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1. Introduction

Poorly functioning HVAC systemsHgating, Ventilation andAir Conditioning), but also
separate heating, ventilation and air conditioning systems are costing the Danish slciety bi
lions of kroner every year: partly because of @ased energy consumption and high aper
tional and maintenance costs, but mainly due to reduced productivity and absenceldue to il
ness lacause of a poor indoor climate. It is estimated that the annual expenses are:

e approx. DKK 10bn in increased stanp, operational (including energy) and maint
nance cost§The association DFM, 2002) kAdemi& Arkitektforening et al, 2004).
The industry's own analyses show that most buildings and technical installations are
carried out with faults.

e approx. DKK 30bn in théorm of reduced productivity and absence due to illness b
cawse of a poor indoor climate (Wargocki et al, 2000) (Fisk and Resenfeld, 1997)
(Wyon, 1996)

There are many reasons why HVAC installations are not functioning optimally: some are
wrongly dimensbned, some have installation defects, some are commissioned wrongly, the
conditions has changed, e.g. as a result of altered use of the building, some are maintained
poorl vy, many have too poor control peras si bi | i
tional staff is poor or their knowledge is not good enough to carry through an optimum plant
control.

Typically, the operation of buildings and installations takes place today with traditior@d buil
ing automation, which is characterised by

being basedn static considerations

the individual sensor being coupled with one actuator/valve, i.e. the sensor's signal is only
used in one place in the system

subsystems often being controlled independently of each other

the dynamics in building constructions aystems which is very important to the system
and comfort regulation is not being considered.

This, coupled with the widespread tendency to use large glass areas in the facades without
sufficient sun shading, means that it is difficult to optimise con&od energy consumption.
Therefore, the last 2P0 years have seen a steady increase in the complaints of the indoor
climate in Danish buildings and, at the same time, new buildings often turn out to ke consi
erably higher energy consing than expected.

Other trends in the building industry are

increased demands regarding comfort

installation costs constitute a steadily increasing part of the total costs
increasing demands for interaction between buildings and installations
increased use of IT

steadiy increasing number of sensors in components

The increased use and capacity of microprocessors, as well as many components in building
and installations being born with sensors, increase the possibility of better interplay between



building and installatin, as still more powerful tools appear within data collection, dat pro
essing,statstics, mathematical modelling, etc. This gives rise to huge possibilities which,
however, are far from exploited today.

1.1. Multi parameter controllers

One way of daling with the above problems in buildings is to utilize mpdtrtameter contte

lers. Multi parameter controllers isas shown in figure 1a combination of physical andrvi

tual sensors. The physical sensor signals may be temperature, air speed,, fZ€ssve@-

tive humidity, solar radiation but also information on the position of valves, the speed of fans,
the power supply to otors, the heating demand etc. Based on the signals from the physical
sensors it is possible to generate virtual sensor signddich cannot or is very diffult to
measure but which more precisely characterise the actual condition of the building dnd insta
lations. This will make a more optimized operation of the building and installation possible
leading to reduced energy demiaand improvedndoor climate,

signals from ——»
physical
sensors

] virtual control signals i
calcualtions — sensors — multi parameter sensors

Figure 1. The principle of multi parameter sensors.

One example of a multi parameter sensor is the comfort equation by Fanger (Fanger, Xxxx).
Using input from physical sensors: temperatuagliation asymmetry, air speed and relative
humidity together with information of the level of activity and clouding it is possiblesto d
termine the perceages of people who would be dissatisfied with the actual indoor climate.
The result is a virtual ssor signal which cannot be measured directly and continuously. It
can only be found by asking people bye eg questidnerkich of course cannot give ©o
tinuous values. Fangers equationwkger, may be applied for continuously monitoring of the
indoor climate without troubling the psons in a room with questions. If this virtual sensor
signal is used for controlling the installations Fangers equation is enhanced fromanulti p
rameter sensor to multi parameter controller.

