
sédm ovlivhovdn?

Production

Lifespan of raw materials

A mine, use, throw away;
no new discoveries;
| rising prices

\

recycle; increase reserves
’ by improved mining
technology, higher prices,
and new discoveries

recycle, reuse, reduce
consumption; increase
reserves by improved
mining technology,
higher prices, and
new discoveries

present  depletion depletion  depletion
time A time B time C

Time

Figure 12-13 Depletion curves for a nonrenewable resource
(such as aluminum or copper) using three sets of assumptions.
Vertical lines represent times when 80% depletion occurs.



/Asoby a spotreba surovin

/&soby a spotreba surovin jsou neoddélitelné kategorie, které je
nutno posuzovat ve vzajemném propojeni a v zavislosti na casu. V
podstaté souviseji s:

B Cena surovin --—-  prices

» poptdvka ---- demand

» fechnicky/technologicky pokrok ---- progress

» investice do pruzkumu -——- Investments

reserves and consumption

Quantity of reserves changes in fimelll




/Asoby a spofreba — dynamické
k(] Te g O rl e Selected oil and gas reserves
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Spotrebba energie
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Global direct primary energy consumption : Our World
Direct primary energy consumption does not take account of inefficiencies in f?ssil fuel production.
] Modern biofuels
Other
. . ! renewables
Global fossil fuel consumption 140.000 TWh [
Global primary energy consumption by fossil fuel source, measured in terawati-hours (TWh). ? ' Wind
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| Nuclear
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|
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I
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Source: Our World in Data based on Vaclav Smil (2017) and BP Statistical Review of World Energy QurWorldinData.org/fossil-fuels/ « CC BY
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Source: Vaclav Smil (2017) and BP Statistical Review of World Energy OurWorldinData.org/energy « CC BY



Spotfeba surovin - svét Giljum et al. 2009
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Svétova tézba surovin

Million metr. tons
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Fig. 1: World mining production 1984 - 2014 by groups of minerals
(without construction minerals, in Million metr. t)




Svetova tezba energetickych surovin
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Spoftreba nerostnych surovin

Million metric tons
60

Consumption of selected industrial raw materials
compared to global population
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China's share of world metals consumption tripled from
13 percent in 2000 to 47 percent in 2014.
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Cina - spotfeba surovin

. Chart of the Week
CHINA CONSUMES MIND-BOGGLING AMOUNTS OF RAW MATERIALS

...and that's why slowing growth may continue to cause headaches for commodity producers

Published 7 years ago on
September 10, 2015 Population

By Jeff Desjardins
Concrete Copper Coal Rice
60% 48% 49% 30%
Aluminum ‘. Steel Uranium Corn
54% " 46% 13% 22%
Nickel Gold b 0l Wheat
50% 23% 12% 17%

https://www. apitalist.com/china-consumes-mind-boggling-amounts-of-raw-materials-chart/ visualcapitalist.com



o0/

Nerostne zdroje EU a jejich zaijisténi

Raw Materials Initiative

Dne 4. 11. 2008 uverejnuje Evropskd komise v ramci COM (2008) 699

COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT AND THE
COUNCIL nazvanou ,,THE RAW MATERIALS INITIATIVE — MEETING OUR CRITICAL NEEDS FOR
GROWTH AND JOBS IN EUROPE"

(http://www.euromines.org/who_is_downloads/raw_materials_initiative.pdf)
Je zalozena na naplhovdni 3 zakladni pilifd:

1) Access to raw materials on world markets at undistorted conditions

2) Foster sustainable supply of raw materials from European sources

3) Reduce the EU’s consumption of primary raw materials

Jako strategicky dokument zavadi celou fadu prvky, které by mély byt
ndsledné rozpracovdany formou dilCich strategii Ci legislativnich aktd
(kuprikladu tzv. kritické suroviny, efekfivita pfi vyuzivani primdarnich surovin ad.)

