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The carbon dioxide concentration patterns in a large high-rise office building in Ottawa were examined
experimentally using an automated data acquisition system. Daily CO, concentration profiles throughout
the building and air change rates, using SFg as a tracer gas, were measured at minimum outdoor air
supply rates during much of a heating season. Of particular interest was how well-mixed the indoor air
was and how well the CO, concentrations measured in the central ventilation system's return air plenum
represented the average CO, concentration behaviour in the building as a whole. CO, concentration
profiles were also measured on individual floorspaces in the building to determine the range of variability
in the concentration behaviour. The measurement results are presented and discussed in the context of

demand controlled ventilation.

INTRODUCTION

As the public awareness of indoor air quality issues has grown, building managers have faced increasing
pressures to ensure that air quality in places of work is acceptable in terms of both health and comfort.
Recent changes to ASHRAE Standard 62-1989 “Ventilation for Acceptable Indoor Air Quality" (1),
especially its increased requirements for outdoor air supply, have exacerbated concerns that the energy
costs associated with meeting these requirements will be excessive, particularly in cold climates.
Demand-controlled ventilation systems, using occupant-generated carbon dioxide as the control index,
have been proposed as an energy efficient approach to meet ventilation requirements. The effectiveness
of this strategy applied to whole building ventilation will depend, to a great extent, upon how well mixed
the occupant-generated CO, is in the building.

Carbon dioxide concentration patterns and air change rates in a large high-rise office building in Ottawa
were examined experimentally using an automated data acquisition system. The objectives were (1) to
examine the factors that may affect the use of occupant-generated CO, concentrations for controlling the
ventilation system, and (2) to determine the feasibility of using CO, concentration as an index of the
minimum ventilation rate. The principal factors that could have an impact on CO,-based demand control
are how well mixed the building air is, where the CO, sensor(s) should be located, and what
concentration setpoint is appropriate.

EXPERIMENTAL APPROACH

The test building is a 22-storey office building with a total interior volume of approximately 113,700 m3.
The 22nd floor houses all the HVAC equipment. There are seven all-air constant volume supply air
handling systems, and two return air handling systems. Four core supply systems provide air to the east
and west interior lower zones (floors 2-11), and the east and west interior upper zones (floors 12-21).
Three supply induction systems provide air to the south perimeter, east and east half of the north
perimeter, and west and west half of the north perimeter zones which each include floors 2-21. There are
independent supply and exhaust systems for the first floor which includes the entrance lobbies and a
large cafeteria. Constant volume exhaust systems continually exhaust air from the washrooms.

The components of a CO,-based demand controller for the ventilation systems' outdoor air supply rate

are installed in the building. The CO, sensors are located inside the tops of the two return air shafts and
connected to provide the average of their readings to the central control system.
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An automated data acquisition system, ideitticai to thai described by Shaw et al (2), was instalied in the
building to enable tracer gas measurement:; of whole building air changa rates and air distribution
patterns, and continuous morittcring of CO, noncantrations at various locations througheut the building,
and outdoors as a reference. Sulfur hexaflioride {SFg) was used as the tracer gas. It was injected in
equal amotints into the four interior sure supply sysicms' airslioams for air changs rate rmeasuremente, or
into only one of the four core supply syst=ms io examine air distribution patterns. The decay method was
used for all tracer gas tests.

All the measuremerts repc:ited in this ¢ per were made vith the outdoor air supply dampers set io
provide 20 percent cutdoor air. This i the minimtm seiting used in the buildirg at eny time of the year.
Higher percentage seftings for outduor air are used only during weat! «wr condit'vns which permit *free
cooling *

Sampling locations for the automated data acquisitior: systern were selacted in the retum air shaft intakes
and in the occupied zones of floors 2, G, 3, *7, 12, 1§, 18, axd 20. These floors were saiected to
represent the range of floor plans (partitione<! space ara ofen office conceft) typical throughcut the
building. Measurements were made during the period from October 1990 to September 1991.

MEASURED RESULTS
Tracer Gas Teste

The measured results of a typical air change rate test at minimum outdoor air damper settings are shown
in Figure 1. The concentrations of SFg m:zasured at various tampiing locations throughout the building
are plotted against time elapsed since the balanced injection ¢f the tracer gas into the supply airstreams
of all four interior core supply air handlers. These results show that after 20 minutes, the tracer gas is
well mixed throughout the building, and its concentration decay follows a single curve. These results
suggest that CO, generated by occupants distributed throughout the building will be well mixed in the
indoor air very quickly, with no more than a 30 minute lag time between changes in CO, yenztation or
dilution locally appearing in the main retum airstream.

