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Outline

• Applications/Boundaries

• Storage materials (zeolites)

• Supporting materials (ceramics)
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Motivation

• High temperature?....>150, >200, >500?

• Storage duration?....short term! large scale…
(specific heat capacity, isolation problems…)

• High temperature heat sources, batch processes, 
peak shifting…

• Fast loading, mobile applications

• Specialties like warm-up of catalysts…
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Material cold °C hot °C

Oil 240 307
Oil/Gravel 224 304
Oil/Iron 225 295
Liq. Salt 220 340
Liq. Na 275 530
Ceramic Beads 200 800

HITECTM Salt system

I.  40 %NaNO2 + 7 %NaN03 + 53 % KNO3 Fp=142 °C     (appl. at 450 °C)

II. 60 % NaNO2 + 40 % KNO3 Fp=220 °C     (appl. at 600 °C)

Storage volume: 50 –1000 m³
capacity: 5 – 100 MWh

HT Storage for Solar thermal PP
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Storage density
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Boundaries

• Laws of thermodynamics provide limits

• Maximum work output (or minimum work input) 
only occurs in idealized reversible processes

• All real processes are irreversible
• Losses always occur
• Rates are governed by constitutive laws that link 

gradients and transport properties

• Materials are real stuff!



© Bayerisches Zentrum für Angewandte Energieforschung e.V. – ZAE Symposium 2008, June 4th – 6th, Bad Tölz

TES - materials parameters

Storage
density

Storage
duration

Costs

Loading
behaviour

Temp.
level

Safety

Durability

TES

H2O@100°C
Qev 2.26 MJ/kg

Zeolite
cp 880 J/kg*K
a     0.20 g/g

To heat up by 250 K
0.220 +0.213 MJ

= 0.433 MJ
2.26 : 5 = 0.452 MJ
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Adsorption in Zeolites

68.20.390.3813.3NaMgX

61.70.370.3813.3LiNaX

58.60.340.3813.3NaX

53.40.230.1816.9AlPO-5

56.90.260.3714.2NaLTA

(40)---Water

Adsorption 
heat * 
kJ/mol

Water
adsorption
capacity * 
cm3/g

Pore 
volume
cm3/g

Framework 
density

T-atoms /Å 3

* BMWi Projekt-Nr. 0329525C/D

Hydration enthalpie kJ/mol

Na+ -398; Li + -508; Ca2+ -1577; Mg2+ -1908
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LTA, ABW, CAN, GIS, Sodalite

X, NAT, Phillipsite, Edingtonite, ZK-5 (Q), 
Analcime, Bikitaite Chabazite, Gmelinite

Y, Mazzite, Stilbite, Brewsterite, Erionite, 
L, Rho, Heulandite, Offretite

Mordenite, ZSM-20,

Ferrierite, ZSM-5, 

ZSM-11, ZSM-12, ZSM-23

Beta

EU-1

Dodecasil, Silicalite
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Optimization

• (Hydro)thermal Stability (Si/Al ratio)
• Ion exchange
• Structure – interaction with cations
• Synthesis process – costs
• Finishing/shaping

• Composites/supports
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Polysiloxan Silres® H44 35 Ma-%
SiC F500B d50: 16.1 µm 5 - 55 Ma-%
Al AS081 d50: 22.0 µm 10 - 60 Ma-%

Crosslinking temperature: 260 °C - 280 °C
Pyrolysis: 800 °C, N 2

Al-filled ceramic foams for adsorption 
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Step B: Hydrothermal Synthesis

- 80-90°C
- 0-160 hours

- autogenic pressure

- quenching, washing....

Reaction solution: 
H2O, K2O, Na2O
(add.framework
builder silicon )

Step A: Preparation

Evacuation

Teflon-lined
vessel

LSX crystallisation on Ceramic Foam

Ceramic monolith: 
contains
framework builder
aluminium
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Energy density in zeolite/foam composites

- zeolite 4A on copper foam
- amount of zeolite 17 %

energy storage density:

0.17*500kg/m3*0.3 kg/kg*3300kJ/kg= 23.4kWh/m3

- zeolite LSX on polymer derivd SiC foam
- amount of zeolite 60 %

energy storage density:

0.6*600kg/m3*0.3 kg/kg*3980kJ/kg= 120 kWh/m3

Typical energy density of fixed bed = 190 kWh/m 3
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Sensible heat storage

Solid media / Concrete Storage
• sensible storage with castable ceramics and concrete
• preferred for single phase HTF till 400/500 °C
• dual medium indirect storage system with regenerative 

heat transfer
• modular and scalable design from 500 kWh to 1000 MWh

Important applications
• parabolic trough solar 

thermal power plants
• waste heat storage < 500 °C
• combined heat and power

R. Tamme, IRES I,
Gelsenkirchen, 2006
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Porous Ceramics

System concrete/metal pipes – mixed construction materials
– different thermal expansion

coefficients
– heat transfer

oil-metal-concrete
– heat conductivity of concrete

1 mm
H1

H3

H2 H1

H3

H2

Porous ceramic

– one construction material
– one heat transfer step
– heat capacity adjustable by

fillers
– improved / optimizeable fluid

dynamics
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– optimized zeolites are promissing materials for (HT) thermal 
storages

– different solutions for different tasks, depending on temperature level 
and time scale

– porous ceramics can provide a good functionality for heat energy
storage systems

– still research needed, on material as well as system level, with the 
goal to: - reduce the costs 

- increase the storage density 
- increase the efficiency
- increase the stability

Conclusions
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Classification

• Length of storage period

minutes - hours ® short term
days – weeks ® long term
several month ® seasonal

• temperature level of heat source
• temperature level of heat demand

high temperature > 250°C
room heating/ domestic hot water > 40°C
cold storages < 20°C
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Prozess energy in industry

temperature range 100 – 400 °C
water/steam as relevant HTF
Examples
• food processing
• manufacturing of construction materials
• production of paper, textile industry etc.
• water purification, desalination
• double effect sorption cooling

temperature beyond 500 °C
flue gas and air as relevant HTF
Examples
• metallurgy
• ferrous and non-ferrous metal casting
• ceramics manufacturing
• glass manufacturing

Total 1603 PJ/a (IfE 2000)

others

drying
21 %

furnaces
55 %