pristup + podpora (starost) + redukce spotreby
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® Non-critical raw materials

Crifical raw materials

2020 critical raw materials (new as compared to 2017 in bold)
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EC critical raw materials within a
single country
Created 31 Oct 2014
Published 28 Feb 201
Last modified 15 Juk2016

The figure shows the 20 raw
materials identified by the
European Cofmmision as being
critical becdause risks of supply
shortage gnd their impacts on the
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Heavy rare earths
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Nové loZisko REE ve Svédsku

REE deposits
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Geijer depoisit, just north of the company’s largest iron ore mine in the

Arctic, is estimated to contain more than 1 million tonnes of rare earths, Tan agrellite grain,
with red eudialyte.

. NaCa2Si4O10F
) o
s ot known Na4(Ca,Ce)2(Fe++,Mn,Y)ZrSi8022(OH,Cl)2 (2)

https://www.mining.com/europes-largest-rare-earths-deposit-found-in-sweden/




Roughly 200 tanker A purnper truck injects a
trucks deliver water for mix of sand, water and
the fracturing process. chemicals into the well. i

Matural gas flows out of well.

"

Hydraulic Fracturing

B Hydraulic fracturing, or

’ “fracing,” involves the injection
of mare than a million gallons
of water, sand and chemicals

3.000 at high pressure down and
across into horizontally drilled
wells as far as 10,000 feet

4000 below the surface. The

pressurized mixture causes

the rock layer, in this case the
— Marcellus Shale, to crack.
These fissures are held open

Recovered water is stored in open
U pits, then taken to a treatment

i plant.
t Pit i

Storage
tanks

Tezba plynu z bridlic

... a ddle nékolik dalsich
nekonvencnich lozisek...

Matural gas is
trucked to a
pipeline for delivery.

by the sand particles so that
| natural gas from the shale can
6,000 flow up the well.
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P — Environmental risks



How methane hydrates are formed

Arctic methane hydrate
deposits above and
below lower limit of % Drilling rig

Drill ship permafrost TR 3
% - o= \

Hydrate mounds Bottom of
-on seafloor _/ permafrost

Biogenic methane
generated by
bacterial action in
shallow sediments

[ /

Methane hydrate  Faults provide
deposits below conduits for
seafloor methane seeps

Slow seepage of thermogenic methane from below
US Department of Energy

Fte ——
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South China Sea: Pilot
project for extracting
methane hydrate
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. Polymetallic nodules Cobalt-rich crusts

©  Polymetallic sulphides / vents Exclusive economic zones

)

o~
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? :
® + “lndian
i Ocean

Fe-Mn konkrece/nodules

0°

[Atlantic
& Ocean

g

Ferromanganese crusts and nodules on Tropic Seamount (Atlantic
Ocean). A. Encrusted debiris flow cobbles on the steep flanks of the
seamount (depth 1450 metres). B. A nodule field in a sediment-rich
area on the flank of the seamount (depth 3640 metres). C.
Ferromanganese crust pavement covered by biological debris on a
gentle slope on the seamount flank (depth 1600 metres). D. Massive
ferromanganese crust partially covered in sediment (depth 3772
metres) (Lusty et al., 2018).




