LTI ﬁﬁj’%%ﬁy A AT

Effect of Solar Heat Acquisition and Hot Water Demand Prediction Errors on
Performance of Heat Pump Water Heater with Heat Collector
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Abstract

Uncertainties of solar heat acquisition and hot water demand predictions should be considered in operation of a

heat pump water heater (HPWH) combined with a solar heat collector, because it ordinarily operates before the hot

water is used and solar heat is collected. In this study, we developed and combined the optimum scheduling model and

the adaptive operation model to analyze the effect of solar heat acquisition and hot water demand prediction errors

on the performance of a heat pump water heater with solar heat collector. Using predicted values with two types of

prediction errors; daily quantity error and occurrence time error, we quantitatively evaluated economic impacts of

prediction errors. It was found that daily quantity prediction is more important for operation of an HPWH.
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Fig. 1 Hot water supply system in this study.
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Fig. 3 Flow chart of our adaptive operation algorithms for a heat pump water heater.
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Fig. 4 Predicted values with daily quantity errors.
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Fig. 5 Predicted values with occurrence time errors.
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Fig. 6 Results of electricity chage in Case 1A.

(Case 1A: without prediction errors)
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Fig. 7 Results of electricity charge in Case 1B.
(Case 1B: use of one day before values as predictive values)
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Table 1 Details of calculation results in Case 1A and Case 1B.

Electricity Charge Electricity Consumption Supplied Solar Produced| Heat Total

[yen/year] (kWh Heat Ullzzte by HPWH |Loss from| System

x% | y% | Day" | Night" | Total | Day* | Night* | Total | [MJ] | "y, [MJ]  |Tank [MJ]| COP []

1A | 0% | 0% | 1,357 | 3,375 | 4,732 49 368 418 9,678 | 6,507 5,219 2,047 6.44
1A | 25% | 25% | 1,356 | 4,444 | 5,800 49 485 534 9,678 | 6,466 | 6,907 3,695 5.03
1A | 50% | 50% | 2,512 | 5,229 | 7,741 99 570 670 9,678 | 6,093 8,890 5,305 4.01
1B | 0% | 0% | 2,142 | 2,989 | 5,131 83 326 409 8,873 | 6,454 5,146 1,921 6.02
1B [25% | 15% | 3,325 | 4,147 | 7,472 | 135 452 587 9,678 | 6,097 7,728 4,147 4.58
1B |25% | 25% | 4,508 | 3,766 | 8,274 | 185 411 596 9,678 | 6,041 7,876 4,238 4.51
1B | 50% | 50% | 6,140 | 4,698 |10,838 | 255 512 767 9,678 | 4,900 | 10,386 | 5,608 3.50

* Day means from 7 am to 11 pm. Night means from 11 pm to 7 am.
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Fig. 8 Results of electricity charge and root mean square
quantity error in Case 2HW.

(Case 2HW: use of hot water demand prediction
with daily quantity errors)
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Fig. 9 Results of electricity charge and root mean square
quantity error in Case 2SH..
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Fig. 10 Results of electricity charge and root weighted
mean square time error in Case 3HW.

(Case 3HW: use of hot water demand prediction
with occurrence time errors)
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Fig. 11 Results of electricity charge and root weighted
mean square time error in Case 3SH.

(Case 3SH: use of solar heat acquisition prediction
with occurrence time errors)
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