The comfort equation by Fanger iaded on many years oésearchand seen in the light of
the hee proposes multi parameter controllers the number of input parameters is too limited in
the Fanger type of empirical/mathematical/parametric equation.

The term multi parameter controllers mag enhanced by switching from the above patame

ric type of correlation to non parametric correlations based on statistiablsis and trea

ment of the signals from the physical sensors. Using this technique the number ofgnput si

nals from the physicaensos may in principle be infinite. The technique further allows that
insignificant signalsarexe | uded so that their although sma
characterisation of the conditions in the building and installations. There is noonekdd-

ministic correlations between the many sensor signals. The correlations are obtained by
means of advanced statistical and mathematical data analysis and mathematical modelling.
The multi paameters may be tailors fib the actual prpose.



When cantrolling buildings and installations there are many non or difficult measuraiie co
ditions of main importance for the control of the building and installatioeg the indoor
climate. The main purpose of buildings is to ensure a good indoor clintaeever, the m-

door climate is complex consisting thermal indoor climate, air quality, light conditions-acou
tic, working environment, et@ll areas were it is difficult to measure the actual conditions
using traditional measuringstruments. The multi pameter sensor has here its strength as it
by means of traditional sensogsals are able to generate virtual sensor signals which better
characterise the actual conditionsf which Fangers comfort equation may be a part of.

It is, therefore, anticipatkthat the development of multi parameter sensors and multi param
ter controllers will be a major step forward in the direction of more optimal controlled buil
ings and installations with a minimized energy demand and increased indoor comfort.

A better claracterization of buildings and installations will most often by itself lead to a better
understanding of the actual conditions which again may lead more optimized control of the
buildings and installationd-lowever, for an optimal control it is necessamat an online
characterisation is used for an online control of the building and installatiemsha the

multi parameter sensors dransformed tonulti parameter controllers.

1.2. Purpose of the project

The purpose of the presgmibject is to mvestigate the type of uiti parameter sensors which
may be generated for buildings and further to carry out a preliminary evaluation on how such
multi parameter controllers may be utilized for optimal control of buildings.

The ai m of todevelgpomali parametei centrdldrsghis requires much more
effort than possible in the present project. The aim is to show the potential of usinganulti p
rametersensors when controlling buildings.

For this urpose a larger office buildingas beerchoseni a office building with at highre

ergy demand and complaints regarding the indoor clifhaee chapter.2n order to obtain
data for the project a logging facility was installed in the Building Management System
(BMS) of the buiting 1 see chaptes.

The aim of the project is to log whatever is available from a traditional BMS (only few extra
sensors have been added) in the form of sensor signals, set points, valve posgigys, e
demand, etc. and by means of advanced statistics and matlameatitelling invespate the

multi parameter sensors this reveals. The aim is thus to investigate how control via traditional
BMS can be enhanced by adding multi parameter sensors and controllers.

Another aim is to investigate how the availability of #igove mentioned time series may
enhance traditional inspections of the buildings and installations.



2. The kuilding and installations
The huilding Tuborg Boulevat 127 chosen for the projectis situated in a newer butap

area mainly containgnlarger office buildings situated in the northern outskirt of Copenhagen.
Figure 2.1 shows phao from the air of the building

Atrium

Figure 2.1. Tuborg Boulevard 12.

The building is as seen in figure 2.1 a non rectangular shaped building withuam iatthe
middle. The foot print of the building ¥,946m?2. It is a five story building with basement.
The totd area from the Danish Building Register is 21,199 m2 of which 181?26 heated.
The floor area of the atrium i5182m2.

Figures 2.22.9show pictures of the building.

Figure 2.2. Th&Vestfagcade. Orientation: 31° froMvVest towards South.



Figure 2.4. The East facade. Orientation: 15° from East towards North.



Figure 2.6The atrium seen towards South.
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Figure 2.7The atrium seen towards North West.

Figure 2.8The roof of the Atrium.

1C



