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Study on Optimal Control Algorithm of Electricity Use in a Single Family House
Model Reflecting PV Power Generation and Cooling Demand
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Abstract An optimization algorithm is developed based on a simulation case of a single family house model equipped with
PV arrays. To increase the nationwide use of PV power generation facilities, a market-competitive electricity price needs
to be introduced, which is determined based on the time of use. In this study, quadratic programming optimization was

applied to minimize the electricity bill while maintaining the indoor temperature within allowable error bounds.

For

optimization, it is assumed that the weather and electricity demand are predicted. An EnergyPlus-based house model was
approximated by using an equivalent RC circuit model for application as a linear constraint to the optimization. Based on
the RC model, model predictive control was applied to the management of the cooling load and electricity for the first
week of August. The result shows that more than 25% of electricity consumed for cooling can be saved by allowing excursions
of temperature error within an affordable range. In addition, profit can be made by reselling electricity to the main grid

energy supplier during peak hours.
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JlzMy RCy  : Battery rated capacity [W]

A : matrix T : temperature [C]

c clElE] SR ] 489 [C] x S PAREE R B

¢ 1 E 2 F A [won/kwh] ub > upper bound

Ch e A [w] At D AIZE 34 [sec]

D C8 AE (= Pione T ) [W]

Deh A AE [w] a2~ 24

DOD  : Depth of discharge Ya : Discharge efficiency of battery [%]
e 2=k [C] Ved : Hourly self-discharge of battery [%/hr]
EPS I YEaAE W]

K P EASe Al 9 SH& X}

k cEdA ATA [hr] a : ambient

Ib : lower bound ac > air conditioning

Ny cuig e g B : battery

P - electric power [W] eq DA

Q : heat [W] grid > main grid
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home  : home use except for heating and cooling

i *inside home

max CH

0 : outside

PV : photovoltaic

s : solar

set AR
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Fig. 1 Single family house model (a) cutaway
(b) view from south.
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Fig. 2 Linearized thermal model for optimal operation.
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Fig. 3 (a) Input variables to the RC model (b) Com-
parison of outputs of EnergyPlus and the RC
model.
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Table 1 Performances according to (32
B, Standard deviation of e[‘C] W,.[kWh] cost [won]

0.1 0.7132 68.23 -59,425
1 0.1162 87.36 -55,634
10 0.0690 90.88 -55,004
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