TA energeetikakomisjoni istung
21. veebruar 2022

TA energeetikasonum uhiskonnale
Arutelu:
1. Energiamajanduse seisund (rohuasetus elektrienergia);
2. Sonumi/ettepaneku fookus;
3. Energiamajanduse arengu eeldused,;
4. Rohepoore- usk vO1 paastetegevus, tthiskonna valmisolek;
5. Liihiaegne tegevus (tagajargede leevendamine);

6. Teaduspohised strateegilised valikud, eesmérgid ja tegevus;
/. Tagasiside ja korrigeerimine



Arutelu eesmdark ja lihtekohad

TA energeetikakonverentsi (aprill/mai 2022) ettevalmistamine
Arutelu

* poliitikavaba,
* kriitikavaba,
* seisukohtade pohjendatus

Komisjoni seisukohad peavad lahtuma teadmistest, analuusist, arvudest



Taust

« 2020. aastal maailmas fossiil kiituste osatdhtsus 80,9%:

* Iga arenenud majandus soltub fossiilkiitustest, mis omakorda on seotud
toostustegevuse, SKT, toiduainete tootmisega jne;

* Eclkdige korreleerub nafta hind globaalse majanduslanguse ja tousudega,
ka muude geopoliitiliste siindmustega;

 Toiduindeks, metallide indeks ja toornafta indeks on koik omavahel seotud;

* Fossiilkiituste (energia) tarbimise kasv on tugevas korrelatsioonis globaalse
rahvastiku kasvu ja tehnoloogia arengutega;

e Ukski rahvusriik ega ka majanduspiirkond ei ole tiielikult isemajandav -
toetume koik globaalsele kaubandusele.

Majanduslik ja poliitiline konkureerimine, iileilmne ideoloogiate kokkuporge
- soda ning vaesuse kasv — lootus, et riigid lepivad kokku fossiilsetel kiitustel
pohineva energeetika likvideerimise on naiivne.

Ulesanne on palju suurem, kui praegune paradigma voimaldab.
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Taastuvelekter lisandumine elektrisiisteemi eeldab
salvestusvoimekuse olemasolu
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Asenduste teostamise valjakutsed

Praeguse toostusliku okosusteemi asendust loodetakse teha:
» suhteliselt viga kallis energia,

* habras, volgadest kiillastunud finantssiisteem,

* ebapiisav maavara,

* enneolematu kasvuga maailma rahvastik,

» halvenev looduskeskkond.

Muuta saame eeldusi, stisteem on 1sereguleeruv

Mone aastakiimnega olemasoleva fossiilkiitusel tootava
siisteemi asendamine, kasutades taastuvad tehnoloogiad el ole
voimalik. Selleks pole lihtsalt aega ega ressursse.



Energiaallikast tarnitud kasutatava energia koguse suhe selle
energiaressursi saamiseks kasutatud energia kogusesse (ERoEI),
voi energia muundamise investeeringu suhe saadavasse tulusse
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Kliimamuutuste pohjustajad

Climate change

Genetic
diversity ,

Biosphere integrity
Novel entities
Functional

diversity

Land-system /
change (

i / Stratospheric ozone deplel

’ Atmospheric aerosol loading

Freshwater use

Phosphorus
Nitrogen Ocean acidification
Biochemical flows
B Beyond zone of uncertainty (high risk) B Below boundary (safe)

In zone of uncertainty (increasing risk) Boundary not yet quantified




Rohetehnoloogiate Virtuaalkeskus Eesti majandusarengu

toetuseks
oY Ulig

NP
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Miks me selle initsiatiivi kaivitasime?

