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Type n
Project / Karmgy(NOR) | Agugadoura(Po) Fukushima(JP) Sakiyama(JP) Kitakyushu(JP)
First Operation 2009 2011 2013 2015 2016 2015 2018
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OFFSHORE CLUSTER MANAGEMENT

Cluster I - German Bight all the way up to Heligoland
Cluster Il - North of the German Wadden Sea
Cluster li - Dutch North Sea

® subsea services WDBA?F' T
@ Other offshore services W,, i =
1 Ha
/ I
- ! , | o

m Other wind farms,
‘which could be included
in the cluster

@ Service centre
il Survey vessel

Deutsche Windtechnik

,/f “ WESTERMEERWIND Wants to divide the North
Yy Sea into three clusters and
synchronize its services
within each of the clusters.

59| T EEA F82H I, 19 AT g gFE e
vdae F8 A 1

53] el Adol vz gl AT 2A AYAUAE S FolM o8&
T A= Ho dA=xHe 2 o drt AAAT A= AAAL] =d A=
ojlal, 2L VHte R st TS FAHCE B FFe Eﬂé}f =
o &kAZFA AT ZHY oAl F ¢ &L, PIHE Un & F e AAA

| 2osttt. vhA] shF opel &k %%‘ﬁol 28 [ 7= ““10}—@ dd<= 4
A HA, AFAAEA 2o @4 Adsta Aok s fFH=7les vl
B, $259 &2 5ol A= dde A st An 252 AU A =

AFWse) e, BLE e UAT BRI AR Yok
O dEg YT £ UKY (E91: MW)
L3
Axez 4,117 5,415 7,046 8,724 12,167 14,483 18,814
O A=H HNEY M7 HXEY (Sl Mw)

=
Mx| 2 1,298 1,631 1,637 3,443 2,316 4,331

X =X : GWEC Global Wind Statistics 2017 (2018.2)
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O A7t S4B =X X8 (52 Mw)
m]

I 201644 2t 20174 AlF 20174 2t x|
gd= 5,156 1,680 6,836
=9 4,108 1,247 5,355
== 1,627 1,161 2,788
Eor3a 1,271 0 1,271

HEeE 1,118 0 1,118
47| of 712 165 877
ik 202 0 202
e 99 0 99
mate 32 60 92
g 60 5 65

Cietal= 35 3 38
o= 30 0 30

ofgac 25 0 25
Ch ot 0 8 8
A0l 5 0 5

w290 2 0 2
m2kA 0 2 2
= 14,483 4 331 18,814

X =KX : GWEC Global Wind Statistics 2017 (2018.2)
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Giving effect to the announced closings and the license expirations of existing nuclear plants, we can then track the probable
arc of large nuclear plant operations in the U.S. between now and 2055, when the operating license of Unit 2 of Tennessee
Valley Authority's Watts Bar plant expires. Assuming no license extensions, that's when today's fleet will disappear. By our
calculations, today's 99 units could be halved by 2034, hence our somewhat facetious but sobering statistic of a half-life for
U.S. nuclear of 17 years. First, let's look at the growth of the fleet, which peaked at 112 operating units in 1990.

The future curve of operating plants currently looks like the graph below, which we calculated based on announced closures
and current operating license expirations. We've included the two new Vogtle units in 2021 and 2022, which are considered
the most likely in-service years as of Georgia Power Co.'s most recent filings. License expirations probably portray a
negative bias on potential closures, as there are three applications for initial license extensions still actively being pursued
and five more initial renewal requests still expected. A few of those are utility plants. All of them are also potentially eligible
for a second round of 20-year extensions, too, which could be relevant to the utility plants in particular.

Interestingly, the curve almost exactly mirrors from today the 30-odd year upward curve of chart 2. While this shows both
utility and merchant nuclear plants for sake of completeness, the utility plant curve would look fairly similar, perhaps a bit
more back-end loaded since the final eight license expirations are utility plants. And as noted above, the utility plants are
probably better candidates for another round of license extensions because they are not as responsive to power market trends
and offer fuel diversity and carbon-free emissions to utilities and their ratepayers.

At &P, RUSASH

S&P7I- ZII.*O-I-Q- E-T'—A-II DI% -?—l_'lﬁ E-I|=_ rl'ﬂiHEEI 7A-I susnza®

<3>
£1S15t= T dof| A x| 4k, HE0|HX[Rl0] 2t 7] of2{¢
I_IQI‘OI': xH o X I_I-EI' Ii (=) X -L'IO et/ = T susnza®
S EHYY 25 Y= HE A ol0jE A
= S UNV|o| it ChelY LT 5t 4 104 o4 |X|E A
= EfQITe CHkMAIOZ OISt BE 71240 &2t WS 80| AS0Z WHATL 812
28 YH7|o| ciEst S EjYE 28 7HA
(/W)
im 1100
& 1,000
: 0900
0.800
0.700
0.600
0.500
0.400
0.300
0.200
0.100
h 3 0.000 T
‘ScottishPower Renewables' East Anglia THREE Offshore Windfarm 12.01 13.01 14.01 15.01 16.01 17.01 18.01
A MREE, QUENSY Xt&: PV Insight, REEXIS
<4>

