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Type of Thermal Energy Storage
Performance Parameter
Chemical TES (Sorption and Thermo-
Sensible Latent TES
e chemical)
Temperature range Upto: 20-40 °C (paraffins) 20-200 °C
110 °C (water tanks) 30-80 °C (salt hydrates)
50 °C (aquifers and ground storage)
400 °C (concrete)
Storage density Low (with high temperature mfer- Moderate (with low temperstare Normally hgh:
val): interval): 0.5-3 Glim’
0.2 G¥m’ (for typical water tanks) 0305 Glint®
Lifetime Long Often limited due fo storage mate- | Depends on reactant degradation and side
Technology status Available commercially Available commercially for some Generally not available, but undergotng
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Advantages Low cost Medwm storage density Hagh storage density
Rehable Small vohumes Low heat losses (storage at ambwent tem-
Sumple apphication with avaiable | Short distance transport possibity peratures)
materials Long storage penod
Long drstance transport possabiaty
Highly conspact energy storage
Disadvantages Sigmuficant heat loss over tume (de- Low heat conductraty Hugh capital costs
pending on level of msulahion) Comosmity of mateals Techmeally complex
Large volume needed Stomfcant heat losses (dependine
on level of msulaton)
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2NH, +AH — N, +3H,
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‘S'i‘i"u Ammones synthesis

Ammonia dissociation produces large
at 700°C focus of solar quantities of heat which
Qenerates steam
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Hoot exchanger

Separation and

Lok age ves sl Steam turbine
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Storage Density of Ther- ( !
Thermochemical Material (C) Solid Reactant (A) | Warking Fluid (B) Energy Storage Dessiy ,' rging Reactes
; mochemical Material (GJ m’) Temperature (*C)
|

MgSO4-Magnesium sulfate Mg$O, H.0 MgS0, THO 8 In
FeCO3-Ferrous carbonate FeCO Fe0 0. 26 180
Ca(OH)2-Calcium hydroxic CAlOH i HO 19 i
Fe(OH)2-Iron hydroxide Fe{OH), Fe0 HO 1 150
CaCO3-Calcium Carbonate CaC0; (20 C0; 33 837
CaS04.2H20-Calcium Sulfdte Dihydfate" (250, "HO 14 8

0] 00l oold

Table 1. Promising Materials for Thermochemical Energy Storage |8, 16]
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Medium Fluid type Temperature range ("C) Density (kg/m”) Specific heat (J/kg K)
Rock 2560 879
Brick 1600 840
Concrete 19002300 880
Water 0-100 1000 4190
Caloriea HT43 Oil 12-260 867 2200
Engine oil Oil Up to 160 888 |880
Ethanol Organic liquid Up to 78 790 2400
Proponal Organic liquid Up to 97 800 2500
Butanol Organic liquid Upto 118 809 2400
Isotunaol Organic liquid Up to 100 808 3000
Isopentanol Organic liquid Up to 148 B3l 2200
Octane Organic liquid Up to 126 704 2400
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Property Heat storage material
Paraffin ~ Water Dowtherm.A Therminal 66 Cast iron Rock Concrete
wax
Latent heat of fusion 190 * * * * *
(kJ/kg)
Specific heat (kJ/kgK) 2.15 4.19 2.2 0.54 0.88 0.882
Density (kg/m?) 790 1000 867 7200 1600 2200
Storage mass (kg) 20.513 47.73 90.91 370.37 227.27 226.76
Relative mass™™* | 2.33 4.43 18.1 11.08 11.05
Storage volume [111'1‘} 0.02597 0.04773 0.10485 0.0514 0.142 0.1031
Relative volume™* 1 1.84 4.04 1.98 5.47 3.969

*Latent heat of fusion is not of interest for sensible heat storage.
**Relative mass and volume are based on heat storage in paraffin wax.

