Operational challenges of
modern demand control
ventilation systems
— q case study
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To maintain proper indoor air quality and
increase energy efficiency, a demand control
ventilation (DCV) system has become a
popular solution. While DCV systems offer
benefits over constant air volume (CAV)
systems, their technique is more complex
than used in CAV systems. To guarantee the
proper operation of DCV system, attention
needs to be paid to check the performance
of systems.
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Background

Buildings account for approximately 40 % of the world’s
energy and 36 % of global greenhouse gas emissions in
the European Union [1]. To address this, EU directive
2018/844 requires that the whole building stock in the
Union must be carbon-free by 2050 [2]. Ventilation
accounts 20-40 % of the total energy consumption of
a building. Thus, high performing ventilation systems
is a key measure to reach the EU targets.

The DCV systems are designed to meet the demand
caused by the changing heat gains and indoor air pol-
lutants in the conditioned space [3—5]. By this way, it
reduces outdoor airflow rates based on the occupancy,
and thus saves heating/cooling energy and fan power.
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DCV systems studied with field
measurements

To analyze the actual performance of DCV, we per-
formed field measurements in eight public buildings
in Southern Finland.

We chose one representative space (Table 1) for moni-
toring from each building and these spaces consisted
of meeting rooms (1, 6, and 8), offices (2, 5 and 7)
and classrooms (3 and 4). Based on the ventilation
design and control strategy, the spaces were classified
into four types:

Analysis of airflow rate

The measurements indicate that there are a lot of faults
in airflow rate balancing and operation of DCV systems.
Almost all the measured ventilation systems have sig-
nificant faults of the operation that normal facility
management has not noticed. Also, there are deficiencies
in the technical documentation and for some buildings,
the design airflow rates were not available.

In Space 1 with the normal mode (Table 2), the
measured supply airflow is more than double the
design airflow, and it is 3.6 times higher than the

exhaust airflow. In the boost mode, airflow rate is lower
than the normal mode. Also, the supply airflow is 3.4
times greater than the exhaust airflow. The damper
pair was opened in the normal mode but closed in the
boost mode. Therefore, the damper pair is operated
exactly the opposite way.

Type 1 Space 1, 2, 3 and 4: all-air systems with two
operation modes (normal and boost modes).

Type 2 Space 5: all-air system with three operation
modes (minimum, normal and boost modes).

Type 3 Space 6 and 7: air-water systems with two
operation modes (normal and boost modes).

Type 4 Space 8: both all-air and air-water systems
with two operation modes (normal and boost
modes).

In Space 2, the supply airflows are close to the design
values in both modes. However, the measured exhaust
airflow rate is much higher than the supply airflow.

Table 1. The control methods of the studied spaces.

Supply air temperature

Space/area Control of damper Control of ventilation

controlled based on

1 (meeting room/25 m?) ON/OFF T+ CO, Exhaust air temperature
2 (office space/25 m?) ON/OFF T + CO,+ boost button Outside air temperature
3 (classroom/60 m?) Proportion T+ CO, Outside air temperature
4 (classroom/18 m?) Proportion T + CO,+ occupancy Outside air temperature
5 (office/10 m?) Proportion T + occupancy Outside air temperature.
6 (meeting room/20 m?) Proportion T+ CO, Exhaust air temperature
7 (office/20 m?) ON/OFF T + CO,+ boost button Exhaust air temperature
8 (meeting room/25 m?) Proportion T+ CO, Outside air temperature

Table 2. Measured and design airflows for Type 1 spaces (all-air system).

Supply airflow [£/s] Exhaust airflow [£/s] Supply/ exhaust

| Measured | Design | Measured | _ Design | __ratio
33 50

Normal 118 50 3.6
1 (meeting room)

Boost 81 100 24 100 34

Normal 58 50 76 50 0.8
2 (study space)

Boost 105 100 133 100 0.8

Normal 56 N/A 36 N/A 1.6
3 (classroom)

Boost 143 180 81 180 1.8

Normal 102 54 117 54 0.9
4 (classroom)

Boost 174 180 200 180 0.9
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This lower ratio between supply and exhaust airflows
leads to under pressure in the space.