44 2018 ORISR 3Rt H7|EY OfLXIES} DA KMZS SISt ILARIMA FHEEer



Mol x| ojo| agE mi2E| =, = of CHEX|?

|

in

0=, 7 33, A= S FRAF 3, B 7L 28| = WSHE| o|o] =&
- B} E{YTL SR B WHEDE ROPKIBIA 448 710 Chetsisla Slof
= 0l0] ghof AEL ST S2 O} BA0) TS Ol YHED} At +aXE0| 7} O 44

=l L =g g
* FU A UR] EVPL 2R 52 OlfE 1) FARE2R UM S| YMTL &1 2) tin2 YX| 447F0| ML YT CiH 22 §

0/3 S BelT YHEDL 81 20| 0] EQBYUT BSIY YHED} 2t 20
(LCOE (LCOE
S/MWh) Winc LCOE Range $/MWh) Crystalline Utility=Scale solar LCOE Range
250 Wind LCOE Mean 450 —— Cystalline Utility—Scale solar LCOE Mean
400
200 350
169 = ~= o
~——— . 300
148 . 81Zk67% stk
150 250
200
100
150
50 100
50
- 0 - . . . \
2009 2010 2011 2012 2013 2014 2015 2016 2017 2009 2010 2011 2012 2013 2014 2015 2016 2017
X}2: LAZARD, SRIERIE Xt&E: LAZARD, RAUEREH

N§ﬂ€

<5>
X2 FE, MY X7 e
Ex 2 o2 X o L1 X]7 =] | susnza®
EEE WY LZ] SAX M B Sof
* EiYE S S MWYHX £8 F71Z ot AX2| FE0| pMAE U ATRE LXi2| A Y Hof
* 0|52 X2 o7y EOf KAHMOlLAR| FHE Aot B
M RH ol x| SRR 2 0|50 YHYUE SR
@ (@
4,500,000 1 4.172,000 400,000 373,807
4,000,000 350,000
00,000
8900, 3,055,000 300,000
3,000,000
250,000
2,500,000
200,000
2,000,000 1,804,000
1,500,000 166,900
L 1,148,000 100,000 101,738 88,242 86,035
1,000,000 ’ 65,554 68,176
38,463
£00:000 127,000 M 12,840
Solar Wind Bio Hydro Others Solar Wind Bio Gas Hydro Nuclear Qil Coal  Others
Xp2:REN2L, SEEXSH Xt&: USEER RAIEXIEH
<6>

EZER Green Revolution

45




CHetEl=o| Uxta] EA, o x| ezt X o] Ro{F o k... .

ugnza®
A FRo| MLz HAA Yol EH 2 0[XE EXiE| T
= TMA L HHI8 B B HIF 2% &, 22 WYX AR of 142HH0|2 2-> CiolRl= e 202HY 2 &(0fof
= S JAOIHX] LA2| 5= 1AZHHOf 23t
CHEHEIS HAIAl U 4| 8% 5 H|F 2% $F(20174) U TS| X] ARt 142HF0] E2H2016' 7| F)
L @
17(GW)
2% 25,000
22,355
20,000
15,000 13,823 14,412
12,014
10,000
5,000
M A
6,356(GW)
98% .
PR T ARY SR UHAY HE/EE F01Y AMYEE/FIIY
RE: AL, QUSRS H XE: SAHE USRS
<7>
Mgt 2 Ml % Xtoz siA
O'IIL:IxI dgl_l- T k"r I;IjlxI‘AI O—E %!'I_I- susnsa®
H7|Atzo| Mgt L] KoM U2 22 Yo ZHE A
= 20251 22 TI|XHH|F 10% Ol 4, HiEf2] 742 Sl2fo 2 0|F S7t £ & O 7hEatE A
= 7K RE5 LS| 2HAF CHE| 40~50% =7, =L AHSAFL 23Xt HRA} UXt2| = 22 oY
= MU ABLEQ, HIE 2| 2 YR2| SO 2 CfH|sOF —~ I |A} o FEOK £ neEisof
22 HI|% B 53 LHet7| 2 Ktk R IRt B4 @
(o) S Zanid 18
LELERFER 17H 3008HcH 0|4 Foy )
&l
12,000,000 FE| 35,000 +
A oF 384
10,000,000 REMAPISRA Y CAGR31% 30,000
Mercedes 10&2| #?
IR N A S
8,000,000 L* 25,000 -
3 "1zt o REofH %
,rl 20,000 -
6,000,000 TESLA Model 3 ,/’
B i 15,000 -
4,000,000 1 G Bol -~ o 1o17
EQ ‘ 10,000
2,000,000 5,000 A
N . 0
2016 2017 2018F 2019F 2020F 2021F 2022F 2023F 2024F 2025F Ujedola FRIE
Xp&: BV Sales, Inside BV, SR EXIS AE: EEE, QUEXSH
<8>

