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Fig. 3. MGS response to a 0.5 pl injection of single sub-
stances.

CONCLUSIONS
Pilot studies on metal oxide sensors from the view of experimental hygiene have shown

- It is still impossible to determine air quality by sensors of the present genera-
tion in analogy to IAQ perceived by man.

- Concentrations of single poliutants and mixtures of them with constant mixture ratio
can be measured and controlled by MGS.

- Regulation of air quality in spaces with sporadic changing of some of the pollutants
by air quality sensors may occur hyper/hypo-ventilation. But development and
adaptation of non-selective sensors are a feasible way for a healthy environment
indoors.
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ABSTRACT

The ventilation system of an auditorium was regulated in response to continiously
measured CO, concentrations in the room, or according to the time-table of the occupancy.
The running time, the energy consumption and several climatic parameters as well as the
CO, concentrations were measured under winter and summer conditions. Furthermore, the
occupants’ judgement of the indoor air quality was surveyed with a questionnaire. It was
shown that during the monitored periods the ventilation controlled by measured CO,
concentrations consumes 80% less energy during summer and 30% less during winter than
the ventilation operating on a fixed time-schedule. If all the avoidable sources of odour in
the room would be eliminated, the indoor quality would still remain within an acceptable
range.

INTRODUCTION

Over the last few years, various attempts to run Demand Controlled Ventitation (DCV) Sy-
stems have been conducted at international levels (1). However, only in a few of these
trials have the possible energy savings of DCV systems been calculated or measured,
compared to conventional systems recording simultaneously the users’ judgement of the
indoor climatic parameters and the indoor air quality. Feedback is therefore missing
concerning the user acceptance of the possibly altered DCV system conditions. As our own
investigations had shown (2} that user perception of indoor air quality correlates well with
the CO, content of indoor air (correlation coefficient: 0.77), corresponding trials were run
using a CO, controlled DCV system. The experimental set-up was as follows:

- Installation and operation of a CO, controlled DCV system in an auditorium.

- Measurement of the electrical, heating and cooling energy saved in comparison to the
normal operating mode (time control) of the ventilation system.

- Mcasurement of the indoor air quality and of the most important indoor climatic
parameters at different locations of the auditorium during both control conditions.

- Surveying of the room occupants regarding indoor air quality during both conditions.

MATERIALS AND METHODS

The trials were undertaken in an auditorium of the Swiss Federal Institute of Technology
in Zurich. The auditorium has a surface area of 120 m”, a volume of 440 m*, and a seatin;
capacity of 80 persons. The room features two external walls, each with three sound
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proofing windows which cannot be opened. Radiators are located undemeath all of the six
windows. The floor slopes upwards from the front to the back by 0.66 m. The room is
equipped with a two-stage air ventilation unit with heating, heat recovery and cooling
capacity. Running on the first stage capacity, the external air supply is 1000 m*h™, at
second stage setting 1700 m*h". The incoming air is blown into the room through
ventilation slots located at the front edge of the students’ desks. The exhaust air is drawn
out at the ceiling by exhaust air ducts.

During the trials the following parameters were continuously measured and mean values
recorded at 5-minute intervals:

- Energy: Recording of operating times and the respective operational setting of the
ventilation unit, recording of the power consumption of the ventilators, recording of the
consumed heating or cooling energy and of the energy output of the radiators.

- Room climate and air quality: The CO, concentrations (Binos 100 NDIR) and the
room temperatures (Pt-100) were continuously measured in the centre of the room as
well as at the lectern. Additionally, the relative air humidity was recorded by means of
a capacity measuring sensor in the centre of the room.

- By means of a specially designed questionnaire (2) the students’ evaluation of the
perceived air quality (olfactory perception, olfactory nuisance, acceptance) was
recorded at the beginning and at the end of each hourly lecture.

