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MORE THAN 80% OF OUR ENERGY FOR HEATING, COOLING, TRANSPORT

Thermal Transport 329 Share of Electricity
B Generation from Variable
Renewable Energy, Top

. Countries, 2019
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IRENA energy transition pathways to 2050
To provide options to cut energy-related CO, emissions

Energy and industrial process-related CO2 emission reductions (Gt CO,/y by 2050)

| T8 IRENA
From baseline to & GLOBAL
Planned Energy I RENEWABLES
Scenario (PES) -9.9 Gt reductions OUTLOOK
From PES to Trans- 29% ‘
Scenario (TES) -26.3 Gt reductions
2 degrees | |
| 31%
DDP "zero" 43 /o -
1.5 degrees | | -46.5 Gt reductions ‘ H2
46 40 35 30 25 20 15 10 5 0
@ Renewables Energy @ Behavioural changes Electric vehicles Green @ Blue hydrogen @ CCS (industry) Carbon dioxide @ Nuclear
efficiency (energy intensity (RE power) hydrogen (CCS) removal (CDR)

improvement)

Source: IRENA

Energy efficiency, renewables, end-use electrification, green hydrogen and synthetic fuels will play a crucial role in

global decarbonization.
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HEADLINE FIGURES

3064 GW 60%

Global renewable gen Share of new renewa
eration capacity at the ble capacity installed
end of 2021 in Asia in 2021

92.1% 887

Wind and solar share of
new renewable capac
ity in 2021

Growth in renewable
capacity during 2021

257 GW 81%

Net increase in global Share of renewables in
renewable generation net capacity expansi
capacity in 2021 on in 2021

IRENA's renewable energy statistics can be
downloaded at:

Renewable generation capacity by energy source

27%

Renewable power capacity growth
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Share of Renewable Energy in Electricity Generation,

2011 and 2021
28 . 3 % Renewable share of

Share of renewable electricity _Elemriﬂit)" generation
2 0 . 4 % increased by almost

Share of renewable electricity / 6 2
%

Fossil fuels

in the past decade.

682 16

Fossil fuels Hydropower

Solar

2% and wind

12._ MNuclear power Bioenergy J 10._ Nuclear power

d th |
2011 29%2n Power 3% 2021

Source: Based on IEA data. See endnote 60 and 106 for this chapter.
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77" Annual Additions of Renewable Power Capacity, by Technology and Total, 2016-2021,
and to Achieve Net Zero Scenarios for 2030 and 2050

Additions by technelogy (Gigawatts)
500

400 i

300 * B B 1 Solar PV

Bl Wind power

- H
200 ydropower
I Bio-power,
geothermal,
ocean power,
CsP
100
\\ ' r.-‘
I I I - ”:
o ollm_ I-_ Il_ - | l‘ Il B 0 r ‘1}?

2016 207 28 2019 2020 2021 2050
. . IEA Average
Mote: The Average Met Zero Scenarios comprises the average value NetZero Net Zero

between the values from 2050 coming from the IEA's Net Zero scenario and
the World Energy Transitions Outlook scenario from IREMA.

Source: See endnote 62 for this chapter.

Scenario Scenarios
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2020 USD/kWh
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Solar cell efficiency record

50 +

-------- 47 1%

T | o ——

© FraunhoferJSE

"l R EARER L o ——

35.9%

29.8%

26.7%

24 4%
23.7%
23.4%

21.0%

Solar Cell Efficiency [%]

15.2%

Year

—e—|lI-V Multi-Junction
Concentrator Solar Cells
—e—lI-V on Si (2-terminal)
—o—Perovskite on Si
=o~Mono Crystalline Silicon
—e-Multi Crystalline Silicon
——CIGS
-0-CdTe

—O~Perovskite

——0rganic

Data: Solar Cell Efficiency Tables (Versions 1 to 60), Progress in Photovoltaics: Research and Applications, 1993-2022. Graph: Fraunhofer ISE 2022. Date of data: May 2022

Only official lab record efficiencies published in the Solar Cell Efficiency Tables, Progress in Photovoltaics: Research and Applications are include

d in the graph. The following novel results will be included as soon as they are published in the tables:
[1I-V multi-junction solar cell, 47.6% by Fraunhofer ISE Perovskite on Si, 31.25% by CSEM / EPFL
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Solar cell market variation

About 190* GWp PV module production in 2021

2020

2015

Thin film e
Mono-Si
Multi-Si  pmm

*2021 production numbers reported by different anal 2005
ysts vary to some extent.

Different sources report atotal PV module production
between 183 and 190 GWp for year 2021.

© Fraunhofer ISE

2000

Data: from 2000 to 2009: Navigant; from 2010: IHS Markit. Graph: PSE 2022. Date of data: Jan-2022
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Solar cell and PV module roadmap

