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Storing heat/cold 

Option 1: heat capacity 

Option 2: heat of melting 

Option 3: heat of “vaporization” 

/ PE V C Tρ∆

Water 

/ fusE V H ρ∆

/ vapE V H ρ∆

0.1 GJ/m3 (50 K) 
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Sensible heat 

PCM = Phase Change 
Materials 

TCM = Thermo-
Chemical Materials 

Li-ion:  
~ 1 GJ/m3 

kinetic energy atoms/molecules 

breaking physical/chemical bonds 
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Condensation of water 
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Condensation of water 
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Water++ 
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T2=T1 
 

Start 

p2 > p1 
 



Water++ 
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End 

p2 = p1 
 



Options 

• Solutions: dilution 
 
 

• Zeolites/MOF’s: adsorption to ionic sites 
 
 

• Hydrates: incorporation in crystal lattice 

How to concentrate water at low water vapor pressures? 

Energy density Temperature lift 

https://doi.org/10.1016/j.micromeso.2014.10.039 

https://doi.org/10.1016/j.micromeso.2014.10.039


Thermo-chemical energy 

Gas-solid reactions 

𝐴𝐴𝐴𝐴 𝑠𝑠 + ℎ𝑒𝑒𝑒𝑒𝑒𝑒     ⇌        𝐴𝐴 𝑠𝑠 + 𝐴𝐴 𝑔𝑔  

Storing energy by storing components separately 

MgSO4 

Heat 

H2O 

MgSO4.7H2O Heat 

H2O 
Winter Summer 



Built environment 
o60 CT > o40 CT >

Source water vapor: o~ 10 CT 12 mbarp =

Dehydration temperature: o100 CT <
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Boundary conditions matter 

Cortes et al., Adsorption, 16:141-146 (2010) 

Isobars of water/zeolite 13X 

accessible E/V 

To use zeolites, the heat for dehydration should be sufficiently high 

40oC 100oC 
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Salt hydrates 
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Overview (650 reactions) 

PAGE 12 

Space heating 

Hot tap water 

Donkers et al.; Applied Energy, 199:45-68 (2017) 

Pim Donkers 
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E/V > 2 GJ/m3 

98 reactions are left 
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Hydration 

42 reactions are left 

PAGE 14 

Water source at 10 °C (12 mbar)  
Toutput > 50°C 
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Dehydration 
11 reactions are left 
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Water source at 17 °C (20 mbar)  
Tinput < 100°C 
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Tmelting > Tdehydration 

5 reactions are left 
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New selection criteria 
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New selection criteria 

PAGE 18 

E/V (GJ/m3) T (oC) Comments 

Na2S 2.8 66 H2S, corrosion 

MgCl2 1.9 61 HCl, stability 

K2CO3 1.3 59 

Donkers et al.; Applied Energy, 199:45-68 (2017) 



Isobaric cycling K2CO3 
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Overshoot problem? 
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Overshoot problem? 
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Other hydrates 
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Nucleation problem 
K2CO3: 50oC 
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Nucleation problem 
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Solution? 
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Classical Nucleation Theory (CNT) 

∆𝐺𝐺 = 𝜎𝜎𝑁𝑁2/3 − 𝑁𝑁𝑘𝑘𝐵𝐵𝑇𝑇 ln 𝑆𝑆 

N 

∆G 

N* 

∆G* 

Gibbs free energy nucleation of 3D object 

Nucleation rate 

𝐼𝐼 ∝ exp −∆𝐺𝐺∗ 𝑘𝑘𝐵𝐵𝑇𝑇⁄  

Difference between 
initial and final bulk 
phases 

Interfacial free 
energy 
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Challenge 1: shift phase lines 
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Challenge 2: accelerate kinetics 
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Challenge 3: cyclic stability 

0.0 0.2 0.4 0.6 0.8 1.0
0

1

2

3

4
1.64

1.786

21.7
4.38

2.343.77
2.934 2.032.111.96

2.3
1.95 1.9223.36 1.851.762.24 2.21 2.061.83 1.71 2.29 2.061.821.882.44 1.581.882 2.02 2.03 1.731.83 1.52.232.181.911.67 1.582.294 1.92 2.392.231.96 1.682.67 2.291.67 2.181.673.77 2.382.52.46 1.25 1.972.67 1.584.55 1.91.78 1.821.9 1.87 1.57 1.732.84 1.561.721.71 2.29 1.962.2 2.0721.722.441.754 1.762.44 1.762.061.961.762.5 31.922.52.391.83 32.582.62.03 1.922.52.26 2.442.57 1.362.5 1.851.912.73 2.182.182.32 2.0723.18 2.29 1.92.181.942.54 1.962.26 1.961.683.36 2.73 2.483.19 3.112 2.482.88 1.691.9 3.022.67 1.253.844.282.22 1.431.6242.23.77 1.362.15 2.31.842.24 2.152.286882.243.77 1.624 2.32.32634 2.97 2.883.11 1.51.5282.961.83 2.21.83 3.7433.5 2.581.913.322.33 2.51.542.032.2 1.672.332.46 1.97 2.882.5 1.93.461.782.62.26 3.653.772.32.26 1.93.88 2.212.03 2.51.71 1.732.292.24 2.22.292.92 3.321.711.453.352.062.052.272.53.18 2.38 2.63.362.081.562.263.32 2.53.25 2.0654.55 1.541.911.71 3.221.563.193752.18 1.462.882.733.3 32.73 1.731.721.941.85 1.562.961.461.584.144.143.11 4.012.382 21.85 2.11.52 3.843.113.84 1.841.842.7 1.253.841.912.994.28 44.142.2 1.94.55 2.3853.111.91 1.91.91.911.913.111.671.951.952.06 1.97 3.51.941.941.94

4.75
2.221.96

1.58

2.48
2.42

1.69 21.76
2.67

1.562.39
1.582.12 2.51

2.9 1.672.032.23
2.2 2.882.282.18

1.762.67

2.18

2.62

 E/V

E
/V

 (G
J/

m
3 )

∆V/V0

Donkers et al.; Applied Energy, 199:45-68 (2017) 

0 

90 

345 

the 
critical 

one 



Acknowledgments 
Funding Support 

Hartmut Fischer 
Bart Erich 
Olaf Adan 
Wim Duvalois 

Pim Donkers 
Leyla Sögütoglu 
Jelle Houben 
Hans Dalderop 
Daan Biemans 
Maarten Mackaij 29 

TKI Urban Energy 

This project has received funding 
from the European Union’s Horizon 
2020 research and innovation 
programme under grant agreement 
No 680450.  



Challenged? 

henk huinink (h.p.huinink@tue.nl) 

3 PhD positions open 
Big NWO project: Mat4Heat 


	Utilization hydration transitions of crystals �4 heat storage
	Storing heat/cold
	Condensation of water
	Condensation of water
	Water++
	Water++
	Options
	Thermo-chemical energy
	Built environment
	Boundary conditions matter
	Salt hydrates
	Overview (650 reactions)
	E/V > 2 GJ/m3
	Hydration
	Dehydration
	Tmelting > Tdehydration
	New selection criteria
	New selection criteria
	Isobaric cycling K2CO3
	Overshoot problem?
	Overshoot problem?
	Other hydrates
	Nucleation problem
	Nucleation problem
	Classical Nucleation Theory (CNT)
	Challenge 1: shift phase lines
	Challenge 2: accelerate kinetics
	Challenge 3: cyclic stability
	Acknowledgments
	Challenged?

