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GERMANY 2045

THE U.S. COMMITTED

TO A 2050 TARGET,

with g 50%-52% reduction emissions
by 2030, after rejoining the Parts
Agreement in 2021,

SWEDEN'S 2045 TARGET

s the earliest commitment
enshrined i law. SWEDEN +— 2045

PORTUGAL © 2045
CHINA'S 2060 TARGET

Is one of the most impactful,

covering an estimated 25% of JAPAN n 2050
global emissions.

o

Which |
countries
have made
a carbon
neutral

pledge?
URUGUAY'S 2030 TARGET
{under discussion) is the earliest Ta rget
carbon neutral pledge. 2030 2035 2040

v Year s )

UNITED KINGDOM :-4.‘;—" 2050
MEXICO AND OTHER
MEMBERS

of the Carbon Neutrality
Coalition agree to target
et zero emissions

by 2050.

SOUTH KOREA 2050
IN LAW
CANADA [ 2050

IRELAND | [ 2050
DENMARK +— 2050
HUNGARY wem 2050
NEW ZEALAND 2050

2050 2060  2050-2100 YN
EUROPEAN UNION 2050

EX: https://wpguynews.com/race-to-net-zero-carbon-neutral-goals-by-country/ (21.06) EX: Net Zero Scorecard(https://eciu.net/netzerotracker)
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® Double Greenflation
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1. = 24 =4 H3|: Double Greenflation

Coal (USD/T) 291.60 +27.6 (+10.45%)

Coal

2010 2012 2014 20186 2018 2020 2022 @

Crude Qil WTI (USD/Bbl) 98 260 -2 02 (-2.01%)

WTI

1985 1991 1997 2003 2009 2015 2022 @

TTF versus Asia JKM prices

2 " > o o >
W o iy o S &
=—TTF Jan-22 TTFAPr-22 e JKM Jan-22 JKM Apr-22

EX: Trading Economics, European Gas Hub

A Nearly 500% Surge
China and EV makers are getting worried about lithium’s record rally
/ Lithium carbonate prices in China
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Nickel (USD/T) 33867 +650 (+196%)
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Lithium-lon battery $300KWh

200
100
0

2014 15 16 7 18 19 20 21 2022

ZX: Bloomberg, Trading Economics,

® Double Greenflation
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= HAIOF 2E2Y S22 (BT 12%, HAH7IA 16.6%, 2 11%)
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= E3| 38 PNG->LNG A2 LNG 7t4
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International Trade as % of GDP 2010-2022
55
50
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(=]
© 45
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®
40
35 ! L L ] 1 L T ] T T ] 1 L 1
2010 2016 2022
= Developed Countries e Emerging and Developing Countries

Z=X: Euromonitor International

Russia’s Share in Global Commodity Production
Data as of December 2020

Commodity % of Global Production

ol 121 B

Natural Gas 166 &

Coal 52

Copper 43

Aumeum 61

Nicke! 61

Ze 15

Goid 95

Sibver 54

Platioum "t

Palladum 49

Wheat 110

ZN: Seeking Alpha(https://seekingalpha.com)

Top Trade Partners

smber 2021, 12-months rolling sum

Imports, US dolar illons | Exports, US dolar ilions

China 755 h
Netheriands 4} w— 5]
Gemany 277 ——31 4
TUﬂ(Ej 58 -* 20
Belans 155 e— 13 {
Unied Kingdom 45 w227
Itay m () §
Kazakhstan 773 w137
United States 174 g™ {78
South Korea 131 17
Poland 59 w175
Japan 93 112
France A4 i 103
Finland g =103
India 45 94

000 800 600

Where critical minerals are processed

.China .Chite Indonesia [ Japan | Finland . Belgium . Malaysia
Copper

Nickel

35% 15%

Cobalt

Rare earths

Lithium

Source: IRENA, IEA

Estonia [l Argentina

400 200 00 200 400 600

aExports wimports gk Trade Balance

5%

Figure 2: Critical minerals mining and processing / SOURCE: IRENA, IEA
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1. = 29 27 H35|: China driven Deflation ends