Single crystal
(non-concentrator)
26.1%

crystal (concenivator)
27.6%

Single

Silicon heterostructures (HIT)
: 267%; ¢

Multicrystalline
23.3%

:I" 28-38%

]—40-60%

Approximate efficiency potential for cells and modules in commercial production

NREL et : : —
Certified — } 20-25%
Cell and F
Module
Efficiencies
Silicon mono Passivated Silicon mono interdigitated  Silicon mono
Emitter Rear Contact (PERC) back contact (IBC)  heterojunction IBC - . "
22.7% 22.8% 24.4% Silicon multicrystalline
} y o 228%g - 20.4% } 23-20%
- 4r—'__‘_—_,_-——‘ } 18-23%
Module Sizes (Area cm?)
® >14000 Large module
6500-14000  Standard module
800-6500  Smallmodule
200-800  Submodule
Relative 106 mm dia. 125mm 156 mm 156 mm 156 mm 166 mm (1220 20mm.
Wafer I = =
Shape and — I I
Thick 500 um 300 ym 180 m 200 pm 170-180 um ; 150-160 pm
ickness Cylinder Psuedo-square Full Square Full Square Pseudo-square Half-cut Pseudo-square M"""‘“;;:’sq"z‘;:q“‘" L
M 125mm 156 mm 156 mm 156 mm 166 mm 182 0r 210 mm
¢ 06 i |
Relative =200
Ingot and
Cell Size
and Shape
Psuedo-square i 2 Pseudo-square or
i {eutfrom che) oty =i e P Full Square
Module
Format,
Dimensions,
Cell Count,
and Power
Rating
Figure created by Alfred Hicks and 30-40cells, 0.5-1.0m? 72cells, 1.2-1.5m? 72 cells, 1.8-2.2m? 72cells, 1.8-22m?2 72cells, 1.9-2.1m? 72 cells, 2.1-2.5m? 72-78cells, 2.5-3.0m?
140-180W 250-300W 280-350W 380-420W 400-550W 600-700W

Al 40-100W
N e

Michael Woodhouse, NREL

]—-25- 38%

!
Tandems

25-30m?
800-1,200W

]’40-60%

S

Multijunction

25-30m?
1,000 - 2,000 W
—
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Cost Model Results Using the 2020 ITRPV

July 15, 2020

i iNREL
e =L All-Ne

$0.60 -

Cost Model Results for the Monocrystalline Silicon Supply Chain

w Greenfield Production Facilities in Urban China. Pricing Does Not Include Shipping or Import Tariffs.

1 Research and Development (2%) Plus

50.59 JR— potysiicon price reductions: Sales, General, and Administrative (11%)
From $21/kg to $7.5/kg. m Remaining Costs for Module Assembly
Transition from slurry-based to
diamond wire wafering. Reduce m Balance-of-Module Materials
SD-SO ] kerf loss from 150 «am to 70 sam.
Efficiency advancements by L. .
moving from Al BSF to PERC. 1 Remaining Costs for Cell Conversion
Metallization improvements 2020 ITRPV Road _—
%) including silver utilization: oadmap Results: izati
g From 20% mg/cell to 90 mg/cell. 170 om to 150 oom wafer thickness @ Cell Metallization Pastes
g-' 50-40 . Move to larger wafers as well as |~ and 70 o to 50 «cm kerf loss. .
half-cut and multi busbar cells. Move to M10 format by 2025. m Wafer Processing
[ Process engineering and Increase ingot mass from .
Q econ omiesg{l:f s.calle,g 400 kg to 600 ke. m Silicon 15% GM [;:{.I f: 215-?5rfgo$t
o Reduce Ag to 50 mg/cell.
Y, 0 30 50% increase in cell conversion and Error Bars
. S . N module assembly tool throughput.
U'! 50-22 0.5%/year module-area efficiency improvements.
: 50 19 $/m? balance-of-module materials held constant.
(=] $0.17
N SD.ZO T
o
o~
$0.10 -
2015 Q1 2020 Processing Efficiency Gains
(16% Module Efficiency) (20.5% for PERC) Advancements (23% by 2025)
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High power module at a lower cost

~ 0 o O o
=i = L =~ ™~
o o @ 9 Q9
[ I o B o ~N ™

i

W< 166 mm
0 156.75 mmo 158.75 mm o 166 mm 1182 mm
Author synthesis of mono ¢-5i wafer size data from ITRPV (2017-2021)

Case study: recent 700 W SHJ module announcement

100%
QrvreECH oo
EDITORS BLOG, FEATURES 30%
Thinner cells, more busbars and
gigawatt manufacturing capacity:
o
S

Inside Risen’s heterojunction plans
Xiao (2022)

70%
60%
50%
40%
30%
20%
10%

0%

Global market share

m [Ty] o0
~ ~ ~
=] (=] =]
~ ~ ~

66 mm W 182 mm W210 mm

2031 |

M10 G12

M2 Gl

(Photo from Risen Energy Group, with permission)
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Utility scale PV systems (3.5 GW, >GW)
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New ways of PV power generation

Solar phatons

PV module ﬂ Electrigity

(rb'-“ﬁ“fr'/{xn

| m-) Elecwiciy
o Veasto heat ;:‘_ heat
s g
Ambient Ambient
environment environment

the incoming solar and
outgoing longwave energy
averaged over the globe
and the year

Solar Energy > RF Energy
Conversion

&
(n

Net Radiation

'\a.\\d\ However, the tilt of the
Earth means this balance
is not maintained for each
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Wind power (CH-8 &3}

=Efyl HIEAL 3570t 3 23707t APAC 27HER, 2E)0) 9K
H*H%ﬁ)ﬂr FHEEUTC KEH B4 - “Ef4l Cfgst

@ “Z|=TE 0| o3t O| B E
" SSHLUHRATHLCOE) 82 - “EU S4E 3 Grid-parity” =2

Ty ol /st YH LI L
[TOP 3] — @vestas, @Siemens—Gamesa Renewable Energy, ®GE Renewable Energy
Ald: 127m, 5{E%0] 135m)