The average of the tracer gas measurements of building air change rates at the minimum 20% outdoor air
supply rate was 0.58 air changes per hour (ac/h). The ASHRAE Standard 62-1989 specifies a ventilation
supply rate of 10 L/s outdoor per persan. 'With a total population of 110C peopde in the test building, and -
total internal volume of appreximately 113,700 m3, the air change rate required by the ASHRAE standard
is 0.348 ac/h. Therefore, at its minimum outdoor air setting, the mechanical ventilation system exceeds
by approximiately 66%, the minimum cttdoor air supply reiquirernent set by ASHRAE. -

The results of a typical air distribution test, where the tracer gas was injected intc only one of the four
core supply systems (the: west interior iipper supply) are shown in Figure 2. These resuits indicate that
even with unbalanced injecticn the tracer gas is well thixed in the indoor air by the time 30 minutes have
elapsed after injection, after which its decay follows a single curve. These results also show the expected
source zone ard targst zone cencentiation behaviovrs - pure decay in the scurce zone (here the upper
floors) and rise followed by decay ir the targer =one (the kewar floors).

These results collectively suggest that CO, generated by occupants distributed throughout the building
will be well mixed in the indoor air very quickly. No more than a 30 to 60 minute lag time should occur
before local changes in CO, generation or dilution appear in th. main return airstream for the who.e
building.

CO, Concentration Measuroments

The measured G2 coricentration profile for a tvpical working day is shown in Figures 2(a) and 3(b). -As
expected, the concentration profilas measured in the occupied ilocrspaces, Migure 3(a), display greater
variability than those measured in the return air intakes, Figure 3(b). This is probably because the
measurements in the return air intakes can be regarded as representing spatial averages of
concentrations in the occupied zones of their respective floors.
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To zcnfirm whether or not the measurem ents i the return air intakes represent the spatial average of
concentiatizns in the cccupied fleuispace, an automatic measurernent sysiein was used 1¢ monitor
concentrations &t eight locations on = ch of two typical fleors, the 16th and Z0th. The measured results
for the same typical day in Figure 3 are: showi in Figures 4(a) and 4(b). They indicate that the
concentration profile measured a the return air intake well represerts the spatial average of the
concentration profiles measiad at 8 locations throughout the: occupied zone.

The daily average CO, concentrations measured at the tops of the retum air shafts are compared in
Figure 5 with the average of the individual daily averaje conccentrations measuted at each return air
intake on the eight test flors. Daily averages were calculated from concentrations measured between ¢
AM. aid 4 P.M. The rogrussion analysis, plotted in Figure 5, indicates ihiat the shaft top daily average
concentrations underpredict by 3% the averages of the daily average concentrations at the return air
intakes. The daily maximum concentrations measured at the tops of the return air shafts are compared
in Figure 6 with the average of the Z'aily rmaximum conceritrations measured at the individual retum air
intakes. The regression analysis, plotted i.» Figure 6, indicates that the shaft top meaxima also
underprerict by &% the average of the individual daily maxima at the return air intakes.

These results collectively indicate that measurements of CO, concentrations at the tops of the return air
shafts well represent the concentration behaviour throughout the building. This suggests that the top of
the return air shafts is an appropriate location for the CO, sensors of a demand controller for the
ventilation system. The concentration setpoint however, should be adjusted to account for local variability
in the occupied zones of the building, to avoid local exposures which might exceed recomimended
guidelines.

The average daily maxim i CO,, concentration measured in the return air of the building, at the minimum

outdoor air supply was 650 ppm. This is well below the 1000 ppm CO, concentration limit specified in the
ASHRAE Stanclard 62-1989,

CONCLUSIONS

1. The building is well mixed as indicated by the SFg test results. With balanced injection into all four
interior core supply systems, mixing “hroughout the building is complete within 20-30 minutes.

2 The C0O, concentretions measured at the tops of the two retum air shafts well represent the average
of the C0, cuncentrations measuired at the retumn air intakes on all the tast floors in the building.

3. The CO, concentrations m2asured ai the retum air intakes well represent the average of
concentrations throughout the occupied floorspace on the test floors measured.

4. The CO, connentrations measured at th= tops of the two retum air shafts, therefore, well reg.eserit
the zvzrage of the concentratiorc throughout the occupied floorspace in the building.

5. Demand zootroi of the ventilation system using CO, corcentrations measured at the tep of the return

air shafts as the control index, dres :ffer a feasible apprach to cortroi the supply of cutdoor air to
the building to provide acceptable indoor air quality.
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Figure 3(b) - Typical CO, Concentration Profiles in Retum Intakes
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Figure 4(b) - CO, Measured in the Occupied Zones and in Retum Intake, on the 20th Floor
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Figure 5 - Daily Average CO, Concentrations Measured at the Return Air Shaft Tops Compared with
Average of Daily Average CO, Concentrations Measured at Return Air Intakes on Individual Test Floors

800
o
750
A

— 700
§ o
‘9_' 650
o
: o

600 =
3 e
g ~ 0
% 550 _—
3 ]

_'_.n’

e 500 - i
- e )
T 450 W
L -
7 o

400 _EEL'

8-
350 ag’.‘& =]
300
300 400 S00 600 700 800
Average of Returns 2,5,8,11,12,15,18,20
O Measured Data Regression Predictions

Figure 6 - Daily Maximum CO, Concentrations Measured at the Return Air Shaft Tops Compared with
Average of Daily Maximum CO, Concentrations Measured at Return Air Intakes on individual Test Floors

341



