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Les stockages
thermodynamiques

A 1¢¢ partie : Compressed Air Energy
Storage (CAES)

A 2éme partie : Stockage Electricité par
Pompage Thermique (SEPT)

Jacques Ruer 7 IDEES T 9 février 2015
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Les stockages di
thermodynamiques

ASyst mes de stockage
un gaz qui subit des changements de
pression, de volume et de température
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La thermodynami qgue: CoOest tr

A Chauffer un corps solide demande de

| 6®nergie calorifique
AUn corps chaud reste ¢
iIsolé thermiqguement

AComprimer un gaz deman

meécanique

ALa d®tente doédun gaz peu |
AUn gaz so6®chauffe | orsaqh o ol
A Un gaz se refroidit quand il est détendu en A mettre oot
fournissant un travail externe les poches!

AUn gaz circulant au con 2
plus chaude que | ui so0®

A Lathermodynamique est la science qui
sO0i nt®resse ~ tout <cecl



ﬁ? Saijpem

GGGGG

CAES : compressed air energy storage

A Electricité utilisée pour
compri mer de

I A Air comprimé stocké
‘ " M% dans de grands
pressure réservoirs souterrains

A Electricité restituée en
d®t endant | C
DEPLETED GAS RESERVOIR _T | CO m pri m é

Compressed Air Energy Storage




ﬁ? Saijpem

GGGGG

Simple CAES Process

Total efficiency:
54%

Natural gaz m Turbin® o rid
| =

Compressor

Wind power plant
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Table: Specifications of the Huntorf CAES

plant
output
» turbine operation 290 MW (< 3 hrs)
» compressor operation | 60 MW (<12 hrs)
natural gas s air flow rates
» turbine operation 417 kg/s
» compressor operation 108 kg/s
air mass flow ratio in/out 1/4
number of air caverns 2
air cavern volumes (single) =140 000 m3
=170 000 m3
total cavern volume ~ 7310 000 m3
cavern location — top =650 m
- bottom =800m
maximum diameter =60m
X _ well spacing 220 m
lf.\\ cavern pressures
' . » minimum permissible 1 bar
i @ » minimum operational 20 bar
(exceptional)
» minimum operational 43 bar
(regular)
A > maximum permissible 70 bar
Y & operational
maximum pressure reduc- 15 bar/h
tion rate
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2"d Generation CAES process with
Recuperator

compressor 1 Comy
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Alabama Compressed Air Energy Storage Plant Peak Power 110 MW

26 hre of continuous Power Genearation; Haat rata is 4000 Bukwh
Off-Paak Powear 510w, Captsal Cost SS00%kW

http://www.espcinc.com/
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g?nevression Power Production
. . 722 MW

50.9 MW LP Compressar  14.9% Efficiency 553y 1 b Exnander
45.4 MW HP Compressor 33.4 MW HP Expander

Air

1500 kp's
1.01 bar

Alr Flow to Storage Stored Alr Outiet Flow
150.0 kg's 150.0 ks
90.00 bar 75.00 bar
363.4 C 80.0C
CAES - Adiabatic http://www.espcinc.com/
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Advanced Adiabatic CAES

ambient air l ‘

compressor  motor/generator

expansion
turbine

storage



ADELE T Charge Cycle
Adiabatic Compressed Air Energy Storage for
Electricity Supply
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Air intake Air outlet

Compressor outlet:
T a4620°C

Q

ofs

e

Thot_end é 6°Z0
Thermal Energy Storage
reduced Tcold_end =50°C

interstage cooling

. o
Tcompressed air- <50°C

Cavern

Loading of the storage

Minimisation of interstage cooling during air compression,
Compression heat is stored for later usage
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GGGGG Adiabatic Compressed Air Energy Storage for
Electricity Supply

Air intake Air outlet

Q
@ Expansion turbine

) Air inlet: 590 °C

(0

-

Thermal Energy Storage

Total efficiency:
app. 70%

Cavern

Discharge of the storage

The thermal energy storage heats up the compressed air that is expanded
In a turbine without combustion of natural gas
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VORWEG GEHEN &~ @ 4 > i ZENTNE | mum

ES DLR
2008 2009 2010 2011 2012 m»

feasibility study > development programmeADELE> demo phase >

Development Programme Adiabatic Compressed Air Energy Storage
A 200 MW compressor power, approx. 250 MW turbine power _’El-@
Aapprox. 1 é2 GWh €apafciultly l(oad hour—=,
Project Partners:

A RWE Power (coordination), GE Oil & Gas and GRC, DLR,
Zublin, OIH, ESK

Budget

Abudget app. 10 mil. 4,
funding announced by BMWi

Status
A project started in 12/2009

Goal: Solve all remaining technical / economical issues, design a first-of-its-kind
demo plant, develop the technology up t

0)


http://www.oomsittnerhof.de/
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Expected Design Conditions for the TES [250 MW layout]
——En3BuW

Design criteria of the Thermal Energy Storage (TES) from today’'s
perspective:

* operating temperature range up to 620°C

* large operating pressure range up to about 80 bar

* design as pressure vessel with armed concrete shell

“ isolation between hot inventory and pressure concrete shell

" system for condensate drainage

Computational Fluid Dynamics Analysis using
.Syrthes™ and

.Code_Saturne” 4 =
in cooperation with

Source: Ed. Zublin

* high thermal power and storage capacity
* small pressure drop and heat losses

small derivation of output temperature during TES
discharge

* long-live materials at high T, P and moisture
* breakthrough of particles into the turbine
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Wie man Energie aus Luft gewinnt - 19/09/2014

A Das Problem: Adele kommt nicht voran. Zwar haben die Vorarbeiten,
an denen unter anderem auch das Institut flr Technische
Thermodynamik des Deutschen Zentrums fir Luft und Raumfahrt
(DLR) teilgenommen hat, eine grundséatzliche technische
Machbarkeit bescheinigt.

A Doch deuten die gewonnenen Erkenntnisse, so ein Sprecher des
RWE-Konzerns, darauf hin, dass ein solches Speicherverfahren
unter den derzeitigen Pramissen nicht wirtschaftlich ist. Das Projekt
liegt damit faktisch auf Eis.

LE PROJET ADELE EST ABANDONNE

http://www.welt.de/wissenschaft/article132414967/Wie-man-Energie-aus-L uft-
gewinnt.html
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B Sep Projet USA

APG&E 300MW i 10 heures - 2020

Compressed Air Energy Storage
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PRESSURE
MOTOR COMPRESSOR  TURBINES GENERATOR

DEPLETED GAS RESERVOIR




% Qallraima

UNDERGROUND
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Pressures vs depth
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Pressures vs depth
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i Sepem Ocean CAES




