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(2.2-1(0)) g ~UARALZ v b &I D FEDIR ST & 0 & U —BHTAR I KB
A&t 24 L. 1000°CLL Lo @i KBEEVAE 15 %, Gemasolar CSP 77 o b Tl 15 R D
M (565°C, 120MWth) ZA[REL 95 Z b, 24 Bl OBENMTHOR T2 — o
K 91T €SP 7'Z v MIH IR 22 miREE & oW BRI 2 BB L LT, Rt
WIZRDEB AT AP S, BIEFEEEZ ATV D,

(@)% K7 b7 7B KGEHFE (Andasol CSP plant) (b) &£ 2 7 —RIK[5EFE (Gemasolar CSP plant)

Steam turbine Hybridization

Heat
exchanger|

4 2.2-1 SR RGEAFEET T MIEK ((a) W2 ¥ 7 V27 A (Buis s &
AR R0 D) (D EHE2 X 7 VAT b (B & FHEYEIRAF L))

(2) WHAKGEIFEEITIIT 2 @il d Il

CSP 7' Z v bOFE R B3 ER M B a X "EIEEZ B LT, KE « BN « S50 38Tk
HARCSP 77 > FOBAIRNERE L TW5D, KE » =3/ F—4E13 2030 4£FE TIZ CSP = & |k
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HAES50/MWh Z $81F, IR 700°C & #8 2 5 BMREIARIZ LV CSP 7T » b OZh# % &, CSP
VAT AOAA NIEE BEE LTAFRBITE A D T 5 2 Bt R & LT RUAH
BERITIA Y U ARG ZELREE . WM ELRIZEE T N U U A RS R S
E AR BER LB AR R RF STV,

WM BT L 2 B BEAEEWAEZ R 2.2-1 1077, WBERAEMEIIRGEHK TIE
560°CHLE N EIRIEE TH DA, I, FEERICL D2 FMKHIMEIC L v 600°CE i LR
S E B3 D ATREME NS STV B 20 | bR SRR SR TARME I 700°C LA LT
OFEANHIEIND Z Eb, a—TF 4 V7L D EE T CTOBRIFIENED b T
%o

#2.2-1 WRISROHEEEBWI B

Molten Salt Chemical Composition 1. " acy 1 (o HeatCap.Cp  Densityp ;" Estimated

(Wt%) (kJ/kg K) (kg/L) cost ($/kg)

Solar salt (NaNOs/KNO3) _ 0.60/0.40 238 585 1.55 171 1.03 800

NaNO; 1 306 520 1.62 1.82 - 680

KNO; 1 224 600 14 1.78 - 1000

KCI/MgCl, 0.625/0.375 426 >800 1.03 1.94 1.88 350

MgCl/NaCl/KCI 0.550/0.245/0.205 385 >800 1.14 1.93 - 220

ZnCl,/NaCI/KCl 0.606/0.313/0.081 200 >800 0.92 2.08 45 800

KoCO3/Na;CO4/LiCOs 0.345/0.334/0.321 398 800 1.79 2.01 10.7 2500

N/ e I e N - e

AR 72 DBEEEEW B L LT, WEOT WD, DA B AR, R—F 3 A MNEDORERRL

FTHRFEINTWD, BRI HI3ME=T X N (18~2$/kg) DI THY, ~1000°CLL LD H
BEANARETH D, ERTHEBICL 2TV 2a— N AEFEa=y METHZLIZLY T
v 7 TOWHENTTRE T 5, BEEEA L LTHRMT D5 OWT, R0 SR EHE .,
Bl & OEEFEIZ X DI ECBREBE T~ OFREAR D B - FAEMEDED T 5D,
BEHRAB A X DIEAEBMBHT, BEAZA L ) =3 L X —HERE <, —EREOHMN
RN HEAATRE T d D o IR R OHA LY RIS AR DRI B & 72 2 23 BMREROIR X (<1. 0
W/mK) R THY, 77774 b DEBIRBRT 4 O AR EZ < OBFEEHIN
BHH, H U1 CSP IZRBIT HBEAEE L AT AOAKE NI ZERER TH LT, —
7 CeBA S OEEE BRI IOV TIE 30 L. BRI HIRREINTEB Y, FICHEER R
FZAL#T B (phase change material, PCM) % F 2 &)@ % PCM 12 K D IEENEBGA £ « FHEL
VAT BIOWT BB RED HILTWD, &JF - S8k, — IS, BERERE K
10~100 fE D@ WEAMRER A FT 5 Z L b, Ml BRBYSEDNIIFF SN D, S 5T, HilfEar
RE/RMIZLIRE, BWEEAEE (FE) . BLOEWEGFEM L EEMIT. KEBERICHED
B KBS B ST OREEE), I X OHEEEB S OEMA G IND, £, 7T O
FLENER] OB BT L TV D Z &N He ST p e
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1000