A A 236m, 5{E=0]| 250m) *SMR:77MWe/7|, NuScale

» [SAHAEHEY]] - 3 ~ 7.58 MW (Enercon E126, £

[B A= 2E{HI] — 8 ~ 14 MW (SGRE SG 14-236DD, %

o BT s
= [EX] - (O]=) 1981 ‘crotched mountain’ 483 THX| 0.6MW(30kw X 207H)

[B1XH] — (B=) 2022 ‘Hornsea 2’ SAFZE 2 THX] 1.3GW (8MW X 165CH, 130Tk 7p7t) A EHE THA]

The world's largest wind farm was just completed in the Irish Sea- and it'2 more than twice the size of
Manhattan (590,000 homes/659MW, grsted UK)

The Walney Extension(659MW) beats existing offshore wind farm records for both power and size

It is 9 square miles larger and 29 megawatts more powerful than the world’s number two offshore wind farm

the London Array, which sits off the southeast coast of the UK.
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Offshore Wind Turbine Capacity Growth Pathway (excluded China)

15
Evolution of Offshore wind turbine and project size SIEMENS Gamesa
14 u
100 F
£
13 o0 /
80 @ !
12 56
i a
11 <
g /N
10 E 50 B fld_!'{
e ,
I 30 @ MV / m SIEMENS Gamesa
A 4 4 . MV Adwen ¥
8 20 @ T v NV
10 @ i w .Lwnn;/;/s.lmemiﬁumm
7 o BARD" “RENONET SENVION
2000 2005 2010 2015 2020 2025 g N FENVION SENVION
6
EREON Mﬁ‘m SALSTOM SIEMENS Gamesa SIEMENS Gamesa
s BARDE = = & m
Caurmirsa -';_;M:?-w Adwen HITACHI
‘ /
oy /
3 : WinWinD  ~‘memvenra
SIEMENS %‘ - /
: N MENS VBsias
1 SIEMENS

1997 1992 1993 1994 1995 1P 1997 199E  199¢ 1000 2001 2002 200G 2004 2005 0D 2007 200 2009 IOI0 2001 20012 I3 2004 2015 M4 2007 2008 201% 3020 2020

#® Conventional high speed geareddrive @ Medium speed geareddrive @ Direct Drive @ Floafing

Solid line: the installafion has been completed; Dashed line: new product was released but the protype is nof installed yet.

Source: GWEC Market Intelligence, June 2020 joint venture between Mitsubishi Heavy Industries, Ltd. (MHI) and Vestas Wind Systems A/S (Vestas)
MV of Denmark newly established to strengthen the two partners' collaboration in the field of renewable
energies, mainly wind turbines.
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Wind power (onshore, offshore)
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Wind power (F

Offshore Wind Farms
Continue Growth

Number of net additions to offshore wind
capacity, by select country (in gigawatts)

M China Germany M U.K. M Other

2016 2017 2018 2019 2020

Forecasts for 2020-2022
Source: International Energy Agency

@®6

» 14 GW of in operation and 8 GW under construction
» Projects from the listed auction rounds could bring2

2030 capacity to 50 GW

» Thriving UK sector, wide ownership base and strong

supply chain.

w University of
i S Nottingham
UK | CHINA | MALAYSIA

2021 2022

statista %

PRFEHT)

[E
Tailwinds
Cumulative offshore-wind capacity, gigawatts
50
FORECAST .
China 40
Britain £
20
Germany
/" United States , ,
_—~— Japan
Denmark
0

2006 10 15 20 25 30
Source: BloombergNEF

The Economist
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Demark north sea changes to wind power(RE 70%)

1873 - 2007

Fishing port

Umquely posmoned in the
North Sea for fishing industry
and transport to the UK

Oil & Gas

Service hub for Danish oil &
gas production

Uniquely posmoned for oil/gas
exploration and production in

M the Danish North Sea sector

Offshore Wind

Installation/service hub for North
Sea offshore wind farms

Uniquely positioned for North
Sea wind farms and for wind
turbine production
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Technology improvements make
expansion of offshore wind possible

G it
Onshore Offshore ATMW
Wind Turbines Wind Turbines
Capacity Supplied by Wind Energy
5.5MW Network Magazine & 4C Offshore
Capacity
6.0 MW
Capacity
- .
—_— Rotor
el E = wr— 1 250m
==y em Rt
Rotor Hub Hub Diameter Hub Hub
Diameter Height Height 150 m Height Height
120m 8917]” = b 130m 103m 151m
Specific Power Specific Power Specific Power Specific Power
221 Wim? 231 Wim? 340 Wim? 346 W/m?
Monopile Jacket Sei

submersible Spar-buoy
i\ r

! <50m

1
Region of Freshwater Influence | Tidal mixing

o 4
intermitttent stratification : 2 E E3 : :
exchnage flows i PcrmaneA dx:y mixed: - g S 200m+ Shelf edge:
high nutrients from run-off : strollg u 5 R g 'E : Seasonally stratified: : slope currents
, high light attenuation g8 &, D Tayecd | i
¢ 33 iy 2 aven » . upwelling
1 S E & | weak tidal mixing i downwelling
| © I very weak line mixing! _internal tides
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Nuclear: status quo will be
maintained with new build

