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Disclaimer: Except where noted, this presentation is based on the non-confidential version of the report on the causes leading to
the blackout on April 28" 2025, issued by the Government of Spain: Version no confidencial del informe del comité para el anélisis
de las circunstancias que concurrieron en la crisis de electricidad del 28 de abril de 2025

The statements made and opinions expressed in this talk are those of the author and do not represent his employer’s (University of Seville)



The stage — Spain’s electrical system
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The stage — Spain’s electrical system

Centrales eléctricas (2024)
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elordenmundial.com Autor: Alvaro Merino (2025) | Fuente: Global Power-Plait Data
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® Gas
@ Petréleo
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@ Otras (residuos o biomasa)

El sistema eléctrico ibérico
Cableado y conexiones (2024)

Autor: Alvaro Merino (2025) | Fuente: ENTSO-e (2024)
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The crime scene - a total loss of power
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27075 - (%) 50000 -

Export - Andorra 8 0%

Export - Morocco s o April 281 2025, 12:33 h

Export - Portugal 2818 0(%)

Export - France 778 0 oo

Battery storage (+) ) s

Pumped hydro (+) 29 008(%)

Nuclear 3392 992(%) 30000

Coal 228 0e7(®)

Combined cycle 1657 484(%) f 000

Steam turbine 116 034(%) E

Diesel 262 077(%) -

Gas turbine 86  025(%) E

CHP / MSW WO S

Hydro 3206 937 (%) L 10000

Wind 3645 10,65 (%) 8

Solar PV 18283  5344(%) 5000

Solar thermal (CSP) 1505  44(%)

RR.EE. Thermal 77 e ’

Pumped hydro (-) 3036 0(%) s

Battery (-) 8 0%

Import - France %) -10000

Import - Portugal %)

Import - Morocco ) =R S0%0 o & & & % o T 2 1s 4

Source: Red Eléctrica Espariola
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INTRO

Just another day at the office



The calm before the storm
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System getting
ready to back-up
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The calm before the storm

Output [MW)

Vandellés (1967) Nuclear
Asco (1984) Nuclear
Almaraz (1973) Nuclear
Cartagena (2004) CCGT
Arcos de la Frontera (2005) CCGT
Sagunto (2007) CCGT
Villaseca de la Sagra (2005) CCGT
As Pontes (2008) CCGT

Planned for dynamic voltage control (technical restrictions)

Source: L. Tecleme,, 2025/7/24, Los nombres de las centrales involucradas en el apagén (y

que el Gobierno oculté), Diario Red
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Quick notes on active/reactive power and voltage control ﬁg

1505

. Motors 4 | . )
e Transformers » Reactive power is needed by consumers
S  Reactance It must be generated
Q <  Power generator overload
b ) . Condensers * |tincreases transmlssmnl Io§ses.
' D . HV lines * Overload of transmission lines
It makes an impact on voltage
P . Vv
Power factor: cos ¢ = ~ g J
Q Q
Power generator % ¢
(active and reactive) P

A i C Power consumer
(active and reactive)

Power generator Power generator
(active) 5 —> (reactive) Q Z/} q
¢
; 8

P
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Quick notes on active/reactive power and voltage control ﬁg
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(4. Motors
e Transformers
S < » Reactance
Q
¢ 5 - Condensers
P  HVlines
. Vv

P
Power factor: cos ¢p = 3

4 )

/- Synchronous \ / Condenser \

* Produce/consume reactive power » Produces reactive power » Features

« Can control voltage actively * Increases voltage (static) « Consume reactive power

 Asynchronous « Reactance (proportional to 2)

 Consume reactive power « Consumes reactive power * Active voltage control

 Cannot control voltage » Decreases voltage (static)
N VAN AN Y

GENERATOR CONDENSER/REACTANCE TRANSFORMERS
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Quick notes on active/reactive power and voltage control

Power factor: cos ¢p = S

A
Consumed
Ql 0=x-1?

