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Mi koze az EROI-nak az Al-hoz ?
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Lesz-e mindenre energiank ?

Czako Ferenc
fizikus, MBA
stratégiai tanacsado
Cassandra Program
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Ember és energia

Alapanyagcsere Emésztés Fizikai aktivitas !!!

Teljes energia fogyasztas =

www.cassandraprogram.info; www.cassandraprogram.hu; www.deepadaptation.hu; www.misszio2050.hu



ASSANORA @ CASSANDRACLUSTER

Az energiahoz jutas érdekében energiat kell
befektetni!

Megtermelt energia
EROI =

Befektetett energia

EROI = EROEI

EROI Energy Return on Investment
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Osember EROI:1-1,2
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Okor - Kézépkor EROI : 2 - 5
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EROI : Merre tartunk?
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Energia — Jolét - Jollét

-
-

HDI=0.1185+0.1412-log (TPED), R*=0.8077

----------------------------------------------------

USA

Human Development Index
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Magas EROI => Joléti szolgaltatasok

Miivészetek 14 : 1

Egészségligy -k 12 - 1
Oktatasugy - 9-10:1
Csaladtamogatas _l 7-8:1
Elelmiszerellatas _ 5:1
seallitminyorss NN

Energiaatalakitas A 12:1

A 111
Forras: Dupont et al.

Energiatermelés
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Olympic Cyclist vs. Toaster: <:
Can He Power It ? h

#itoasterchallenge
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(EL5)

Energia konzerveinket eszik
az Energia rabszolgaink !!!

* 1 Robert meg tud piritani egy szelet piritost
0,021kWh-120s-max 700 W

180 (!) Robert meg tud hajtani egy autoét
* 43 000 (!) Robert meg tud hajtani egy repulét...

* fanyirégep, traktor, daru....?!1!!!

1 liter lizemanyag 12 kWh = 30 ora Robert atlagos
teljesitmeényével
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A rabszolgak 85%-ban még mindig <:
fosszilis Uzemanyagot fogyasztanak \

%

Global primary energy consumption by source
. e v in Data
Primary energy is based on the substitution method and measured in terawatt-hours.
Table B Chart & Settings
100% Other renewables What powered

plodern biofue the World in 2024?

Wind
80% Hydropower ’ e
Nuclear K . YO B 4
Natural gas #31ES N
60%
Qil
40%
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Global primary energy consumption by source
Primary energy is based on the substitution method and measured in terawatt-hours.

Table E Chart £ Settings
200,000 TWh Other renewables

Modern biofuels

180,000 TWh Solar
Wind
160,000 TWh
Hydropower
140,000 TWh Muclear P
Natural gas Es egy re
120,000 TWh
[ X ] [ X ]
100,000 TWh tobbet, tobbet...!
) eee0 o
Qil
80,000 TWh
60,000 TWh
40,000 TWh
Coal
20,000 TWh
Iraditional biomass
0 TWh | | | | !
1800 16850 15900 1950 2000 2024
> 1800 2024
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Csokkeno fosszilis EROI

Energy stage - Final ===+ Useful
Average mix Coal products Fossil gas
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Forras: Aramendia et al., 2024
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Palaolaj EROI ?

50 i X
Hagyomanyos olaj
33
O
o
LLJ
17 .
Palaolaj
1.8 2.0
0
Deluca Delucci Brandt Brandt
(1991): petro- (2003): petro- (2008); in (2009): retort
leum leum situ shale; shale; |
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Energia tobblet és energia szakadék

Szabadon felhasznalhaté energia
Energiaelballitas energiaksltcéoe

Wind Solar PV

N th an e N '::\
Oil today 3:17 ‘
Biodiesel

Tar Sands
Qil Shale

Corn Ethanol ‘

50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 141210 8 6 4 2
Hydrogen
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Energia tobblet és energia szakadék

Szabadon felhasznalhaté energia
Energiaelballitas energiakoltsége

Wind Solar PV

Total Energy
v ,“rv- ’--_..—.:‘Lv w-d b \\

Oil today 3:17 ‘

Biodiesel Energy to
Get Ener
Tar Sands &Y
Qil Shale
Corn Ethanol ‘ Energy to
50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 1412 10 8 6 4 2 Get Energy

Hydrogen
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Forrds: S. Michaux
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Fossil Fuel Formation

1. 300-400 million years ago

Marine plants and animals
die and are buried on the
ocean floor.

