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Absdtract: This preliminary study investigated data mining-based methods to assess and predict the performance
of geotherma heat pump(GHP) system. Data mining is a key process of the knowledge discovery in database
(KDD), which includes five steps: 1) Selection; 2) Pre-processing; 3) Transformation; 4) Analysis(data mining);
and 5) Interpretation/Evaluation. We used two anaysis models, categorical and numerical decision tree models
to ascertain the patterns of performance(COP) and electrical consumption of the GHP system. Prior to
applying the decision tree models, we statistically analyzed measurement database to determine the effect of
sampling intervals on the system performance. Anaysis results showed that 10-min sampling data for the
performance analysis had highest accuracy of 97.7% over the actua dataset of the GHP system.
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Table 1 Statistical analysis results from the various dataset of different sampling interval

Sampling Values Power consumption COP
intervals Heat pump Circulation pump Heat pump System
Average 0.4999579 0.9112452 0.3249556 1.3103149
. Standard deviation 1.6870079 0.0564369 1.9322985 3.9568772
1-min. -
Min. value 0 0 0 0
Max. value 6.98566 1.03746 74.9466 19.4099
Average 0.4988184 0.9110747 0.3377358 1.3025885
. Standard deviation 1.6855154 0.0572185 2.1762941 3.9455068
5-min. -
Min. value 0 0 0 0
Max. vaue 6.93 1.04 74.95 19.41
Average 0.4954133 0.9112266 0.3648983 1.3114286
) Standard deviation 1.6790868 0.0573449 2.5524101 3.961531
10-min. -
Min. value 0 0 0 0
Max. value 6.91 1.04 71.59 19.01
Average 0.4859612 0.912065 0.3198573 1.3346373
30-min Standard deviation 1.6659274 0.056777 2.1269555 3.9928431
' Min. value 0 0.75 0 0
Max. value 491 1.04 71.59 18.29
Average 0.4939937 0.911149 0.3257845 1.3457924
60-min. Standard deviation 1.67252617 0.0557341 2.1944776 4,01265
Min. value 0 0.75 0 0
Max. vaue 6.83 1.04 71.59 17.85

F dlo]Ee] Bx = FASSITE ol 3t (average) 2t 3 ¥ 2H(standard deviation) =
doly 3] FAIEE ddalgivh(Table 1)
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A Aol tigk oS5 Fhe] A E Table 3o At AAHoZ HIm= 95% o] Foldom,
dlole F& F7]o w thh ztolE Bt oA HiTo], & F7]7F 108 u] A7) 97.7%=
7V =okow, ol HAFH Y LAHMAE)T 0.01380]U T} ol & wlg- #2 Fro= Iy, wmekx HE
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Table 2 Criteria for classification of category

Level Range

Off COP =0
Too Low 0<COP< z—o,*
Medium z—o0, < COP < z+o0,

High COP > z+o0,
Too High COP > 5

* 2 is average and o, is standard deviation.
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Table 3 Prediction rate of decision tree

Intervals Prediction rate
1-min. 95.8%
5-min. 95.8%
10-min. 97.7%
30-min. 96.7%
60-min. 94.6%
- Drrﬂfgn’-/,.\% Law
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Correctly Classified Instances 1397
Incorrectly Classified Inatances 1m

Kappa atatistic 0.8593
Mean absolute error 0.0138
Root mean aquared error 0.0867
Relative absolute error 20.4616 %
Root relative aquared error 47,2751 %
Total Number of Instances 7574

Fig. 4 Categorica decision
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Table 4 Primary decision rules for COP prediction

Decision rules

If AHP is High and EWT is Too Low and OAT is Too Low or OAT is Medium then COP is Too Low

If AHP is High and EWT is Too Low and OAT is High and IAT is Too Low or IAT is Medium then
COP is Too Low

If AHP is Too Low and Room to Buffer tank is Medium then COP is Too Low

If AHP is Too Low and Room to Buffer tank is Medium and IAT is High then COP is Too Low

o (AW N |

If AHP is Too Low and Room to Buffer tank is High and OAT is Medium and EWT is Too Low and
Heat pump to Buffer tank is Medium and IAT is Medium and MRT is High then COP is Too Low

If AHP is Too Low and Room to Buffer tank is High and OAT is Medium and EWT is Too Low and
Heat pump to Buffer tank is Medium and IAT is High and MRT is Medium then COP is Too Low

If AHP is Too Low and Room to Buffer tank is High and EWT is Too Low then COP is Too High

If AHP is High and EWT is Too Low and OAT is Medium of OAT is Too Low then COP is Too Low

© 00N O

If AHP is High and EWT is Too Low and OAT is High and IAT is High or IAT is Too Low then COP
is Too Low

If AHP is High and EWT is Medium and Hot water tank to Heat pump is Too Low then COP is Too
Low

11

If AHP is High and EWT is Medium and Hot water tank to Heat pump is High and MRT is Medium and
VGHEP is Medium and OAT is Too Low or OAT is Medium then COP is Too Low

12

If AHP is High and EWT is Medium and Hot water tank to Heat pump is Medium and MRT is High
then COP is Too Low

13

If AHP is High and EWT is Medium and Hot water tank to Heat pump is Medium and MRT is Medium
and VGHEP is Too Low or VGHEP is High then COP is Too Low

14

If AHP is High and EWT is Medium and Hot water tank to Heat pump is Medium and MRT is Too Low
and Room to Buffer tank is Too Low then COP is Too Low

* AHP: Ampere of heat pump, EWT: entering water temperature, OAT: outdoor air temperature,
IAT: indoor air temperature, MRT: mechanical room temperature, VGHEP: voltage of circulation pump
of ground heat exchanger
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Table 5 Primary numerica rules for COP prediction

Numerica rules

1 If heat pump to buffer tank>8.5T and buffer tank to heat pump<11.27C then COP is Too Low
If heat pump to buffer tank<8.5C and heat pump to buffer tank>4.9C and buffer tank to heat
pump=9.6T then COP is optimized

3 If heat pump to buffer tank>47.6C and EWT<13.2C then COP is Too High
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