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Abstract Optimal cooling operation algorithm was developed based on a simulation case of a single family house model
equipped with renewable energy facility. EnergyPlus simulation results were used as virtual test data. The model contained
three energy storage elements: thermal heat capacity of the living room, chilled water storage tank, and battery. Their
charging and discharging schedules were optimized so that daily electricity bill became minimal. As an optimization
tool, linear programming was considered because it was possible to obtain results in real time. For its adoption,
EnergyPlus-based house model had to be linearly approximated. Results of this study revealed that dynamic cooling
load of the living room could be approximated by a linear RC model. Scheduling based on the linear programming
was then compared to that by a nonlinear optimization algorithm which was made using GenOpt developed by a national
lab in USA. They showed quite similar performances. Therefore, linear programming can be a practical solution to
optimal operation scheduling if linear dynamic models are tuned to simulate their real equivalents with reasonable
accuracy.
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Ch = N P > electric power [W]
D PR AEE Piome T L) [W] Q " heat [W]
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AN A gEFE md ykede] AFA Y J|v & HHg AT

SHE At mazxr E=dle)
a : ambient o : outside
ac : air conditioning PV * photovoltaic
B : battery sl, s2 :solar(l : & <9, 2 : Ad])
eq D=2 st : storage tank
grid : main grid set c A
others : home use except for heating and cooling w S U8 HA
i . inside home z A T W g9 Qe R
1.4 B2
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Fig. 1 EnergyPlus model of a single family house.
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Fig. 2 Linearized thermal model for optimal operation.
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AARAUA BEFe med e AFADY A £4 A8 AP

Quc[k] = a, P, (k) + b, T, [k] (5)

T;t [k] = Gy T;t [k_ 1] + b2 (Q;ool[k] - Qac[k]) (6)
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o] B AHe] gt gue #dS Rk ALsiiedl, et Tl Al ZFel] o 3t
Aot A2 71 2ol H A& 7F EAEHA] F=th kA 2= 7 2(EPS; Excessive Power Supply)<
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Ppy(k) = Chyp(k) + Dehy(k)+ P,...(k)— D(k) < EPS (14)
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Fig. 3 Cooling load : (a) Linear model (b) EnergyPlus simulation.
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Fig. 4 Cooling load : Global optimization by GenOpt. Fig. 5 Comparison of battery charging strategies.
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Table 1 Performance comparison
Operation Base LP optimal GenOpt optimal

Cooling load [kWh] 80.9 80.2 78.2

Heat pump electricity [kWh] 15.4 15.1 12.6

Grid power purchased [kWh] 11.7 15.1 43

Battery charged power [kWh] -0.44 -2.6 -0.32

Electricity cost [KRW] -1,764 -2,953 -3,238
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