During normal operation, the ventilation system of the auditorium is run by central control
system according to the occupancy time-schedule. The heating or cooling of the incoming
air is controlled by a temperature sensor. As mainly cooling energy is needed during
summer and heating energy during winter, the trials were run in June (1990) and in
January (1991). By means of simulation calculations with a dilution equation (2), the
following CO, concentrations were determined for the activation and deactivation of the
ventilation system:

1st stage on:
2nd stage on
2nd stage off
1st stage off:

CO,-concentration > 750 ppm
CO,-concentration > 1300 ppm
CO,-concentration < 1100 ppm
CO,-concentration < 600 ppm

The CO, concentration as measured at the centre of the room (with Binos 100 NDIR gas
analyzer) was used to control the ventilation. In order to guarantee sufficient indoor air
quality at the beginning of the lectures in the morning at 8:15, the ventilation unit was
automatically put in the second stage operational mode on Monday through Saturday
between 7:30 am and 8:00 am.

RESULTS
Occupancy, unit running time and energy consumption

The number of people present at each lecture multiplied by the duration of 45 minutes,
was used as a measure for auditorium occupancy. A single person accounted for 45
person-minutes for each lecture. The calculation of the theoretically possible number of
person-minutes was based on an occupancy of 81 persons for 9 lectures per day over five
weekdays. This allowed a2 comparison between the theoretieal mavimiim merismancs danceito
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and the actual occupancy density during the trials. During the summer trials, the occupancy
was only 8.5% of the theoretically possible occupancy density. In winter, the actual
occupancy density was considerably higher, at 24% during the time controlled ventilation
and at approximately 12% during the CO, controlled ventilation. The auditorium may be
considered to have been underutilized.

The running times of the ventilation unit were reduced during the CO, control period by
67% (in winter) and up to 75% (in summer) compared with the time control period. Except
from the half-hourly airing in the morning, the second stage operational mode was never
used during the CO, control period. Table 1 summarizes the results of the energy
consumption measurements. These were considerably lowered by the CO, control system.
The high energy savings in summer are mainly the result of the reduction of running times
which decreases the use of cooling energy. The energy savings were lower in winter
because the outside temperatures were on average 5°C lower during the week of CO,
controt than during the week of time control.

Table 1. Energy consumption (MJ/week) of the ventilation unit in summer and in winter
during time and CO, control of the ventilation unit, respectively.

Electrical energy Heating / Cooling Total energy
consumption
MJ/week MJiweek MJ/week

SUMMER
Time control 336 616 952
CO, control 44 158 202
Reduction 87% 4% 79%
WINTER
Time control 343 1095 1438
CO, control 61 943 1004
Reduction 82% 14% 30%

Parameter studies using the simulation programme TRNSYS (3) have shown that
achievable energy savings are particularly dependent on comfort requirements and
occupancy density (3). Under normal circumstances using CO, control is used instead of
time control, when energy savings in the order of 50% may be achieved.

Indoor air quality and room climate
Only the time frames during which the auditorium was occupied (occupancy time) were

evaluated. Figure 1 shows a typical pattern of the measured CO, concentration during a /,-"
day with CO, control of the ventilation unit. /
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Figure 1. Pattern of the measured CO, concentration, occupancy in number of persons and
the operational mode of the ventilation unit during a day with CO, control.

Table 2 gives an overview of the CO, concentrations measured during the winter and
summer trials at the measuring points in the centre of the room and at the lectern. The
values represent the arithmetic means of the calculated median values for each lecture
period (45 minutes) and also the arithmetic means of the maximum and minimum CO,
concentrations for each lecture period.

Table 2. Measured CO, concentrations in the centre of the room and at the lectern during
time and CO, control of the ventilation unit in summer and winter.