Generated:
Q=B-V?

f

A

Motors
Transformers
Reactance

Condensers
HV lines

Consumed

> |

Breakeven

Generated
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K Highly loaded \

« Consume reactive power
» Reactance-like
 Lightly loaded
» Produce reactive power
» Condenser-like
 Aboveground/underground
» Underground produce more
reactive power (at given V)
« \Voltage
 Higher voltage produce more
reactive power (for given length)
» Load
 Lower voltage produce less
reactive power (for given length

and load)

o /

LINE / CIRCUIT
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The analysis - Five phases identified %&g

-------------------------------------------------------------------------------------------------------------------------------------------------------------
. o
* -

* *

PO - Volt . Prev E
e [mesn, | COVERED TODAY

P1- System  From: 12:00 (28)
oscillations « To:12:30 (28)

generation (OV) « To:12:33:18 (28)

[ P2 - Loss of  From: 12:32:00 (28) J

P3 - Collapse down | « From: 12:33:18 (28)
to V=0 « To:12:33:30 (28)

.
.
""""
-------------------------------------------------------------------------------------------------------------------------------------------------------------

P4 — Supply From: 12:33:30 (28)
recovered « To: 14:36 (29) 1

OBIERNO
E ESPANA
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PHASE 0O

That which Is seen, and that which
IS not seen (Frederic Bastiat)



Phase 0 — Previous days
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- Export to Portugal (1650 MW) ceased
Extreme imi
440 - Upper limit - PV ramp-down:
actions 435 kV _ . .
—_— Y = == A ——— == . - Itis usually ~500 MW/min at that time of the day
e, Coordination ~ / f* Waming oo - Grid balance control triggers additional 750 MW down
(¢b) H ‘ O GUILLENA 400 kV
actions | o
g 40— o e — = iyl at 19:00.
o \ \ ®RUB| 400 kV H H
= (IR ——TV AT ALEIRE 055 s o - Large plants unavailable in the center of the country
410 B oM 1 PRIy = - In 1 minute, several transmission lines in this region come
Y ‘\’.v' ) .
400 ~ online:
1845 1850 1855 1900 1905 1910 1915 - From overloaded and consuming reactive power

- To underloaded, acting as condensers

Voltage at selected nodes (April 22n)

- Small share of synchronous power providing continuous
(dynamic) voltage control
- PV + Wind amounts to 59.2%
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Phase 0 — Previous days @é‘
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410 - Series of events take place at 18:00:
> 405 - Total export power increases to 1675 MW
(O
§ - Energy exported to France is raised to 1220 MW

PV generation is 900 MW...
... against 340 MW planned for that time of the day

Lower limit
380 kV
17:50 17-55 18:00 BN 18:05 1810 Much larger load on the grid - lower voltage

395

Voltage at selected nodes (April 24™)
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Phase 0 — Morning of April 28" (before 10:30 h) %—
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440 - ' '
430 3
422 Warning 420 kV - " ' .E_L'-’,Y;.;"-‘.;if‘il
420 : W\ “‘ — “ X r a5 L @ GUILLENA 400 kV
L . y IR TR ATl ER! 100
g 4 A -uw ‘ , Y. ‘ UL Y W MESO! 400 kV
= 410 . Y vy I | TV
= : AL o T S N T Y ." n TRETEY TN " U 0 1 H1 / @ss reves 400 kv
400 , i \ A v 1\ ® VIC 400 kV
390 \
BAU AV 1 ,
< le—— | | Let's take a closer look
| | 2
00:00 02:00 04:00 06:00 08:00 10:00 12:00

Voltage at selected nodes in the morning of April 281"

- Voltage instabilities start at 06:00
- Export of electricity to France drops by 1000 MW (planned)

- 06.00 - 08:00 Voltage drop due to demand increase = increased load of grid (planned)
15



Phase 0 — Morning of April 28" (after 10:30 h)
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Zone South Zone Center-East

09:00 10:00 11:00 +2:00 09:00 10:00 11:00 12:00

Larger voltage
: —~ instabilities from
\ @ MORATA 400 kV 1 0:30
@SS REYES 400 kv
[ U
09:00 10:00 11:00 12:00
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PHASE 1

Not just another day at the office
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Phase 1 — Morning of April 28t (10:30 — 12:00 h) @@

