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DUTCH
RESPONSE TO THE

PARIS ACCORD
(ELECTRICITY)

i

cut 49% of all emissions (~100 MtCO2e)

K 84 TWhl/y from renewables




AT HAVE vs NEED
A 3.3 TWhly Offshore wind vs 49 TWhly
13 TWh/y Onshore RE vs 35 TWhly
SIZEABLE GAPS

llli CURRENT DEFICIT

i 68TWHIy

Iy 19~39GW




HIDDEN COSTS

Offshore Wind Problem

Offshore wind 2019 = | GW
Offshore wind 2023 = 4.5 GW

Overnight costs : 6,1 Billion Euro
Hidden Overnight costs : 4 Billion Euro

TOTAL CAPACITY 2030=11.5 GW

TOTAL COSTS BUILDING OFFSHORE
WIND = 30 BILLION EURO




* COSTS for BACKUP?
* COSTS for GRID EXPANSION?
- EVERYONE HAVING TO PARTICIPATE!?

- HOW?

* (cut your usage in accordance with the weather...)
* (buy solar panels...)

* (buy a battery...)

* (buy a BEV...)

* With what money???




- batterijen b . __________]| en fijksgronden (0.a. geluidswallen)
- waterstof

teitscentrales Slim faden
)y als reservecapaciteit - als de zon schijnt
- als het waait

Slimme netwerken Im- en export van duurzame stroom

samen energieprojecten




EVERYONE EXPECTS THEIR
NEIGHBOURS TO BAILTHEM
OUT WHEN WIND ISN’T
AVAILABLE




Misconception |
Misconception II
Misconception llI

Energy = Electricity
LCOE = System cost
Low LCOE means cheap electricity




EPR Taishan 1 Operational 3,350,000,000 1,660 08 60 13.1 785.8 302 329 360 395 432 473 516 563 04 04 0.5 0.5 06 06 07 07 024 026 028 031 034 037 041 044 237 259 283 310 339 371 406 442

Taishan 2 Operational 3,350,000,000 1,660 09 60 131 785.8 302 329 360 395 432 473 516 563 | 04 04 05 05 0.6 0.6 0.7 07 | 024 026 028 031 034 037 041 044 ] 237 259 283 310 339 371 406 442

Olkiluoto 3 Testing 8,500,000,000 1,600 09 60 126 7574 470 542 623 713 812 918 1033 1156| 0.6 07 08 0.9 10 12 13 15 037 043 049 056 064 072 081 091 ] 356 410 472 540 615 696 782 875

Under Construction = 12,400,000,000 1,600 08 60 126 7574 594 699 818 949 1093 1248 1415 1594 07 08 10 12 14 16 18 20 | 047 055 065 075 08 098 112 126|450 529 619 719 828 945 1072 1208

Under Construction = 13,020,000,000 1,630 03 60 129 7716 594 699 818 949 1093 1248 1415 1594| 08 0.9 11 12 14 16 18 21 | 047 | 055 065 075 086 098 112 126 | 458 539 631 | 732 843 | 963 1092 1230

Under Construction 0.9 60 12.9 771.6 594 699 818 949 1093 1248 1415 1594] 08 0.9 11 12 14 16 18 2.1 047 055 065 075 086 098 112 126 ) 458 539 631 732 843 963  109.2 1230

APR1400 Shin-Kori 3 Operational 03 60 106 636.7 282 304 329 357 387 419 454 492 03 03 03 04 04 04 05 05 ] 022 024 02 028 031 033 036 039|180 194 209 227 246 267 289 313

Shin-Kori 4 Testing 2,185,000,000 1345 08 60 10.6 636.7 282 304 329 357 387 419 454 492 03 03 03 04 04 04 05 05 022 024 02 028 031 033 036 039] 180 194 209 227 246 267 289 313

Under Construction  3,380,000,000 1,345 03 60 10.6 636.7 282 304 329 357 387 419 454 492 03 03 03 04 04 04 05 05 022 024 02 028 031 033 036 039] 180 194 209 227 246 267 289 313

Under Construction  3,380,000,000 1,345 0.9 60 106 636.7 282 304 329 357 387 419 454 492 03 03 03 04 04 04 05 05 ] 022 024 02 028 031 033 036 039|180 194 209 227 246 267 289 313