SUMMER WINTER

centre lectern cenfre lectern

Unit: ppm CO, control control control control
time [ CO, | time | CO; | time | CO; | time | CO,
Number of lecters 24 25 24 25 34 28 34 28
Average of medians ! 461 637 456 636 559 | 676 571 708
Minimum mean concentration 402 547 404 557 456 573 455 568
Maximum mean concentration 507 710 493 714 665 754 674 775

1) Average of mean values of all measured lectures

Only very minimal differences in CO, concentration were measured between the
measuring location at the centre of the room and that at the lectern. From this it can be
concluded that in small to medium sized auditoriums, equipped with an effective mixed
ventilation, the CO, sensor for the control of the ventilation system may be placed either in
the centre of the room or at the lectern. Furthermore, Table 2 shows that only small
differences in the measured CO, concentrations occurred between the use of the CO,
controlled unit and the time controlled unit. The maximum concentration was never above
1300 ppm when the CO, control system was used without the second stage setting. As
there was a higher occupancy density in winter, the measured CO, concentrations were
generally higher.
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The mean indoor air temperatures in the occupied zone during summer were rather low, at
19.6°C, during the time control period. During the CO, control period, the mean indoor
temperature was 23°C. During the winter trials the mean indoor temperature was 20.2°C
during both control periods. Relative air humidity was between 50% and 60% in summer.
As the incoming air was not humidified in winter, the corresponding values for the relative
air humidity were between 23% and 27%.

The room user survey

The results of the room user survey regarding the perceived indoor air quality can be seen
in Table 3. A total of 1260 questionnaires were evaluated. The given values are the mean

values of the results from the corresponding surveys at the beginning and at the end of the
lecture periods.

Table 3. Results of the room user survey regarding the perceived air quality as a per-
centage of returned questionnaires.

SUMMER WINTER
Unit: % control control
time CO, time CO,
Question: Do you perceive any smell?
No . 62,9 40,2 68.3 56.7
A smell is perceptible from only just to clearly 36.5 50,7 31,5 41.4
from strong (0 unbearably strong 0,6 9,1 0,2 1,9
Question: Are you bothered by the smell?
I am not bothered 69.8 41.2 60,1 56.8
marginally o moderately bothered 287 49,6 39,3 414
strong to unbearably bothered 1,5 92 0.6 1.8
Question: Do you find the smell in the room or the indoor air quality acceptable?
acceptable 98.3 854 97.9 944
not acceptable 1.7 14.6 2.1 5.6

During the trials with CO, control, more persons perceived smell, more persons were
strongly bothered and correspondingly more persons classified the air quality unacceptable
than during the time controlled period of ventilation. The differences were greater in
summer than in winter. An explanation for the high percentage dissatisfied in summer was
quickly found. Every morning and at midday the blackboards of the auditorium were

wiped with a cleaning agent which contained perfume. During the period of CO, control

the ventilation system was only switched on occasionally, and therefore the perfume smells
could not be eliminated as efficiently as during the period of time control. In the course of
the day this lead to an accumulation and a mixing of the perfume smell with body odours.

During the corresponding trials in winter the blackboards were only wiped with sponge and
water. The result was that in winter during CO, controlled ventilation only 5.6% of the
room occupants found the smell or the indoor air quality to be unacceptable. For time
control period the percentage was 2.1%. Therefore, the "deterioration" of the indoor air
quality using CO, control can be considered insignificant.
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DISCUSSION

The following conclusions c

an be drawn from the trialg with a CO,
system for an auditoriym:

2 controlled ventilation

1. Measuring the CO, concentration of indoor air is well suited for the regulation of ,

2. The use of demand control saves a considerable am
that was investigated, however, featured only a low
auditorium with higher oceupancy density the ene:

T8y savings may be around

50%(3).

3! The use of a CO, controlled ventilation system may lead to a slightly higher mean
CO, content in i

controlled operation of the ventilation sy
considerable reduction of the indoor ajr

quality.

4. When operating a demand controlled ventilation svstem ali internal sources of
odour (cleaning agents, emissions from building materials and furniture) must be
avoided.

5. In small to medium siz

€ auditoriums, with an effective mixed ventilation, the
location of the CO, sensor for the DCV control Plays a subordinate role,
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