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Molten Salt Towers

Basic Operation:
1. Cold Salts are pumped at 290°C up to the solar receiver.

2. Molten salts flow through the panels of the receiver,
reaching 565°C

3. Hot salt flows back down to the Steam Generation System
through the hot salt storage tank

4. The cold salts are directed back to the cold tank, while the
superheated steam at 550°C runs the steam turbine

565 ° C o Q

Hot Salt Cold Salt 290°C
Storage Tank Storage Tank

- S ———

Steam Generator

Conventional
EPGS

B m T B P

lff o ‘ : Advantages:

rf" - u * Molten salt is heated up to 565°C in the receiver at very low
‘Q ) ' pressure

'~ ' The high temperature salt exchanges thermal energy with

Y

water and steam in a steam generator to produce
superheated steam at 550°C

Possibility of storage, fully dispatchable power, capable for
24h operation

ABENGOA



I Molten Salt Towers

Solar Part: Basic Operation:
[ Transitory ] * Due to storage system, the plant
,- ) B - | operation can be divided in solar and
{ Hold l .| Preheating Hansition, | Normal | ~~ / I Drainage electric power generation parts.

« The solar part is formed by the solar
field and the solar receiver where the
energy is collected and absorbed by the
molten salts.

 In Hold mode auxiliary steam is
generated.

000 h 200 h FO0h TJ20h 16200 h 16:45h 1800k 1370h 24100 h

» The preheating of the SGS needs to be

Electric Generation Part:
performed carefully.

e Steam
Hold -' Preheating . Pgi?ag‘:ir:g

* Due to the TES, the turbine operation is

Normal S not directly related with the solar part
» operation. (TES as buffer).

4 ABENGOA



Molten Salt Towers

Conceptual design adapted to electricity demand:

Base Load

« Almost 24 hours of
production
e large storage

« Molten Salt Tower
with 13 hours of
molten salt storage

| ] Solar
Energy Shifter Radiation
[ CSP plant
generation
Production
aligned with solar
+ production in
the evening peak
Medium storage
g Solar
Radiation
Molten S.alt O CSP plant
Tower with 4-6 generation
hours of molten
salt storage Electricity
demand
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Abengoa Towers know how

R&D Towers Commercial Towers
ABENGOA



Technology Evolution

Saturated Steam Superheated Steam:
IKhi Solar One
PS10:624 hel,
’ b Eureka Pilot
Plant

CRS Sales
Pilot Plant

PS10 PS20 IKhi Solar One CSP Atacama 1

Number of heliostats 624 1255 4120 10600 Molten Salts: CSP
Tower height (m) 115 165 200 250 Atacama 1
Nominal turbine power 10 20 50 110
(MWwe)
Mean net yearly 20 40 200 800
production (GWhe/y)
Steam pressure (bar) 40 40 115 130
Steam cycle efficiency (%) <30% <30% Around 38% Around 43%
Thermal Storage Capacity <1h <1h <3 h 17,5h
(h)

7 ABENGOA



components.
Design and

construction _
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I E&C on main Components for MST

Solar Field Efficiency

Auxiliary Solar
Boiler \ Receiver

\YElla
components

Cooling \ Thermal
System [ Storage

\ 4

Solar
Steam
Generator
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| CRS Demo Plant (Study case): Molten Salt Pilot Plant
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Main features:

5 MW th Molten Salt receiver, engineered by Abengoa
Operation in real temperatures: 290 to 565°C

Solar field: 88 electro-mechanical heliostats Sanlucar120; 60 m
tower height

Demonstration of continuous operation, evaluation of
performance and efficiency.

More than 3600 hours of successful operation from 2012 to 2014

ABENGOA
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Solar Field

Solar Field Efficiency

Incident
solar

Atmosph_ec:‘c
Ay

Qb0
SO0
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Blocking loss
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.........

Shadowing
loss

Heliostat

Cosine
loss

Reflectivity
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Molten Salt Solar Receiver

L.l
Ipixel(0,0)=22 °C Tipo Imagen Rango Colores

Guardando secuencia imagenes 4 sl \—J G ——‘
] ] O Calibracién en frio utlizada
= Distributed solar flux not to overheat = A— agen|  [11/12/2013 16:28:18
the receiver. “ermperatira receptor
" Tu beS su bjected to thermomechan ical Panel Este N-2 Panel Este N-1 Panel Oeste N-1 Panel Oeste N-2
358 396 435 439 405 414 350 307
reqUH'ementS 246 297 300 347 349 377 348 381 335 361 284 351 292 315 247 274
. 120 452 473 478 433 446 381 357
= High alloy Steel chosen due to better 313 SOL g H2L |55 441 1ge 439557 201541 398[555 3655 320
. . 404 450 474 477 432 441 385 360
Stablllty at hlgh T. e 341 s 382 s 415 L 415 = 413 5 388 — 360 — 328

e

= |R Cameras installed to operate the
receiver within allowable limits.
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Molten Salt Systems-Tanks

Figure 65: Temperature Distribution in the Tank & Foundation at the End 60 Days

. o T T AT
R: Tank Pre-Heat Anabysis (AHSYS) R A )
Tempara o
Type Temperalire -
Linit: "F

Time: 5124000
BIZ3ZM 0316 FN

630075 Max
a7a. a1
a13.a7F

450 34
3B7.2

334 08
260.92
1897 79

134 B4
T1.5 Kin

« (Carbon Steel (Cold salts) and stainless steel (Hot salts) atmospheric tanks.

« Same concept that Solana, Kaxu and Xina.

« Designed following the American Petroleum Institute standards (APl 650) and checked with
ASME code..

« Thermal losses evaluation

13 ABENGOA



| Performance Model: STOMP

A

@ Untitledl X ’I)i Untitlied 10utputs X @ Untitled? X @ Untitled3 X -’I)i Untitled30Outputs X

Operation Year

Select operation year 1 -

Variables

Search variables...

1 -
ABENGOA Starting. ..
U e | Main Outputs
U mm | Meteo Data
v
Unchecked all

 In-house Performance Model capable of optimizing and calculating all STE Technologies electric production with

detall

 Verified with real data and audited by many LTA

= Main Outputs Gross Electric Production
Meteo Data.Direct Normal Irradiation

Main Outputs Online Net Electric Production

1200

25 T T T T

MWhe

- 1000

— 800

— 600

- 400

- 200

17-jun 12:00

A ]

18-jun 12:00
TimeLine

* Internal optimizer for the design process with different operation strategies.

14

19-jun 12:00

W/m?2
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Tower

« Tower designed to assemble the receiver at ground
level.

e Continuous construction of the concrete tower

ABENGOA



I CSP Atacama 1
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Under construction
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