China, Long a Source of Deflation, Starts
Raising Prices for the World

Pressured by supply-chain woes and commodities costs, Chinese manufacturers are

increasing prices, adding to inflation fears
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aa,
& 017
= A 7MY dE, ST LEteR 31 EF /4 U5
= 55| MeYau, B2 HE7t4e 2 RALE S= MZ=”0| 7t
4 85 = 9o 2le 278
= EtaFEOZ Qo MEMEEE Ha ARMZ2 A7t 45
= ST MY 7t ed=> ® MA 714 2y 2¢
» =2Y M xgel H[E ¢y =2 0| vid3t
= FHE™EO| BLIe[ RQI0|LE O Of¢2| eIE20|M0] Y S

THE WALL STREET JOURNAL.
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Import Prices (from China)

Price Index
98 100 102 104 106

All Industries Appliances |

Import Prices (from All Countries)

|

|

|
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|
T T T L T T
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l

Source: https://fred.stiouisfed.org/

Price Index
100150200250300

Aluminum [

Iron & Steel

ZX: Geopolitical monitor(https://www.geopoliticalmonitor.com)
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Core (excluding food and energy)

US inflation at 31-year high

Annual % change in CPI

— All items

I Great Inflation Woes
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= HA[O} FZ 1t Nord Stream 2 L= HEHIMH 4522 MEUHHX| 2EL S7t of|&f
50 : /I-I\ " Electricity fed in from conventional and renewable energy sources, 2020/2021
Energy Brainpool _4llll» in %
40
Conventional energy sources a8 56
§ a Coal 21 27
g i - Natural gas s
S 12
S Nuclear energy 1
S 10 7,1
= Others %
= 1
g ) — . .
: 52
) -
5 30 5,3 S L L L
- ; 29
- Wind power 2
20 . : 10
- Photovoltaics 9
30 Biogas g B 1st half year of 2020 (248.9 TWh)
Nuclear ®Llignite mWHardcoal mNaturalgas ® Windonshore ®Wind offshore WPV m Biomass Hydro Others ; . 1st half year of 2021 (2589 TWh)

Fig. 2: Percentage change in electricity production comparing H1 2020 to H1 2021 / SOURCE:
Energy Brainpool © Wl Statistisches Bundesamt (Destatis), 2021
ZX: Energypost.eu ZEX: NuclearNewswire
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e A=: M{22 Energy Security Strategy(22.04.07)

. B2 717 olLiT 87 s o1 Can the EU really decouple its energy from Russla?
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37FK| A|LtE|2: Reference, Low Renewable Cost, High Renewable Cost
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U.S. electricity generation
billion kilowatthours

Reference case
2021
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050E7HX| M5 fae

TH /40| L4 X| = negative pricing &1-& +curtail + X &

[NEIEIPE RS
& x|, EFAR| 2

—

- 11—

AKX O
T 1T

Low Renewables Cost case

a™Moz

g=13
o
=7
o
=2
=

. — 2021
2,500 history | projections 2,500 projections
2,000 natural 2.000
gas
1,500 1,500
1,000 wind 1,000
nuclear
500 coal 500
other
renewables
0 1 I T 1 0 1 T 1
1990 2010 2030 2050 2010 2020 2030 2040 2050

Note: Other renewables category includes electricity generation from hydroelectric, geothermal, wood, and other biomass sources.

ZX: EIA, Annual Energy Outlook 2022
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A (Annual Energy Outlook 2022)

, Mo HX[(Ef S, SEH+==Tol, X[E, I, BIO|DfA H&F Zeh St X[
PAO k2t 8|8 XHo] =4
7l 0|2 A% MA2 J|2XoR BT, HAAstA 5 B4
# 24 =27H=7)?)
CO, emissions based on macroeconomic growth assumptions
. U.S. energy-related CO, emissions
High Renewables Cost case AE02022 economic growth cases
billion metric tons
o500 2021 ‘ 221
projections history | projections High Economic Growth
2,000 5 S e Reference
1,500 4
1,000 3
< 2
500
1
0 .
2010 2020 2030 2040 2050 0 : : . .
2010 2020 2030 2040 2050
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a1 C
H3e 22

