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AIRFLOW REDUGTION
IN GLEANROUMS AFTER
GLOSING HOURS

By Allan Hart, MSc

Cleanrooms and laboratories can save a
significant amount of energy by reducing airflow
of air handling units (AHUSs) after closing hours.
Although challenging, airflow reduction is a
successful energy reduction measure and has
been implemented within the energy reduction
program of Janssen Vaccines & Prevention B.V.
in Leiden, the Netherlands.

nlaboratories with clean-air requirements (i.e., cleanrooms), air
must be filtered to reduce the number of particles. Airflow,
which is measured in air change rates (ACRs), is typically 10
times higher in cleanrooms than in offices. Humans and human
activities are the main sources of particles, and our program has
found that the cleanroom ACR can be safely reduced after closing
hours, when fewer staff members are present. This innovation not
only reduces electricity consumption but also saves on district
heating, cooling energy, and steam for humidification. In this case
study, the HVAC system has variable air volume (VAV)-controlled

air valves (active pressure control), and typical ACRs are in
the range of 10 to 30. Figure 1 shows the program’s after-hours
electricity savings due to ACR reduction.

Within GMP-classified cleanrooms [1], areas are pressure-
controlled and the amount of supply flow is determined by the
specified ACR. The ACR is defined in accordance with the speci-
fied cleanroom class; in this case, the cleanrooms are in classes
Cand D (=ISO class 7 and 8, respectively). Most cleanrooms are
keptatan overpressure (e.g., +15 Pa) to prevent outside particles
fromentering them. Some cleanareasare keptatunderpressure
(e.g., -15 Pa) due to biological safety requirements and/or clean-
room requirements. Reducing airflow for these types of pres-
surized cleanroom systems while in operation was previously
regarded asimpossible due to pressure, particle (GMP, ISO 14644) [2],
temperature, recovery time, and biosafety requirements.
However, the energy reduction program has met all criteria,
and the system is currently operating satisfactorily. Within the
energy reduction program, several energy-saving measures
have been implemented, such as hydraulic optimization, opti-
mized airflow recirculation [3], and temperature and humidity
controls.

Figure 1: Comparison of electricity consumption at the main distribution board, including all electricity use (equipment, HVAC, etc.),
before and after ACR reduction. Each series of 5 peaks represents 5 working days (peak hours), followed by 2 weekend days (off-peak

hours); total time span for measurements is 2 months.
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Figure 2: Continuous measurement (24 hours) of particle concentration for a GMP class C cleanroom. Dotted lines show concentrations
when ACR was 100% around the clock; solid lines show concentrations when ACR was reduced by 50% during after-hours operations
(23:00 to 7:00). All measured values are more than 10,000 times lower than the at-rest concentration limits.
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HUMAN ACTIVITY’S EFFECT ON CLEANROOM NONVIABLE
PARTICLE CONCENTRATION

For cleanrooms, air is filtered by HEPA filters and ACRs are high to
limit the number of particles. Before implementing our program,
we validated the following argument:

During after-hours operations, in absence of personnel, the ACR
can bereduced because the main sources of particles are humans
and human activities.

An initial step to assess this proposition was to continuously
measure the particle concentration inside the cleanroom over a
period of 24 hours during a typical production day and night. This
demonstrates the effect of the presence of staff members.

Figure 2 depicts particle concentrations for a GMP class C
cleanroom before and after implementation of 50% lower airflow
during after-hours operations. After closing, from 23:00 to 7:00 (11
p.m. to7a.m.), the measured concentrations of particles were gen-
erally lower than during working hours. The spikes at 9:00, 14:00,
and 19:00 were caused by staff members entering the cleanroom.
Notably, the measured concentrations for the 24-hour period were
over 10,000 times lower than the allowable limits. Similar results
were found for other cleanrooms—with one exception, which is
described next.

