UNIVERSITE
PERPIGNAN A

o=l Centrales solaires et stockage de
chaleur

GROUPE

INSA

\\\\\\\\\\\ PARTENAIRE

Régis OLIVES
olives@univ-perp.fr

Laboratoire Procédés Matériaux Energie Solaire -



Introduction
Stockage d’énergie
Centrales solaires et stockage thermique

Conclusion




Introduction :

Gestion de I'énergie

Energie de stock/énergie de flux

Vecteur énergétique :

st
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=» Production centralisée/décentralisée
=» Stockage
=» Transport : réseau et infrastructure
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.,f:;f Stockage d’énergie :
W
Les différents modes de stockage
~

stockage stockage
mécanique électrique
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Stockage massif de I’énergie électrique :

Capacité installée dans le monde (MW)

B pumped hydro storage

183800 MW

W thermal storage

N electro-chemical

N electro-mechanical
B hydrogen storage

m liquid air energy storage
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Centrale solaire a concentrateurs cylindro-paraboliques d'Andasol 1,2 et 3 (Espagne)
~ 150 MW, 180 GWh
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Centrales solaires a concentration d’Andasol
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Centrales solaires a concentration

Parabole Stirling Centrale a tour
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: Centrale a concentrateurs
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Ressource solaire

Direct Normal Irradiation (DNI)
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Centrales solaires a concentration :

Puissances installées

CANADA-1MW EUROE - 96 MW
°

T SPAIN - 2304 MW az.

. ‘ R . CHINA- 1034 MW
MENA - 1280 MW
Y INDIA - zoo MW 51 . 520
MEXICO - 14 MW MOROCCO - 530 MW .
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SOUTH AF -700 25
CHILE - 1210 MW RICA - 700 MW 150.
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Centrales solaires et stockage :

Centrale solaire de Thémis (1983-1986), Targasonne, France
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champ solaire récepteur stockage

Capacité de stockage : 40 000 kWhy,
550 t de sel fondu (mélange de nitrite et nitrate de sodium et de potassium)
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Centrales solaires et stockage :

Exemple de la centrale d'Andasol (Espagne)

¢ Puissance (MW)
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Centrales solaires et stockage :

Exemple des centrales d'Andasol et de Gemasolar (Espagne)
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Fonctionnalités du stockage

Production différée :

Irradiation normale directe (W m?) Puissance (MW)
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Autres technologies de stockage pour
centrales solaires

PS10, Séville
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Impacts environnementaux des centrales solaires :

Contenu CO, de |'électricité produite
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Capital Cost (%)

Répartition des colits
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Solar tower

Aspect économique des centrales solaires :

Colit de I'électricité produite : ~0,10 €/kWh

V2774 Other Components

of Solar Plant

B Power Block

B HTF, receiver
B Solar Field
Il Ficld Preparations
and Engineering




Aspect économique du stockage :

Répartition des colits
Colit du stockage : 20-50 €/kWh

Balance of
o= Pumps system
4 4% 99
£
L
L Heat
o exchangers salt
- 13% 49%
[ Foundation
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Perspectives du solaire a concentration

5000
4500 - m EU + Turkey
A000 | Pacific

- 3500 |- B China _

g’ - Bl Central Asia
g g 3000 1 B South America
= > 2500 m Middle East

1 £ 2000 | m India

1500 | M Africa
| M North America

~1 000 GW

2020
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2030

International
Energy Agency

2040 2050

9 a 21 Mt/an de nitrates ! (production mondiale 0,8 Mt/an)

Disponibilité de la matiere premiere




Autres technologies de stockage pour
centrales solaires
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steam generator

Autres technologies de stockage pour

centrales solaires
receiver

" thermal
storage

heliostats
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Stockage de type thermocline

charge décharge

47 fluide chaud ——
! réservoir thermocline
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Matériaux de stockage

Inertage et valorisation de déchets

Déchets Amiantés (ACW) :

174 Mt d’amiante utilisées au XXeme sjeécle dans le monde
250 000 t/an d’ACW produites in France

Cendres volantes d'incinérateur (MSWTI Fly Ashes) :
UE(15) : 1,6 Mt/an

UIOM : 3a5% des MSW

Cendres volantes (Coal Fly Ashes) :
750 Mt/an Mondial

UE(15) 42 Mt/an

Metallurgical slag :
> 411 Mt/an Mondial

............



Analyse de cycle de vie et

empreinte écologique du stockage

Temps de retour énergétique : < 1an

Impact CO, : TES <5 gCO,/kWh (centrale : 20-30 gCO,/kWh)
Valorisation de déchets : utilisation d'une matiére premiere « secondaire »

Eco-toxicité fabrication

mat. prem.

