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Abstract  Absorption thermal energy storage can effectively alleviate the temporal and intensity mismatches between renewable energy
supply and heating/cooling demands. Working-fluid screening is a key factor affecting the energy storage performance and applicability.
In this study, a unified comprehensive evaluation method for working fluids was established to systematically compare three generations of
absorbents—conventional inorganic salts, ionic liquids, and deep eutectic solvents—in terms of cooling/heating cycle performance,
response rate, feasible operational temperature range, and economic performance. The results showed that H,0-ionic liquids delivered
high cycle performance in both cooling and heating modes. In the cooling mode, H,0-[ EMIM ][ OAc] achieved an energy storage density
(ESD) of 380 kJ/kg and an energy storage efficiency (ESE) of 0. 86, whereas in the heating mode, H,0—[ EMIM ][EtSO,] achieved an
ESD of 375 kJ/kg and an ESE of 1. 65. Conventional H,0-LiBr delivered favorable heat transfer performance, but its feasible operational
temperature range was restricted by crystallization. As the heating temperature increased, the minimum charging temperature of each
working fluid also increased, imposing a higher requirement on the temperature level of the charging heat source. Ammonia-based
working fluids can meet subzero cooling demands. NH;—glyceline achieved an ESD of 227 kJ/kg and an ESE of 1. 61 in the heating mode,
and maintained a wide operational temperature range. Deep eutectic solvents showed clear advantages in terms of economic performance.
At a system lifetime of 15 years, H,0—ethaline showed the lowest levelized cost of storage, i. e. , at USD 0. 091/(kW +h) , which was
36. 5% lower than that for H,O-LiBr. These results provide useful guidance for selecting working fluids to be used in absorption thermal
energy storage under various application scenarios.
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Fig.1 Working principle of absorption thermal energy storage
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Tab.1 Detailed information of different absorbents
i e i BT I BRI R 4015 AR 53T 5 e
1L1 [EMIM ][ OAc] 1-ethyl-3-methylimidazolium acetate 170.21
1.2 [EMIM][EtSO, ] 1-ethyl-3—-methylimidazolium ethyl sulfate 236.29
L3 [DMIM][DMP] 1,3-dimethylimidazolium dimethyl phosphate 222.18
L4 [EMIM ][ DEP] 1—ethyl-3-methylimidazolium diethyl phosphate 264.26
IL5 [DMIM][CL] 1,3-dimethylimidazolium chloride 132.59
IL6 [DEMA ][ OMs] diethylmethylammonium methanesulfonate 18327
1.7 [EMIM][DMP] 1—ethyl-3-methylimidazolium dimethyl phosphate 236.21
1L8 [DEIM ][ DEP] diethylimidazolium diethyl phosphate 278.29
1.9 [BMIM][DBP] 1-butyl-3-methylimidazolium dibutyl phosphate 348.42
IL10 [BMIM ][ BF4] 1-butyl-3-methylimidazolium tetrafluoroborate 226.02
IL11 [EMIM][TFA] 1-ethyl-3-methylimidazolium trifluoroacetate 224.18
IL12 [BMIM][Br] 1-butyl-3-methylimidazolium bromide 219.12
IL13 [EMIM ][ TfO ] 1-ethyl-3-methylimidazolium trifluoromethanesulfonate 260.23
IL14 [DMIM ][ BF,] 1, 3-dimethylimidazolium tetrafluoroborate 183.94
DES1 Ethaline choline chloride: ethylene glycol (1:2) 87.92
DES2 Glyceline choline chloride ; glycerol (1:2) 107.93
DES3 Beta_EG betaine: ethylene glycol (1:3) 75.84
DES4 Reline choline chloride: urea (1:2) 86.58
DES5 Maline choline chloride: malonic acid (1:1) 121.84
DES6 Taline choline chloride: trifluoroacetamide (1:5) 117.47
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Fig.2 Model verification against experimental data during charging/discharging processes
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Fig.3 ESDs and ESEs of water-based working fluids for cooling mode
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Fig.4 ESDs and ESEs of ammonia-based working fluids for cooling mode
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Fig.5 ESDs and ESEs of water-based working fluids for heating mode
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Fig.6 ESDs and ESEs of ammonia-based working fluids for heating mode
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Fig.7 Viscosities and thermal conductivities of representative working fluids during operation
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Fig.8 Feasible temperature ranges of representative working fluids at different discharging temperatures for cooling
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Fig.9 Feasible temperature ranges of representative working fluids at different discharging temperatures for heating
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Fig.12 Normalized multi-criteria evaluation for different types of working fluids for cooling mode
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Fig.13 Normalized multi-criteria evaluation for different types of working fluids for heating mode
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