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Design of Water Thermal Energy Storage Based Power Supply for
A Regional Energy Station Using Reclaimed Water and Heat-Source Tower Heat Pumps
Tu Shuyang LiYue Liu Xichen Min Xiaodan
(' China Southwest architectural Design and Research Institute Co., Ltd, Chengdu, 610041 )

[ Abstract]  To enhance the economy, energy efficiency, and operational reliability of the regional energy station, this design
proposes and applies multiple innovative technical solutions. Based on site conditions, reclaimed water-characterized by high
temperature stability and low operating costs-is prioritized as the heat source/sink for the heat pump system. And it effectively
reduces temperature fluctuations of the cooling/heat sources and ensures efficient operation of the main units. Secondly, heat-source
towers are configured as backup cooling/heat sources. Their strong site adaptability significantly improves the overall system
reliability and energy efficiency. Thirdly, to optimize operational economy and enhance load regulation capability, water thermal
energy storage (TES) technology is integrated with the heat pump system, enabling dual cold and heat storage. Through load
characteristic analysis and annual dynamic simulation, technical-economic comparisons of different thermal storage ratios are
conducted. The optimal thermal storage ratio is determined to be 36%. Under this configuration, winter daytime loads can be
completely supplied by nighttime heat storage. By comprehensively applying these technologies, the design successfully achieves
multiple objectives: economy, energy savings, and high efficiency. The key technical comparison and optimization methodologies
developed during the solution formation process provide reference value for similar projects.
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Table 1 Benchmarking Results of Reclaimed Water Quality Testing for the Project
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Table 3 Performance Parameters of Building Envelope Structure
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Table 5 Key Cooling/Heating Load Intensities and

Operational Parameters for Office & Commercial

Buildings
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A AT AR/ (W/m?) 72 103
AR A 2 /(kWh/m?) 51 101
P ar B THFEAR/(W/m?) 34 53
B TR # R/ (kWh/m?) 18 34
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EESSPR 127 145
K ZRIBAT /N 1409 1668
KRBT RE 94 104
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Fig.3 Annual Cooling and Heating Load Profiles for
Office Buildings
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Fig.4 Annual Cooling and Heating Load Profiles for
Commercial Buildings
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Table 6 Cooling and Heating Load Intensities on Typical

Design Day
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W/m? W/m? W/m? W/m?
1 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00
7 29.80 23.56 0.00 0.00
8 52.56 34.26 46.41 52.72
9 64.27 29.64 52.75 50.52
10 67.61 24.52 74.72 39.31
11 72.30 20.16 84.07 31.34
12 70.54 17.62 92.01 26.50
13 70.33 13.69 93.05 20.07
14 72.38 8.45 91.65 12.01
15 72.05 8.05 95.29 11.22
16 67.18 10.72 89.11 15.62
17 60.19 11.74 79.53 17.36
18 45.64 11.18 69.71 18.61
19 34.64 9.06 65.07 20.37
21 16.80 6.87 69.28 24.08
22 0.00 0.00 39.72 26.95
23 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00
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kW kW kW kW kW kW
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 19261.92 15228.55 0 0 19261.92 15228.55
8 33973.38 22144.75 11665.94 13252.07 45639.32 35396.82
9 41542.41 19158.5 13259.61 12699.06 54802.02 31857.56
10 43701.3 15849.07 18782.14 9881.237 62483.44 25730.31
11 46732.79 13030.89 21132.42 7877.842 67865.21 20908.73
12 45595.17 11389.1 23128.28 6661.226 68723.45 18050.32
13 45459.43 8848.85 23389.7 5044.936 68849.13 13893.79
14 46784.5 5461.854 23037.79 3018.918 69822.28 8480.772
15 46571.19 5203.305 23952.76 2820.338 70523.96 8023.643
16 43423.36 6929.122 22399.31 3926.353 65822.67 10855.47
17 38905.21 7588.422 19991.22 4363.731 58896.43 11952.15
18 29500.48 7226.453 17522.79 4677.94 47023.27 11904.39
19 22390.37 5856.142 16356.45 5120.346 38746.82 10976.49
20 14258.99 5222.696 17854.6 5462.205 32113.59 10684.9
21 10859.07 4440.584 17414.71 6052.917 28273.78 10493.5
22 0 0 9984.297 6774.341 9984.297 6774.341
23 0 0 0 0 0 0
24 0 0 0 0 0 0
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