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BB Some Numbers

25,000 TWh

143 GW

102 GW

8,2 GW
(4,9 GW)

1,000 MW

1,400 MW

20208 =29 M +=Q8gf

20223 7|&E W & &N

%
155
0f0

E

20204 ot M AH| MNES

AAFR (B =) 22.5GW
327] ZEEEA|A =K}

| 17|12 =3: 700MW

MZ2&XEHEH™: 5.6W
47| APR1400
17|15 =& 1,400MW
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EX: Climate Change: The Evidence and Our Options, Lonnie G. Thompson, 2010
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O X| & X A= k= 01 €5 ICHNP

CHEOIM K, O] A2 Bing &I LICH MA Ol HX|A|E0f| Ciet 2ES M G AR LICE
€

AXH M A Of| A K| A|Z 0| A BEO| AFR E| = EHO = CHE 1t Z & L CE:

(energy transition): 0f| L X| 22 Of| L X| A|AEIO| ot A= O A Xl 7Hs2t
O X = TetstE o2 2Ol L Tt o HX| Fet2 7| HatE 2teldtn X|£& 7S ot S
HLI5L7| 2o HegrL|r}

Bl F 8l (carbon neutrality): EtA 22 017 250| WMA|7| = 2AMTIA B E2k0 S5
2F0| 72 O| R = &tEf E o|O| gL C, EtA S EIZ HASH| s = oL K] R%% =01
M 7tsot O| HX| £ 2O S, EbA IR B X & (carbon capture and storage) 2| 7| &= %%
Sf{ OF ©FL|Cf13,

2t

2 ZAX| (hydrogen economy): =2 AH = £=A2E FoHO|HX] HZ 9 2O A|
St Ol A A|2 B o|0f gL Tt 4= XYY 7%3@ o LfX|o| Hiesds Eetota, ua, &
chel S CHFol FOFO| A st A= Of M| = AFSE o= A= LB,

Hu
P
12 ojo

0| 2|0l = AOLE 2| E (smart grid), 17| X} (electric vehicle), 0| L{ X| & (energy efficiency) &
O EHO = MAl O A XA O At AAZ E[ D AL T
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https://www.bing.com/search?form=WSBCTB&toWww=1&redig=ABCCD2666C6349DC95944982D61BB686&q=Bing+AI&showconv=1
https://www.bing.com/search?form=WSBCTB&toWww=1&redig=ABCCD2666C6349DC95944982D61BB686&q=Bing+AI&showconv=1
https://www.iea.org/reports/global-energy-review-2021
https://www.weforum.org/agenda/2022/08/energy-charts-emissions-pandemic/
https://www.bing.com/search?form=WSBCTB&toWww=1&redig=ABCCD2666C6349DC95944982D61BB686&q=Bing+AI&showconv=1
https://www.bing.com/search?form=WSBCTB&toWww=1&redig=ABCCD2666C6349DC95944982D61BB686&q=Bing+AI&showconv=1
https://www.iea.org/reports/global-energy-review-2021
https://www.mckinsey.com/industries/oil-and-gas/our-insights/global-energy-perspective-2022
https://www.bing.com/search?form=WSBCTB&toWww=1&redig=ABCCD2666C6349DC95944982D61BB686&q=Bing+AI&showconv=1
https://www.weforum.org/agenda/2022/08/energy-charts-emissions-pandemic/
https://www.mckinsey.com/industries/oil-and-gas/our-insights/global-energy-perspective-2022
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Evolution of global electricity demand by region (left) and regional shares (right), 1990-2025
g 35 000 100%

90%
30000

80%
25000 70%

60%

20 000
50%
15 000
40%
10 000 30%
20%
5000 25% 33%
10%
10%
D F T T T T T T 1 an‘ﬂ T T T T 1
1990 1995 2000 2005 2010 2015 2020 2025 1990 2000 2015 2025
oOChina @ Other Asia O Africa O Rest of the world @ United States & OECD Europe

ZX: Electricity Market Report 2023, IEA

> 20208 =228 M= Ad|gk2 308 CHH| 2F 2.58] 57t 10,000 25,000TWh
> 20258 =294 T AH|EF 50%= OFA[OH7 KX
> 202549 =292 ™E AH[E 1/32 S50(A EA
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29 27x eon
(US$million)
MlA 103,496,115
1 =05 25,464.475
2 - e 18,100.044
3 o %= 4,233,538
4 [ g 4,075.395
5 b 2= 3,386.403
6 =S 3,070.600
7 === 2,784.020
8 2O 2,215.294
9 [ 1Y R 2,139.840
10 [} EEEE 2,012.013
11 <> EEs 1,924.134 m.?EIOFEfHIOI
12 ER=F 1,701.893
N mlEHIAIOF 316
13 ‘@) ChetRl= 1,665.246

 of

v

Source: Enerdata_Energy_Statistical_Yearbook_2023

EOHHE2 100 - 100 - 200 - 200 - 400 - 400 - 3000 - HrOHBE2 3000
> X|C| MEHAH|=Z == 8,090TWh
> fE|Ltet =28 a7t MY AH|E =9 &2 8HR|(568TWh)
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BB =71 AMXHAHOfL X] AHAF H|2(2022) €3 ICHND

rorugal :