UNDERPRESSURE EFFECT ON GONTINUOUS PARTICLE
MEASUREMENT

Cleanrooms with biological safety requirements operate at under-
pressure (e.g., -15 Pa) to prevent the escape of air from the clean-
room. This means that air from surrounding areas flows in due to
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the underpressurized air. By design (bubble type [4]), adjacent
areas are also cleanrooms to limit the influx of particles.

Figure 3 presents particle concentrations in a GMP class D
cleanroom at underpressure. Notably, the measured concentra-
tions were higher after hours than during working hours. This
finding was unexpected and unlike measurements from the other
cleanrooms.

While investigating possible reasons for the unexpected results,
we found significant air leakage from the media panels and wall
sockets, which are in contact with technical areas. Technical areas
are not cleanrooms, and thus this leakage introduced a significant
number of particles. The lower particle concentration during the
day can be explained by the air mixing with more clean air from
adjacent areas when doors are frequently opened. When the doors
remained closed during the night, the particle concentration built
up to higherlevels than during the day.

During the program'’s implementation period, the wall sockets
and media panels were sealed off as a corrective action. Particle
concentrations for both continuous and reduced airflow were
measured again, and they were significantly lower than in the ini-
tial measurement. This discovery and the subsequent improve-
ment of cleanroom air quality may be considered (what energy
consultants call) a nonenergetic benefit.

INCREASING AFTER-HOURS AIRFLOW IN STAFF'S PRESENCE

During risk assessments, it has been agreed that airflow in a clean-
room may only be reduced when no staff is present. Therefore, air-
flow must automatically increase before staff enters the clean space.

To address this issue, our program uses the following mecha-
nisms (Figure 4): When someone enters the gowning area outside
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Figure 3: Continuous measurement (24 h) of particle concentration in a GMP class D cleanroom at underpressure (—15 Pa). Dotted lines
show concentrations when ACR was 100% around the clock; solid lines show concentrations when ACR was reduced by 50% during
after-hours operations (23:00 to 7:00). All measured values are 1,000 times lower than the at-rest concentration limits.
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of working hours, a motion detector is triggered. This trigger sig-
nals the HVAC to return airflow to normal. Airflow via the HVAC
installation is directly related to the fan power. Once the motion
detection sensor is activated, HVAC fans rev up and are restored to
the original flow. During the ACR transition stage, a red indicator
light flashes in the gowning area. Within 5 minutes, airflow is
restored to normal; this activates the green light, indicating that
staff may enter the cleanroom. Because the gowning procedure
normally takes approximately 5 minutes, this waiting period does
not affect staff workflow. The ACR can be restored to reduced air-
flow outside of working hours by using a manual switch (indicated
in Figure 4 by the push button), with the last person leaving the
cleanroom responsible for the switch.

AIRFLOW AND PARTICLE RECOVERY TIMES

According to ISO 14644 [2], the time required for airflow to recover
tothe original 100% flow should be demonstrated. Figure 5 depicts
airflow recovery and shows that airflow is restored to the original
100% setting within 2-3 minutes.

In addition, in this case study, the particle recovery time for the
cleanrooms was measured at reduced airflow. To determine the
particle recovery time, particles are introduced in the cleanroom
and the time it takes for the particles to be removed is measured.
These measurements provide information on flow effectivenessand
presence of dead zones in the cleanroom airflow. The particle recov-
ery time at reduced flow is hardly affected and is still well within
specified limits. One of the contributing factors is that the HEPA
filters operate more effectively at lower airflow.
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Figure 4: Plan view of gowning area, including motion detection
sensors, lights to signal whether the cleanroom airflow has been
restored to 100%, and a button to manually reset after-hours
airflow to the reduced ACR.
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PRESSURE RECOVERY DURING AIRFLOW TRANSITIONS

To prevent cross contamination between areas, pressure cascades
between critical areas should be maintained during the transition
from reduced to 100% airflow. During normal operation, pressure
values are continuously monitored, and alarms go off when devia-
tions occur.



Figure 5: Airflow recovery time (fan speed) during transition from reduced flow to full flow within 2—3 minutes. The vertical axis
represents the percentage of the maximum fan speed (i.e., volume flow).