Element World Pacific Indian Atlantic This study*

(n=22300) (n= 1700} (n=2300) (n2=300) (n=13)
d~4270 m d=4380 m d~4300 m d=3610 m d=5250 m
Mn% 18.6 20.1 15.3 13.2 12.4
Fe% 12.5 11.4 14.2 17.0 158
e . r \ r I O | ' e S Ni% 0.66 0.76 0.43 0.32 0.33
Cu% 0.45 0.54 0.25 0.13 0.19
Co% 0.27 0.27 0.21 0.27 0.34
Zn ppm 1200 1160 1490 1230 610
V ppm 520 510 540 600 650
Elements Munganese nodules  Manganese nodules of  Mangasese nodules of  Manganese nodules of Sops;n ;gn 3?0 ‘;‘gn g?ﬂ ;20
of the the Paru Basin the Indian Ocean the Cook islands area
Arinad Ba ppm 2300 2350 2100 2280 1100
Manganese (Mn) ** 28.4 34.2 24.4 16.1 P ppm 3700 2800 3700 9100 3300
Pb ppm 930 830 1010 1400 1100
IR (Eap oo é16 6.12 734 16.4 As ppm 140 110 180 200 230
Cd ppm 10 10 10 10 11
- Si% 7.69 7.62 9.39 6.34 -
Copper (Cu) 10,714 5988 10,406 2268 Al% 270 575 567 717 200
Mg% 1.57 1.50 1.43 1.86 1.20
Nickel (Ni) * 13,002 13,008 11,010 3827 Na% 1.97 205 1.70 1.86 0.92
K% 0.73 0.82 0.48 0.57 0.45
Cobalt (Co) * 2098 475 11 4124 Ca% 2.23 1.96 1.97 3.72 1.27
Ti% 0.69 0.73 0.62 0.42 0.72
il (T ¥ 0.32 o.4€ 0.43 115 §% 0.51 0.32 0.83 [.34 0.16
Sr ppm 850 840 790 940 770
Y ppm 150 150 110 240 227
Yellurium (Te) 16 1.7 40 23 Zr ppm 570 610 340 560 (400)
Nb ppm 70 70 70 40 -
Thallium (TH * 199 129 347 138 La ppm 210 220 180 230 265
Ce ppm 720 690 1250 - 1500
Rare earth elements 813 403 1039 1707 Nd ppm 260 270 1o - 245
and yttrium * Sm ppm 40 40 40 - 6l
' y Eu ppm 10 10 [0 = 15
Zirconium (Zr) 307 325 752 588 Tb ppm 10 10 10 - 9
Yb ppm 30 30 10 30 24
cal analyses reveal that manganese nodules from different marine regions :’,}l ppm I<DIO !<010 <10 <10 4
o - c ppm - _ 9
vary significantly in their metal contents. Th ppm 30 30 30 _ 90
3 s per tonne _
", | en’roge by weigh’r *Average of ICP, NAA and XRF analyses (not always all 3 techniques). It must be noted that large

deviations around the “Ocean-averaged”” manganese nodules values occur (e.g. McKelvey et al.. 1979).

https://worldoceanreview.com/en/wor-3/mineral-resources/manganese-nodules/ ZdrOJ: Fe —_ Mn — CU — N| = CO




Basics of a hydrothermal vent - a Black Smoker

Black smokers
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illion Tons of Uranium =

Regenerated TiO, U deposited TiO,

Elution

Concentrated
uranyl

Uran z morské vody

U(VI) extraction
form seawater via
photocatalysis can
address the
challenges for
physicochemical
adsorption and is
a promising
method for
seawater uranium
resource utilization.

novée technologie extrakce

Strong complexation of glutaroimide-dioxime with

U(VI) facilitates the recovery of uranium

A Different Kind of Fishing

To begin, extracting seawater uraniumis harder than mining
from land reserves as it involves a process called
“adsorption,” in which atoms, ions, or molecules adhere to a
surface. Scientists have been designing different materials to
serve as that surface that, when submerged in seawater, will
“adsorb” uranium and hold it for extraction.

Keeping these materials cost-efficient is important in relation
to keeping the costs of seawater uranium low. Now, the DOE
tfeam has developed new adsorbents that brought the costs
of seawater uranium extraction down by three to four times
and in just five years.

The team created braids of polyethylene fibers that contain
amidoxime, a chemical species that binds uranium. Tests
show the new material has the ability to hold more than 6
grams of uranium per kilogram of adsorbentin 56 days of
submersion in natural seawater.