Kestlik areng ja Rohepoore on koikide iilikoolide arendusstrateegiates 1abiv teema
Ettevotluskoostoo arendamine on samuti kdikide tilikoolide prioriteet
Juba mitmeid aastaid on rdagitud voimalikust rakendusuuringute keskuse loomisest
Eestis ettevotete majandusarengu toetuseks
Viliskonsultandid (Dennis Tsu USAst, VIT eksperdid) nimetasid oma kokkuvotetes
virtuaalse rakendusuuringute keskuse rajamise ideed kui iht voimalust

‘Mooda panna’ sisuliselt e1 saa: ni1 tilikoolide ettevotluskoostdo intensiivistamine kui
tilikoolidevahelise koostoo tugevdamine on koikide osapoolte huvides



Elektritootmise struktuur maailmas

Share of global electricity generation by fuel

Renewables share of power generation by region
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At the global level, coal is the dominant fuel for power generation, accounting for 38%, the same share as 20 years ago. Gas is the second most used fuel with a share
of 23.2%, higher than in 1998. The share of oil and nuclear has declined substantially over the same period. The share of renewables is 9.3%, up from only 3% 10 years

ago. Regionally, there is significant variation in the penetration of renewables: Europe has the highest penetration at 18.7%, followed by South & Central America at 12%.



Taastuvallikatest elektritootmise struktuur EL ja Eestis

Ressurss Euroopa Liit 37% Eesti 40,7%
* Tuul 36 28
e Hiidro 33 1
e Piike 14 12
» Biokiitused 8 59

« Muud 0 0
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Estimated total number of vehicles in the global fleet
was 1.416 billion vehicles

Estimated total number of km driven by global fleet
was 15.87 trillion km

AT o o PR 50

Global number of million passengers carried per year
was 32 355 in 2018

Global number of passenger-kilometers was 3 823
billion passenger-kilometers in 2018

Global tonne-kilometers of rail freight transport per
year was 11 067 billion tkm in 2018

97.2 Trillion tonne kilometers
freight globally in 2018

N

= o S — .

3.979 billion passengers carried globally in 2017
213 590.2 tonne-km of freight was carried by air in 2017

N-h.g



Asenduskiitus transpordis

* Maanteetransport — sdiduautod ja kergetransport akudele,
rasketransport vesinikule

- sdiduautod ja kaubikud akumahtu 65,19 TWh, laadimisenergiat elektrivorgust
6 158,4 TWh, Li-lon akude kaal 282,6 miljonit tonni,

- rasketransport 130 milj. tonni vesinikku aastas ja selle tootmiseks elektrit
7 503,7 TWh/a

* Raudtee —Uleminek vesinikule v.a. lithimaa reisirongid

18,5 miljonit tonni vesinikku, selle tootmiseks vaja elektrit 1 066,5 TWh/a.
* Meretransport- iileminek vesinikule v.a. sadamatevaheline 1ahiliiklus

51,7 miljon tonni vesinikku, selle tootmiseks vaja elektrit 2 983,4 TWh /a

Kokku aastas vaja 200,2 miljonit tonni vesinikku, selle toomiseks
vaja elektrit 11 553,6 TWh/a, kokku elektrienergiat 17 712 T\Wh/a



Viljakutsed soe, gaasi ja oli asendamiseks elektritootmisel

1. Salvestusmaht 2 nidalaks tuule ja paikeseelektri toodangu
silumiseks maailmas 373 GWh, EL 76,5 GWh eeldab uusi
tehnoloogiaid;

2. Bloressursist energia tootmist piirab  pollumaa ja magevee
kattesaadavus, konkurents toitutdostusega. Vetikatest toodetud
biokiitused e1 ole elujouline tanu oma negatiivsele investeeritud
energiatasuvuse suhtele (ERoEI);

3. Mineraalide vajaduse plahvatuslik kasv akud, pooljuhid,;

4. Hiidroenergia (EROEI 50:1) 16 576,9 TWh nduab uusi asukohti;
5. Naftakeemiliste vietiste kaotamine ohustab toidutootmist;

6. Rahvastiku kasv, noudlus suure energiatihedusega fossiilkiitustele



Biokiituste
tootmise
potentsiaal
lahtudes
maalilmas
toidu
tootmiseks
vajaliku
maa
pindalast
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Scenario D: Land needed to grow biofuel feedstock to phase out
petroleum compared to global land use

Dry land surface 149 million km?

AN

Habitable land 104 million km?

Agricultural arable land 51 million km?

