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Abstract — The paper describes integrated building
management system climate control principles based on event
forecast with respect to minimization of energy consumption. The
method uses appropriate control algorithm when environment
events can be forecasted. Conference room control method is
described in the example. Three different control models are
compared in the paper: standard, event-based and event forecast.
To compare model energy efficiency computerized models with
various thermal and environmental parameters are used. System
model research shows that event forecast method is the most
energy efficient, but amount of energy economy is not
significantly bigger comparing to other compared methods.
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I. INTRODUCTION

Building sector is one of the biggest energy consumers (see
Fig. 1.) in the world. It uses approximately 40% of the
produced energy. In conditions, when energy consumption
continuously grows in the building sector [1] and production
amount of nonrenewable energy still noticeably dominates
over renewable energy amount, it is important to determine the
common energy optimization approach to all building
engineering systems.

Nowadays, most individual building engineering control
systems are combined into few or even one common building
control system. The guiding idea of event forecast control
method is to use data from one building engineering system as
a forecast for controlling another building engineering system.
Topic objective is to describe an example of building
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Fig. 1. Energy consumption by sector [2]

engineering system control method based on event forecast
with the goal to achieve maximum energy efficiency [3].

I1. CONTROL METHOD OVERVIEW

Meeting room heating system control will be analyzed as an
example. Three possible methods of room heating system
control are compared [4]:

1. Standard. Two separate room setpoints (temperature that
must be maintained indoors) are used: for night and day time.

2. Event-based. Three separate room setpoints are used: one
for night and two for day time (reduced and comfort).

3. Event forecast. Three separate room setpoints are used:
one for night and two for day time (reduced and comfort).

To compare these methods room thermal model will be
used. It is created in MatLab Simulink software packet. This
system models the outdoor environment, the thermal
characteristics of the meeting room, and the meeting room
heating system. Meeting room dimensional sizes are shown in
Fig. 2.
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Fig. 2. Meeting room dimensional sizes
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Fig. 4. Room thermal model created in Matlab Simulink software packet

Meeting room is occupied three times a day (8:00 to 9:00,
10:00 to 11:00 and 15:00 to 16:00). Occupancy graph is shown
in Fig. 3[3].
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Fig. 3. Meeting room occupancy graph

Characteristics of the model are:

insulation thermal conductivity
K(wall)= 0.038 (W-m™"-K™);
K(window)= 0.78 (W-m"-K™);

insulation thickness
L(wall)= 200 (mm);
L(window)= 10 (mm);

density of air at sea level
Ro= 1.2250 (kg-m°);

room set-point temperatures
T(standard)= 16 (°C);
T(reduced)= 16 (°C);
T(comfort)= 16 (°C);

room initial temperature
T0=16 (°C).

Outdoor temperature
Tou— metrological statistics for 5th January, 2009 in

the Riga city.
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Based on the above mentioned characteristics room thermal
model (Fig. 4) is created.

I1l. MODEL DESCRIPTION

Model contains Heater for House, operation of the heater
depends on Thermostat and current room temperature which
operates as feed-back loop. Input of the thermostat is
connected to summation junction in which room temperature
set-point is compared with current temperature in the room.
Heater’s output is effecting on integrating junction results of
the later represented energy consumption in system.

Junction House represents object of regulation and output of
the junction represents current temperature in the room. Input
of the junction depends on outdoor temperature and on output
of the Heater.

Individual models of junctions are created
mathematical description of processes.

using

"Thermostat" (Fig. 5) is a subsystem that contains a Relay
block. The thermostat allows fluctuations of 0.5 °C above or
below the desired room temperature. If air temperature drops
below 0.5 °C, the thermostat turns on the heater [5].
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Fig. 5. Scheme of the thermostat model
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"Heater" (Fig. 6) is a subsystem that has a constant air flow
rate, "Mdot", which is specified in every example separately.
The thermostat signal turns the heater on or off. When the
heater is on, it blows hot air at temperature THeater
(temperature of supply air, specified in every example
separately) at a constant flow rate of Mdot. The heat flow into
the room is expressed by

d
Q(r'ljiater = (Theater - Troom) - Mdot -c, @)

dQreater - heat flow from the heater into the room;
dt

Theater- temperature of hot air from heater;

Troom- CUFrent room air temperature;

Mdot- air mass flow rate trough heater (kg/hr);

c- heat capacity of air at constant pressure.
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Fig. 6. Scheme of the heater subsystem

"House" (Fig. 7) is a subsystem that calculates room
temperature variations. It takes into consideration the heat
flow from the heater and heat losses to the environment [5].
Heat losses and the temperature time derivative are expressed
by (2,3):
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Fig. 7. Meeting room subsystem model

dQIosses — Troom—Tout . (2)
dt Re
dTroom — 1 3 theater _ dQIosses . (3)
d  c-M, dt [
%- heat losses to the environment;

dt

M.i- mass of air inside the room;
Req- equivalent thermal resistance of the house.