06 g 900 } = Melting = Heat of fusion
o = temperature (°C) (kJ/kg)
® T 800 |
29 700}
22 ewf
€ 6
g 5 500 f
2 < 400
= <
2 2 300
= 200
100
0 LILILIL
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
NNTOOUNDONOONDROI~—ONOOOONTINONODLOWLN—O
B RIS NN e O NGOy PRI 558 ARSI Y
VOO W g NFOOWANITO g NOCTTONRTETORTIOHN SO Q
53-50800 R IuI O o a8 I8 adasl
$8l Bl 083355552278 485888%9838¢2
cHNNN S adCoteo8FE 0823300305530 %8481
NS o0l 17903532 5w=S14 0L o=V OouaQuon
e° FI333TLL0%382518 8 (1 g7 &2
- = 05925 L =z < L 3 [ o
TxLFRITAG22I4T9 5 3% 5 2 7]
=38 5 z <
-<$2 Eq
2
N e S
X 2.2-2 @JEROBEEEEE
L. 2 N A, . i . N 5 e
[ AR AR DAL F B BT R b F OS2 R LT BB D T2 VK Y SEBE R E
N N 3 ~ N N . s e
BN WIRE L 72 D, A Bt O SRR L & UL BORIREE, A 7 VEORE, E OB RV FE

BRI - BEMOBRNO T VA UV —=0 7 (£ 2.2-2) BMTbiL, Tt kg ik
FGqf & Sl
C0304 <3Co0+ 1/2 0, AH = 205 kJ/m0leactant
3Mny03 —4Mn304+1/2 02 AH = 37 kJ/molreactant

BUEITIEENREE (~1000°C) (12351 2 B ME « BN « BREESCHEFE A~ DB DB G |
~ UK RO g TR A NI PN K D EIR LR AT A
L% 12 O = R L F—RFEABREFI SN TV D, BEIT 620°C TORBEERKER/CO, Z—
EUDBEE SN TV D, AL FER T, BIEGE R L AT @il S AE R FTRE L 72 0 |
HERS 7 DANVRURIZ K DR - B = A S OEIS R S v, SRR A A SRR T
Thb,

F2.2-2  FUSTEREE 600°CLL E oAb B M

Thermochemical Reaction Thermal storage Trh;/?rr::t(;ia; ener
energy storage Temperature (°C) density (kJ/mol) gensity (kJ/kg) 9y
Ba0,/BaO 880 73.258 432.6

Co0304/CoO 935 196.532 816.1

Rh203/Rh,0 970 249.276 982.1
Mn203/Mn30s 915 90.038 190.1

CuO/Cu20 1115 64.446 810.2
Fe203/Fes04 1360 232.613 485.6

V205/V204 1710 176.594 970.9

Mn304/MnO 1700 194.63 850.6
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(3) F£L

KIGEGEEIT 1980 RO KED Y 7 4 =T CREAEROEENH Y, TRT T
TR L= HiT T 5. IRIHRKBGEVE B CIXEFE oM L& EE= X MK
WD, kxR BBMELOFIHANEE SN TEY . ~T700°COEIRE 2 487E L 7= E 2
Bl 227 LOBRFEIIFENTEFL L TV D, BUE, R TR D CSP 77 o M ETEEGR
iz L, HERI L AT A &b feil 70 BRI AR 2 B3R 2 FSEB s 3 D BT
Do
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2.3 HE N~ A I ah TN
(1) IELwic
VS B IA (L Y)E (Phase Change Material, PCM) DOFZEALIEEL (354 ICFERFEZEAL)

