7y L

w .w. UNIVERSIDAD ADOLFO IBANEZ
€—® FACULTAD DE INGENIERIA Y CIENCIAS

Thermal Storage (TES):
key technical and economic component in
Solar Thermal Plants

Professor
GUSTAVO CACERES

i

wceigre

COMITE CHILENO

Sexta Version Congreso Bienal Internacional Cigré 2013 "Variabilidad del
Costo del Suministro Eléctrico”



\
ﬁ UNIVERSIDAD ADOLFO IBANEZ y

CHILE 2ERC

5 | Surface ~ 756.000 km? s
o ;m Population ~ 16,6 millones

- s}gm P
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Chilean Economic Scope CHILE
Estimated Electricity Demand

Considering an annual GDP growth of 5%, in 2020 energy demand would
reach more than 23,000 MW. This would imply high average annual

increase of installed electricity capacity.
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Chilean Solar Potential 2
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Northern Chile has the best conditions of solar radiation in the world with a
potential estimated on 100,000 MW

 Average Normal Radiation of 7 kWh/m?/day

« On Atacama, radiation amounts to 3000 kWh/m2/year about 50% greater
than, for example, Seville

« Large tracts of flat land ideal for solar power plants
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Operation: In general, concentrating solar power
technology is based on the concept of
concentration of solar radiation to produce steam
or hot air, which can then be used in conventional
power plants. For concentration, most systems use
mirror due to its high reflectivity.
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« Sun provides the Earth in 1 hour more energy than the
demanded by the planet in 1 year.

 4types of technologies:
— PTC (71%)— SPT (12.9%)- LFC (12.9%) — PDS (3.2%) [12]
* Inthe world:
— 8.5 GW under planning or development
— 7.5 GW installed or under construction
« Spain has most of the installations
« 80% are PTC, followed by SPT [72]
— Installed capacity from CSP ranges from 0.25 to 354 MW
« Commonly equipped with fuel BS and TES
— 98% of energy stored in TES can be recovered
« Operation time extended up to 16 hrs. per day

 Working temperatures ranges from 93°C to 700°C (zhao, Tian,
[12])
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The most common technology Is
salt storage
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Thermal Energy Storage
In CSP Plants
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zentrale Heizung Flachkollektoren

Saisonaler

\Warmespeicher
Solarnetz

Solar Cooling & Heating Industrial Process Heat

Solar thermal power generation

Geothermal power Decentral CHP

Leistungszahl
corP>1

Indrekte Verdunstungskihler

¢ Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV. Folie 6 > Heat Storage — Workshop on Sustainable Energies — 14-15 January 2009 > Stefan Zunft

in der Helmholtz-Gemeinschaft
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« Sensible heat: storage energy by increasing temperature
In a single phase (solid or liquid phase)

« Latent heat: storage energy by phase change

 Thermochemical: heat from chemical reaction
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» Active Thermal Energy Storage

» Convection or circulation of fluid storage

» One or Two Tank Systems

a) Direct system: HTF is also the storage medium

b) Indirect system: HTF and storage medium are different

* Passive Thermal Energy Storage

» Not circulation of fluid storage
» One or more exchangers modules
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Solar fields TES 2 tanks Steam power block

Solar plant: charging TES




Solar fields TES 2 tanks Steam power block

Solar plant: discharging TES
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ANDASOL 1, 2, 3 (Aldeire, Granada, Espafa). DNI:

= Solar Field
510.120m?2
Parabolic
through
collectors

= Thermal
Storage for 7,5
hours with
molten salts

= Annual
production of
176 GWh,
with12% Gas

= Cost (EPC) =
260 M€/plant
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Active TES: 2-Tank Salt Storaae (Direct Svstem)

bt Sk Hak .
yt

Sohrheld
, Solar Steam Turbine
l — Superheater
lih /
Boiler — _‘
(optional) |

Condenser

—

usl

Steam
Generator

Salar
Preheater

= =

Low Pressure
Dezeratar Preheater

Solar
Reheater

= = = = H = H
= =
= = = = = = H =

Expansion
Vessel

= = = = = =




SERC
CHILE

SOLAR ENERGY

i
w

N
3]
Z
=
a2
2
- |
5]
a
<
a
<
a
;]
o
7]
=
z
-

FACULTAD DE INGENIERIA Y CIENCIAS

RESEARCH CENTER

GEMASOLAR (TORRESOL ENERGY)
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Active TES: 1-Tank Thermocline Storage i
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Passive TES: Concrete

Solar plant: HT concrete
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Scheme of a parabolic through plant, with concrete (or castable
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ceramics) storage system (Herrmann, 2006 High temperature concrete storage system (Tamme 2003)
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Preliminary ECONOMIC ANALISYS
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Otras 13% Preparacidn del terreno 4%

