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Appendix

A. Development of the RC model for MPC

According to Figure 4 in the text, the heat exchanges and energy balances between outdoor, indoor and building envelop
are presented in Egs. (al)-(a5) (Tang and Wang 2019).
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where, the values of R and C are determined by training historical data by genetic algorithm. T is the temperature. Indoor
air, outdoor air, exterior wall, internal wall surface, external wall surface, window, and internal mass are represented by the
subscripts of i, out, w, in, ex, win and im, respectively. Q. is the solar heat gain. Qi is internal heat gain. Qnis the
radiation heat. Q.. is the cooling demand provided by the central air-conditioning systems (i.e., Quem), which is determined
by the chiller power demand (P..) and corresponding COP (coefficient of performance), as shown in Eq. (all).
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Qim,l = Qim,z = b : (Qsolar,im + Qinter,im )

Qsolar,im = ﬁim . SHGC -1

solar

Qinter,im = ‘M : Qinter
Qdem = Pch : COP

(a8)
(a9)
(al0)

(all)

where, Lo is the global solar radiation, obtained from weather data; 8, b, and y represent the pre-set ratios of split
radiative/convective heat gain; o denotes the absorptance of the surface of solar radiation. SHGC is solar heat gain

coefficient.

The RC model is reformatted as a linear continuous-time state-space model in Eq. (al2), where system state vector
X = [Twex Twin Tim1 Tim2 Tin]". Control input vector u = [Pg]". Disturbance vector d = [Iisiar Tour Qineer] "~ For online control,
the continuous-time state-space model needs to be converted into the discrete-time state-space model (i.e., Eqs.(18)-(19))
based on the sampling time.
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B. Parameters of the discrete-time state-space model for MPC
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