S

distribution

—

déchets

>

utilisation
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Le stockage thermique parmi les autres
technologies

1GW

100 MW

10 MW

BEV Battery Electric Vehicle
CAES Compressed Air ES

Al ¥ s any 4 DLC Double Layer Capacitor
FES Flywheel ES
H2 hydrogen storage
issiwid LA Lead Acid Batteolppry

Li-lon Li-lon Battery

Na$ Sodium Sulphur Battery

PHS Pumped Hydro Storage

RFBE Redox Flow Battery

SIMES SUperconduct. Magnetic ES
TES Thermal ES

10 kw

1 kw

I | |
Olkwh 1kwh 10kwh 100kwh 1MWh 10MWh 100MWh 1 Gwh  10Gwh 100 GWh
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En conclusion

Direct Normal Irradiation (DNI)

Trre

receiver

thermal
storage
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Sankey diagram - Solar

Steam

Generator Turbine
8.3% Generator
51.7 GWh Intemal Load
. 27 6%
171.5 GWh
2]
Solar Field
48%
298.1 GWh
UNIVERSITE
Sup’€nR

To

Grid
16.1%
100 GWn

Rendement d’une centrale solaire a
concentration avec ou sans stockage

Sankey diagram - Solar + storage

Solar Field
A8% Turbine
219.7 GWh Generator
Salt mmr Internal Load
Storage .. 26.2%
e i M2y, 1SS0
19 GWh

Solar To

100% Gﬁd.‘

1078 8 G\Wh 158%
170 GWh

Steam
Generator
8.3%

51.7 GWh

Solar Fleld lnw Load
48% 27.6%
298 1 GWh 171.5 GWh




Cout de Pélectricité produite

Selected renewable energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances

Solar PV-Rooftop Residential
Solar PV-Rooftop C&I
Solar PV=Community

i
Solar PV-Crystalline Utility Scale

Renewable

in
Energy Solar PV=Thin Film Utility Scale

Solar Thermal Tower with Storage

sts0 [ s

s7+ I <175
s63 [N so+
531 [l s42
s29 [ $38
s126 [ §1s6

Geothermal sso [N 5101
wind sz [ 54 * 58610
Gas Peaking s151 I ¢
Nuclear @ 5295 s120 [ ;-
nventional ]

Coal sa10 & ses N $15°
5280 @44 [ 573 @ ses™

$0 $25 $50 $75

3
Gas Combined Cycle & 51270

$100 $125 $150

Levelized Cost ($/MWh)

$175 $200 $225 $250 $275

presentation, unksss otherwsa indcated, the analysis assumes 60% debl at 8% interest rale and 40% equity al 12% cost. Please sae?ags titled “Levelized Cost of Energy Companson—Sensitraty to Cost of Capital® for cost of capital
sansitvites. Thesa mﬂs are ot mlended Io represent any particular peography. Plaase see page litked “Solar PV versus Gas Pasking and Wind versus COGT—Global 5" for regional sensitnaties ko selacted lechnologeas

1 Undess othenstse indicsied herain, the low case represents a sangle-axis tracking system and the high case represents a foeed-tilt system

2) Reprasants the estmated $2,600 - 53 BT5%W

wnplied ‘mickpoint of the LCOE of offshora wind, assuming a capital cost rangs of appros
3) The fued cost assumglion for Lazand's global, unsubsidized Pnnlv‘r- for gers-fired gﬁnnnlm rm-\'m is $3 45MMBTU
14) Unierss olerarse indicated, the analysrs herein does not reflect de related capital or e potential economic impacts of federal lan guaraniees or ofher subsides
(5 Ripresents he midpoint of th marginal cost of operating MN dwroc-aled s cammd cvuo coal and nucear lnulmm l'vdlﬂw.' of deCOMMMSSicnng costs for nuckear Taclities. Analysis assums that sﬁua&e e Tof @ docommissioned gas combined
ool or conl Asset 15 0 5 der g and si costs. Inputs am d rating gas combmad cycks, coal and nuckar assats aorss. e U S Capacity faciors, fual, vanable and fixed oparating expenses ar

vl from
based on upper- and lower - quartile estimales dorved I'run- L,uz,md: reseach Ploase see pagk illed “Levilized Cost of Emlqy Comparison—Rerdwable Energy versus Margingl Cost of Selkeclad Existing Conventional Gerrabion” for additonal detais

(6} High end incomporates 50% carbon caplure and storage. Dois nol inchude cost of ransportation and Slorage.

n Represants tha LCOE r!mmmwnmrmwwm\m CYCH Nputs usang A 20% bland of Blua” Nydrogan, (1.e, hydogan producad fom & Sieam-maethana refonmern, using natural gs as @ feedsiock, Mnd SaqUestenng tha resulting CO., in & neartry
saline aquiler). Mo plant modiications are assumed beyond & 2% adustment bo (e plan’s heal rabe. The comesponding fusl cosl is $5 2J0/MMBTL.

) Ropresents the LCOE of the sbserved hgh casn gas combined cycla mputs using a 20% bland of *Green” hydrogen, (Lo, hydrogen produced from an elecirolyzer powared by & mix of wind and solar gonoeration and stored in a noary sall cavern). No plant
modifications are sssumed beyond a 2% adjustment o the plant's heal rate. The comesponding fuel cost is $10 05/MAMBETL
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