ERAT2EENETH D, WEAERIAT 5720, MZLIRELE CaWEEVERE, —EIRE
TOBMAEGNATRE & 72 D, 300°C DAL iR AEIE CHRIF FTEEZR PCM & L T, AR °4:
& BeiR ENHE SN TWD R, ZORMICITER L. PCM OEWE RN BIRET S
Bz ik T 2 M ER D D, Eo, FEMEE 2R AT 572012, RO PCM
[k, TERMERFN CTE RWEDOER RN R TWEOE G FET D, ILF, Zh b
DHFE~OREHKE LT, 28 - B4R PCM ~A 7 ukit4 a7 (BWE). 85I v 7 %
Rz o = v (O T 5 a7 - = VI~ A 7 v 71 7 L (MicroEncapsulated PCM,
MEPCM) D IEBEREI A TS, X 2.3-1 13 MEPCM OIS 3 LT SEM 4231205
T, 2 ZTiE, MEPCM BRFE DML & RMUE = % 2 AT A~Oji  aTREMEIC DWW TRE Y

/{4;& L’ T “.\.

Vi N L (9hER)
\ ES5IVIR
f a7 (SYE)

: PCM

a7-Lx)VBMEEEYA/oOhTEIL
2 3-1 a7-> LB MEPCM OISR (&) & SEM{& (&) 231

Q) ~A 7 ah T bDTE
®JE - BeR PCM O~ A 7 v 7RO FES LT, O=FiRLEE T MEPCM O ik
(KFERL & QR LA B COEN - Ffb B EALER % B BERIZ FEMi T 2 7 IEA S S v Cun b, milE
RIRIEIT R & < o CRAGER L @ RGEP 0 “ SO FERDH 5, DWFROTFEICBWD
Th, < B - BRIz I W TR & 72 5 PCM ORilS L. EIZ T PCM B & Dz %
PESBRE Y = VB S ® D 2 & T, a7 -y = /VAlO MEPCM #8iETEx 5, Zhbo
FiETHRE L7 MEPCM 1Z, = 7 2% PCM HER DALY & = /L THERL S 41 5 72 D ISRl PCM
~OMEEMEICEN D, £72. PCM mﬁ%m‘*ﬁ ok U 7o IRARR B Tl & 72 1 72 Ak
BERR S D To OFEFRIED 2 7 EIIZZERMA R SN D, T DOZER 75‘{1521@’7“{[:5#0)%%5
fiag &L WD /N 7 7 & 720 | *ﬁ&%}tﬂ#% ALOs ¥ = /LSRR S AU WO i R © i LT
DMEEFEBLTHZ LN TE D,
3) ~A vl DMRE
F 2.3-1 232353 HIAE F TS STV % MEPCM O#EL., VEBHIE R et HiALEH
72 OWEE AT, KT, 500~650°C F2EEIZ/EENRE 2 F5D Al & & ik L7
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MEPCM NEE0HE ST b,
[ 2.3-2 1%, fbWEFHOZVMEER7 MEPCM (=27 @ AlSi &4 fls 577°C) L. &

T BEICBIT OEHBOIREFHHOFZE L ERT 572D, 100K 375 AT=400K £ TOFH
By h BB Lz, BR%E L72 MEPCM (X X 0/ SRR FERIPH COMERN D 3 L 0 @3B 2R
DOHFIFIRENE DD, 400 K OREFPFHICEBNTH, BEEZEWT O 2~3 (50 @mEBEE
ZFFO, F72. MEPCM OIEEVE 400 K 53 OBAEVA B8 L - RO EEEIX 2 GI m? &7
V. 15MPa £ CHEM LIZKFEOT o Z LB —|ZLET AL 725,