Figure 6: Pressure recovery during transition from reduced
to 100% airflow. The spikes are caused when air supply flow
adjusts immediately but adjustment of pressure control
(return valve) is delayed.
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When we activated ACR reduction, the pressure for several
areas fluctuated considerably. For these specific areas, airflow was
therefore increased or restored to the original 100% flow. This
effect reduced the achieved energy reduction by 10%-20%.

However, if the transition time is extended, the pressure fluctua-
tion will decrease. This is one of the lessons learned from this pro-
ject: to reduce the pressure fluctuation, one must smoothly adjust
the set-point values and thereby gradually change the valve
positions.

Figure 6 shows that pressure is the same for both reduced and
full airflow (before and after the spike). During an airflow transi-
tion, the pressure spikes but the pressure cascade is maintained
for adjacent areas.

TEMPERATURE STABILITY DURING REDUCED AIRFLOW

The cleanroom temperatures remain stable during operation at
reduced airflow. After closing hours, the equipment load
reduces substantially, and there is little to no presence of staff
members. As a result, the internal thermal load and thus the
required cooling load are reduced. The daily variation is shown
in Figure 1 by the difference between peak and base values.

The temperature monitoring system has indicated no signifi-
cant change in after-hours cleanroom temperatures. For example,
over a period of 7 hot summer days in 2018, the cleanroom temper-
atures were generally lower during after-hours periods of reduced
airflow than during operating hours when airflow was 100% (see
Figure 7).

FLOW ADJUSTMENT OF VAV VALVES

In our building management system (BMS), air volume flow of the
VAV valves is a setting in the software and can be adjusted to
include an after-hours operation setting. The software modifica-
tion should be uploaded to the system while the system is shut
down; this is specifically recommended for the brand of BMS soft-
ware and hardware used for our HVAC system. The upload
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Figure 7: Measured cleanroom temperatures for 10 critical areas over a period of 7 hot summer days in 2018. May 26 and 27 were weekend
days. Despite reduced airflow, after-hours temperatures are mostly lower than temperatures during normal weekday operations.
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procedure is not supposed to take longer than 1 hour. However, in
our case, the upload created a significant risk because the system
could not be restarted for 2 days due to a hardware/software error.

Anticipating this type of risk is another lesson learned.
Implementation during shutdown is strongly advised to minimize
issues associated with software modifications.

In our control software, the output signal of the BMS system to
the controllers of the VAV unit also had to be adjusted. This meant
that all output signals to the VAV controller and VAV controller
limit values needed to be checked and/or adjusted individually.
This was a time-consuming process, requiring several days of
labor for 5,000 m? of cleanroom area.

FAN PRESSURE SET-POINTS

The fan pressure set-point was not initially adjusted for operation
at reduced airflow. Two set-points, one for daytime operation and
another for nighttime, were not included in the updated control
program (software). This was discovered when the HVAC fans res-
onated during first tests of the system. The pressure set-point of
the fans had not been adjusted, but the volume flow had been
reduced; this caused the fans to resonate. Resonating of the fans
may lead to catastrophic failure of the HVAC system. By reducing
the pressure set-point, the resonance issue was resolved.

Thelessonlearned was that the additional pressure set-point for
the fans should be included in the software. The software
adjustment planned for this yearis to include an additional reduced
pressure set-point for the HVAC fans after closing hours, which will
significantly reduce HVAC fan electricity consumption in addition
to the current energy savings.

CONCLUSION

Project implementation required a few days while the cleanrooms
were shut down. Measurements were taken before and after
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shutdown and during the normal startup procedure. No increase
in particles was found, and all parameters (particles, temperature,
etc.) remained within their specified limits. Also, during after-
hours operation, particle concentration did not increase.

Potentially, the airflow reduction could reduce HVAC energy
consumption by 20%-30%. Field results show a total electricity
consumption reduction of 10%. Notably, the HVACs account for
about 50% of the overall energy use. &
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