A

" Crop Land 2.16 %

/‘

Ocean 70.92 %

361 million km?2

Freshwater Lakes & Rivers

0.29 %
1.5 million km?2

28 million km?2

Barren Land 5.50 %

Urban Cities 0.29 %
1.5 million km?

Glaciers 2.95 %
15 million km?2

4.26 million km?2

12 million km?2

Forest 7.66 %

39 million km?2

11 million km?2

Livestock 7.86 %

40 million km?2

Planet surface area

use in 2017

Shrub Land 2.36 %

Corn based ethanol i

Soy based \
biodiesel >

36.06 million km?2

40.31 million km?

DIRECT
COMPETITION

Additional arable
land needed to
grow bio feedstock



Bioressursi kasutamisprognoos aastani 2050

w Traditional use of biomass

Conversion losses
20%

W Biogases

Liquid biofuels

15%
Modern solid bioenergy

m Buildings and agriculture
» Industry
M Electricity

10%

5%

® Modern bioenergy share
share in TES (right axis)

2010 2020 2030 2040 2050

IEA. All rights reserved

Modern bioenergy use rises fo 100 EJ in 2050, meefing almost 207% of fofal energy needs.
Global demand in 2050 is well below the assessed susfainable pofential

Net zero by 2050 scenario (IEA, 2021) EASAC COMMENTARY, FEBRUARY 2022



Metallide vajadus

How many EV Li-ion
batteries will be —
needed?

Vehicle Class
(truck/passenger car/etc.)

How large would
they have to be?

How would maritime
shippingbe powered?

T I
asks dqne, km
travelled in a year

How many
Hydrogen Fuel Cells |—
will be needed?

How would rail freight
trains be powered?

How would aircraft
transportbe powered?

What quantity of
minerals will be

needed from mining?

How much extra
electrical power

Metals needed

generation capacity
is needed?

Li-lon batteries Wind Turbines Solar PV Panels

Nuclear Fuel Cycle

Lithium Aluminium *  Silicon Metal ¢ Uranium
Nickel Chromium *  Aluminium * Graphite
Cobalt Copper e Copper

How many solar What does industry
€ panels will be —> require to be able

(99.999% pure)

Graphite Iron e Indium Aluminium needed? to function?
Copper Lead * Cadmium Chromium -

Aluminium Managnese *  Gallium Copper How.many.wmd How will
Iron Molybdenum ¢ Germanium Indium turbines will be > building heating

Silver

Neodymium
Nickel

Silver

Zinc

.

Selenium
Tellurium
Lead
Molybdenum
Nickel

Silver

Zinc

Lead
Molybdenum
Nickel

Silver
Titanium
Vanadium
Zinc

needed?

How many new
nuclear power

plants will be

needed? /

be powered?

What proportions of
different power
generation systems
might there be?



Akupargi (arvestuslik) metallide vajadus ja ressurss

Battery Metals Needed to Phase QOut Fossil Fuels
(Scenario F vehicles and power storage stations)
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Ulemineku valdkonnad ja eesmiirgid

Indicator Historical progress = Where we are heading Where we need to be
2015-2018/2019 (~ PES/2030 and 2050) (® TES/2030 and 2050)
V4 Renewable N 86
\ share in \ 38 55«% 57% o
electricity 23% —7 26% )
‘ generation (%) 2015 2018 2030 2050 2030 2050
Electrification [} N
share of 2% 30% 292N 49 %>
final energy 19% = 20%
(€] 2015 2017 2030 2050 2030 2050

Technologies

Electric cars 1.2min 7.9min 269 min 627 min 379 min 1 109 min
(mIn units) -~ o g o
~ PP~~~
a & 2015 2019¢ 2030 2050 2030 2050
Heat pumps 20min~ 38min 63 min 119 min 155 min 334 min

(mln units)
— 3 -

& b — —_— ¢ y ¢ )
2017 2019e 2030 2050 2030 2050

Based on IRENA scenarios (PES and TES), along with Spiegel (2020), IEA (2019a, 2019b), IEA and IRENA
(2017) and IRENA (2019a) for 2015-2018 historical progress.