@
Labels reports time and 11:06 / 11kV
(peak-to-peak) amplitude | \
_ 11:23 / 6kV
0549 10:30 14KV P
\/.3543 0852 \/u@;sg 10:30 ‘ / 3 |

Phase 0 | Phase 1

Moderate voltage oscillations at 0.2 (red) and 0.6 (green) Herzs
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Phase 1 — Morning of April 28" (12:03 h)

4 minutos 42 segundos
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50.04 -
50.02 i
2 50.00 l
8 49.98 '
o
2 49.96 | |
49.94 I : :‘:“g“
4992 I E \J?Efz:xmt
I 4 minutes and 42 seconds >l
420 I 4 I
D410 —
g 400 Hl' '”'l""'!"mlrm 'I'IHIH‘"’HW ""' '“'"Hm i nn"HHl"lllHllH| llhl ! M un'””"””[ mm“"
S | e | r-2
= 390 H il lmlll (4 A A
380 I ,, , l l [ I Fre
370 Trer = 428/ 254! 1 : :nf:\;u
| o | |
12.03 Large oscillations at 0.6 Hz trigger at 12.03
* Power oscillations at 12:03 » Damped in 4 min and 42 sec
* w oscillations amplitude: 70 mHz * Registered in France and Germany

 V drops below 380 kV (lower limit)

19



Phase 1 — Morning of April 28" (12:03 h)

ACTIONS

12:07 Energy exported to France decreased to 1000 MW (12:07 — 13:00)
Increased damping capacity of Spanish grid (safety margin)

12:07 Three additional 400 kV circuits come online
Enhanced reliability and increased damping capacity

12:11 Two additional 400 kV circuits come online
Enhanced reliability and increased damping capacity

12:11 HVDC connection France-Spain starts to work as plain DC, rather

than emulated AC

12:15 REE asks REN to reduce energy exported to Portugal:
REE asks REN to reduce this to 2000 MW (-1000 MW)

- After negotiation, it is agreed to reduce to 2500 MW until 13:00 and to

2000 MW later

\

J
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Voltage oscillations
mitigated

>

Lower load on grid
Additional gridlines

< >

Voltage increases

20



Phase 1 — Morning of April 28" (12:19 h)
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¥ | ‘ “ ‘ ‘ J i.:'\' :‘fﬂl‘rm
| w J <375 kV1 i
‘ ’ g
i 17° 7540 Bhé 137 1:70 B =
|
50.10 |
<%50.05 : | LA h | "”
o L - illati 2 Hz
% 5000 . Al w” ‘ | " 'W ." N ‘i"” M ,, “ ‘ ih Frequency and voltage o§C|IIat|on at0.2
3 G ' [l ' ' | bk | V - AtAlmaraz (marked), AV is 24 kV (peak-to-peak)
L 49,95 1 | =3 -
- Pattern is known across Europe

|
49.90 |
SRS ZOQTHZ 222 3 min 30 sec - >

12:19
21



Phase 1 — Morning of April 28" (12:19 h) @@NNERSW

ACTIONS

1505

12:19 Energy exported to France decreased to 1000 MW (12:07 — 14:00)
- Period is extended to 14:00
12:15 REE asks REN to reduce energy exported to Portugal:
- Reduction to 2000 MW to become effective at 12:30
12:21 /12:25 Two additional 400 kV circuits come online
12:26 REE seeks a Thermal Power Station in the South which can start immediately

- Fastest power plant able to come online in 1h 30 min (hot start)
- This group shut down at 9:00
- Itis agreed to come online at 14:00
- This power station never synchronized (blackout at 12:33)
12:XX A plant operator reports (TSO) it might need to go offline due to oscillations
- TSO agrees to have another thermal power station coming online at 15:00
- This never materialized