University of

Nuclear power stations in the UK »
ﬂ" Nottingham

Active, decomissioned and planned nuclear reactor sites Nuclear capacity to 2035

—~
SCOTLAND @ Planned new sites _ . . . . UK | CHINA | MALAYSIA
@Tormess @ Active reactor sites 10 ‘l Dungeness B Retires Hinkley Point C Unit 1
@
Hunterston @ o/ © Decommisioned sites g l Hunterston B Retires Hinkley Point C Unit 2
inkley Point B Retires
Chapelcross E 8- el
s\ VO 5 WITH HINKLEY POINT C
[y Hartlepool &
o«® & P
Heysham 1
Heysham (I, Il) = 6 Retire
Wylfa @ =
Trawsfynydd © "E
ENGLAND o sizewell 2 47 Heysham 2 Retires
WALESW g Torness Retires
© Berkeley © Bradwell E 2
. r
Hinkley Point ae Otdoury g
@ Dungeness =}
=
0 ] !
- ‘ & &8 R 3 2 & 3 &8 %38 v &8 8 3 3
Source: Office for Nuclear Regulation, March 2022 [a]elc] © ©o 0 6 o o o o o o © o o &8 &
o~ ~N ~N o~ o~ o~ ~N o~ ~N o~ o~ ~N o~ N ™~N

e Lockin for 40 years at ca. 9 p/kWh.

e More expensive than wind/solar but storage costs f
or the latter need to be included.

e At least two new plants going ahead - Hinckley Poi
nt and Sizewell C (5 GW).

e Interest in modular nuclear reactors to provide flexi
bility, Rolls Royce a key player.

» ﬂ"'ﬁ:ﬂ‘. =N
CPMmEREEARI R
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Wind power market

219 7|F, M3 MU 28F “93.6GW” (S4: 72.5GW, 84 21.1GW) — M2 ®7| 22 5.3% 385
@ [HEHZMEEE] 2015~2021 — CAGR = 7% (2020-2021, +23%)
@ [AMETHE] 20213 "154F "~ 2027 "222 /"2 X MA =M AlF = 161 =& (21)

® [tIEH]] 2026 128.8GW(F4&: 97.4GW, 54 31.4GW) — CAGR = 6.6%

APAC(59%) > EU(19%) > N.America(14%) > Lat. America(6%) > Africa & M.E(2%)
@ [93.6GW] 5=(51%) > O|=(14%) > EEtEH(4%) > HEH4%) > =3B%) > 7|EH25%) /;377

@ HMA SHZHEEH|S| 72%7t =, E=, Ol=, FY, 2=, 2H U0 2X|= CAGR

® Onshare
® Offshore

2019 2020 2021

wwuuuuunl

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Share of offshore ~1% ~2% 3-5% 7%
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Wind power (offshore wind, market driver)

= [7]3]] SHAHE S JIX|AFESO| A E2E{HI HS 2 “23.8%", 7|E} 76.2%

@ [31.0%] 10MW 0|4 2 CHE BE{Hl HE U HALE ZIZTY B, H=7 ZAHO| = U “AH-
@ [546%] TRITHLAL AO|EEA, AXIAIB (LA Meh, O/M(ZE) L0 “HHE £~ 7ts
® [144%] EtS), SHRXIKTEE, ShXA 0|2, S/ohA BT, MAIABEHAALR) 2Ok "2 "

Base
manufacturing
6.7%

Power
grid
7.7%

Installation
15.5%

Wind turbine manufacturing

23.8%

I T T T 1

Remowval
7.2%

Survey & Nacelle Hub Power Blade Tower Base Electrical Installation Operations & operations & Removal
Development converter equipment e maintenance
Macelle Blade mfg ower mig. Base:
assembly u mfg. Work Vieoe| Work Equipment Vessel Work Vesse
Emdron-  Weather &t Generabor  Yaw Hub casting Convertor Strudural Steel for use Stedl for use Cables Wind trbine  Floating Wind turbine LAy Floating Wind Floating
rmental maring system Omposite in towers in base Irstaliation crane operations & Ut s we CrANG turbine crane
assess-  phservation management rermaval
Spoad Yaw Blade Blade route Monop Offshore o vessel
T s increaser  bearing bearing S O st . substations Base = Base AV o T e
Ermiron Irstallation operations & A v I
Main Brake ) : Aa Transiticn management Sov
-mental phic Cables Lightening nge Offchore Cable layer Cable layer
sirveys Geogra bearing systern Pitch drive eonductor pioce ROV (| Servioz operons vessa)
al survey i substation Offshore Submarine i i it Subrmaring
Wind  ship Main chat  Cocling Ete. e Liftfladder base aubstation cable v cable
condition  EEC. Systenm instaliation cTv operations & oo Erareder vessal) remaval  CTV
SUMeYS AC systern Ete Jacket Orshore (Crew trarsforviessal) management Er. {Crewy transler
Nacelle Control i —
Anemomeber, Laying of St B Offshore
Ground = / SIE = Orehore submarine  Patrol boat Sl substation
ANGMOSOPe . i Patrol boat
suveys substation cables operations & remaval
Etr. Etc. management
Nacefle o Et. Etc. Safety Inspections B
Ebc. cos prevention Ete.
systerm
Etre
System

#Figures (%) represent the percentage of LCOE as calculated by Mitsubishi Research"lnstitur.e based on "Guide to an Offshore Wind Farm" (BVG Associates, 2019)
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4800

4600

4400

4200

2015 USD/kwW

:

3800

3600

Wind power cost reduction

2015-2025

Installed
Cost
eduction

15%
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Wind power by 2050

» [Market drivers] “Cost reductions” and “capacity factor” improvements
@ (SH&E=) 45GW/yr("18)0I A 28GW/yr('30, 6HH), 45GW/yr('50, 10H) = A|Z = A | IRENA, 2019