& 2.3-1 NEPCM #Emk. (FBNREMRE. BUEEH-Y DEHREDH

a7 )l |BRC)| BBE g1 | XM
Cu-Si-Al | ALO; 776 210 [2,3-2]
Al ALO3 660 273 [2,3-3]
AL-Ni AbLO3 640 241 [2,3-4]
ALSi ALO;3 577 250 [2,3-1]
ALCu-Si | ALO; 517 353 [2,3-5]
2.5
z I )
g
b s
o0 H
£ i
e
& _ 15t
w °
]
E —
.
: [
=
: )
E o5t }
=
E |
. | AT=100 K
# 2 i ’@gy ol
N X\) /o& y
. N B
B 2.3-2 MEPCM (37 : Al-Si &2 B 577° C) & FEEMEEH K0 E B ) e 8
(B + BEA5)
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2. 3-3 MEPCM Z Z8 A 0D 15 &4

(4) MEPCM % Ri#f & L 7o & BVAELE

MEPCM O = )ViZ sl LicE 7 I v 7 ATH LD, BT I v I A~ A1
KLAFRED AN RY IR TE D, ZOREEZFIMN LT, MEPCM ZR#f & L7 S E &
ERROZBRDBARE S TS, X233 1320 —fFlzrd, Rl vy R230%p
Hfli7e R 7200 Tl < o =0 2R3N DM RS ORI S WRE Th 5, HIBOMREIC
& 7B o B B BT EARBEAEEWT O 7 RN T — 27208 MEPCM FHEVYRIZ Z 07 KX
YTV ERERRICE T 5 LT, KV SEBEREEAVER AR D — IR O R E S IR
TEDLERMRE LTHRIHTE S,

/

(5) KEBEE S 27 MBI 5 MEPCM DA A —

Jeak UL72kEIZ. MEPCM Z R E L7123 U~ A — MLV A7 — )L OEBRE RIE /[ RETH
0. FERBEAEARBICER T2 2 EBNFAEETH D, KBFEES AT ATy b, B
W, 72 3HLR O MEPCM F 2R D FEIHJEC, MEPCM /=71 A FeEAVE O AR T S
%, MEPCM ##UARIXERBIAZ S 27 AORBBEAEZ R AT 20T e b 77T 5 2
CXHERCATRETH Y, N T Y v FVAT AL LTOERLEETE S,

6) £

&F - AE8RPCM 27 I v 7 A 2L Ta—T ¢ 7 Lz MEPCM OBEEIZ DWW TR
L7z, MEPCM [F[EKE LT RY U ZHEETH Y | MEPCM % R’HEf & L 7= FEVA D #liE
LY, E AR EIRE A AT A~OEMA b ATREE 725, 5%, 2 OMEOMEE
RRBRIZTE FH FTRE 2RI NEDET S D 2 E IR S 5,

(7) &35 3k
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2.4 BREGHRE
(1) FLoic

HERIR B L AR D 72 O FLBIIT BLER B DOFAL MR L TV 5, BRFAESFEBR O 7D
X, AR XL X —DENERLITMZ FHE 7 v 2D0ENRI, =X LF—Dh R
F—RHMBIZED 1 REFVF—EEHIRR ERNET, Bl L% —o & ER o
BT OMETH D, BAEFREZ XL —DOE D TH D KGRI LR A E) %
PES RN X RO, BEMBOT-OIZITE RN T — (F=X) IZL 0 LT B2
ENb D, ETRITEBHPERLOHNSLATWD N, TR E LT (FE) 752
& CE & U TR AT O [HL ) — Ry T U — | BRI H 28 OV CW0 5,
Fo, LEPEORMAAGL LB T LR ALXF—JHTH D 95 2, FIHEOBFEE L Ok
IR - ZEIX v » 72D 572018 TEEY IR DRV TH 2 212, BEUTKRD 5
NHORE L LT, HFAVRECHMARBOEE Y oFE (FEAEE) 1Tz, BYi—%
Bt R — BIEAR DR OB HOR T EE T, REOEZ Sdlic/)2%2E L TH LA
TEX 5 Z EIEFERABITR B2, KREITIE, FAZE{EYE (Phase Change Material, PCM)
D[RRI ORISR AT T 5 EEE B DBGEHE O i o—>Th 5. I
BN A RS 2 BRI RS 2 1@t n I # KD 2 & CIREAEADOIBYREL vEEIC LTz TsEk
T DAY T K 2 s B Hads TG B OBR%E ) ICHOW TR 2,

