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Research of Air Source Heat Pump Coupling Solar Energy & Waste Heat System in Substation Heating
Tang Liang Wang Hongwei Jiang Shan Fu Jun
( Shandong Electric Power Engineering Consulting Institute,Jinan, 250013 )

[ Abstract] The substation of Wind Power Plant and Photovoltaic Power Plant usually far away from the heating station,
normally use electric radiator and water-heater with very low energy efficiency, this solution cost extra power and reduce project
benefit. A new system of “air source heat pump coupling solar energy & waste heat system” can raise the energy efficiency,
provide reliable heat resource, and save operation cost. Plenty exhaust air (about 40 °C) can be recovered from the substation
electric equipment room. Use the 40°C exhaust air for the heat pump evaporator, solve the problem of low efficiency of heat pump
in low temperature, hot water can be produced and solar energy equipment can be used to raise the water temperature to meet the
variable heating requirement, and a heat insulating water tank is supplied for maintain steady hot water supply. This system can not
only work for heating system, but also for part of hot water system. The advantages and disadvantages of the system and its
necessity and feasibility of application in one wind power plant in Beijing are expounded in details as example. The analysis shows
that even in the coldest period, the system could still operation stability and economical and saves a lot energy. This work can
provide guidance for practical design of air source heat pump system coupling waste heat with thermal energy storage in substation
heating in cold areas.
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Table 1 Heat load table for office building rooms of one

wind power plant

BEEE R e O oW
(W/m?)
kA= 103.68 40.00 4.15
i = 77.76 60.00 4.67
IMAE 134.64 50.00 6.73
LWE 50.40 70.00 3.53
fERE 105.84 40.00 423
18 & 257.76 40.00 10.31
BT 75.60 50.00 3.78
J& 3 25.20 50.00 1.26
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Table 2 Typical heat load per hour for office building rooms of one wind power plant in winter
=S B AER BN BEf BN EREMNES S B BH7
i (kWD S W) B 6 kW) S G (kWD w2 G (kW)

0:00 4.670 0.019 6.730 0.000 1.260 0.000 14.540 0.645 9.467
1:00 4.670 0.029 6.730 0.000 1.260 0.000 14.540 0.419 6.228
2:00 4.670 0.029 6.730 0.000 1.260 0.000 14.540 0.290 4.352
3:00 4.670 0.029 6.730 0.000 1.260 0.000 14.540 0.290 4.352
4:00 4.670 0.029 6.730 0.000 1.260 0.000 14.540 0.290 4.352
5:00 4.670 0.495 6.730 0.000 1.260 0.000 14.540 0.371 7.706
6:00 4.670 0.456 6.730 0.000 1.260 0.000 14.540 0.500 9.400
7:00 4.670 0.456 6.730 0.018 1.260 0.018 14.540 0.903 15.403
8:00 4.670 1.000 6.730 1.000 1.260 1.000 14.540 0.710 22.983
9:00 4.670 0.806 6.730 0.723 1.260 0.723 14.540 0.726 20.097
10:00 4.670 0.728 6.730 0.476 1.260 0.476 14.540 0.435 13.528
11:00 4.670 0.670 6.730 0.606 1.260 0.606 14.540 0.645 17.349
12:00 4.670 0.621 6.730 0.617 1.260 0.617 14.540 0.629 16.976
13:00 4.670 0.505 6.730 0.606 1.260 0.606 14.540 0.629 16.346
14:00 4.670 0.485 6.730 0.494 1.260 0.494 14.540 0.629 15.358
15:00 4.670 0.466 6.730 0.482 1.260 0.482 14.540 0.661 15.638
16:00 4.670 0.476 6.730 0.535 1.260 0.535 14.540 0.661 16.109
17:00 4.670 0.485 6.730 0.329 1.260 0.329 14.540 0.919 18.256
18:00 4.670 0.485 6.730 0.000 1.260 0.000 14.540 0.984 16.572
19:00 4.670 0.340 6.730 0.000 1.260 0.000 14.540 0.984 15.895
20:00 4.670 0.340 6.730 0.000 1.260 0.000 14.540 1.000 16.128
21:00 4.670 0.350 6.730 0.000 1.260 0.000 14.540 0.968 15.709
22:00 4.670 0.388 6.730 0.000 1.260 0.000 14.540 0.935 15.407
23:00 4.670 0.019 6.730 0.000 1.260 0.000 14.540 0.903 13.218
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Fig.1 Typical heat load per hour for office building rooms
of one wind power plant in winter
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Table 3 Typical cold load per hour for office building rooms of one wind power plant in summer
i PRI BN BAES SN BRSG ER s [0S b

i (kW) 24 kW) ZH (kW) ZH W) X (kW)
0:00 4.670 0.160 6.730 0.000 1.260 0.000 14.540 0.160 3.074
1:00 4.670 0.250 6.730 0.000 1.260 0.000 14.540 0.250 4.803
2:00 4.670 0.250 6.730 0.000 1.260 0.000 14.540 0.250 4.803
3:00 4.670 0.250 6.730 0.000 1.260 0.000 14.540 0.250 4.803
4:00 4.670 0.500 6.730 0.000 1.260 0.000 14.540 0.500 9.605
5:00 4.670 0.590 6.730 0.000 1.260 0.000 14.540 0.590 11.334
6:00 4.670 0.670 6.730 0.000 1.260 0.000 14.540 0.670 12.871
7:00 4.670 0.670 6.730 0.000 1.260 0.000 14.540 0.670 12.871
8:00 4.670 0.750 6.730 0.340 1.260 0.340 14.540 0.750 17.124
9:00 4.670 0.840 6.730 0.400 1.260 0.400 14.540 0.840 19.332
10:00 4.670 0.900 6.730 0.540 1.260 0.540 14.540 0.900 21.604
11:00 4.670 1.000 6.730 0.720 1.260 0.720 14.540 1.000 24.963
12:00 4.670 1.000 6.730 0.910 1.260 0.910 14.540 1.000 26.481
13:00 4.670 0.920 6.730 1.000 1.260 1.000 14.540 0.920 25.663
14:00 4.670 0.840 6.730 0.980 1.260 0.980 14.540 0.840 23.967
15:00 4.670 0.840 6.730 0.860 1.260 0.860 14.540 0.840 23.008
16:00 4.670 0.740 6.730 0.720 1.260 0.720 14.540 0.740 19.968
17:00 4.670 0.740 6.730 0.620 1.260 0.620 14.540 0.740 19.169
18:00 4.670 0.500 6.730 0.610 1.260 0.610 14.540 0.500 14.479
19:00 4.670 0.500 6.730 0.650 1.260 0.650 14.540 0.500 14.799
20:00 4.670 0.330 6.730 0.690 1.260 0.690 14.540 0.330 11.852
21:00 4.670 0.160 6.730 0.610 1.260 0.610 14.540 0.160 7.948
22:00 4.670 0.160 6.730 0.000 1.260 0.000 14.540 0.160 3.074
23:00 4.670 0.160 6.730 0.000 1.260 0.000 14.540 0.160 3.074
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Fig.2 Typical cold load per hour for office building rooms

of one wind power plant in summer
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Table 5 Contrast of the two systems
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