-many 44.4

.ited Kingdom 43.3

.ain 43.1

.mania 42.9

a Source: Enerdata_Energy_Statistical_Yearbook_2023

Below 10 @ 10t020 @ 20to40 @ 40to 60 @ Above 60

T 2018 2019 2020 2021 2022
World 254 26.4 28.3 28.4 29.8
OECD 259 27.3 30.1 29.9 314
G7 244 25.6 28.0 27.6 29.2
Europe 36.3 38.6 42.8 41.3 43.0

South Korea 4.6 5.3 6.4 7.0 8.1







3 o N L & I3 A{QJEH HEIAIZE O}
20 MUY NH8Y Ny [EEEEERERELEE AREl sl Sl B
A 138,195 AB Hudro
=] Hydro 134,02 . TS Hyd 570647 576,800 594,400
. 2 sen 120,191 B 7 [ stean 553,530 863040 gy 160
_ 125,338 e .
N E 5} Combined Cycle 119,002 I =&} Combined Cycle
116,908 . . o
B 2K Nuckar . B 2R Nuclear . . .
ATHAY New & Renewable . . AFHA New & Renewable . . .
B ES Group . . N E™ Group
I L2 Internal Combustion I L2 internal Combustion
| 7|E|‘01hers [ ] JlEI‘OIhers
— 2R} P
| Purchased power
X ‘
M MY A4
[o)
18.3% 7.6%
AL
3
4.5%
017 2018 2019 2020 2021 2022 2017 2018 2019 2020 2021 2022
(2] Mw) (ctel : GWh)
Er] 2017 2018 2019 2020 2021 2022 =T 2017 2018 2019 2020 2021 2022
22 Hydro 6,489 6,490 6,508 6,506 6,541 6,513 229 Hydro 5,995 7,270 6,247 7,148 6,737 7,256
7|24 steam 38,265 38,358 38,101 37,951 38,429 38,269 7|2 Steam 237,332 237,498 220,918 189,426 191575 188,477
S8 Combied O 046 3128 2846 3013 33013 33.013 =3} Combined Cydle 99,619 116,836 110,289 111,759 130,358 123,996
o
SIX2S Nuckar 22520 21850 23250 23250 23250 24,650 fl;:f: Nuclear 1;3?2; ngfgg 1;‘(5)'2;_2 12?;?71 722‘?&2 11673’222
MRS New & Renewable X , s s s ,
ﬂ AH New & Renewable 9,“87 11,623 "4,250 18,739 23,014 26,326
Ixﬂ‘g ) Elct Group 36,794 47,033 46,058 45567 48326 49,159
X
=10k Group 7,682 9,208 9,191 9,191 9,229 8,919 42! ntormal Combustion 513 528 570 405 191 570
LIPS Internal Combustion 339 339 341 176 177 137 7|E} Others - - 1,367 4,940 1,181 1,172
7|E} others - - 852 366 367 369 gﬁ;@pﬁ% 305 799 1,146 1,676 1,024 451
AP Puslie Utlity 116,908 119,092 125338 129,191 134,020 138,195 ARIX} Puslic Utiity 553,530 570,647 563,040 552,162 576,809 594,400
ot A — 3941 381 4410 4464 5424 5290 Ch i 22,882 22258 23766 24950 30,968 30,200
2l 120848 122913 129748 133685 139443 143485 EL] 576,412 592,905 586,806 577,112 607,768 624,600
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(1,58 1MW) €5 CHNP

UHLH SAHm) | 8 kw)| =Xt
=

[ -

(=1 ¥ 74.5 108,000 | &
= 28.8 62,280  Ft=&t
o| 15.9 48000  FtEat
St 2 My 26.2 140,100 1=
HAE Zhet 118 120,000 ==
A 155 82,000 IEZHA|A
. A 4= 640 35,000 HH
g et
— A%Z 110 200,000 EZHA|A
i_=_ ) . == 575 412,000 E2HA|A
aon CHA 47.5 90,000 I2A|A
W ots 57 90,000 e
W T gﬁ% 2 95 100,000 ZZHA|A
3 e o5} 48.4 50,000 IZ2tA|A
FTOV I :; e Z=of 69.2 22500 IBHA|A
" et 25 147 22100 IEFA|A
24 986,600[kW]
<EETREAS <BIERABN> Bt 1,581,980[kW]
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' vnﬁh ‘7--".,