(2) WEENEENS AT 1D Jil B FE D RE A

IEEE B (Latent Heat Storage) (IME OEHRZREZFIH] LT [EEEV R B 7= + @l fifiE 24
SIDEBNRFRRREN TH D, DF 0, BEEA LY AR (E3ERE) Y72 OFR
EAREL, RBELEBNIRETH DL, K—K (@A 0C), FifgT MY v A 3Kk (F
JB8C) oY A Y h—/b (@l 119~122°C) EREMLEN TR Y, TEPREZERL
kT 5 ThI oAb — b BOTRGSINZORER] T, HRNEEE 4 £ 5 HEIAR 2 /25 b
Y& (Phase Change Material, PCM) &FES, FEA AT AL L THWDITI, EEEEL
MA~OBBLG | F 73BN L EIT BUR ORI ) B RO o A 217 5 s
BEANLETH D, M 2. 4-1 ITEBRAEBD A A — T &, HEBRMART GEEATE T IRF) |
POM TIRAH CTEAET Do X 2.4-1 /ED K 5 1A POM U SEVE A BE(E L . A=BVE ORI
PCM & 0 IR OB 2 535 2 & T POM 2 HEMBEIC BVE B X5 & . POM D B3 HEA T3
Do HEMZ E B 720N POM s B CREE 2 BHAG L. X 2. 4-1 5D X 9 (T =B\ AN EERE g 12
Bt AERSCEEER PO IEMRERNMEN 20, Z OB 2 78 5 BEEE % L
EEEPIZ /R U, ERANRGEEE 2G5 2 L8O TH LV, & HICERY HE2EE, 2
B E E IR T T 200EETHD, ZOMEERRT L7720, BEVEIZT 1 v &
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IREABHAGHT mEE GRES)
HIEOUT mRE

BEH
(BHE->EHE)

B - REVEREICPCMANEEE,
> BUMEEEE, BEREEE., EREE

B 2.4-1 BEEB T LITBITHEERBMEIC LD HEWEE

BN EEEE M5 L T B AR BBET R DIRE 71 7 7 A V&M 2.4-2 (RT, fnsh
BE 24T L CERRL POV 7> BARIR BV BVE B T~ D BRI, (REBED POM N BEE 3 & L7z
WHEEARLTWD, 20L&, RIEOLEEIERGUT POM MOSEEHST (£ y) . PCM EEEfE (£
pon) « AGBBESTIEHCHT (Rya) . B L OVMKIRM OBIFEIKHT (ko) D4 TERE KRS, Z0h
T, R ooy DSENMREIT POM OREFIC KV AT 2T, B EOFER T, DT lmm D
MAETHBEEENE LR T2 2 &bt Tnd[2.4-7],
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(3) ACENHE OFERRAY FHTIC & 2 il AR TS BV 0D B 38

B &Ry | EEET AT DR THEMF ORES B ORENE L, mBGEEO
HELWRT 25 S I otEmNLEZ T, HH LI 2. 4-3 187 MaBmE OFEMAY E
BT & 2 mdi B iass IEENE BV ) s R R - BRJE L C& 7o, AL 72 PO &
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7 L—N—) TARBVEICHER S E 5 LT, RBVE RIS D POM [EAH & H K HL L B
WEAT 5, Z OIS IV ARENEIZ AR U7 BEE g 2 85 IR D 2 LS IR D,
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{CEVE Z AR FTRE G A R0, AZEVE OFMANZ PCM FEVE 35 L OREEPIR A B E L 7=,
1 kg OFFfES MY U L= mﬁ%%mmﬁ IV, SRR S E %, REVEIZ 40°Co
KIEIK & it ST, REVE ORI IR K D EERFROE WA BIEE LT,

LEAVE ([B]#R)
PCMIE

Kig
PHR(ETE)