22



Phase 1 — Morning of April 28" (12:19 h)
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\')
" Zone South Zone Center-East ‘
—————————— — L
o
) 420 == == = - \_ — o — _j . @ ESCATRON 2400 kv GJ420 ) ectensiatuvdisivaisd : ) LT TP, PRSHs f .‘.:‘-R._:‘«:'A_kt'«:.v?' kv
O) @®GuUE (@)} @ VORALEJA 400 kV
g ‘:Q/\L"\ : ' ; @ HERNANI 400 kv g %5 4 @ MORATA 400 kv
o A4 [@)
= @ MAGALL ~= 400 @55 Ry
w0 AN ——— o
380 '
380 378
12:00 12:10 12:20 30 12:00 12:10 12:20 12:30
Zone Center
460 Strong voltage oscillations at 12:05 and 12:30
440 - Same time as frequency oscillations
GJ |
(@)]
%420———— Ag * )
> \'/‘\y/ .';.-‘z-.';-.; D &

380 |
12:00 12:10 12:20 12:30 23



Phase 1 — Morning of April 28" (12:19 - 12:30 h)

- 12:04 - 12:05 REE takes four shunt reactors offline at critical nodes with low voltage
- 3400 kV + 1220 kV shunt reactors (reactance)
- 1217 - 12:24 REE performs the same action (since voltage dropped again at 12:16)
- 3400 kV + 1220 kV shunt reactors (reactance) — in addition to the previous ones
- 12:26 — 12:28 Generalized trend towards higher voltages = shunt reactors come online
again
- 4400 kV + 1 220 kV shunt reactors (reactance)

e

No voltage excursions beyond the upper and ! | -
lower limits observed from 12:00 to 12:30 X ol 41 2 g

24
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Phase 1 — Morning of April 28t (12:30 h) %—

- Voltage:
- At 12:30, voltage oscillations have been damped Before moving on: what was the
- Voltage between 400 and 420 kV situation at this stage?
- Frequency
- ~30Hz
- Low damping 35000 30558
- Energy exported reduced to 1000 MW (France & Portugal) 28000
- Connection to France in DC mode 21000
- Generation - Demand 10;2%’ 1% 4% 1;‘222 9936
- Demand is 25184 MW -
- Pumped hydro 2978 MW 0

April 21st  April 28th
Overvoltage warnings registered
at control centers (before 12:00)

Source: A. Garcia et al., 2025, Analysis of the events leading to
= RREE = Nuclear Gas = Coal CHP/MSW the loss of power on April 281 2025, Report produced b25

Source: D. Sanchez, based on data from REE Compass-Lexecon and INESCTEC
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PHASE 2

Everyone has a plan until they get
punched in the face (Mike Tyson)



Phase 2 — Morning of April 28" (12:32:00 - 12:33:18 h)

D) 12:32

- Linear and QUICK voltage increase at this time
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- Values registered at substations:
- Olmedilla: 413 —428 kVin 57 s
- Arroyo: 411- 424 kVin 57 s

27




Phase 2 — Morning of April 28" (12:32:00 - 12:33:18 h)

UNIVERSIDAD

b SEVILLA
1505

X
.

2000

Il
1500 - J\/wm\/\/ V./“V\V\N\ T Fo .
1000 S Y N 1
500 V\AN — | "

O N R TRy S INT_FRA 474.578 MW /\‘
00 p-France h i s S —
2400 - Linear and QUICK voltage increase

2200
2000 T em— T T | S— - Energy exported to France starts to decrease

1800 NS { | o
1600  Portugal : (to enhance damping of voltage oscillations)

”,_'_\,1“:9 720324 MW '7V7“”""”“”””"7VV‘;”_ """""""""""""""""" INT MARR
7 — AL /A LINT MARR 626 555
800 NS \A WAVA V. S aVAVAAVAN /\ B TINT-MNGRR29.1335 MY
\

W AW IA N = v v
600 i ——

400 _ Morocco | ;

6000
4000

2000 TOTAL =t k\\w "n

12:30:00 123130 12:32.00 12:32:57
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Phase 2 — Morning of April 28t (12:32:00 - 12:33:18 h) ﬁi’

BN LT T T 12:32

12:32:05 12:32:29

12:32:09 216 12:32:45 0.6 - Linear and QUICK voltage increase

12:32:09 5.9 12:32:49 13.3

12:32:09 48 12:32:49 11 - Energy exported to France starts to decrease
12:32:09 2.9 12:32:53 11.9