EL energiavood (omatoodang, import/eksport)

Overview of the EU28 energy system in million tons oil equivalent (MTOE)
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Netimports
Recoverd products

.
_— —1
¥

Production 132

r 7~

56 Electricity

Natural gas

e — |
Distribution losses and
energy industry use

Netimports 253

IIi5

Nuclear
4 7
1+ — et Power stations
Stockchangesand ™\
Recoverd products N\ \_ ¢ - Industry
[ = A
: —t A e —
Production 156

Coal

Districtheating “ Non-energy use

Netimports 127

Domestic

Otherfinalconsumers

—

Netimports 5

511

29
Renewables

Othertransformation

Netimports
36

Exchanges andtranfers,
returns, stockchanges and
recovered products

58

Exchanges andtransfers, 1'2nsport
returns, stock changes and
recoverd products

4

Export, Direct Use and
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Primaarenergia struktuuripuutud aastani 2050 EL

mm non-energy fossil fuels use

I solids

mm fossil liquids

B natural gas

mm nuclear

I e-liquids

- e-gas

[ renewables
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2°C' scenarios ambition (net-zero

(-809% emissions) emissions)



Transpordis
sisepolemis-
mootori
asendamine
akutoitel
elektri
mootoriga
nouab lisa
elektri
energiat
(TWh)

Required extra non-fossil fuel power generation to charge a
complete EV global transport system
(EV global vehicle Fleet + EV rail network +
EV maritime shipping fleet)

EV Rail Freight -
20,000 T 277.0 TWh '
| EV Maritime Shipping §
945.9 TWh —
15,000 -+ o
EV Vehicles =
—_ 9722.7 TWh S
i
=
= 10,000 —+ _/
< Biowaste 652.8 TWh
= - 7 Solar 584.6 TWh
+4 ~
5,000 % ~ Wind 1270.0 TWh
o Hydro 4193.9 TWh
- Nuclear 2701.4 TWh
0 .

Global Electricty Generation in

2018

[ Nuclear energy

m Wind

B Solar Thermal

W Biowaste to energy

@ Extra Capacity Required -EV Maritime

Annual extra power draw
required from global electricity
grid to charge an entirely EV
global transport system

MW Hydroelectric

O Solar PV

B Geothermal

W Extra Capacity Required -EV Vehicles

M Extra Capacity Required -EV Rail




Transpordis
fossiilkiituste
asendamine
elektriakude

VOl
vesinikkiitusega
vajab

taiendavat
elektrienergiat

(TWh)

60,000

50,000

40,000

30,000

20,000

10,000

Existing Power
Generation

EV Revolution
(Scenario A)

Hydrogen Economy
(Scenario Q)

constructed

New capacity to be <

Rail

Maritime Shipping

10 895.7 TWh
iIERENNNENEENENNNT

Light Truck & Van

26 964.4 TWh

Light Truck
& Van

Bus & Delivery

Class 8 Truck

generation system to 17 086,1 TWh

9 528.7 TWh

26 614.8 TWh \_
Gas
B Fossil fuel electricity
\Diesel >
Fuel Oil be phased out
Coal
| /Biowastej
-~ Solar
\Wind Existing non-fossil
fuel systems
Nuclear

Global Electricty Generation in
2018

Electrical power to be
generated to charge a pure EV
vehicle fleet, assuming a 10%
loss in transmission between

power station and charging
point

Electrical power to produce
hydrogen to fuel a complete
H2 cell vehicle fleet, assuming
a 10% loss in transmission
between power station and H2
manufacture site




Elektri

tootmises

fossiilkiituste
asendamine
maailmas

(TWh)

Extra Power Generation Capacity Required to Completely

Phase Out Fossil Fuels (GLOBAL)

45,000

40,000 —

35,000 —+

30,000 —+

25,000 —+

20,000 —+

15,000 —+

17 086.1 TWh to be phased out

10,000 —+

5,000 —+

26 614.8 TWh

(

Extra electrical power annual
capacity required to be installed

-

30 853.9 TWh

Solar Power

aady Je55aYs5a5)