X 2.4-4 FEFERGIEREEREZHB L ER L BREBEED 3D A A —

TERDEZHAZH ARG T D EREHEDOSE . AW POM XA D72 0 ik THE L

7o ARBVE I TARIR BN 2 Jit il S 5 LAREVE R HZ POM BEEJE A ER L, A LT SR AW
IR LW SR BIE S L7z, 2 O Tl 2 REEfR % & POM AS O SMAl L FE 17
FELTEY ., POM B OBEVIE T Lo o7,

— 75, TREEEIC L EEVE 2 AR S AT. IRIREEREIC L 0 (REVE RIS
SE[RIHE[F)RR 12 POV OO BE[EE 23 A i3 2 28 E%_;Dlmﬂﬁ_ﬁbéf%h\%ﬁ_
W, FPFHOWME PCMIZ# L, POMAERIRIZ D=0 AT U — 2B L7e A b R 3
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2.6 {LFEHR

(1) Introduction

Chemical heat storage (CHS) is an advanced method for efficiently storing and using heat energy,
crucial across industries, homes, and renewable energy. It employs reversible chemical reactions to
capture and store thermal energy, offering higher energy density than other storage types, fitting well
for long-term use and applications like seasonal storage or grid balancing. Challenges in material
selection, system design, and cost-effectiveness persist, prompting ongoing research for new materials

and enhanced performance.

(2) Reaction for CHS

2.6-1

The reaction materials for CHS include mainly solid-gas chemical reactions %), In this report it will

2621 and Calcium hydroxide

be shown the examples related to Magnesium hydroxide (Mg(OH),) |
(Ca(OH),) [26-31;

Mg(OH),(s) = MgO(s) + H,0(g) AH =81kJmol™?!

Ca(0OH),(s) = Ca0(s) + H,0(g) AH =104 k] mol™?!
These reactions, occurring above 350°C and 450°C, involve dehydration (towards the right) for heat
storage (endothermic) and hydration (towards the left) for heat output (exothermic). Controlling water
vapor pressure allows precise temperature adjustment, achieving heat output temperatures surpassing

the initial storage temperature—a concept known as the "chemical heat pump." Figure 2.6-1 illustrates

these processes.

Heat storage mode(fi/k K )i) Heat output mode (KFIKIE)
H_O(9) H,0(9)
P — 2 (D 2
Qd Ha‘—}":’: Qcond " 1 evap
WR WR
T ~450°C T =~40°C T ~380°C T =65°C
d cond

: T ~500°C T =95°C :

i oo SR

1) Ca(OH),(s)+Q, — CaO(s)+H,0(g) 1)H,O) + Q- H O(g)

2) H,0(g) - H,0()+ 2) CaO(s)+H,0(g) - Ca(OH) (s)+Q,

Figure 2.6-1 Chemical heat storage system requires a packed bed reactor (PBR) and a water reservoir
(WR). Depending on the pressure-temperature equilibrium, it is possible to shift from the heat storage
or output mode. Temperature upgrade of heat is possible by selection of evaporation temperature

during the output mode.
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(3) Bottlenecks and direction of research

Effective heat transfer in chemical heat storage materials, crucial for practical application, often faces
challenges due to limitations in heat and mass transfer within packed bed materials. The packed bed's
low effective thermal conductivity (~0.2 Wm™'K™!), hinders efficient heat penetration unless the heat
exchanger wall temperature significantly exceeds the dehydration temperature. Similarly, during the
output reaction, heat removal from the bed is impeded, resulting in low reaction rates and output power.
Furthermore, issues arise from poor contact between packed bed materials and the surface for heat
exchange, especially when using powders or pellets, leading to gap formation hindering heat diffusion.
Effective paths for water vapor distribution are also vital for appropriate vapor distribution or
collection involved in the reactions. To address these challenges, the development of new composite
materials with increased thermal conductivity, suitable gas permeability, and enhanced thermal
conductance at the heat exchange surface is necessary. This suggests the exploration of just-to-fit
consolidated blocks. Figure 2.6-2 illustrates these concepts for the dehydration reaction, applicable

similarly to the hydration reaction.