2. 100 million years ago

Over time, remains are
buried by layers of sand
and silt and experience
extreme temperature
and pressure.

3. Today

We drill down through
layers of sand, silt and rock
to reach layer containing
oil and natural gas.
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Alacsonyabb ércsiiriség -> nagyobb energiaigény
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Forrds: Gavin Mudd
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Egy éplilet felépitéséhez energia kell, 6sszed6lése magatdl is végbe megy;
Egy ut megépitéséhez energia kell, de magatol , katyusodik”;

Egy Uzem miikodtetéséhez energia kell, enélkiil a termelés megall;

A kisebb ércsirtiségu asvanyok feldolgozasa tobb energiaba keriil;

Minden spontan folyamat megbontja a rendezett allapotot;

vV V V Y VYV V

Ha csupan megorizni szeretnénk azt, amit létrehoztunk, ahhoz is energia és

anyag kell!
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Etel az asztalra ...

A globalis élelmiszerlanc emészti fel
a teljes energiafelhasznalas 1/3-at! (200E)J)

* Mez6gazdasagi termelés * 8 milliard ember kaléria igénye kb. 30 EJ

* Ipari feldolgozas * 30 EJ hasznosul a 200 EJ-bol!

* Logisztika * A 200 EJ 80%-a fosszilis energia

* Csomagolas * EROI < 1 csak nagylizemi modon fedezheto

* Felhasznalas

 Hulladékkezelés

EROI1:7!
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Energia — EROI — Energia szakadék

Energiatermeléshez
90V szukseges energia

T0pe

Tarsadalmi/gazdasagi célok érdekében

08 felhasznalhato energiatobblet

300

0P Karbantartas, javitas,
ujjaépités és csere energia igénye

50:1 45:] 40:1 35:1 30:1 251 20:1 152 10:1 5:1 [:1
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Anyagigenyuk rendkivul magas

g 16500 16.400
c
g 150 14.100
< 13500
3
w© 12000
=
10.500
9.000 -
Other*
7:500 Steel
DO 5300 Glass
4.500 W Copper
3.000 - B Cement/Concrete
+1.200 B Aluminium
1:500 | | 600
o . — | -
Coal Gas Nuclear Hydro Solar Wind Geothermal

Forras: US Department of Energy, 2015
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Az épitéshez is energia kell! (fosszilis)

|

Sajat energia fogyasztas

Nettd energia
Felhasznalhato 8

energia

|

Energia
termelés 143
Energia
koltség
Epités Termelés Leszerelés
> > >

_
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A megujulok EROI értéke sem elég jo

Energy Returned On Investment \
relative to the breakeven value of 1

100 - without energy storage
. 77 with energy storage
8] =T economically-viable threshold S
__ 60+
o _
14
W 40-
20— 16 19
7_-_:-_4__.2--__4--4 g 4 _ NN 9 = ,
A 7 A
Solar Bio- Wind Solar Gas Coal Hydro Nuclear
PV  mass CSP CCGT

Forras: Conca, 2015
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Az atallas léptéke felfoghatatlan!

A szén, gaz, olaj hasznalat kivaltasa 607 052 0j eromil megépitését igényelné!