O]= Z2|ZL|O0} “Clean Firm Power” ¥ e O|= ZHa|ZL|O} carbon-free M
Model A

B GenX murbs mRESOLVE

o

——

a

*  Princeton, Stanford, Energy and Environmental

16
Cases with Economics(E3) 2t7| XI&H
Clean Firm Capacity _ N
14 — » ZE EYEN SHU = MBS FEA MH
e =7t
12 = Clean Firm Power ZQ: AMEX| Q3+ OtF
Current California IOU Generation & Transmission Rates (9.1 cents/kWh) M2 M2 carbon-free power source pe)
10
emmee = Gas with CCS
- 0.3
S s * Nulcear
&
2 *  Fuels
c
Q
©6 =  CCS+Nuclear
= CCS+Fuels
4
These results can help decision makers
2 . . . : .
planning a decarbonized grid, not just in
, California but in other parts of the world

Gas/CCS Nuclear Fuels  CCS+Nuclear CCS+Fuels All Renewables as We”

ZAM: Issues in Science and Technology, 21.03.24. “Clean Firm Power is the Key to California’s Carbon-Free Energy Future”
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3. NDC =22} EtAFE AlLIZ| 2 "7}

® 2050 EtASE! AlL}2|(FEE2)9| CIY¥sH ZX|H

= M£Q:570.6Twh('18H)->1,208.8-1,257.7Twh 0| A(50), 2 28 =7}=> H&HZ £ =249l
MO||HX| =7} 20GW(20)-> EfZE 460GW+Z2(60GW)('50)=> M4 X| B2|™, ANH B7l5
B2l MM X & =24 2N HE

] XH

= R 24%(20H)->6-7%('50) =>AHE

= J|Ef 2 308 B7F HEMX+SSFOIAZ|E+FEATIAHE + 2M7IA = NP sMIsd HE
< 2050 |I5_|._+_§-.-E-I HE"ED A A|L|-E|2 S /\
= A el mLNG AXHAE m 7| E} 7| E|‘
ECEFEX m 5820025 m RElaTiARHY 0 BETEA
1529 35.4 9.7

2050(B2H) 33.1 166.5 3.9

2050(82H 736 324.9
2050(A2H 270 3.9

2050(ACH 889.8 291

200 400 600 800 1000 1200 (4] 50 100 150 200 250 300 350

&8 XA 5

H=K: 2050 Ef E 2 AlLt2|2 (2021.10.18)
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® 2030 NDC =H
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0
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=7X: KEI, NRC EtAF

A48 Aest FEE NI fTHe
2030 7} 2AMIIA =2 H(NDC) F2t Aoz H
> TWHOHX| 2BE SHB0.2%(30): 29 27t +H
> AL+ AT Jtse =50 g3 A FH|
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35
33
m35%ES
H40%L=
16
14
12 12
ot oz 0| = EU
18 14 ‘05 ‘90 ‘90 ‘90
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oI eXFA OJ Lt
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DA TN S T

< 2030 NDC Z=2H >

(EH: HOHECO,eq)

=] =f-] J1= I NDC NDC 4rekot
TE e 2HE(18) (184 L Z%E) (184 b 258
= 276 536.1 4366
(A191.5, A26.3%) (A291.0, A40.0%)

O 8 2 11342696 — e 1927(A285% # NDQ — o 1AOPHTHE sy A

<2030 MEAYA %>

(T2 TWh)
A A ING | MH4Y  omLjof | ¥7lE | BA
HE | 1464 1332 1195 185.2 2.1 60 6124
H|S 239% 21.8% 19.5% 30.2% 36% 1.0% 100.0%
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20| Mus HAYA YHE:

diversification of electricity mix

MEHEA- 30 7|& NDC 28 34%->21%43 22|
> MERUH MobR| AEE BT IR HAA JHH MEOR ME Y

M 7tsd o= Hof
MO X 2™ M| 2H50| Hjzdiad
> 304 IH%*OiI'—ﬂXI 125GW AH| H|i4d

THCiB] 0.4HY CO2 2, =X HMA7IA 7H4

> CO2 X Ztof CHot CHX: cCcus 7|&d &M oif Z,
flot AT xe EBO|Y 7|H EHe
> NDC &2 HF7| 2sfA = NG =2 =8 7 28