Componentes

de Planta 6% EEEEEE'}E
Bloque de
Potencia 17%
Sistema
del receptor

TES 9% {incluyendo torre) 18%

SPT

Costs of TES System

)

SERC

CHILE
Costes de Propietario 5%
Ingenieria 5%
Componentes de
Planta 7% Campo Solar 41%
Blogue de

Potencia 15%

TES 18%
sistemas HTF 9%

PTC
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Land

Item

Structures and Improvements

Collector System

Thermal Storage System

Heat Transport Fluid System
Electric Power Generation System
Master Control System

Total Field Cost

Engineering, Procurement, and Home Office
Construction Management and Field Procurement
Startup and Checkout

Contractor Fee (3 percent)

Total Overnight Construction Cost

$1.000 Contingency $1.000
2,671 0% 2,671
3,273 15% 3.763
513,420 5% 539,091
94,944 5% 99,691
60,173 10% 66,190
98,570 10% 108,428
2,270 15% 2,610
775,321 6% 822.445
12,750 15% 14,662
5,005 15% 5,756
2,296 15% 2,640
23,861 0% 23,861
43911 7% 46,919
819,232 6% 869,363

Estimate Summary 250 MWe Plant with 3 Hours of Thermal Storage .(Kelly 2005)

Table 2
Comparison for 50 MW,; CSP plants with TES.

H.L. Zhang®*, |. Baeyens ", |. Degréve ?, G. Cacéres ©
Eenewable and Sustainable Energy Reviews 22 (2013) 466-481
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Farameters

PTC with oil, without
storage and back-up

SPT with steam, without

storage and back-up

SPT with molten salt, TES storage
and back-up system

Mean gross efficiency (as % of direct radiation)
Mean net efficiency (%)

Specific power generation (kW h/m*-year)
Capacity factor (%)

Unitary investment (€/kW hy)

Levelized electncity cost (€/kW hy))

154

14

308
23-50
1.54
0.16-0.19

142

136

258

24

1.43
0.17-023

18.1

14

375
Upto 75
1.29

0.14-017
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) Horas equivalentes de Factor de

Tecnologia referencia / ano capacidad
Torre sales con almacenamiento del5h 6.450 73,63%
Cilindro parabdlico con 9h almacenamiento 4.000 45,66%
Cilindro parabolico con 7h almacenamiento 3.950 45,09%
Cilindro parabdlico con 4h almacenamiento 3.450 39,38%
Cilindro parabdlico sin almacenamiento 2.855 32,59%
Torre vapor saturado 2.750 31,39%
Fresnel 2.450 27,97%
Stirling 2.350 26,83%
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Economic analysis in USA

« Parabolic Trough Reference Plant
* Worley Parsons - C. Turchi, NREL (2010)

2010

Parabolic Trough CSP Characteristics
Capacity 100 (MWe)

TES 6.3 (hours)

TES size 1988 (MWth)
Capacity Factor A47%

Al s 426,717 (MWh)
generation

Life 30 (years)
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0 0
m3y 3% Site improvements

12% m Solar Field
HTF system
m Thermal energy
Storage
= 20% Power plant

m EPCM costs

10%
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* Total installed cost 8 (MMUSD/MWe)

. LCOE 180 (USD/MWh)
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Installed cost Capacilty factar OEM LCOE
(2010 USD/kW) &) (2010 USD/EWh) (2010 USD/kWh)

Parabolic trough

Mo storage 4 400 2010 25 0.14 fo 0.36
& haurs storage 7100 to 9 8OO A0 fo 53

0.02 1o 0.035
Solar tower
& ta 7.5 hours storage & 300 to 7 500 40 to 45 0.17 1o 0.29
12 fo 15 hours storage & 000 to 10 500 &5 fo 80

CSP costs and performance in 2011 (IRENA, June, 2012)
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Thermal Storage M
 LCOE $0.21 $0.07 Receiver/Heat Transfer

$0.20 Power Plant Il
» SunShot CSP o E
— lar Field ™
Program (DOE) E
__.‘I:‘__ $0.15 |- S S ... Qe
-
E - $0.02
o 20.04
O $0.10
-1
$0.05
S0.02
$0.02
30

System Solar FPower Receiver/ Thermal SunShot

Price (2010) | Field Plant Heat Storage Target
‘ Transfer
Cost Reductions
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Thermal Energy Storage (TES) is a key technical and
economic component for CSP Plants

« Can reduce the LCOE
 Improve Capacity Factor
« Give stability to electricity generation

* Is low carbon emitions and can replace currents
fossils back-up

31
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