H

=l 600,000 Fuji-Hitachi
T 600,000 580 Alstom
Oof| A 800,000 449 Alstom
S 600,000 348 GE
A 700,000 427 Alstom
Y 400,000 473 Fuji
%Y 1,000,000 819 Alstom

ICHNP

oo
=

4,700,000 [kW]
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20234 XY

4 o ol

300x%x2 300x2

350x%2 250x4 300x2 400x%2
WIS A2 6:19 6:00 7:30 9:06 9:24 8:52 8:10
| 0 S K (m) 498.5 3479 589.0 429.5 819.0 3475 484.2
U B (%) 72.3 76.3 76.5 78.7 80.0 81.6 84.2
TSA7 '80.1 '85.12 '95.5 '01.12 '06.8 '06.12 11.12
SAHH|(Y#) 680 1,532 2,997 6,228 8,344 4,256 7,470

O F7I Al=l(67 EF L, 3.60GW)

MEUWEEA)
M = 1.800MW A= =H =AM 370 67|(7HRHE)  2030~20344 =F
HAEF=H 5 1,700MW o 2~370A 4~67|(0)) 20364E =2 o™
2 A 8,300MW

Z|CH 13704 287
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ICHN#~
[%]
25
24

High Load

4

BEP
[%]

49
24

[%]
25
24

[%]

Low Part Load Part Load
24

SNL
[%]

10

Start-up
[212/2]

.-
7|&

» around BEP
high load

m part load

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

2}o]| [}E 4AdH| &4k Seidel, 2014)

0.2

0.1

0.0




Fost 2 =4 €2 ICHNP

2HEY H| 1

(Low part load)

1

1

1

1

HEH-JHS 1
1

1

-

TETO MAX O|s} 2%

7((;)3- o X X1 AN S KX

AI‘EH BEP= 1 -'—|—'— 2F0 ol
I n[L=kC K% o I
I T O MAEH o|AF 2F I
I_-----(nghlo-ag)- ------ o -:?-_I--l-o---: --------------------- -I

FAESERH 235} XHEHA| Governor O|2hs HENOIA =Xt2| 2| ™%
(Runaway condition) Lot HEME (S E>HASE)
‘- ————————————————————————————————————————————————— -
i 7| &/78 % = '
Al = 71 7= S MAFMHX i

: (Start/Stop) o | |o, |o3 oo o | :
[ o

e o_-load rejection) _ _ _ _ e i

SH T 2 SpACH £2 2 5 HAAZOZ A STHEQ(TH 710| = ¢

(Total load rejection) X
FE5I2H As O/AHA SEfOM HoaE5E 2[TS5 2 &El(Stand

(SNL: Speed-no-load) by) - Governor®ls &

PAVZY|



F) Effect of Flexible operation €3 ICHND

Operation components

" runners
Increase of = shafts :
. . ) reducing
vibration, = wicket gates . .
. the fatigue life
dynamic stress = headcovers
_ Frequent = headcover bolts
Turbine , ,
starts/stops = guide bearings
= thrust bearings reducing
Increasing wear = shear pins the maintenance
= Brakes interval
= wicket gate bushings
: = rotors
increased
e = stators :
vibrations, L reducing
. » end windings . .
dynamic stresses, _ _ . g the fatigue life
thermal stresses >PIder arm>
Generator 'Mcreased = support brackets

cyclin
R » guide bearings

= thrust bearings
= generator cooling
systems

22/41

increasing
the probability of
insulation failure

Increasing wear



F) Effect of Flexible operation €3 ICHND

peration components

= gates and valves

= associated studs

= bolts, shafts reducing

= actuators the fatigue life
» penstocks

» penstock rivets

Low-load,
intermediate

-load
HX
717]

Frequent
starts/stops

Increase of
Pressure pulsations,
vibrations,

dynamic stresses

Increasing wear

Increase of
vibrations

Increase of
vibrations, dynamic
stresses, thermal

stresses

= gates

reducing the life time
= valves

reducing the life of
instrumentation,
controls

= [nstrumentation
= controls

Reducing the life of
circuit breakers,
Switchgear,
Transformers

= Circuit breakers
= Switchgear
= transformers




Amplitude

Strain

F3 Strain on blade according to Loadsiby bouiaig3 icHNe

180MW
160MW 160MW Rotation
140MW 140MW
S
SS1 120MW L20MW S
' 3
B L
M g ~
S54 N ‘
!
L ‘I L
SS2 -
o
100MW n
SS3 8OMW 3
60MW a
50MW £
40MW o
oMW O
SNL
msziMW 20MW
10MW
9000 10000 11000 12000 13000 14000 15000 16000 17000 18000
Time [s]

Trailing Edge | _Shroud | __Hub___

SS1 SS2, SS3, S54
PS1, PS2 PS3, PS4

Suction Side

Pressure Side
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