Shin-Hanul 1 Testing 2,680,000,000 1,345 09 60 10.6 636.7 301 328 358 392 429 469 512 558 | 03 03 04 04 05 05 05 06 | 024 026 028 031 034 037 040 044 ]| 192 209 228 250 | 273 | 299 | 326 355

Shin-Hanul 2 Under Construction  2,680,000,000 1,345 08 60 10.6 636.7 301 328 358 392 429 469 512 558 | 03 03 04 04 05 05 05 06 | 024 026 028 031 034 037 040 044 192 209 228 250 273 299 326 355

Barakah 1 Testing 5,477,500,000 1,345 4,072,491 09 60 106 636.7 407 462 524 593 669 751 838 932 | 04 05 0.6 0.6 07 08 0.9 10 | 032 036 041 047 053 059 066 074 259 294 334 378 426 478 | 534 594

Barakah 2 Under Construction  5,477,500,000 1,345 4,072,491 08 60 10.6 636.7 407 462 524 593 669 751 838 932 | 04 05 0.6 0.6 07 08 09 10 | 032 036 041 047 053 059 066 074 | 259 294 334 378 426 478 534 594

Barakah 3 Under Construction  5,477,500,000 1,345 4,072,491 08 60 10.6 636.7 407 462 524 593 669 751 838 932 | 04 05 0.6 0.6 07 [°X:] 03 10 | 032 036 041 047 053 059 066 074 259 294 334 378 426 478 534 594

Barakah 4 Under Construction  5,477,500,000 1,345 4,072,491 0.9 60 106 636.7 407 462 524 593 669 751 838 932 | 04 0.5 0.6 0.6 0.7 0.8 0.9 10 | 032 036 041 047 053 059 066 074 ] 259 294 334 378 426 478 534 594

AP1000 Sanmen 1 Operational 2,745,000,000 1,157 03 60 9.1 547.7 320 352 389 429 473 520 572 626 | 03 03 04 04 04 05 05 06 | 025 028 031 034 037 041 045 049 | 175 193 213 | 235 | 259 285 313 343

Sanmen 2 Operational 2,745,000,000 1,157 08 60 9.1 547.7 320 352 389 429 473 520 572 626 | 03 03 04 04 04 05 05 06 | 025 028 031 034 037 041 045 049|175 193 213 235 259 285 313 343

Haiyang 1 Operational 5,835,000,000 1,170 4,987,179 08 60 9.2 553.8 453 521 597 682 774 874 982 1097| 04 05 0.6 06 07 08 03 10 | 036 041 047 054 061 069 077 087 | 251 288 331 378 429 484 544 608

Haiyang 2 Operational 5,835,000,000 1,170 4,987,179 08 60 9.2 553.8 453 521 597 682 774 874 982 1097| 04 05 0.6 0.6 07 [°2:] 03 10 | 036 041 047 054 061 069 077 087 | 251 288 331 378 429 484 544 608

Vogtle 3 Under Construction = 11,225,000,000 1,117 08 60 711 847 1001 1171 1358 1559 1776 200.8| 0.6 07 09 10 12 14 16 18 | 056 067 079 092 107 123 140 158 | 376 448 529 619 718 824 939 1062
Vogtle 4 Under Construction  11,225,000,000 1,117 0.8 60 711 847 1001 1171 1358 1559 1776 200.8] 0.6 0.7 0.9 10 12 14 16 18 | 056 067 079 092 107 123 140 158 ) 376 448 529 619 718 824 939 1062]
BWRX300 Licensing 60 210 241 275 313 355 400 449 501|005 006 007 007 008 009 011 012017 019 022 025 028 032 035 039] 298 342 391 445 504 568 637 711 I
Geothermal Operational 344 380 419 461 507 554 604 656|001 001 001 001 001 001 002 002) 018 019 021 024 026 028 031 034]053 058 064 071 078 08 093 101 |

LCOE @ DISCOUNT RATE (€/MWh) annual costs (bin€) ANNUAL SYSTEM INCOME minus COST (bin€) Lifetime costs (bin€)
Status CAPEX (EURO) Nameplate CAPEX/MW Capacity Expected Annual Lifetime
Capacity (EURO) factor operationa output output

SOLAR (MwW) Ilifetime  (TWh) 3% 4% 5% 6% 7% 8% 9%  10% | 3% 4% 5% 6% 7% 8% 9%  10% | 3% 4% 5% 6% 7% 8% 9% 10% | 3% 4% 5% 6% 7% 8% 9%  10%