19:30:5 192 19:30:53 20.0 - Loss of generation capacity starts

12:32:25 3.4 12:32:53 4.8

12:32:29 22.4 12:32:53 10.0

12:32:29 55.6 12:32:53 6.0

In 24 seconds, this small-scale power was lost
525 MW (2%) | 317 MW DG<1MW (60%)

29



Phase 2 — Morning of April 28" (12:32:00 - 12:33:18 h)
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o A | 12:32:57 140
e (O 12:32557
e g e S M - Loss of generation capacity starts
S St B el s, - Substation in SE trips
el R Al - 355 MWe active power
i o “ - 165 MVAr reactive power absorbed
A i - Trip triggered by overvoltage at SUT (400/220) at
= P * P Capacity (668 MW) a power plant connected to this substation

‘ - Energy exported to France further reduced by 450 MW
- Frequency drops and recovers in 3 s

- Voltage increases beyond 430 kV at critical nodes but

. does not exceed 435 kV
= Wind = PV = CSP
Source: D. Sanchez, based on data from REE NOTE: On May 5, The Government a [Sgp(?ove dto

increase the capacity of this substation by 200 MW



Phase 2 — Morning of April 28 (12:32:00 - 12:33:18 h) e
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Source: D. Sanchez




Parque eolico dolar.
3 aerog. N:10

Parque Eolico
Ferreira llI'/Aerog

Parque eolico
ferreirall/aerogiNz1

AW

@ Parque €olico

Parque eolico dolar, Hueneja 3/A06

> 2 Il aerog n319 @ 4
B Parque eol @ @ i Parque eolico
aerogiN:1

hue‘ne]a |Il aerog n
Parque eolico dolar i

. )
3/aerogiN316 N Parque eolico
¢ R neja lll'aerog n;8

Acceso gruas parque @
eolico hueneja Il

Parque eolico @ Parque edlico
dolar,| aerog n313 Hueneja'lll

@ Parqueeolico
Dolar 1 aerog: N9

Ll Subestacion eléctrica
{HUenejalUnnamed|Roady

RS

Las Hortizuelz @
Hueneja'’Agrupa
Parque eolico @

dolar | aerog n*2 Parque Eolico
Dolar |

Parque eolico
o Dolar,| aerog n*16

Source: D. Sanchez
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Phase 2 — Morning of April 28" (12:32:00 - 12:33:18 h)
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Centrales eléctricas (2024) Glica
Arguably having caused the large voltage e . n
oscillations at 12:03 and 12:19 (REE) e
(@:“"\G’ = zrrééio : - ]
X ;; . 2 , ® R , o 8 \A ) . . . H
' " ] g : - Two substations trip in the SW of Spain

- 12:33:16.460 & 12:33:17.520
- Substations connected to PV plants
- Total loss of power is 730 MW (582 + 118)
- Due to loss of power, frequency drops 55 mHz
- Frequency oscillation damped, but 50 Hz not
recovered
- Energy IMPORTED from France - 895 MW
- Voltage increases again (same as previous power

-~ loss at 12:32:57)
ECM ‘ - Cascaded trips of small RREE plants between
e T B ssttor: Alvaro Merino (2025) | Fuente: Global Power. Plait DAtabase = 1 2331 6820 and 1 2331 7547
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Phase 2 — Morning of April 28t (12:32:00 - 12:33:18 h) %—

(1)12:33:16.460

49.98 Loss of power | |
49.96 @ 12:33:16. 460\ Loss of power | ._.'

40.94 e @ 12:33:17.780 B
49.92 T W |

4990 B TARALIT BAYS TARALIT F
49 . 88 B TOMAADROBAYS.OMA4DROF
49,86 | M- AZE SN

Frequency [Hz]

49.84 12 Shatn i
4982 LRTE TAVELF
4980 W RTESAUCATS.F

110% | ® v7abaLT Bavs TABALITV_AM
W ASVACISRIEAYS ASVAC ISRV _AM
108% | = 1:omatpRo BAYs.OMAIDRO Y AM
106%, | @ CRMMTIESAS CRMITEY AN
0
104%
102% — —
i e e
100% Taze = 12033 P

