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Field Measurement and Energy-saving Potential Analysis on the
Performance of a Sewage-water Heat Pump System

Jia Xin Duanmu Lin Shu Haiwen

(School of Civil Engineering, Dalian University of Technology, Dalian,116024 , China)

Abstract A sewage-water heat-pump system (SWHP) for building heating and cooling in Dalian, Liaoning Province, northeastern Chi-
na, is measured on-site, which is a renewable energy demonstration project. The measurement results show that the average heating coeffi-
cient of performance (COP) of a single heat-pump unit and the whole system are 5.02 and 3. 93, respectively, when the average sewage-
water temperature is 10.45 °C during the entire heating season. The average cooling COPs are 6.26 and 4. 54, respectively, when the av-
erage sewage-water temperature is 18.43 °C during the entire cooling season. To improve the system performance, an energy-saving analy-
sis was conducted according to survey data. The test results show that the unit and system COPs increase by 16.08% and 11.36% , re-
spectively, as the heat-transfer coefficient of the sewage heat exchanger increases by 50.08% . Moreover, a SWHP model was established,
and the system energy consumption under fixed and variable-frequency water-pump conditions was simulated using the Transient System
Simulation Tool ( TRNSYS) software. The simulated result shows that the energy consumption of the variable-frequency operation is less
than the fixed frequency by 18.52%.

Keywords sewage water heat pump; district heating and cooling; performance test; energy saving; variable frequency system
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Tab. 1 Parameters of devices in the sewage water heat pump system
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Fig.1 The layout of devices in sewage water heat pump system
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Fig. 3 Heat transfer coefficient of sewage heat exchanger I
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Tab.2 The test data of the sewage water heat pump system on Jan 20, 2013
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ke ‘ S S o U e B4l RS

sy [ Wi/ AUKIR BUKR KR/ MR/ 0RO BOE BEoE RO
(m*/h) , , kw  cop cop

(m*/h)  E/C JE/C  (m’/h)  (m’/h)  E/C O E/C O E/C E/C
10:40  309.96  218.34 10.09 6.81 223.00  237.60  6.17 3.39 41.27 45.26 1528.00 5.23 4.33
13:50  319.26  213.78 10.35 6.96 223.50  236.76  6.25 2.94 36.91 41.38 1573.00 6.12 4.97
14:25 322,14 216.84 10.35 6.96 221.76  243.00 6.29 3.02 40.71 45.22 1540.00 5.42 4.46
14:55 322,08  213.90 10.05 7.79 225.60  237.72  7.38 5.38 42.21 45.03 1163.00 5.30 4.16
15:15  316.98  217.26 10.27 7.83 217.50  236.40  7.30 4.93 42.02 45.56 1189.00 5.28 4.16
SFHE 318.08  216.02  10.22 7.27 222.27  238.30 6.68 3.93 40.62 44.49 1398.60 5.47 4.42
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Tab.3 The test data of the sewage water heat pump system on Jul 25, 2013
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] ik WE/ HOKE KE R/ TRV b= S =l = A TR =
(m*/h)  (m’/h)  JFE/C E/C (mP/h) (wi/h) BE/C E/C E/C JE/C /W COP COP
10: 00 301 183 19.4  23.9 247 229 17.2 12.3 32,6 37.6 1310 4.96 3.90
11:00 300 185 19. 1 23.6 240 227 16.2 11.4 32,2 37.2 1271 504 4.07
13:30 304 180 18.9 23.4 242 232 15.7 11.0  32.2 37.2 1270 5.04 4.07
14:30 304 180 18.9 23.4 247 227 15.7 10.8 32.3 37.3 129 5.14 4.15
15:30 307 174 18.9 23.3 242 226 15.6 10.7  32.3  37.2 1291 512 4.14
16:30 294 174 18.9 23.3 252 231 15.6 10.7  32.4 37.3 1319 500 4.23
A 305 183 19.0 23.5 244 229 16.0 12 32.3  37.3 1314 5.24 4.22
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Tab. 4 The eigenvalues of the system under fixed and variable frequency water pump conditions
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Fig.7 Total power consumption under fixed and

variable frequency water pump conditions
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