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ABSTRACT

This review evaluates the state of art in the field of high-temperature energy storage materials
and systems. The physical and chemical properties, corrosion data and practical applications of the
phase change materials, especially the inorganic salts applicable to storage temperature in the range

‘of 100 — 850°C have been summarized.

Fluoride salts have excellent thermal storage properties, but these are less attractive in terms
of cost and corrosion problem of container materials. The nitrate and nitrite have attractive pro-
perties in the temperature range up to 600°C, at which the rate of decomposition becomes un-
acceptable. Carbonates euteutic salts can be considered as the most promising energy storage material
on the basis of their low cost and excellent material compatibility for corrosion in the temperature

range up to 850°C.
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Table 1 oz AAro] Fg 3t Ro}

1. Utility load levelling
— fossil/nuclear power plant
2. Utilization of natural energy source
— solar energy B
— wind energy
— tidal energy
3. Storage for electric vehicles
— automobiles
— space shuttle
4. Storage for uninterruptable power supplies
— hospitals
— computing facilities
5. Storage for remote location facilities
— telecommunication
— meteorological stations
6. Storage for industrial mobile power units
— especially in confined area (warehouse, mines)
7. Industrial waste heat recovery
— steel & iron
— cement
— pulp & paper
— food processing

(5.6]. =& HZole 7] AMgZo] AL HE

BE dolv 7IAA A= A A
7] AMg-2o] B& Atdol &3t WEE &

Table 2 Summary Table of Energy Storage Methods
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Storage Density

Wh/md Mym3 o MUT

Ay
Tl
Pl

Economic Plant Size Espected Lifelyr: Efficiencylkf Status

Hvdro-pumped storage 0.25 | 3.9 0.9 200 - 2,000 W 30 -7 present
Compressed air - W0 10 'y 200 200 - 2,000 MW 20-25 Note 3) present
iwlth thermai storaee;

Thermal :

Sensidle (300-1000°C) @ 250 500 700 30 - 200 MW 29 -30 8 - 73 present
Lateat (230-500°C! @ 250  90¢ 500 30 - 1.000 MW 23 -3 85 - 95 near

Lead acid batteries W 230 900 200 20 ~ 30 Mwh 3-10 80 - 75 near
Advanced batteries [} 250 800 200 20 - 30 Mwh 10 - 20 70 - 80 intermediate
Fivwheel W X 180 50 10 - 50 Mh 20 - 25 0 - 85 intermediate
Hydrogen storage w/Q 2.300 39,000 - 120,000 20-30% 10 - 23 40 - 30 intermediate
Superconducting W 10 36 10 greater than 30 - 30 -8 iong term
Bagnetics ' 10.000 Mwh

Note 1) W = Work. Q = Heat

§) Electric energy out to electric energy in
3) ieat rate of 4200 - 3300 BTU/kWh. power requirements of 0.58- 0.30 kWh(in;/kWh(out’
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Fig. 2 Energy density and capltal cost of energy

storage systems
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Table 3 Thermal Energy Storage Using Sensible and Latent Heat '3

SENSIBEL HEAT CATENT HEAT
SOLID LIQUID Hz 0 CHANPHASGEE SORPTION CHEMICAL
- rock [— liquid [— moltes |- oil MATERIAL Solid/Gas |Liquid/Gas | REACTION
- olievine | metal salt - orgamic ——t
~ cement liquids - 1ice - metal - HZO/NH 3 1 CalOd),
- irug ore - paraffins hydrides -3, °
- salt- - salt:NH,
hvdrates eutectics
- salts - silicagel
eutectics |- zeolites
- metals ‘
| - |
Temperature | 0 - 1500 | 100 - 1000 | 150 - 600 | (-)50 -400 | 0-350 } 0 - 850 i 0 - 500 ‘ 0-300 ! 500- 200
(76 q |
Pressure g - 100 - 10 0-101! 0-230 (1200 0-10 l 10-3% | 1-100 10 -2
(bar) . ! | |
{orrosion '! E
resistnat no yes yes 0o no yes no 1 yes ves ]
vessel L i \ i'
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