15s 16's 17s 18's 19s 20s 21s 34

Voltage [rel]
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(1) 12:33:17.780

- 12:37:17.780 Large power loss (550 MW) at a
substation in the S of Spain = RR.EE. node
- Cascaded trips follow
- 12:33:17.975 PV in W (220 KV line reported to
be running at 240.98 kV)
- 12:33:18.020 PV in W (220 KV line reported to
be running at 239.38 kV)
- Due to loss of power, frequency drops 75 mHz
- This frequency oscillation CANNOT be damped
- Energy IMPORTED from France = 1510 MW
- Voltage keeps increasing at several 400 kV nodes

Phase 2 — Morning of April 28" (12:32:00 - 12:33:18 h) %{A

Centrales eléctricas (2024)

35



Phase 2 — Morning of April 28" (12:32:00 — 12:33:18 h)
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CACERES

BADAJOZ\°

HUE"VA\® - @/_J_Z:L/GRANADA

SEV,,_,_A/@ ©®VANTRIPSP2 |

% - Share of synchronous power

Adapted from: A. Garcia et al., 2025, Analysis of the events leading to the loss of
power on April 28" 2025, Report produced by Compass-Lexecon and INESCTEC

B |

desconexibnes Grarjada

12:32:57,140 12:33:16,460 12:33:16,820  12:33:17,520 12:33:17,780 12:33:18,020 36



PHASE 3

| can't believe this is happening to me. The weirdest
thing is it was just a dream, and now it's actually real
(Carrie Underwood)
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Phase 3 — Morning of April 28t (12:33:18 - 12:33:30 h) %—

Asrvy (1)12:33:17.780

- From 12:33:18.102, power plants start to trip due to
overvoltage > voltage registered
- 12:33:18.102 247.6 kV (+12.5%)
- 12:33:18.380 443.8 KV (+11%)
- This exceeds the overvoltage that power generators
are legally forced to withstand
- Chain reaction is triggered (see map on the left)
- 12:33:19.296 Due to loss of power, frequency drop
accelerates (high negative slope)
- 12:33:19.620 Loss of synchronism Spain-France
- 12:33:20.240 Pumped hydro stations trip

38



Phase 3 — Morning of April 28" (12:33:18 — 12:33:30 h)

Power lines [MW]

Power Total Net [MW]

6000

s 1N\

F>s —1 )/ |

12:32:57.140

l 12:33:19.620
12:32:16.460
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Q12 33:23.960

12:33:19.620 Interconnection Spain - France:
The interconnection is running at full load
AC 4609 MW France - Spain
- HVDC 802 MW Spain - France
Large phase shift between France & Spain
Loss of synchronism France - Spain
12:33:20.520 Maximum energy exported to France
(5587 MW)
12:33:21.407 after second wave (export/import
shift) substations managing AC interconnections
with France start to trip
12:33:23.960 HVDC connection ceases op%rgtion
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- 12:33:20.180 Frequency drops to 49.48 Hz (below 1¢t

pumping load shedding threshold - 49.50 Hz) 1 2 . 33 . 29 74 1

- Tripping of power plants due to overvoltage continues : : -

(255.3 kV registered in 220 kV lines)

- 12:33:20.500 Frequency falls below 49.30 Hz (2"
pumping load shedding threshold) > 588 MW go
offline automatically

- 12:33:20.600 Frequency falls below 49.00 Hz (15t load
shedding threshold -LST-)

- Some 400 KV lines registered running at 456 kV

- 12:33:20.800 All pumped hydro offline (2037 MW)

- 12:33:20.760 Frequency falls below 48.8 Hz (2" LST)

- 12:33:21.000 Frequency falls below 48.6 Hz (3 LST)

- 12:33:21.380 Frequency falls below 48.40 Hz (4t LST)

- 12:33:21.820 Frequency falls below 48.20 Hz (5t LST)

Phase 3 — Morning of April 28t (12:33:18 — 12:33:30 h) ﬁg

12:33:22.040 Frequency falls below 48.00 Hz (6" and last LST)
Tripping of plants continues: some 400 kV lines registered
running at 485 kV

12:33:23.400 frequency has fallen below the threshold that
power generation systems must legally tolerate
12:33:23.515 Frequency falls to 46.15 Hz

12:33:23.590 Frequency falls to 45.89 Hz

12:33:29.741 Last group trips =2 V=0
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WRAP-UP

SHE CANNOT SINK,
SAYS OFFICIAL OF
WHITE STAR LINE

“Absolutely No Fear Is Enter-

tained for the Safety of
the Passengers.”