Experts will convene at the University of Maryland-College
Park for the International Conference on Seawater Uranium
Recovery in July this year to further explore the potential of
seawater uranium as a reliable energy source for the future.
And while we may not have everything worked out just yeft,
things are looking bright.

13,000 Years' Worth of Energy in the Oceans
We have 4.5 billion fons of uraniumin seawater. Half of that amountis enough to power nuclear plants worldwide for 6,500 years.
However, unfortunately, the costs of exiracting uranium from seawater is three times the current cost of uranium mined from land. That
said, researchers believe this source may one day be critical to sustaining our energy needs, and to that end, efforts to extract
uranium from the seas began in the 1960's. And our efforts have continued from there.
“For nuclear power to remain a sustainable energy source, an economically viable and secure source of nuclear fuel must be
available,” said Phillip Britt, technical and outreach leader of the feam started by the U.S. Department of Energy (DOE) in 2011. And
now, it seems that we have a much cheaper way of obtaining this material.

0,003 ppm U in sea water
cca 3 mg/m3

https://futurism.com/uranium-seawater-keep-lights-13000-years/
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Search for substitutes

®» replacement of traditional raw materials with new ones

® Using the properties of more available materials:
replacement of Li in batteries with calcium - the future?
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CALCIUM

Name & Symbol: Calcium, Ca
Discovery: Humphry Davy, 1808
Appearance: Solid

Electron configuration: [Ar] 4s?
Standard atomic weight: 40.078
Covalent radivs: 176:10 pm

Van der Waals radius: 231 pm

Atomic model
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https://www.euro.cz/byznys/jak-nahradit-drahe-lithium-v-nemecku-zkousi-baterie-s-vapnikem-

1470590#utm _medium=selfpromo&utm_source=euro&utm _campaign=copylink

0.6477.


https://www.euro.cz/byznys/jak-nahradit-drahe-lithium-v-nemecku-zkousi-baterie-s-vapnikem-1470590#utm_medium=selfpromo&utm_source=euro&utm_campaign=copylink
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Veins on Mars

indikace hydrotermdinich procesu

This image of an outcrop at the "Sheepbed" locality,
taken by NASA's Curiosity Mars rover with its right Mast
Camera (Mastcam), shows well-defined veins filled with
whitish minerals, interpreted as calcium sulfate.
Mastcam obtained these images the 126th Martian day,
or sol, of Curiosity's mission on Mars (December 13,
2012). The view covers an area about 16 inches (40
centimeters) across.A superimposed scale bar is 8

This view from the Mast Camera (Mastcam) on NASA's Curiosity Mars rover shows a network centimeters (3.15 inch) long.

of two-tone mineral veins at an area called "Garden City" on lower Mount Sharp.

The veins combine light and dark material. The veins at this site jut to heights of up to about
2.5 inches (6 centimeters) above the surrounding rock, and their widths range up to about 1.5
inches (4 centimeters). Figure 1 includes a 30-centimeter scale bar (about 12 inches).




Main asteroid belt B T S T

Asteroidy — zdroje

Jupiter

Different Asteroid & Meteorite Types

Source: Smithsonian Museum of Natural History http://www.mnh.si.edu/earth/text/5_1_4_0.html

Trojan asteroid

A homogeneous body, differentiates into heavier and
hotter with depth ... core and lighter mantle ... explodes.
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https://www.earthhistory.org.uk/the-old-world-
destfroyed/piecing-asteroids-back-together




Transportation Mission
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asteroidu

A mission to investigate the metal-rich asteroid
Psyche, which might be the exposed core of a
long-dead planet, has been given the go-
ahead by NASA. The mission's fate had
previously been in doubt after fechnical
difficulties made it miss its 2022 launch window.
According to Forbes, 16 Psyche, a 140-mile-
wide/226-kilometer-wide asteroid could
contain a core of iron, nickel and gold worth
$10,000 quadrillion (10'9).