« NZA 7I5H™Hz 0|88 : 38% ('10) — 43%('18) — 58%('30) — over 60%('50)
« LCOE : $0.16/kWh('10) — $0.13/kWh('18) — $0.05~$0.09/kWh('30) — $0.03~$0.07/kWh('50)

@ (SHE3) 45GW/yr(18)MI A 147GW/yr('30, 3HH), 20GW/yr('50, 482 A& 2o MY — 2 o a” =

oot

- MA 75" O|8E : 27% ('10) — 34%('18) — 55%('30) — over 58%('50)
« LCOE : $0.08/kWh('10) — $0.06/kWh('18) — $0.03~$0.05/kWh('30) — $0.02~$0.03/kWh('50)

Offshore wind - Global

Historical 1 Projections

38.5% : 11.5%
CAGR 2000-18 : CAGR 2019-50 ¢
1000 . =1 000 (2050)
— !
200 / \ : Onshore wind - Global
: 250 ;
300 : Historical | Projections 2050
: c— ! Total additions
< \ ” : 1 (incl. replacements) of 200 GW
© 700 . 200 | 2030
z : o i Total additions
E : =z ! (incl. replacements)
g eo0 z J : of 147 GW
o L e @, [
o B T P
= £ 150
2 500 ]
@ §. 2017-18 [
B k) Repowering of exlstmgi
2 a0 [ capacities initiated
E % 100
o - 2015
g Record year of maximum historical
300 £ annual additions (65 GW) driven
228 (2030) < 50 due to policy changes in China
200
100 0
23 (2018) | ; 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
0.1 (2000) |
o -

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 = 35 =
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HA =32 2|8, MA &% 1071= HIS

9%

Brazil
o hel
Zafada Q %Lntries
SN TN TN TS
7%
United States Russian Federation 4%
30% India 4%
Rest of World ].7% Norway 3%
Turkey 3%
Japan 2%
France 2%

X}= : REN21, Renewables 2021 Global Status Report, 2021
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HFO| 20f £ 2| of| L X| 2H| H|F 1 &H] £2E H|S

M Traditional Modern M Non-
biomass bioenergy  bicenergy

35 2.4

— — 100%

87.7% ecicty

Non-biomass 0 5%

— TE%

— 50%
— 25%

AaEEE

Heat, Heat, Transport Electricity
buildings  industry

6.7%
Tfaditional 2 . 7%

biomass

Heat, industry

Mote: Data should not be compared with previous years because of revisions due to adjusted data or methodology. Totals may not add up due to rounding.
Buildings and industry categories include bioenergy supplied by district energy networks.

Source: Based on IEA data. See endnote 7 for this section.
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& o] CfS S| EEHZE

(A 3kwh ® reatpump ® 4uwn

Renewable energy Compression End use

(e.g., ambient air,
water, waste heat, ground)

ext_racte.d [ @

“ J
47 m‘::; } @ Expansion

Source: See endnote 3 for this section.
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CCS opportunity?

b = =3 % k- ks

MEAHE UgHs

-

k -
éf/ >

(S ELTES] cosce | HUBUY
AR Ao 2 WHE puEmEEE (oo R R e Sitis
CO,& Cli7|of| ej=3t7| THof ousFswlr - e,

FEIR-2I P Gp en-vys i

AsE2 TTE COE
mpoj=2tol Me S8 23
HYL20|&dt= 7=

COE R £=81¥ol
Z2 EX S0 FESHA
NEst= 7|
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Hydrogen(Gray, Blue, Green, Pink)

SABHA I 25

-40 -



Korean Nuclear Society Conference

Yalue Added
Natural Gas AﬂD.USﬁILQDﬁ

Infrastructur Vehicle
ol Cell e Fuel HCNG

- l Fertilizer

Oxygen Hydrogen NH,
Storage Storage

[

Fuel Cell or
Boiler

N Refining

Electricity Grid

Electolysis

—>| Industrial
Applications

é Food

| Pharma

h

ES 'ﬁ_‘{/, NS

Geothermal
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Hydrogen and Ammonia?

__________________________________________

Feedstock Storage Application

NH, storage R | S-—
(@)

0 B

Power2Ammonia E - d
| - - i De-NOx
: INSNINS~

NH, synthesis

: | ==
H,0 electrolysis i NH, transport >
@ i Chemical precursor
R >’ -
I dh | .pas
Gas2Ammonia % | R

NH, cracker Fuel (land or marine) <—

N |
E Natural gas reformer (SMR)
&S ; NFUEL® system ’ — d
__________________________________________ ‘

Waste2Ammonia Power generation

Source: Proton Ventures

be.com/watch?v=sAS8 -Q24yY

<>
o5& (MZOistn Hoju=)



http://www.youtube.com/watch?v=sAS8_-Q24yY

Korean Nuclear Society Conference

New EV sales by major country/region, drive train

Million Million
8 mRestof World g
m Australia
7 6.6 7
m Southeast
6 Asia 6
B India
5 5

m Japan

mS. Korea
32

3 B Canada 3

21
2.0

—

2015 18 17 18 19 20 21 2015

Source: BloombergNEF, Marklines

2 : mUS 2 electric
1 - ' ® Europe

05 e
0 m China 0 - . .

6.6 ” Plug-in
- hybrid

w Battery
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GwW

18 Duck Curve

16 .