Owners Say Great
Vessel Is Unsinkable

New York, Apﬂl 15.—The White
Star officials, after a conference last-
ing more than an hour, today, issued
an officlal statement in which they
stated that the great liner was un-
sinkable and that there was no rea-
son to belleve that she either had or
could founder. They declared that
the interruption of wireless com-
munication was not significant of
danger. The statement was signed by
Vice-President P. A. 8. Franklin and
was as follows:

“While we are not in direct com-
munication with the Titanic, we are
perfectly satisfled that the ship is un-
sinkable. That no more wireless
messages are coming from the ship
is not a sign of danger and may be
due to atmospheric conditions or
something like “hat. ¥

‘“We cannot state too strongly our
belief that the ship is unsinkable and
the passengers perfectly safe. We
figure that the ship is 1,080 miles
from New York and 600 miles from
Halifax. The Virginian is now on her
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@hye New York Tines.
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TITANIC SI} SINKS F OUR HOURS AFTER HITTING ICEBERG
866 RESCUED BY CARPATHIA, PROBABLY 1250 PERISH;
ISMAY SAFE MRS. AS TOR MA YBE NOTED NAMES MISSING

Col. Astor and Bride,

Isidor Straus and Wife, to the Bottom
and llajﬂu_nkbwd at 220 A M.
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Wrap-up and conclusions
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G20ce/so/1Le
G20ce/s0/6¢
G20ce/s0/L¢c
G20¢e/s0/5¢
Gcoce/soree
Gcoce/so/Le
G20c/Ss0/61
G20ce/S0/L)
G20ce/s0/S1
G20ce/so/el
G20c/s0/L L
G20¢/50/60
G20¢/s0/20
G20¢/Ss0/50
G20c2/S0/€0
G20c/s0/10
G20c/v0/6c
Geoc/vorLe
G20e/v0/se
Geoc/voree
Geoc/vo/ie
G20oc/v0/6l
G20oc/v0/L)
G20oc/vo/S)
G2oce/vorel
G2oc/vo/LlL
G20c/v0/60
G20oc/v0/.L0
G20c/v0/S0
G20c/v0/en
G20oc/v0/10

m Nuclear

mCCGT

Adapted from: A. Garcia et al., 2025, Analysis of the events leading to the loss of power on April 28" 2025, Report produced by Compass-Lexecon and INESCTEC
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Who turned off the light?
Storyboard of the total blackout in Spain

7" Thermal, Mechanical and Chemical Energy Storage Workshop
July 30t & 315t 2025 — San Antonio, TX

David Sanchez
University of Seville

UNIVERSIDAD

BN D SEVILLA
X 1505

Disclaimer: Except where noted, this presentation is based on the non-confidential version of the report on the causes leading to
the blackout on April 28" 2025, issued by the Government of Spain: Versioén no confidencial del informe del comité para el anélisis
de las circunstancias que concurrieron en la crisis de electricidad del 28 de abril de 2025
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Intro power grid in Spain: 2 slides

01:30 - Phase 2 11 slides
Intro to situation: 7 slides - 12:32 (Huénajar) 6 slides
Spot market and planning 1 slide - Nunez de Balboa 3 slides
Voltage-frequency control 3 slides - Sevilla 1 slide
Measures & organization 1 slide - Summary 1 slide
05:00 - 17:.00
Phase 0 4 slides - Phase 3 3 slides
- 20:00
Phase 1 8 slides - Wrap-up 2 slides
General & 12:03 3 slides
12:19 and wrap-up 5 slides
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