Villanuava Solar Under Construction 580,000,000 754 0.10 25 0.68 16.9 725 781 840 902 9.8 1035 1105 117.7| 005 005 006 006 007 007 007 008 | 006 007 008 008 009 009 010 011|122 132 142 152 163 175 18 199

Kurnool Ultra Mega Solar Park Operational 900,000,000 1,000 0.10 25 0.80 224 808 874 944 1017 1093 1172 1254 1338| 007 008 008 009 010 010 011 012 | 007 008 008 009 010 010 011 012 181 | 196 211 228 245 262 281 299

Kamuthi Solar Operational 606,000,000 648 0.10 25 0.58 145 831 899 972 1048 1127 1209 1294 1381 005 005 006 006 007 007 008 008 | 007 008 009 009 010 011 012 012] 121 130 141 152 163 175 188 200

Longyangxia Dam Solar Operational 821,000,000 840 0.10 25 0.75 188 858 930 1005 1084 1167 1253 1342 1433| 006 007 008 008 009 009 010 011|008 008 009 010 010 011 012 013|161 175 189 204 219 236 252 269

Pavagada Solar Park Partially Completed  1,960,000,000 2,000 0.10 25 179 448 860 932 1007 1087 1170 1256 1345 1436| 015 017 018 019 021 022 024 026|008 008 009 010 010 011 012 013 ] 38 417 451 487 524 562 602 643

Midway Solar Park Operational 232,000,000 236 0.10 25 0.21 53 862 934 1010 1089 1173 1259 1348 1440 002 002 002 002 002 003 003 003|008 008 009 010 010 011 012 013|046 049 053 058 062 067 071 076

Scaldia Operational 55,000,000 55 0.10 25 0.05 12 873 946 1023 1104 1189 1277 1368 146.1| 000 000 001 H 001 H 001 | 001 H 001 001 | 008 008 009 | 010 011 011 012 0i13] 011 | 012 | 013 014 015 016 | 017 | 018

Nikopol Solar Operational 205,000,000 200 0.10 25 0.18 45 889 964 1043 1126 1213 1303 1396 1492 002 002 002 002 002 002 002 003|008 009 009 010 011 012 012 013]| 040 043 047 050 054 058 062 067

Cixi Solar Farm Operational 232,000,000 200 0.10 25 0.18 45 873 946 1023 1104 1189 1277 1368 1461 002 002 002 002 002 002 002 003|008 008 009 010 011 011 012 013|039 042 046 049 053 057 061 065

GA 4 Solar Operational 123,000,000 100 0.10 25 0.09 22 1020 1110 1206 1305 1409 1518 1629 1744| 001 | 001 001 001 001 001 001 002 009 010 011 012 013 014 015 016 023 025 027 029 032 034 036 039

Benban Solar Park Partially Completed  3,570,000,000 1,650 | 010 25 148 36.9 1619 1778 1946 2122 2305 2495 2692 2894| 024 026 029 031 034 037 040 043015 016 017 019 021 022 024 026 | 598 657 719 784 | 851 922 994 1069

Operational 2,150,000,000 550 0.10 25 0.49 123 2740 3027 3330 3648 3979 4322 4677 5043] 013 015 016 018 020 021 023 025 025 027 030 033 036 039 042  045] 337 373 410 449 490 532 576 621

Topaz PV plant

Mean PV
Median PV

TIME FOR ANALYSIS



CAPITALCOST RANGE FORBUILDING 10 EPRUNITS
COMPAREDTO
CAPITALCOST RANGE FOR BUILDING EQUIVALENT VOLUME WIND & SOLAR

NUCLEAR
CAN gt

COMPETE —
32 m 115 Billion €




LCOE Ranges based on 3~10% discount rates for several technologies deployed in the
Netherlands.
(Haliade X assumptions : 1200€/kW 69%CF)
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HPC vs Wind

by CfD strike price

nuclear

W CfD

wind

D D including backup
by component (fossil w/CCS)

HPC vs Wind

excluding interest by social cost

nuclear

wind

nuclear wind
M Interest
M Backup
Decommissioning
M Operating and maintenance

M Construction

nuclear wind nuclear wind

M Social cost



ENERGY COMPANY +

Desalinated water

Electricity

District Heating

Process Heat

Ufuel in SNF out
TEMP
STORAGE

INDUSTRY

SYNFUEL

SNF in m Ufuel in

VALUABLES
EXTRACTION

END-STATE

MEDICAL & OTHER




CHASING THE DREAM