The water is an excellent PCM, and its thermal storage capacity has been used from ancient times. However, the
latent energy storage of the water can only be used in the applications in which it is adequate to store the thermal
energy at approximately zero degrees, the melting/solidification temperature of the water. For applications in which it
Is needed to store the thermal energy at other temperatures, the water is not suitable; other materials should be used.
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Heat storage material Temperature rise ("C)
Paraffin wax 59.9*

Water 93.17

Dowtherm A 145.8

Therminal 66 151.1

Concrete 311.4

Rock 312

Cast 1ron 486.4
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Thermal properties Physical properties Chemical properties Economic
factors
Phase change temperature High density Chemical stability Available in
suitable to the desired large
operating range quantities
High latent heat per unit mass  Low density variation No chemical decomposition Inexpensive
during phase change
High specific heat Little or no supercooling  Compatibility with container
during freezing materials
High thermal conductivity in Non-poisonous, non-

both solid and liquid phases inflammable and non-explosive
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Latent Heat
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|

Solid-Liquid Liquid-Gas
Phase Change Phase Change
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[Organics] [ Eutectics] [lnorganics]
|

[Paraﬁnns] [ Fatty ] [ Salt ] [Metallics]
Acids Hydrates

Solid-Solid
Phase Change
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Paraffin™ Freezing point/ Heat of fusion
range ( C) (klikg)
6106 4244 189
Pl16° 4548 210
5838 48-50 189
6035 58-60 189
6403 62-64 189
6499 6668 189
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No. of carbon Melting Latent heat of . . -
£ , N . e
atoms point ("C) fusion (kl/kg) ‘SLQ fb"‘ Sl Uw‘fe‘ L’ Q‘sﬁ U"‘ =9 Alads
14 " 228 o e .. PN .
15 10 205 s o=l CH; 0y Job Gwli8l g on)S
16 16.7 237.1
17 21.7 213 b
18 28.0 244
19 32.0 222 —
20 36.7 246 5 oS b sl slaws b oslge ol Gl sle)S e
21 40.2 200
23 47.5 232
24 50.6 253 _
25 49.4 238 Sl eble, i slo Sy LS o @
26 56.3 256
27 58.8 236 - a1 g. .
28 61.6 253 9 c;"*‘w"“ b Sy L6,k s ‘u*-’l-’
29 03.4 240 . L . . )
30 65.4 251 b 8l s bl | lhwgie o pdy Jlal]
31 68.0 242
32 69.5 170 RCCW.
33 739 208

34 759 269
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Material Melting Latent heat

point (°C) (kl/kg) Material Melting Latent heat

point (“C) (kl/kg)

Hypophosphoric acid 55 213
0-Xylene dichloride 55.0 121 Formic acid 1.8 247
B-Chloroacetic acid 56.0 147 Caprilic acid 16.3 149
Chloroacetic acid 56 130 Glycerin 17.9 198.7
Nitro naphthalene 56.7 103 p-Lattic acid i 184
Trll'l'.l}"rlSLlll 33-57 201-213 Mﬂlh}"]. pnlmitnte 29 M5
Heptaudecanoic acid 60.6 189 Camphenilone 19 205
o-Chloroacetic acid 61.2 130 i ) )
Bee wax 61.8 177 Docasyl bromide 40 201
Bees wax 61.8 177 Caprylone 40 259
Glyolic acid 63.0 109 Phenol 41 120
Glycolic acid 63 109 Heptadecanone 41 201
p-Bromophenol 63.5 86 1-Cyclohexylooctadecane 41 218
iﬁ?;ﬁ:zﬂj 2;:} i ? : 4-Heptadacanone 41 197
Dinto toluent (2,4) 70.0 11 p-Joluidine 433 AG7
Phenylacetic acid 76.7 102 Cyanamide 44 209
Thiosinamine 77.0 140 Mﬂlh}’l eicosanate 45 230
Bromcamphor 77 174 3-Heptadecanone 48 218
Durene 79.3 156 2-Heptadecanone 48 218
Benzylamine 78.0 174 Hydrocinnamic acid 48.0 118
Methy] brombrenzoate | 126 Cetyl alcohol 493 141
Alpha I!E'pm'?l - e o-Nepthylamine 50.0 93
Glautaric acid 91.5 156
p-Xylene dichloride 100 138.7 Camphene 30 238
Catechol 104.3 207 O-Nitroaniline 50.0 a3
Quinone 115 171 9-Heptadecanone 51 213
Acetanilide 118.9 222 Thymol 51.5 115
Succinic anhydride 119 204 Methyl behenate 52 234
Benzoic acid 1207 142.8 Diphenyl amine 529 107
Stibene 124 167 .
Benyumide 1993 160.4 p-Dichlorobenzene 33.1 121