In Space 3, the design values are not available for normal
mode in the documentation. In the boost mode, the
measured airflow rates are lower than the design values.
The measured specific airflow rates are 0.9 €/s/m? and
2.3 £/s/m? in the normal and boost modes. Thus, do
not fulfill the airflow requirements for classrooms of
3 /s/m? [6]. Also, the airflows are not balanced.

In Space 4, the measured supply and exhaust airflows
are doubled to the design values in the normal mode.
In the boost mode, the measured airflows are close to
the design values. In Spaces 3 and 4, the airflows are
too low to meet the minimum requirements.

In Space 5 (Table 3), the airflow rates are not possible
to measure in the minimum mode as being outside the
measurement range (<0.9 m/s) for the damper. This
measurement clearly indicates that we have the chal-
lenge to check the wide range of airflow rates with the
existing technology. It is difficult to find any method
that makes it possible to measure the range that is
nowadays commonly used in commercial buildings.

In Space 6 (Table 4), the design values in the normal
mode were not available in the design documents. In
the normal mode, unbalanced airflows lead to under
pressure of 16 Pa. In the boost mode, the airflows are
much lower than the designed values. In Space 7, the
airflows are similar to the designed airflows in both
modes and ventilation works properly in Space 7.

In Space 8 (Table 5), the measurements were only
performed in the boost mode because the ventilation
system constantly works in the boost mode due to the
technical fault.

Monitoring during normal operation

As an example, the measured temperature, CO,
concentration, and automation data were shown in
Figure 1. When CO), concentration is above 750 ppm,
other damper pair opens as designed. The dampers
have also opened a few times when CO, concentration
was below 750 ppm and the room air temperature
was under 23°C. This is because that the boost mode
was activated with the boost mode button by user.
However, the measured exhaust airflow is much higher
than the supply airflow.

Table 3. Measured and designed airflows for Type 2 space (all-air system).

Supply airflow [£/s]

| Measured | _Design | Measured | Design | __ratio
/A 6 N/A 6

Exhaust airflow [£/s] Supply/ exhaust

Minimum N N/A
5 (office) Normal 22 17 16 17 1.4
Boost 30 25 25 25 1.2

Table 4. Measured and designed airflows for Type 3 spaces (air-water system).

Supply airflow [£/s] Exhaust airflow [£/s] Supply/ exhaust
Normal 38 N/A 49 N/A 0.8
6 (meeting room)
Boost 44 80 53 80 0.8
Normal 20 20 22 20 0.9
7 (office)
Boost 38 40 45 40 0.9

Table 5. Measured and designed airflows for Type 4 space (air water system,).

Supply airflow [£/s]

Exhaust airflow [£/s] Supply/ exhaust

| Measured | Design | Measured | _ Design | __ratio
N/A N/A

Normal N/A N/A

8 (meeting room)
Boost 78 100
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Figure 1. Performance of DCV system in Space 2.

The measurement depicts that only room air temperature
and CO,, it’s not possible to determine whether the DCV
system works in its design manner. The supply/exhaust
airflow rates should be always also measured.

Conclusion

The results show that only one DCV system performs
according to design values in eight public buildings. In
all the others, cither the airflows were wrong or there
was technical fault. However, the indoor air tempera-
tures were within design target values in each space
and no complaints about IAQ or thermal comfort were
reported by the users.
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Two major conclusions can be drawn from this result.
Firstly, different kinds of faults seem to be common
in the DCV systems. Secondly, these faults are not
easy to detect only with the automation system. To
guarantee the system performance, post-occupancy
evaluation of the system performance should be
regularly carried out. m
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