IV. COMPARISON OF CONTROL METHODS

1. Standard Control Method
Method is shown in Fig. 8. the essence of the method is
based on preset set-point temperatures. Heater parameters are:
air flow
Mdot=0.4 kg/s;
temperature of supply air
Theater=45 °C.
This heating system control method is most standard. For
night and day time different set-points are used.
Total power usage for heating in 24 hours: 64.4 KWh.

2. Event-Based Control Method

Method is shown in Fig. 9. In this control method only
comfort set-point is used at events existing in the room. Heater
parameters are:

Mdot=0.4 kg/s;
temperature of supply air
Theater=45 °C.

In this example occupancy sensor or building security
system motion sensor signal, which switches setpoint from
reduced to a comfort level in case of occupancy or motion
detection, can be used as event. From the graph (Fig. 8) we
can see that in every occupancy phase there is under heating
stage in the beginning and overheating stage in the end. It is so
because thermal inertia temperature is always lagging behind
setpoint. That creates uncomfortable environment in the
beginning stage and wastes additional energy at the end stage.
This heating control method is not widely used because of its
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Fig. 8. Standard heating control method. 1- energy consumption (kWh), 2
- room temperature (°C), 3 - outdoor temperature (°C), 4 - room
occupancy
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disadvantages. Total power usage for heating in 24 hours: 61.6
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Fig. 9. Event-based heating control method. 1 - energy consumption 6- overheating stage.

(kWh), 2 - room temperature (°C), 3 - outdoor temperature (°C), 4 - room
occupancy, 5 - under heating stage, 6 - overheating stage

To reduce under heating stage (Fig. 10) heater
characteristics can be changed:
air flow

Mdot=0.5 kg/s;
temperature of supply air
Theater=50 °C.

Use of more powerful air heater at the beginning stage
reduces under heating time (Fig. 10). Disadvantages are:
increased noise level produced by bigger air flow and need to
design a more powerful heating system.

Total power usage for heating in 24 hours: 61.8 kwWh.

3. Event Forecast Control Method
Method is shown in Fig. 11. Heater parameters are:
Air flow

Mdot=0.4 kg/s;
Temperature of supply air

Theater=45 °C.
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In this example meeting room reservation system can be used
as event forecast. Nowadays most modern buildings are using
it in one or another form. For example, that can be online web-
based service with possibility to reserve a meeting room and
send a schedule of meeting room use to a building
management system. From graph (Fig. 11) we can see that
system has no under heating stage, and overheating stage is
significantly reduced. The system can be used as event-based
in case a meeting was not scheduled.

Total power usage for heating in 24 hours: 60.7 KWh.

If not scheduled meeting opportunity is not used, it is
possible to use only two setpoints (reduced setpoint all time
and comfort setpoint in meeting time), and that would give
additional minor economy.

CONCLUSIONS

1. Standard model of heating control system is not efficient
enough and can be optimized.
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s 70 - T T T and investment price (in case system is modern and uses
; | 1| integrated building management system) is event forecast
= control method.
w
50 1 3. The use of event forecast control method can reduce
| | heating energy consumption compared to traditional control
method by about 6% not lowering common comfort level.
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Fig. 11. Event forecast heating control method. 1- energy consumption
(kWh), 2- room temperature (°C), 3- outdoor temperature (°C), 4- room
occupancy.

2. Comparing four described heating control examples, the
most efficient by criteria of energy consumption, comfort level

Bartkevi¢$ Dmitrijs. Integréto ékas vadibas sistému ar notikumu orientétu regulésanu jaudas un vadibas aspekti