/

/— Stage6 : Back to high elliptical
orbit and areobrake

StageS: Spacecrait
~ return trajectory

# ’ Stage4d : Asteroid
< / e departure
NS, et T -, <
\\ - - ’ -~ -
R gy k. N Arrive at asteroid at a propertime pointto
- load a full spacecraft of product

tage3 : Arrive at the asteroid
and mine for a long time

~

If Psyche is in
part a metal core: |
Differentiated body |

with achondritic rock

and metal core

16 Psyche, the large metallic asteroid

ideal for space mining. The theory goes
that something smashed into 16 Psyche
a few billion years ago, creating a
massive crater about four miles deep
and 33 miles wide.
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If Psyche is an
undifferentiated | Uu E E E U U E
object: Chondritic W iictd il B
material only phase from orit.

This matrix of insfrument measurement interpretations along the top shows
the requirement for multiple measurements to support either of the origin
hypotheses at left. Only a few measurements are probably definitive on
their own (strong magnetic field, achondritic silicate provinces, and sulfur-
rich volcanism each likely indicate Psyche is a core). Expected = Likeliest
outcome according fo current models; Possible = Outcome predicted in

Erpecied (Ve laly () Vory lkaly

acore nol a core:
Uniikely if present if present

some scenarios; Unlikely = Not predicted in current models. See text for

detailed explanation, and for further explanation of how the instruments
can discriminate between achondritic and chondritic silicates, see Elkins-

Tanton et al. (2020)

Elkins-Tanton, L.T., Asphaug, E., Bell, J.F. et al. Distinguishing the Origin of Asteroid (16)
Psyche. Space Sci Rev 218, 17 (2022). https://doi.org/10.1007/s11214-022-00880-9



Titan s metanem

False-color Cassini radar mosaic of Titan's north polar region. Blue
coloring indicates low radar reflectivity, caused by hydrocarbon
seas, lakes and tributary networks filled with liquid ethane,
methane and dissolved N,. About half of the large body at lower
left, Kraken Mare, is shown. Ligeia Mare is at lower right.
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These are images of Saturn’s moon Titan, captured by the
NASA/ESA/CSA James Webb Space Telescope’s NIRCam instrument on
4 November 2022. The image on the left uses a filter sensitive to Titan's
lower atmosphere. The bright spots are prominent clouds in the northern
hemisphere. The image on the right is a color composite image. Several
prominent surface features are labeled: Kraken Mare is thought to be a
methane seq; Belet is composed of dark-colored sand dunes; Adiri is a
bright albedo feature.

https://esawebb.org/images/titan1/



vesmiru

Image Credit: ESA; F. Postberg et al (2018)

ice-coated particles ejected in
| plumes and detected by Cassini

organic and salty water
droplets dispersed
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Hydrothermal activity in Enceladus’ core and the rise of organic-rich bubbles.

the ingredients of amino
acids — were detected
by NASA's Cassini
spacecraftin the ice
grains emiftted from
Saturn's moon
Enceladus. Powerful
hydrothermal vents
eject material from
Enceladus' core into the
moon's massive
subsurface ocean. After
mixing with the water,
the materialis released
into space as water
vapor and ice grains.
Condensed onfo the
ice grains are nitrogen-
and oxygen-bearing
organic compounds.
hitps://ras.ac.uk/news-and-
press/research-highlights/new-

organic-compounds-found-
enceladus-ice-grains

De Toffoli, B., Pozzobon, R., Massironi, M. et al.
Surface Expressions of Subsurface Sediment
Mobilization Rooted into a Gas Hydrate-Rich
Cryosphere on Mars. Sci Rep 9, 8603 (2019).
https://doi.org/10.1038/541598-019-45057-7
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https://www.spaceflightinsider.com/missions/solar-system/saturns-moon-enceladus-has-conditions-that-could-support-microbial-life/
https://ras.ac.uk/news-and-press/research-highlights/new-organic-compounds-found-enceladus-ice-grains

