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Abstract: To enhance the renewable energy utilization and improve the recovery and reuse
of industrial waste heat, this study proposes a high-temperature steam supply system utilizing
pumped thermal energy storage (PTES) with wastewater heat recovery. The system adopts a
high-temperature heat pump to extract low grade heat from wastewater during off-peak
periods. It integrates a solid thermal storage unit to accumulate and release heat to achieve
continuous high-temperature steam supply. A thermodynamic model of the PTES system was
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developed in Aspen Plus and MATLAB. The model comprises a compressor, an expander,
heat exchangers, a steam generator, and a solid storage module for simulating the energy
transfer. Using the model, the system performance under various operating conditions was
assessed. The simulation results show that when the wastewater temperature is 60°C, the
coefficients of performance (COP) for air, argon, nitrogen, and carbon dioxide are 1.519,
1.478, 1.523 and 1.327, respectively. For the solid thermal storage unit, a porosity of 0.35 and
particle diameters between 0.03 and 0.05 m yield the optimal thermal efficiency and COP. A
sensitivity analysis using air as the working fluid evaluated the influence of key parameters.
The results show that higher wastewater temperatures and lower compressor outlet
temperatures enhance system performance. When the waste heat temperature reaches
100°C and the compressor outlet temperature 400°C, the system COP increases to 1.658. An
equipment cost estimation shows that the compressor and the electric motor contribute the
largest shares in the total cost, suggesting that compression and power conversion units
should be the main targets of economic optimization. The results provide technical support
and useful references for the feasibility assessment and engineering design of high-
temperature PTES systems for industrial heating.

Keywords: multi-energy complementarity; energy storage system; waste heat recovery; high-

temperature heat pump; thermodynamic simulation
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Table 2 Initial parameters of solid energy storage

device
24 [ s ity e 2 7

AR S /m 7.376

SEAAAR R /m® 650

HATLRRE 0.22

% /(kg/m®) 2500
FHAHBFRW/(m-C)] 5
HATHRERII(kg - K)] 830

R3 EHENSEANABRESH
Table 3 Initial parameters of compressor and

expander
24 JEAEHL JEZRRAL
PEH T B £
R =R/ (kgls) 10 10
ESUEIL 90 90
R L C 552 293
#EE S1/MPa 2.44 10.50
HHE f1/MPa 10.60 2.47

F=4 HERBEER
Table 4 Validation results of model

S A i BAH SCHRAE R 2%
FEZEHL 49318  4.9808 -0.984

TIZIMW
KL 1.8295 1.7975 +1.780
TEIR R [i] 47 fifh 2 0.911 0.915 -0.4372

TR BRI PAR T 28VR R AR AR 4 MW
NHTEE, BRSBTS RN 1.46 kg/s [ K I #
PP 200°C K28, g e IX #2800 AR A
HEH DR 71178 0.8 MPa, #F IR E N 20°C. 7Eik
BRI 0 FLAR Y SR Gt AT AR PR T W) U6 2 250
W, A AR 2 IR A XL, HIR SRS
Hro e T R#GRE N60°C, fERAKTERE
S SO Y IN: ) A e W & A N v - M a
AT VR . AFRPEH TN 1 RAV186 S 50 5L
#5. HZEB AN RIEEN, i e
JEMRE 5 B 28 e s Bk, 7R A SO g e 1 )
FIHT 2 N R 45 HLN K /1% 4 35 kPa, DL
15 U b 3 iR R

AN FAE IR T 22 5200 3R G0 N 280K A 48 1
PERER I . 18I £ AN [RIPE 3R 103 1) 280K R A2 4 1)
TQHIZ, ATLOGTEEI e . e fR Fe e 2R A
TR A B 22 e /N A, BRI 1k — 2 [l



774 g #e F

5 # A 2026 F5 15 %

*5 TRILRTRZEESH

Table 5 Initial system parameters under different
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Table 6 Purchase costs estimation of equipment
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