218 457 3758 18762 175933 407922 2192 TWh
+ + + + + + +
atomeromdu geotermikus vizerému biogazerém{ szelerém naperému tarold kapacitas

és ar-apaly erém

2018-as volumen es aranyok mellett A jelenlegi 46 424 eromivon fEIUI’

Forrds: S. Michaux
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Nincs elég épitési kapacitas sem
Nuklearis reaktor épités megkezdésének szama a vilagon 1951-2025

40

China
Other Countries
30
20
15
10
10 10 10
6g B 5
3 5

1951-54 1955-59 1960-64 1965-69 1970-74 19/5-79 1980-84 1985-89 1990-94 1995-99 2000-04 2005-09 2010-14 2015-19 2020-24 7/25

Forras: World Nuclear Industry Status Report
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A ,fenntarthato fejlodés” egybites dogmaja

DEKARBONIZACIO

DONELLA MEADOWS | JORGEN RANDERS
DENNIS MEADOWS
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THE WORLD HAS 11,800

DATA CENTERS

- -
DEU ESP
521 143
-
POL
4 ) 144
FRA

=
USA #ofdata

A centers

5,381

Rest of World
1,469
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Adatkozpontok és Mi

ENERGY TRANSITION

See all articles
]

'Data Center Energy Consumption ==+
Surges Amid Al Boom

Electricity generation to supply data centers,
| by energy source (in TWh)

B Coal ™ Natural gas Nuclear M Renewables” Other
400 Global China us. Amazon goes nuclear with atom-powered
hyperscale facility
1,200
Huge 1,200-acre data centre campus will receive power directly from
1,000 nearby nuclear plant
800 :THONSYART SIGNATURE HABORU BEFEKTETES BANK DEzIQA:)E:GOIGILgAL UNIOS FORRASOK  UZLET  INGATLAN  ZOLD VIL 2 ‘:DIS:
600

400 -
| ]

200
. IR [ = [

2025 2035 2025 2035 2025 2035

i

* Solar PV, wind and other renewables
Based on the fuel mix of the electricity physically consumed by data centers
rather than contractual mix of different data center operators.

Source: |[EA

Példatlan politikai hadjaratba kezd a Meta: dollarmilliokat
olnek abba, hogy épiilhessenek az Ml-adatkozpontok

www.cassandraprogram.info; www.cassandraprogram.hu; www.deepadaptation.hu; www.misszio2050.hu



NDRA @‘f@‘r\ CASSANTRACLUSTER

\/3) ALLIANCE FOR ADAPTATION

/

/ WORLD

/' ADAPTATION

Adatkozpontok és Mi

Chart 2: Capex at major global hyperscalers®:
focus to shift on inference datacenters™

Annual capex by vertical (in USD billion) In %
5{]{] ....................................................................................................................... ]_DD
4{]{] .................................. ;...\ .................................... S s ns i na nmans s BD
'l "'1. I I ED
TBILN --ooeveecemsrases e, TR e et B ... - I
i ' . 40
Eﬂﬂ ....................... '4-_ ............ "-C* ...... U N UNER  RNNE RN ED
lﬂﬂ ........................ ‘_" ................... LE T aall R R | area: D
0 ‘AN NN I I I_-zn
S 5 § 8 38888y
" 8 8 8 8 3§ § R 8 8 R
= Non-datacenter = Inference capex
Traditional Cloud capex == YoY growth total capex
Training capex (in %, right axis)

*Microsoft, Meta, Alphabet, Amazon, Oracle, Apple, Alibaba, Tencent

“Inference datacenters focus on processing and delivering real-time predictions based on
trained models, while training datacenters are dedicated to the computationally intensive
task of building and updating those models.

Source: Bloomberg, Vontobel; as of March 21, 2025.

Data centers use more eletricity
than entire countries

Domestic eletricity consumption of selected
countries vs. data centers in 2020 in TWh

Nigeria . 29
Colombia - 73
Argentina _ 124
Egypt [ 153
South Africa _ 208

Data centers m 200-250

Indonesia _ 266
Uk [ 236
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Kapcsolodj be te is !

https://misszio2050.hu/
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THE lNTELLECTUAL FOOD . Cl|mate scientist drunk at
CHAIN ('NVERTED) f"Lﬁ%fnb;frf?#;"ﬁeﬁ?‘mﬂfé‘°’
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PEOPLEWHOREACT 'roHEADLINES
//// THEY DIDN T READ . (St

////// ARTICLES %

|t down to

Koszonom figyelmeteket

czako.ferenc@cassandraprogram.eu
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