Ttz 23 HHE

< NDC X{MHo4HX| S5 HE >

140

120 , A A (GW}
100 mm Z 252/ EAE HAEH(Gw
I 97| 2A Y Ll (Gw)
80
/ NDCEEeH A7 EH|(GW)
60 , o H H| (GW)
40 L=== ses e ZESE0Y A E (GW)
o0 = = oA 7|24 E (Gw)
20 -
/ - NDC 48 (GW)
0 - ———— — Jllllllllllllll .
20042006200820102012201420162018202020222024 2026 20282030
Z=7: KEI, NRC EtA~F 2T 6XtA|O|L
HME LNG =8 FE ™| ot HHAFZ A =)>
(EHe] : BHE)
% I 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027
LNG 1421 | 1042 792 461 392 373 430
COGEN 291 252 248 274 312 406 406
LNG(planned) 0 40 88 115 290 416 482
LNG =& 1712 1334 1128 850 994 1195 1317
A 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034
LNG 485 434 462 434 425 393 360
COGEN 419 530 528 522 506 474 447
LNG(planned) 609 742 984 1040 1088 1087 1053
LNG & 1513 | 1707 | 1974 | 1997 | 2019 | 1953 | 1860
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o ‘g g Tunisia T~ '--" u.s.
(2) wind 50%+solar 50% with 12 hours storage o 2 UK o N .\,n;};’BfaZ“
= = f_OU 80°, o ] \ Mexico
= Best combination=> demand &H|& 5 2 Ghafa = ~“Sudan
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T 100%
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=X: Tong et. Al.(2021)



Affordable/competitive
supply |
\ 58/100
ENERGY
SECURITY

N

Energy

security

)

; ; ENVIRONMENTAL ENERGY
Reliable/uninterruptible Accessible/available SUSTAINABILITY EQUITY
supply supply 66/100 751100

\ \

Source: World Energy Council

World Energy
Trilemma Index

Reflects a nation’s capacity to meet
current and future energy demand
reliably, withstand and bounce back
swiftly from system shocks with
minimal disruption to supplies.

Assesses a country’s ability to
provide universal access to
affordable, fairly priced and
abundant energy for domestic
and commercial use.

Represents the transition of a
country’s energy system towards
mitigating and avoiding potential
environmental harm and climate
change impacts.
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Infrastructure dimension Nuclear energy
*“"phaséout """"""""
VERYLONGTERM | | : |
(uptodecades) : i . ' . :
e = o S T s S (R o
LONGTERM | : : | D ARG * :
(uptoyears) + ¢ i '
MID-TERM Cyber attack to : Unplanned:
(upto days/weeks) | | i control centre,... ¥ reverse ower
el e LShorrleCUItS _______________________ *, _________________ POWEY e
o ¥ . flows,
S | : unp an:e outages,..
(uptoseconds/mms) A R

...........................................................................................
.....................................................................................................................

.............................................................................................................................................

EX: EU Commission, Electricity Security

In the infrastructure dimension, electricity security is
assessed in terms of the power system (i.e. the
electricity value chain) capability to supply end users
with minimum service standards/criteria.

In the source dimension, electricity security is
assessed in terms of the energy system capability to
ensure the accessibility, in the various timeframes, to
primary sources to be converted in the power plants
to meet the required total demand of electricity.

In the regulation and market dimension, electricity
security is assessed in terms of the power system and
market capability to adequately fulfil their electricity
delivery mission with a set of laws, rules, market
arrangements and price schemes.

In the geopolitical dimension, electricity security is
assessed in terms of the energy/power system
capability to assure the availability of primary sources
and/or cross-border electricity exchanges in case of
economic or geopolitical constraints/stresses (e.g.
unilateral primary energy cut by international players
outside the considered region).
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