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SUMMARY

In this dissertation, a building internal temperature control algorithm in
cooling systems of a large glass—covered single zone building is proposed
using control horizon method. An important performance in building thermal
control is to ensure thermal comfort with minimal energy consumption. A
control horizon switching method is considered to use occupancy schedule
for optimal temperature control and the optimization problem is solved with
LP(linear programming) or PSO(particle swarm optimization) algorithms.
Both TOU(time of use) and MD(maximum demand) electricity rates are
included to calculate the energy costs. Simulation results show that the
reductions of energy cost and peak power can be obtained using proposed
algorithms.

Demand response in building energy systems is an approach to give
incentives to customers to change their electric usage pattern from their
regular practice, in response to the time-varying price of electricity. The use
of building thermal storage has been recognized as an important mean to
reduce the peak demand for decades.

Model-based control algorithms are desirable for both building designers
and operators in that they can be simulated and tested even before a
building 1s actually built. Moreover, an effective control system for one
building is relatively easier to be adjusted and applied to another. Nowadays,
TOU electricity rates have been implemented on most smart grids for
demand response.

A typical model of a building can present some nonlinearity and include
several hundreds of states. Though model reduction techniques can reduce
this number, they require an initial detailed model of the building and are

not effective for nonlinear models. Here the structure of the low-order model

_iX_



1s found directly and the values of the parameters are estimated by using
experimental identification techniques.

Control horizon algorithms has several features that make it suitable for
the problems encountered 1in intermittently heated buildings. This
model-based predictive control algorithm optimizes not only the comfort but
also an energy usage. As cooling systems generally consume energy to
provide thermal comfort, it makes a trade-off between energy savings and
thermal comfort.

This dissertation focuses on the application of control horizon algorithm to
cooling systems that are charged on TOU and MD rates. A control horizon
approaches with LP and PSO algorithm are selected to model and simulate
the cooling systems. An model-based predictive control strategy is selected,
because 1its periodic reoptimization characteristic provides stability during
external disturbances. The periodic reoptimization also compensates for

inaccurate or simplified system models.
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Table 1 Comfort vote and thermal sensation of PMV

Vote Thermal sensation Comfort sensation
+3 Hot Uncomfortable

+2 Warm Slightly uncomfortable
+1 Slightly warm

0 Neutral Comfortable

-1 Slightly cool

-2 Cool Slightly uncomfortable
-3 Cold Uncomfortable
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Table 2 Distribution of individual thermal sensation votes
for different values of mean vote
PMV | PPD Percentage persons predicted to vote [%]
0 -1, 0, +1 -2, -1, 0, +1, +2
+2 75 5 25 70
+1 25 30 75 95
0 5 60 95 100
-1 25 30 75 95
-2 75 5 25 70
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Fig. 7 Thermal transfer in a single pane of window glass
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Table 4 Time period for the general

Classification Spring, Summer and Fall Winter
Off-peak load 23:00~09:00 23:00~09:00
09:00~11:00 09:00~ 10:00
Mid-peak load 12:00~13:00 12:00~17:00
17:00~23:00 20:00 ~ 22:00
. . 10:00~12:00
On-peak load Eggi?gg 17:00~20:00
' ' 22:00~23:00
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« Initialize particles with random position(Xi)
and velocity(Vi) vectors

|

+ For each particle's position (p)
evaluate fitness

}

« If fitness(p) better than Fitness (Pbest)
then Pbest=p

!

+ Set best of PBest as GBest

!

Update particles
Velocity:V/** = al/* + m, (Phest - )(/.") +mpr, (Ghest* - X*

-Position:)(f""1 - )(ik +|/,‘('1

}

+ Stop : giving GBest, optimal solution

Fig. 17 Schematic diagram of PSO algorithm

_32_



V. &% =4 Al=d 4

A== 20099 94

g 99(glass

oF

curtain wal)¥} A|FoA]oz

ZgtolH|E(Dry vit)eH o2 vy of

Fig. 18 Single zone building in Jeju-do

_33_



R Wate] mE Ayl LES FE U A ASF WsE F457] 99

gl AR08 BUHY Axg3 FAES Fig 199 vehiglth Aol Lxs)
FEE S g4 A - FE AE ol agoz PAHe 4 mE
ity 229 FE7F SA4H A, S8E S50 F% HoJE+ RS2R2 FAEANE o &

=2
=
1127
lo
Q
=
%
@
=4
—t
.
2
5
5
u
X
2
O
i)
H
=
g
lo
Q
—
=2
x
R\
o,

$% doly 2 AY A8 wolHE muesin DBaksh: Al 7 o] Asd

M Temperature & humidity measurement j
8

Sensor group #1

Sensor module t1  Sensor module b1
"sesscssssses Y E=mesancse  la=sss
# Power measurement § § == -
' [ # Monitoring M o
8§ andDB sensor N sensor
""""""""" booee -'
Power #1 MCu Server Mcu Humidity E E Humidity
sensor : : sensor
- A b1
DAQ RS232 < RS232
Power #2 g
—
Sensor group #4
Zigbee s Zigbee DAQ
Sensor module t4 Sensor module b4
Power #2 R DR nana
_________________ A a sensor ; E sensor
Humidity E E Humidity
sensor H sensor

Fig. 19 Data acquisition system configuration

Fig. 20& %8sl AREel Lxsh sl WakE SHa7] A3 & wEaA

A7 A4 Bl AE B welFa vk ANeRs EE F357] 919
ey

%
247t 390m), Sheld Aerez 08lmls AmlA Ao Tl AR,

_34_



Table 5= tldAEe] A £ FE A9 AL Urhd ew, AW eE
$EE 2o Al Z43kn DBEZE A o Fol47] fste] & FEAS A
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Table 5 Internal temperature and humidity measuring instruments

Model Company Measurement Range

Indoor Temperature
Maxdetect Temperature/ 40~ 120 ¢
Humidit Humidity
Y 0~100%RH
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Table 6 CT measurement system

Model Company Measurement Range
Frequency/ Frequency
LEM Ppwer/ 50~ §O[Hz],
Reactive Energy/ Measuring range
Apparent Energy Sum 90~300[V]
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Table 7 Parameters of windows

Window1 | Window?2 | Window3 | Window4
Azimuth[-180 - 180, O=south] -45 0 45 180
Inclination[0-90, O=horizontal] 35 70 35 0
Window surface[m?] 7.15 37 7.15 0
Window transmission coefficient 0.7 0.7 0.7 0
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Table 8 Parameters of single zone building

Parameters Values
Volume zone[m?] 253
Ventilation[hour] 0
Facade surface[m’] 57
Facade heat resistance[m’K/ W] 3.6
Floor and internal walls surface[m”] 60.45
Window surface[m*] 37
Window heat resistancelm’k/ W] 0.043
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Table 9 Solar radiation parameters in summer

Hours Solar radiation External temp. Internal temp.

[ Wh/m’] [c] [c]
1 0 26.4 28.3
2 0 26.4 28.3
3 0 26.2 28.2
4 0 26.1 28.2
5) 0 26 28
6 0 259 28
7 4.4 26.1 279
8 214 27.1 28.3
9 43.3 29.4 29
10 60 30.5 29.7
11 73.9 31.2 30.9
12 84.5 31.7 31.8
13 85.6 31.6 32.8
14 88.4 33.7 33.3
15 76.1 33.8 33.8
16 53.9 33.4 33.3
17 414 33.5 33
18 30 33.1 32.8
19 9.5 30.9 32.7
20 0.3 30.3 32.5
21 0 29.9 32.2
22 0 29.3 32.2
23 0 28.9 31.9
24 0 28.7 31.9
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