P

14

12

10

8

6

4

2

0
(S s s O v O v N v O s v s [ v v D [ v v R v v N v v v e I N R
0000400 00000000000000004000
O ~—~(NO < DO M~ODOD O — NOT WL OM~SODOGD O «— (NM

— = = = oy = o= o= N N N CN
m— N uclear m— Geothermal m— H 0
m— C03 Gas Biomass & waste
s Onshore wind s Offshore wind Utility-scale PV
Small-scale PV s Flexible capacity Curtailed PV

wsessssss Curtailed wind == e [emand

7} &: BNEF(2018), p.9. -44 -
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Energy sector coupling

Charge technology

&G - @ o
- ®

Power
storage ®

X o

a v
4 -

@\ ®\ ©
L

Fuel
storage **

Power-to-gas

Power-to-gas for
power storage

@ Power-to-gas for
heat storage

@ Power-to-gas for
power fuel

@ Electromobility

Power-to-liquid for
power fuel

p Primary
energy storage

g Secondary
energy storage
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Energy sector coupling

}Jlmfﬁ
)l(;_j_?‘fs-b

:Ahjj )\LU 1{13&shj)
7

443 (NW)

ﬁ:yﬁgg+r:k,H

700 (MWD

e 28758

700 (MW
\
Hydropower od’t’b’u’c !

7)()‘{_‘1”\
:L})

#Q-&:

JetRHaA N,

B— S

4 " PV output

guide vanes
m —_—

> -
Bl L >L L 42 -
2 ®aTaTell —

Power line:
330kV 53km

4 Longyangxia Hydropower Station

72 2 gk oL 1\ N

AxESME Photovoltaics
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ol x| 4K} 4+

£ e e | h 4 e

» AMI (Residential TOU) ~ R » A CXLM =8, 252
— = 1D Sgtelotes A F=(CEMS)
p—— o | User Al
A {'ia. Interface » Hl'MM A’J\Pl' 59_" Kf%%
WIH ols (Self-healing)ot 0 AR &9
> HEMS Mobile

» 7|k B2 S DRO| &=

@ DR-based V2G Jﬂ
A

» Qrdlal =M 7| Fate) HiE 2] B
HEZ(0OnBoard Chargen) M7t} e

(3) Community Solar
2\, B . 9 > Technical VPP
¥ Ct=0| 7117} SHLro| Elf@fa S 4 \_ /oo | oo ESS G M2 HEEE 2
o -
O FAfotD SXRHIZNE A (M, T
- - Shap A H o Far : -
¥ ZhAbAH Helovirtual Net Metering) | Y it Net Metering! ESS > ZFE—;I 3;”?ﬂglr;;—l:#'??:ﬁyo?rilgﬂgj
T E=E = s (il

ESS X[, 7t&7 el ojd=, Al loT? <0d= 7|=, A7, =5 dd> .
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Duration of discharge

1 year

1 month
1 week

1day

1h

1 min

1s

100 ms

Capacitors

Storage method

Annual demand lor electricity
of househalds™

Heat storage

Batteries

energy storage

1 kWh

Superconducting magnetic

Househald Village City of Regensburg Major city: Berlin
|2 persons) (100 inhatwtants] 150.000 Ink.) 13,5 Mill. Inh)
2,5 M\Wh/a 145 MWh/a 217 GWh'a 5.1 TWhia

Power-to-gas

District
heating
storage

Aquifers
imethane)

Caverns
(methane, hydrogen)

Pumped hydro storage

Compressed air energy storage
wavems)

. Chemical

- Thermal
™

+ Mechanical
storage 1\ Electrochemical

Electromagnetical
Electrical

* Without ingustry, trade. commerce and services
Demand per person: 1.45 MWh/a,

Data clouds indicate areas of existing faclities in Germany
O Thema, Stemer, FENES, OTH Regensburg, 2014

1 MWh 1 GWh 1TWh

Storage capacity
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Annual newly commissioned utility-scale battery storage capacity in CEM nations

Storage Power Output (MW) by Commissioning Date

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

974
.

2017

1,890

2018

1,874

2019

3,375

2020

7,124

2021

mUAE
Sweden

m South Africa

m Russia
Portugal

® Poland

= Norway

m New Zealand
MNetherands

mKorea

m Indonesia

mIndia
Finland

® Denmark

® Chile

= Brazil

u Japan

m Canada
Mexico
Italy
Germany
France

® Australia

= Spain

mUK

m Other EU

m China

mlS

Source: BloombergNEF. Note: “Other EU" includes nations other than Portugal, Finland, Sweden, Spain, Netherlands, Italy, France and Germany.
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ESS storage

USD/kKWh
1.200 5 - o
Lead-Acid High-Temp Flow Batt Lithium-lon
1.000 - —
2016
800 - ' | " m2030
48-64% reduction
600 -
400 |
- . l .
FIoodedLA VRLA NaNiCl NaS Vanadium ZnBr Flow NCA NMC/LMO LiFePO4 Tltanate
’ ” -58% -54% -64% -64% -58% -58% -58% -52%

-100% -

Prices in 2030
USD 80 - 400/kWh

Compared to 2016
USD 190 - 1050/kWh
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Cycle life (equivalent full-cycles)

ESS storage

2030 2030
Iitanate ZnBr Flow
12000
10000 T.fﬂlﬁt
Itanate 2016
ZnBr Flow
2000
B Flooded LA 2030 2030
W vRLA LiFeP04 MNas
sooo M NCA 016
M Nas NMC/LMO
NMC/LMO Nas
LiFePO4
4000
M znBr Flow 2030 2030