Eku energoapgades sektors strauji attistds un paslaik tas aiznem gandriz 40% no visa pasaules energopatérina. Tapéc energoefektivitates p&tijumi ir seviski
svarigi, un vismazakais efektivitates palielinajums var dot lielu absoliito energoietaupijumu. Publikacija ir aprakstiti €ku vadibas sistému klimata kontroles
principi, kuru pamata ir notikumu (pieméram, cilvéku skaita izmainu publiskajas telpas u.c.) prognoz&$ana attieciba uz energijas patérina samazinasanu. Sadas
eku integrétas vadibas sisteémas paslaik plasi pielieto sabiedrisko €ku joma ar noliku uzlabot &ku energoefektivitati. Aplikotas 3 vadibas metodes — standarta, péc
esoSajiem notikumiem, ar notikumu prognoz&$anu. P&dgja metode ietver sevi atbilstosa vadibas algoritma izmanto$anu gadijuma, ja apkartgjas vides notikumus
ir iesp&jams prognozét. Konferendu telpas vadibas algoritmi ir aprakstiti visos trijos pieméros. Raksta ir salidzinati energoefektivitates aspekta tris dazadie
vadibas modeli: standarta, notikumu orientéta un notikumu prognozeta. Vadibas modelu energijas efektivitates salidzina$anai tika izmantota datoriz&ta simulacija
uz MATLAB-SIMULINK programmas bazes ar dazadiem siltuma un vides parametriem. Izmantojot diferencialvienadojumus, izstradati atsevisku sist€émas
posmu modeli, ka arT formuléti &ku elementu aprékinu un konstruktivie parametri. Sistémas simuldcijas pétijumi liecina, ka notikumu prognozes metodes
pielietojums dod energijas ekonomiju, tacu energijas ekonomija nav ievérojami lielaka, salidzinot ar citam metodém. Model&Sana uzrada, ka §is ietaupTjums var
sasniegt tikai 6% salidzinot ar standarta vadibas algoritma modeli.

Baprkesu4 [IMHUTpuii. ACHEKTbI JHEPIMH M YNPABJICHHS HHTEIPUPOBAHHBLIX CHCTEM YNpPaBJICHHsl 3JaHHH C OPHEHTHPOBAHHLIM HA COOBITHS
yHnpaBJieHHeM.

CexTop sHeprocHaOKeHHs 30aHUI 3aHHMaeT BHIHOE MECTO B OajaHce 3HEpPreTH4ecKUX PecypcoB, HCIONb3Ys B HacTosIee BpeMs moutu 40% OT BCEMHPHOIO
SHepreTuyeckoro mnorpednenus. [1oaTomy paxe Maineiliee MOBBIMICHHE SHEProd(GEeKTUBHOCTH MOXET 00eCIeuuTh OONBIIOH aOCOMOTHBIN 3HEProd3ddexT.
PaccMoTpeHBI TpH crioco6a aBTOMATH3AIMH YHEPTOYNPABICHHS 3IaHUAMH — CTAHAAPTHEIH, 10 CYNIECTBYIONINM COOBITHSM, 1O TPOTHO3MPOBAHHIO COOBITHIA.
CraThs ONHUCHIBAaCT MPHUHIMIBLI YNPaBIEHUs KIAMAaTOM HAa OCHOBE IPOTHO3a COOBITUH B MHTETPHPOBAHHBIX CHUCTEMax YIPaBIEHUS 3IaHUH C IENbio
MHHHMH3AIUH TOTpeOneHust sHepruu. MeTos 3aKII049aeTcs B UCTIONB30BAHUHU MOIXO/ISIIEr0 alfOPUTMA YIPABICHUS B CUTYAIMH, KOTIa COOBITUSI OKpYXKatomeit
CpeZbl MOTYT OBITH TIpeJicKa3aHbl. B cTaThe CpaBHHBAIOTCS yKa3aHHbBIE TPH Pa3IMYHBIX MOJIETH YIPABICHHA. CTaHAApPTHAs, OPUCHTHPOBAHHAs Ha COOBITHA H
OpPHEHTHPOBAaHHAs Ha MPOTrHO3 coObITUS. Jlnst cpaBHEHUsS 3(PQEKTHBHOCTH HCHONB3YIOTCS KOMIBIOTEPHBIE MOIENH, pa3paboraHHbie B cpene MATLAB-
SIMULINK, ¢ pa3nu4HsIME TEIUIOBBIMH M BHEITHUMHU mapamerpamu. Ha Gase qubdepeHranbHbIX ypaBHEHHI pa3padoTaHbl MOJIEIH OTACIBHBIX JIEMEHTOB
CHCTEMBI aBTOMATH3aIMH, a TaKke COPMyIMpPOBaHBl MCXOAHBIE MapaMeTphl 3JIEMEHTOB cHucTeM. lMccienoBanme Mojenel CHCTEMBI IOKa3bIBAaeT, UTO
OPHEHTHPOBaHHAs Ha IPOTHO3 COOBITHI MOJENb SBISIETCS caMOi 3Heprodh(eKTUBHON, HO KOIUYECTBO COKOHOMIICHHOH DHEPIHU HE3HAUHTENIbHO OOlblle, B
CPaBHEHHHM C OCTAIBHBIMH MeTogaMH. KoMmIoTepHOe MOIENIUpOBaHUE IIOKA3aJl0, YTO METOJ YIPABICHHUS C IPOTHO3UPOBAHUEM COOBITHI MOXKET 00ECIIeUHTh
SKOHOMHIO SHEPTHH B 00beMe 6% MO CPAaBHEHHIO CO CTAHIAPTHBIM METOJIOM yIPABIICHHSI.
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