Packed bed of particles Ideal packed bed

Fluid | Metal!  Packed bed E

New composite material

Thermal contact conductance  Effective thermal conductivity

Figure 2.6-2  Schematic showing the demand of heat-transfer-enhanced materials and optimal
contact with the heat exchanger’s surface in order to maximize heat transfer rate during the chemical

reactions.

(4) Advances in the development of composite materials
The development of composite materials for chemical heat storage was successfully accomplished for

Mg(OH), and Ca(OH),. In case of Mg(OH); it was possible to utilize expanded graphite to fabricate

pellets?®# or consolidated blocks?%!. The measurement of thermal conductivity showed that the
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employment of expanded graphite could enhance thermal conductivity of a packed bed of Mg(OH),
from 0.16 to 1.2 Wm™ 'K 2661 A similar approach was conducted for Ca(OH); by using Si-SiC in
form of foam (CF8) 271 or honeycomb (CH27, CH45) 2681 Of outmost importance is the fact that
the same amount of energy could be stored ore released at higher rates, overperforming the packed
bed of Mg(OH); pellets or Ca(OH), powder, as summarized in Fig. 2.6-3. Remarkably, a molten-salt

thermocline and thermochemical energy storage were recently combined %6

1. Temperature boosting
was achieved using a thermochemical storage reactor: the composite material exhibited a volumetric

energy density of 790 MJm™ the reactor had a flexible discharge power density of up to 250 kWm.

900 ¢ 800
5 800 7 3
E e E 700 E
g 700 ¢F i.:. E 600 5
2509 ¢ & 2500 f
£ 500 s gt
3 i S 400
g 490 2 S 500 |
L ﬁi a b
w e, — E
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o 2 3 100 f

100 o S

0 o]
F & & & F
©

& & &

O A&
A\ e

Figure 2.6-3 Summary of heat storage/output performances for Mg(OH), and Ca(OH), based

composite materials for CHS.

(5) Considerations on optimization of materials and reactor design

Material optimization often involves a time-consuming trial-and-error process, which can be costly
and unsuitable for scaling up reactors due to numerous influencing factors. Figure 2.6-4 illustrates key
parameters affecting chemical reactions in packed beds, such as thermal conductivity and interface

contact conductance [>¢-10126-11

1. Numerical screening helps in understanding these factors. The
numerical and experimental data can be compiled into a database and used to train surrogate models,
which approximate the real system's behavior. Genetic algorithms can then be applied to these models
for multi-objective optimization of materials and reactor designs, aiming to maximize heat storage and

output performance 26-12]
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) Volume ratio Temperature of
Size of PBR Pressure

‘ Heat storage material — enhancer heat exchange

¥

Thermal conductivity Thermal contact conductance

Density

Specific heat » Temperature distribution in PBR

Material Kinetic of reaction

Reacted fraction

Packed bed reactor

a4 a0

Numerical analysis (FDM, FEM) Experimental results
== ==

Output performances

Heat storage density Power density Exergy efficiency

Qchem [GJ/m3] Wechem [kW/m3] [']

~~

Database of performances |:> Training surrogate model

~~

Optimization algorithm for maximization of performances

Optimized design features for new packed bed reactors

Legend

Design feature Evolution in the PBR Performance object of optimization

Figure 2.6-4 The influence of design features on the evolution of chemical reactions and materials

in the packed bed reactor for CHS.

(6) Summary

CHS materials hold immense potential in supporting the green transition and decarbonization of
society. They serve as valuable energy buffers, accumulating substantial heat from surplus electricity
generated by renewable sources and industrial waste heat. Improving heat transfer has shown promise,
surpassing performance limitations of precursor materials in packed beds. Integrating numerical
modeling and optimization algorithms is crucial for swift development and design of advanced
composites and reactors. Combining numerical analysis, experimental data, and multi-objective

optimization can maximize performance, meeting specific practical utilization requirements.
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m United States

N Argenting
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Brazil

m Canada
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m China

B Namibia
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m Other
World total : 77,000 tons World total : 17,000,000 tons
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B United Statues
m Australia
W Brazil
1 Canada
B China
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m New Caledonia
B Philippines

u Russia

B Other countries

World total : 2,700,000 tons World total : 89,000,000 tons
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