MNCA

M Titanate 2016 VRLA
2000 LiFePO4 2016 /030
NMC/LMO 2016 016 Flooded LA

2016
NCA vRLA Flooded LA

1100 1000 S00 200 J00 600 S00 400 200 200 100 0
Energy installation cost (USD / kwh)
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0.5

0.4

0.3

0.2

0.1

0.0

‘ LCOS (Levelized cost of storage, usnf:kwr.}
o x| o] HE2|H 7AW S

0.1~0.2 USD/kWh
5~TWh/L

A™SI= g4

; ~400 Wh/L
HEHK i
0.34USD/kwh | Sli5=O|XFEX|
50~100 WhL o(EEFT)
0.2-0.3 USD/kWh
VRFB P SowhiL
b.2-0.4 USD/kWh :
| 1525Wh/L !
<THMH X HAEE FAE = U= THHHL X Iﬁé!%”ilﬁl 7t A4 Az

* CAES: Compressed Air Energy Storage (2527| ol X| % &)

<eb7| ESS>

H,ESS
2 ﬂ* )

0.30.50sp/kwh 2l SOIXHEX|
~100Wh/L  0.3-0.5USD/kWh

volumetrlc energy density (wh/L)

LCOE
(LCOE < SMP*)

HfLLE 2l

101 Wh/L 102wwL
\ 4
O gy D tralized SMP* (0.1 USD/kWh
/""r —_— ;F} LCOS (<0.3 USD/kWh)
l 'I:=- e = - —— f— {EHAPD‘IIF* Fe)
? Curtailment SMP (0.15 USD/kWh) SMP-SMP* > LCOS
A HMX|(VRFB), &= 37| MZE(CAES)

1 L
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I E5uHEf2) 2522

O EW:sl+E L3t P72 22I5H0 oL X] XZ (ol x| MELE: 10 Wh/L =2,500 mH,0)

@ LA M H7| 2 B3 2 M0 K| 2 HEH6H0] of| L K] M A (ZH U =: 20~30 W/m?)

% off o|2&e|lrf? 22 HI| 26l (1.4 V) tHH| 22 Hef (0.8~1.0V) 2 0| 28122 +-Haf Cht| HYE 0| 42

# EAYTHUR HESYS EE2 YT 4 AUB. ¥ mmm
E=T| XM EI SR AT L 1
(BT URIXE 7| & 2 AL87HS) 278
Cl-(0.5M) Na* (0.5M)
| =6 :

Anode B Cl Cathode

3-4

| Ao Ul S i

012 (Cl) cl _

v [EPpoE,
{Anolyte)

pH3~4

~

4 g
TYu  KIER Geat |
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Heat storage method

Particle
Heater for Electric

Charging

<+ Electricit
Ae - Particle Flow
< Hot Gas/Steam Flow

Particle @ Cool Gas/Steam Flow
Storage
Transmission

and Distribution

Electric
Grid

Gas/Steam

Energy Storage Turbines

Brayton Combined-Power
Cycle for Electric Discharging

Technology Innovations

O]

ENDURING LDES operates as a
standalone thermal battery for
grid-scale electricity storage.

Inexpensive, stable, abundant solid
particles as storage media.

Novel fluidized bed heat exchanger
for cost-effective and efficient
power conversion.

Decoupled power and storage
duration.

Scalable system for wide storage
capacity (10 — 100 hours) and
power (60 — 300 MWe).
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IRA, BIL

2022-31 US federal support for energy transition technologies

Inflation Reduction Act Bipartisan Infrastructure Law
$260bn for energy transition $80bn for energy transition
PASSED, August 2022 US emissions PASSED, November 2021
Residential efficiency

improvements, $14bn Agriculture, 10%

Residential energy
improvements, $22bn Advanced reactor

Residential, 6% ®
Wind, solar and / program, $3.2bn
storage tax credits, S @ Nuclear credits, $6bn

$128bn

Commercial, 7%

Power, 26% P Grid enhancement,
Manufacturing tax $28bn

credits, $37bn \ ‘ CCUS demonstration &

Nuclear credits, $30bn ‘ infrastructure, $11bn
o drogen hubs and
CCUS tax credit, $3.2on @ Industry, 23% o ;'gm(;'r?s"aﬁon' o
Clean hydrogen tax >
credit, $13bn . ® ;I‘u_s,;g:\ng orphaned wells,

Clean wehicles, $12bn ‘ —_— <_______. ;Ex'gcc:ltjr:: r::rr:tsits_, 5

Clean refueling/recharging, o _ ——¥» Transport, 29% o
Charging infrastructure,

$1.7bn
Biofuels incentives, g / $7.5bn

$6bn

Source: US Energy Information Administration, Environmental Protection Agency, Joint Committee on Taxation, BloombergNEF.
Note: Chart only captures tax credits and incentives, not grant programs or loans. Bn is billion. CCUS is carbon capture, utilization

and storage.
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Inflation Reduction Act

