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Combined Compressed Air and Thermochemical Energy Storage System
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Abstract: Aiming at the issue of unstable operation caused by the fluctuating operation of air
compressor in the combined compressed air and thermochemical energy storage system, a compre-
hensive mathematical model of thermochemical process is established to study the effects of differ-
ent operating parameters on the heat transfer characteristics of the working fluids and methanol
decomposition efficiency of the reactor. The operation control strategy of the reactor is further es-
tablished to achieve the efficient and stable transformation from thermal energy to chemical ener-
gy. The results show that when the reactor operates under variable working conditions, the tem-
perature of reactant and air increases and decreases respectively along the flow direction in the re-
actor. The methanol decomposition efficiency is improved by increasing the flow rate of air and
inlet temperature on the air side of the reactor, and is reduced by increasing the flow rate of
methanol. The disturbance of inlet temperature on the air side of the reactor has the greatest

effect on the variation range of the methanol decomposition efficiency, while the reactor has the
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fastest response to the variation of the flow rate of methanol. Subsequently, by establishing the

feedforward-feedback control strategy to regulate the flow rate of working fluid at the inlet of

both reactor and air compressor, the methanol decomposition efficiency of reactor could achieve

95% within 1 000 seconds under the air compressor input load of 85%-—110% , which proves the

fast response and effectiveness of the proposed control strategy.

Keywords: compressed air; hybrid energy storage; methanol decomposition; dynamic perform-

ance; control strategy
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Fig. 1 Schematic of combined compressed air and thermo-

chemical energy storage system
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Fig. 2 Schematic diagram of reactor
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methanol decomposition rate under design condition
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Fig. 8 Dynamic characteristics of performance indicators of reactor with decrease of 10% in the temperature at the air inlet

of reactor

LRI/ C AL/ C AR /%
254.40 1.0_ 355.00 1.0 [ S 100.00
299,50 - 62.50
. 330.33 50.00 83.33
N ﬁ 0.8 262.50 %0-8 37.50
A N
Zo6l 22590 2303 R ST 29950 g6 2 62.50
E 218.78 E mﬂ
. : . 225.50 1 12.50 41.67
7530‘4. 221.15 %0'4_ 268.67 ?ﬁm
E 211.65 = B
1X0.2 209.28 1%0.2 237.83 02 20.83
204.53
. : : : 197.40 . . . . 207.00 . . - - 0
0 100020003 000 4 0005 000 0 1000200030004 000 5 000 0 1000200030004 000 5 000
I [ /s I 1A /s 515 /s
Ca) I 37 4y ¥l JEE (b)Z SR (o) PP 24 figp 52

Fig. 9 Dynamic characteristics of performance indicators of reactor with increase of 10% in the temperature at the air inlet of reactor
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Fig. 10 Dynamic characteristics of performance indicators of reactor with decrease of 10% in the flow rate of methanol
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