Tl e

2 018.5 TWh generated
60 763 new stations

Other Renewables
Geothermal, Tidal &
Biowaste
528.3 TWh generated
6 523 new stations

Wind Power

] Lo

4 501.8 TWh generated
55 412 new stations

Hydro Power

e

14 477.9 TWh generated
10 921 new plants

Nuclear Power
= 5 0 R () SB @B = ¢

9 327.4 TWh generated
729 new stations

Global Electricty Generation in

[0 Nuclear energy

M Solar Thermal

m Gas

2018

MW Hydroelectric

W Geothermal

M Fuel Oil Diesel

[0 Wind

Extra power draw required from
global electricity grid to
completely phase out fossil fuels

I Solar PV

W Biowaste to energy M Coal




Elektri
tootmises
fossiilkiituste

asendamine
EL -s

(TWh)

Extra Power Generation Capacity Required to Completely Phase Out
Fossil Fuels (Europe EU-28)
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European Union Electricty Generation in 2018 Extra power draw required from EU-28
electricity grid to completely phase out fossil
fuels
M Hydroelectric 0 Solar
= Wind @ Nuclear energy
O Other Renewables W Coal
M Gas W Oil
B Phase Out Coal Power Generation B Phase Out Gas Power Generation

M Phase Out Fuel Oil Diesel Power Generation B Phase Out Gas Heating
M EV Vehicle Fleet Cars & Trucks



Fossiilkiituste
asendamiseks

elektri vajadus  we«
Praegune o
toodang g o
Kokku 26 614,8 ..
sh. fossiil
17 086,1 TWh

Additional Electrical Power Generation Capacity

Required to Completely Phase Out Fossil Fuels
Scenario F- Hybrid Solution (GLOBAL)

37 670.6 TWh

-

L
1
Extra electrical power annual capacity
required to be installed

Existing Non-fossil Fuel
Power Generation

9528.7 TWh \

Biowaste to Energy
2 580.8 TWh generated
74 628 new stations

.h:n"ii‘ i

"

Other Renewables
Geothermal, Tidal
367.7 TWh generated
609 new stations

Solar Power
AR AR AR AR
i b = == ===

2311.1 TWh generated
69 573 new stations

Wind Power

& L
5154.4 TWh generated
63 445 new stations

Hydro Power

==

16 576.9 TWh generated
12 504 new plants

Global Non-Fossil Fuel Extra power draw required
Electricty Generation Capacity from the global electricity grid
in 2018 to completely phase out fossil
fuels, with a hybrid of non-
fossil fuel systems
0 Nuclear energy W Hydroelectric

O Solar M Biomass to waste

Nuclear Power

15 563 1R (grw) EB BB @ @
10 679.7 TWh generated
834 new stations

O Wind

m Other Renewables




(TWh)

Erinevate stsenaariumite elektrivajadus

Non-fossil fuel electrical power market share
(Source: IRENA Global Renewables Outlook 2020)

50000 Total GLOBAL electrical | power requirement in Scenario F (47 199.3 TWh)
45000 +

O Additional required annual capacity TES 86% of total
40000 <+

B Additional required annual capacity PES
35000 -+ i . . -

O Existing non-fossil fuel power generation annual capability
30000+ 55% of total 57% of total
25000 -+ 31,063
20000 4+ 38% of total

17,375
15000 —+
10000 —+
5000 9,529 9,529 9,529 9,529
0
PES by 2030 PES by 2050 TES by 2030 TES by 2050

Planned Energy Scenario (PES) Transformation Energy Scenario (TES)