100% 75% 50% 0%

2024 2025 2026 2027 2028 2029 2030 2031 = 2032 2033
Solar
PV Modules 7 ¢/Wdc 7 ¢/Wdc 7 ¢/Wdc 7 ¢/Wdc 7 ¢/ Wdc 7 ¢/ Wde 5.3 ¢/Wdc 3.5¢/Wde 1.8 ¢/Wdc 0.0 ¢/Wde
Thin-Film PV Cells ' 5¢/Wde 5 ¢/Wdc S ¢/Wdc S ¢/Wde 5 ¢/Wdc 5 ¢/Wdc 3.8 ¢/Wdc 2.5 ¢/Wde “ 1.3 ¢/Wdc ‘ 0.0 ¢/Wdc
Crystalline Siicon PV Calls ' | dcWde | AcoWde | AcWde | AoWdo  AcWdc | AoWde | 30eWde | 20¢MWdc | 100Mde | 0.0¢/Mde
Crystailine Sificon PV Wafers ' C sm | sme | Swme | Swme | Swme | Sme | Sum2 | $em2 | Swm2 | So/m2
Solar Grade Polysificon ' C sng | Sag | suag | Siag | Sing s1kg | S9kg | Sehg | Sakg | SOk

Polymer Backsheets $0.40/m2 $0.40/m2 $0.40/m2 $0.40/m2 $0.40/m2 $0.40/m2 $0.40/m2 ‘ $0.40/m2 $030/m2 = $0.20/m2 : $0.10/m2 . $0/m2

Inverters*
Contral Inverter 025cWee = 025¢/Wec = 025¢/Mac 025c/Msc  025¢/Wec  025cWee  025¢/Wac  025¢/Wec  019¢/Wec = 0.13¢/Wec | 006¢/Wac = 0.00 (/Wac
Utiity Inverter 1506/Wae | 1.50cWac  1.50¢/Mec  1.50¢/Mec  1.50cWac  150cWee | 1.506/Wac | 1.506Masc | 113¢/Wac | 0.75¢/Wec | 038¢/Wae | 0.00 ¢/Wae
Commerclal lnverter 2000/Wee | 200¢MWac  200¢/Wec  200¢/Wee 200¢/Wee  200¢MWac  200¢/Wec | 2000/Woc | 150¢/Wac | 1.00¢/Wec  050¢/Wec | 0.00¢/Wac |
Residential Inverter 650¢/Wac | 650¢/Wec  6S0¢/Mec  650¢/Wec  650c/Wee  650¢Wao | 650C/Wec | 6.50¢/Wee | 4BB¢/Wac | 325¢/Wec | 1.63¢/Wac | 0,00 /Wae
Microlnverter 11.00¢/Wac | 11.00¢/MWac  11.00cWac  11.00¢/Wac  11.00¢/Wac  11.00¢/Wac  11.00¢/Wae 11.000/Wac = 825¢/Wac = 550¢/Wec | 275¢/Wac = 0.00 ¢/Wac
Trackers

Torque tube or longltudinal purlin $0.87/kg

$0.87/kg $0.87/%g $0.87/%g $0.87/%g $0.87/kg $0.87/%g $0.87/kg $0.65/kg $0.44/kg | S0.22/kg $0.00/kg
Structural fasteners $2.28/kg $2.28/kg $2.28/%g $2.28/%g $2.28/%g $2.28/kg $2.28/g $2.28/kg $1.7/%g $1.41/kg $0.57/kg $0.00/kg

Batteries

Electrode active materials** 10% 10% 10% 10% 10% 0% 10% 10% 7.5% 50% 25% 0%
Colls (SAWh) @95 | ss | s 83 ss 15 s:s 3 5263 §17.5 88 %0
Modules ($/kWh) $10 . $10 - $10 - $10 | ] | $10 ‘ $10 ‘ $10 . $75 - $5 §25 ‘ S0
Modules that don't use cells ($/kWh) $45 . $45 | 845 » $45 $45 $45 . $45 . 545 - $338 ' §22.5 ‘ $1a ' 50
Critical Materfals** 1% | 1o | 10% 1o 10% 1% | 1% 10w 7s% | s% | 28% | o%

Source: SEIA Summary of Inflation Reduction Act (H.R. 5376)
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RE 100 P17t Xt&io| M

v 0fZ, BMW S 222 7| 2= HS4LH0| st T7] 100%E
MHAULXIZ AMEok= AHEX MAU(RE100%) 2t S

* GIZH TS AH|Z 100GWh 0] AH| 7|20] XHHOLIX] ALE 100%E SH=Z H0{ok= X1 AHQ

v =718 01 H 7|8 30| Miet AHSULX] ZEEA2 0|
- LCOE7} %11 2 ZX0| L3t 0[2-HIZ7|YS PPA, AR X2 SA0I Q- FSUS AUSM 70i L 5423 M5

Z27|¢ RE100 Ot (1841 71, £42] : MWh)
’
‘ Walmart > 2 Gow:;ugle sankoramericaz  Allianz @)
AT
350,500 (23.8%) 2,692 (0.1%) 6,108 (0.2%) 292 (0.02%) 17 (0.0%)
@ 0 601,000@08%  2,072,109(©7.8%) 2,811,805 (99.6%) = -
468,400 (31.8%) 283,901 (12%) - 1,368,659 (99.98%) -
53,000 (3.6%) - - - 245,283 (100%)
1,472,900 2,358,702 2,824,021 1,368,951 245,300

-57 -



Korean Nuclear Society Conference

®

Hourly Matching to
Customer

= (Customer 24x7 Demand

Solar: 105 MW
Wind: 125 MW
L

Storage: 420 MWh

Charge
- Discharge

Bought from Market

24/7 CFE 9217k Xj2lo] M

Energy (MWh) Hourly Matching (%)
150 100%
90%
125 80%
100 70%
60%
75 50%
40%
50 30%
25 20%
10%
0 0%
95 AN%
-50
012345678 91011121314151617181920212223
Average Day (Hour Beginning) aes
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