46 20184 OL{RPHBIE 3xb A7|HY O AXITSt} OIMHK| K2 5t OILIRIAIA FHELLOH




NEE‘

I'lXHOI olml A E= I-O_I EOl = -" M4 ml
o =1— EI_I'O';Ij—EET o — T'_'I (== E-Q- fus
oux|HEe RER A &0 FReks M2 YK ...
- AUBlo) e 2XZI0| JATE QUL R FHO A, AU MYME st £ B S0z 45 L2
= 2o} EHUR REC QI3 Ofmt= 0|41 F7|K 64 M7 ¥E SOl o
QB AR, Ol0f REC 913t 3t ZHQH W FEDSL, NI £ OlmE WK ST BA 9B 2%

. EREHy I AL EH AT gio] MX|SH HM7|A £HI|B BE
MUSHTERT HUOLT HHET BN BB U2 Holo@7 S e xﬂ;ﬂ!ﬁg N S oot B
32 XE2H0I2SRR), YO} Y 50| HISE S43E el A0 SHHIOILl DI nt B| Bo| BN BO|E A I S RE oD HAE
X SEASMHREQ7HSX] ZHOE WENUC BYOF BCH= QRS J—TQH _n.._a}.0| F{RCt 280 2EL E20| X| et
AL Tl 189 A2 9T CIHO|SE HEE BN A0 22 JIRZLBOA RaEA ATHE o 22H2 B3 2Ty Worg oD,

O|DBHRPS)TIE HAE 98t BHEIZ JIHLT. 08 ZHS|= 22 RECHE
230l AFH
e ZHxCh

X 2Ot &= Sl FOIQUCE ST 0LAX[S T W2
LA Ol 21169 Z 9000{ 0| A3l S A|ZHOM RS

H M8

O[T & HAEI7] Ale F7IKOs

229 AA0 WEH FER

HL 23 OfutE FApEte| H7|A
B2 of5] S5 0] SHTBHE AT CRAO|, A|E-2AT AT SOI A
SEOITI SIASTL(H H)sof BHte ,

=H7|7

XEe W

THRIFE YMRCHs HIEOILH

bE2EFY

SEFHYO| A7t £ 40|
A0 cfyol2tn gAFCE H7|RSAe
Mg FApElg dX|ghe Yo7t AT} ChES|0lo|

2 M7 cholets HolTk 0jof AELE NS &K gl

RPSHIE 74 Q178018 BES RS A KPMG HBE "H %t 5 2
g 243 2y FRle8d § YH-8HS HS 12g) XS7hsE x| XL HHE TEZE pia| AjsEo)|
L] 4ol JEx| HHE0) SAE SSUCFD RECHIER HHyuee Suac drn M ey T
didog R

S| THAOLT3000[ A2 S e Y EA S BHOLK TS g stl23
SEMD, H7|BOCHa B & AR JfH HUOHTIE NS HA- b s B e s
N3t BO JFA|E ZHUCIT WL RECHSAIE ofaE=, 0l0k) SHIIS DS R AIT3 B O] SRS
02 HO|20j~ £2 1 HTHE ool A% ZAGHL t0[©-T| 8- 2lokik s sy Tl 33 e o2
) BRI OLI T HE A S R(ESS)S o1 ZHAUCH = 20RO e[S o B n e e e ey

<ig =ofc

A ARRE, RUSXSH

<9>

ool M2t 2=

Az AR,

3 chgoln H|xt2tn ofel7t & -r SICH D &

A M3 OF b 1 grch

SEEAFH

QlFto|Ch

=0 sl gt

£ ANEE2

2y 7E sof st

£E 22 o|yx|HE,

ZAMI740 Yxf2| A

I- OoF

o

L

SEENEE‘

ChSk, OfAjof B2 3{m 2 Xf2/0)2

MHI Vestas, Offshore Wind A/S, the world’s second-biggest
offshore wind turbine maker, is planning to use Taiwan as a hub to
assemble and export turbines as it aims to extend its footprint in
Asia.

Taiwan has emerged as a hot spot for offshore wind as President Tsai
Ing-Wen works to phase out nuclear energy while adding 25 gigawatts
of renewable energy by 2025. The island is seeking to increase offshore
wind capacity to 5.5 gigawatts over the same time frame, from just 8
megawatts.

“For us, Taiwan will be an excellent platform for export to Southeast
Asia” because of Taiwan’s push for offshore wind power and the
proximity to markets such as Vietnam, said Philippe Kavafyan, chief
executive officer for the venture between Mitsubishi Heavy Industries
Ltd. of Japan and Denmark’s Vestas Wind Systems A/S, in an interview
in Tokyo on June 29.
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