/.-‘ Electric Vehicles Charging Batteries \ New Non-Fossil Fuel Power Stations
§ (" 695.2 million Passenger Cars Travelled 5.4 trillion km > 15459 TWh p 221 534 Power Stations
é‘-‘-ﬁ 29 million Buses & Delivery Trucks Travelled 803 billion km - » 1597.5 TWh Hydro Power
3 o : : s —> 6158.4TWh — S O
- < 601 million Commercial Vans, Light Trucks Travelled 7.9 trillion km > 2988.6 TWh @
I ral l S O rd I S g .. 62 million Motorcycles Travelled 160 billion km > 26.5 billion kWh 16 576.9 TWh generated
\3 / 12 504 new stations
- - Nuclear P
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o 3 9
- = Rail Transport 9 407 billion tkm freight 18.5 = = i) Solar Power n
— — > 20lar Power
e I e kt r I 5 1 720 billion passenger-kilometers million tonnes S 1066.5TWh ~ b——> 115536 TWh R ERER .‘:‘
: g i
3 Maritime Shipping freight commodity cargo 51.7 5 | 2 311.1 TWh generated
- ( 72 146 billion tonne-km > million tonnes 3 2 983 ATIWN / 69 573 new stations g
VaJ a. u S / Bi St G e . \ Other Renewables
. iomass Sustainably Sourced from the Planetary Environmen Gactheninal & Tido)
- o . 367.7 TWh generated
3 o Biofuel 2
m aa I m aS g Aviation ——— > 0o liters 1 609 new stations
@ 27?7 —
.-o"? Biowaste to Ene
> i -
S Plastics Manufacture Blon;gzst;iic:sstock B u'l"'
< o 2 580.8 TWh generated
\ 74 628 new stations

-

134Jnq 28e103s 1amod



Transpordis
Ja elektri-
tootmises

laien

elektri
vajadus

|

{

S321Y3A uol|iw ggz\

Electric Vehicles

222.7 million Passenger Cars Travelled 855.7 billion km
657 714 Buses Travelled 7.6 hillion km
27.4 million Commercial Vans & Light Trucks Travelled 111.1 billionkm ——> 38.5TWh

4.5 million Motorcycles Travelled 3.6 billion km

Charging Batteries \
—> 247.7TWh

» 15.0TWh

> 0.6TWh

New Non-Fossil Fuel Power Stations

/
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sysel Sullsix3

Industrial Task

: Electrical Power Generation

> 1330.9 TWh
> 856.9TWh

Building Heating
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H,-Cell Vehicles

5.7 million Class 8 HCV Trucks

Travelled 122.5 billion km

Hydrogen

9.8
million tonnes

Manufacture of Hydrogeh

— > 567.5TWh

/ EUROPE (EU-28)

Euroopa
Liidus

—> 3018 TWh —
2187.8TWh
h-]
[« R
2
vo
S 0]
m
» 3 3057.1TWh <
m =2
25
S'm
;|
—> 567.5TWh

19 457 Power Stations

Hydro Power

&S O S

539.2 TWh generated
407 new stations

Nuclear Power
sBEE @ ol

1294.0 TWh generated
101 new stations

Wind Power

ST INY e

592.4 TWh generated
7292 new stations

_

Solar Power
BB B8
199.9 TWh generated

6 049 new stations

Other Renewables
Geothermal, Tidal &
Biowaste to Energy
431.6 TWh generated
5 608 new stations
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Kombineeritud kiitusekasutuseks
vajalik elektrienergia kogus

Comparison of electric power generation required to phase out fossil fuels

40 383.0 TWh
Grid Capacity
N

Electric charging
of EV batteries

26 614.8 TWh
Grid Capacity

YMLT980 LT

1no paseyd aq 0}

9 528.7
TWh

Existing non-fossil fuel
electrical power generation

UML 6°€S8 0E

\ \

56 451.7 TWh Grid Capacity

|'/

47 199.3 TWh

El i B _
ectric Grid Capacity

building
heating

Electric
production of
Hydrogen

YMLT'ET6 9%

Replacing fossil fuel electric power generation

UMLI90L9 LE

Global electrical power Scenario B

generation in 2018

M Electricity Production (Oil)
M Electricity Production (Gas)
M Electricity Production (Coal)

O Existing non-fossil fuel electrical power production
(nuclear, hydro, solar, wind & other) in 2018

Scenario C + parts of Scenario B Scenario F

W Electricity to manufacture hydrogen
M Electricity for steel making

1 Electricity for heating of buildings

M Electricity for charging EV batteries

1 Non-fossil fuel electrical power production
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