Oxolate 54.3 178
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Material Melting Latent heat Material Melting Latent heat

point (“C) (klkg) point (“C) (kl/kg)
RoHPOy 610 14.0 e Fe(NO3)3-9H,0 47 155
FeBrs-6H,0 <10 30 Na»Si0s-4H,0 48 168
Mn(NO;),-6H,0 25.5 148 K,HPO,4 3H,0 48 99
Felies 6H,0 210 103 Na2$,05-SH,0 485 210
CaCl,-12H,0 29.8 174 MgSO0,.7TH0 e iy
LiNO;-2H,0 30.0 296 Ca(NO5),-3H,0 51 104
LiNO;-3H,0 30 189 Zn(NO5),-2H,0 55 6%
Na,CO;-10H,0 32.0 267 FeCl,-2H,0 56 90
N2,S0,:10H,0 324 241 Ni(NO;),-6H,0 57.0 169
KFe(S0y),-12H,0 33 173 MnCl,-4H,0 58.0 151
CaBr,-6H,0 34 138 MgCl,-4H,0 58.0 178
LiBr,-2H,0 34 124 CH;COONa-3H,0 58.0 265
Zn(NO;3);-6H,0 36.1 134 Fe(NO;),-6H,0 60.5 126
FeCls-6H,0 37.0 223 NaAl(SO,),-10H,0 61.0 181
Mn(NO3)>-4H,0 37.1 115 NaOH-H,O 64.3 273
Na,HPOy-12H,0 40.0 279 Na:PO,-12H,0 65.0 190
CoS04-TH,0 40.7 170 LiCH;CO0-2H,0 70 150
KF-2H,O 42 162 Al(NO3)2-9H,0 72 155
Mgl;-8H,0 42 133 Ba(OH),-8H,0 78 265
Cal»-6H0 42 162 Mg(NO3),-6H0 89.9 167
K:HPO,-TH,0 45.0 145 KAl (SOs)2-12H,0 91 184
Zn(NO;3);-4H,0 45 110 MgCl,-6H,0 117 167
Mg(NO3)-4H,0 47.0 142

CaiNO3z)-4H-0 47.0 153
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Material Melting Latent heat
point (“C) (kl/kg)
Gallium—gallium 29.8 -
antimony eutectic

Gallium 30.0 80.3
Cerrolow eutectic 38 90.9
Bi—Cd-In eutectic ol 25
Cerrobend eutectic 70 32.6
Bi—Pb—In eutectic 70 29
Bi—In eutectic 712 235
Bi-Pb-tin eutectic 96 -

Bi-Pb eutectic 125 —
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Material

Composition (wt.%)

Melting point ("C)

Latent heat (kl/kg)

CaCl,-6H,0 + CaBr,-6H,0
Triethylolethane + water + urea
C14H2807 4+ CpH2002

CaCl, + MgCl,-6H,0
CH;CONH, + NH,CONH,
Triethylolethane + urea
CalNO;)-4H,0 + Mg(NO;);-6H,0
CH;COONa-3H,0 + NH,CONH,
NH,.CONH, + NH,NO;
Mg(NO,);-6H,0 + NH,NO,
Mg(NO;);-6H,0 + MgCl,-6H,0
Mg(NO;);-6H,0 + MgCl,-6H,0
Mg(NO3):-6H-0 + AI(NO3),-9H,0
CH;CONH- + C7H:sCOOH
Mg{ND;}:-ﬁH:D + MgErg-ﬁHJ{]
Mapthalene + benzoic acid
NH,CONH> + NH4Br

LiNO; + NH4NO; + NaNO;
LiNO; + NHyNO; + KNO:

LiNO; + NH4NO; + NH4Cl

45+ 55
3854315430
34+ 0606

50+ 50

50+ 50
62.5+37.5
47 4+ 53

40 + 60

B+47

61.5 + 385
38.7+413

50+ 50

B+47

50+ 50

39+ 41

67.1 +329
006+ 334
25+065+10
264+ 587+ 149
27+684+5

14.7
13.4
24
25
27
29.8

80.5
81.5
8l.e

140
160
147.7
95
163
218
136
200.5
95
125.5
132.2
144
148
218
168
1234
151
113
116
108
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Application fields of the MPCMs Content

Buildings Concrete mixes
Cement Mortar
Wallboards
Sandwich panels

Gypsum plaster
Slabs

Textiles Shoe insoles
Cold water diving garments
Leather products
Military uniforms

Microencapsulated phase change Microchannel heat
material slurry exchangers
Solar energy collectors
Thermal power plants
Building heating and
cooling systems
Air conditioning systems
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A. Felix Regin, S.C. Solanki, J.S. Saini, “Heat transfer characteristics of

thermal energy storage system using PCM capsules: A review.” Renewable

and Sustainable Energy Reviews, 12 (2008) 2438-2458.

Sl References Geometry Storage medium HTF Mode of Range of parameters Remarks
no. operation

1. Benmansour et al.  Spherical capsules Paraffin wax Air Both 560 < Re<1120: T, j: 70 °C; Tein: ambient; Experimental
[23] inside a cylindrical charging d.: 31.8mm; & 0.4056 investigation/
tank and mathematical

discharging modelling
2. Kousksou et al. Spherical capsules Water/ice Chilled glycol ~ Charging | <mg<2.5m’/h; Tiyar 6 °C; Experimental
[24] inside a cylindrical —8< T ;n<=3.5:d: 7T7Tmm; ¢ 0.5 investigation/
tank mathematical

modeling
3. Arkarand Medved Spherical capsules Paraffin (RT20)  Air Both 50 <rirg <220m?/h; Tiy iz 35°C; Toin: 10°C; Mathematical

[25] inside a cylindrical charging d.: 50mm: &: 0.388 modelling

tank and
discharging

4. Wei et al. [26] Capsules inside a  Paraffin wax Water Discharging 5<my<20Ipm: 40 < Tiniia < 105 °C: Experimental
rectangular tank (FNP-0090) 15<Tin<35°C; 2<d.<S5mm; investigation/
0.25<£<0.5 mathematical

modeling
5. Seeniraj and Spherical capsules - - Charging 1.8<St<4: 0.19<Ste<0.32: Mathematical

Lakshmi inside a cylindrical 7833 <Pe < 13949: 0.365 <£<0.65 modelling

Narasimhan [27]

tank
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Material p [[{g,fm3j| K (W/m-K) Tm (°C) Cost ($/ton)
Copper 8933 350-401 1086 6685
Aluminum 2700 205-230 660 1996
Nickel 8907 59 1455 11,089

Graphite 22606 170 4125 1750
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article Solid PCM mux Mclt interface

Liquid PCM
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Material Thermal conductivity/ Material Thermal conductivity/

Wim K Wim K
Silicon dioxide sjn, |38 ALO, 40 Aluminium oxide
Iron oxide Fe,0, 7.2 Cu 125 Copper
Titanium dioxide TiO 8.3 Au 417 Gold
Copper oxide CuO 13.51 Ag 444 Silver

Zinc oxide Zn0O 15 SiC 497 Silicon carbide




