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Abstract

Demand controlled mechanical extract ventilation (MEV)
systems combined with natural air inlets and central
mechanical ventilation systems with heat recovery
(MVHR) are usually used in the Belgian residential sector
to control IAQ. In order to balance the supply and extract
air flow rates of MVHR systems, air can be transferred
mechanically between habitable rooms to reduce the
supply capacity of the unit, called a 2-zone recirculation
or cascade system. A similar approach can be applied to
balance MEV systems by transferring air from the night
to the day zone, while reducing natural air supply
capacity. Besides, the performance of MEV systems with
additional indirect mechanical extraction from the rooms
via the hall was compared with an MEV system with
direct extraction from habitable rooms, as already widely
used in the Belgian market. Dynamic simulations were
performed on several ventilation system configurations
(without or with open Kitchen, natural or mechanical
indoor air transfers, with or without air supply in the
living room) to analyse the impact on IAQ (CO,, RH) and
energy efficiency EE (heat losses) of MEV systems.
Results pointed out that a similar and even better
ventilation performance can be achieved by applying
demand controlled mechanical air transfer between the
rooms, compared to an MEV system with direct
extraction from the habitable rooms.

Key Innovations

o Natural air transfer devices between rooms were
replaced by smart controlled mechanical ones in
the residential sector.

e These smart mechanical air transfer components
between the night and the circulation zone or
between the night and the day zone are an
alternative mean to optimize MEV systems, and
even improve their overall performance.

Practical Implications

Alternative ventilation strategies to standard MEV
systems with natural supply in all habitable rooms and
mechanical extract in the wet rooms, were analysed on
their EE and the expected 1AQ levels. Smart mechanical
air transfer components between the night and the day

zone are an alternative mean to optimize MEV systems,
and even improve their overall performance.

Introduction

By means of ventilation, indoor air is continuously
renewed to extract several types of pollutants on the one
hand and supply fresh outdoor air on the other hand.
Demand controlled mechanical extract ventilation (MEV)
systems or balanced mechanical ventilation systems with
heat recovery (MVHR) are the most frequently used types
of ventilation systems (VST’s) in the Belgian residential
sector to control I1AQ.

An MEV system has natural air inlets integrated in the
windows of the habitable rooms as living room and
bedrooms, combined with a central extract fan, which is
connected by means of air ducts to the wet spaces as
kitchen, bathroom, toilette and laundry. Between the
habitable room and the wet rooms on the one hand, and
the circulation spaces on the other hand, natural air
transfer devices are present, usually as a door undercut.
Demand control is usually used to adapt the airflow
according to the needs by varying the airflow rate between
a minimal and maximal value. Therefore sensors and
airflow control devices are integrated, such as dampers or
fans.

A balanced MVHR consists of a first central fan,
supplying air to the habitable rooms via ducts and a
second central fan, extracting air from the wet spaces.
Both central fans are integrated into a heat recovery unit
to transfer heat between both air flows. Natural air transfer
devices between the rooms are similar to an MEV system.

Required air supply capacities in Belgium of 3.6 m3/h/m2
are higher than those mentioned in the EN 16798-1. In
order to balance the supply and extract air flow rates of
MVHR systems, air can be transferred mechanically
between habitable rooms to reduce the supply capacity of
the unit, called a 2-zone recirculation or cascade system
(Rojas, 2015; Rojas et al., 2015; Van Gaever et al., 2016;
Van Gaever et al., 2019). Recirculation of air from
unoccupied zones to occupied zones could improve the
IAQ, while limiting the energy consumption for newly
supplied fresh air,

A similar approach can be applied to balance MEV
systems by transferring air from the night to the day zone,
while reducing natural air supply. Intelligent control
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strategies of these mechanical air transfer devices were
analysed.

The indoor air transfer can be carried out by means of
ducts combined with a central transfer fan or by means of
individual room transfer fans connected to the circulation
spaces. Several intelligent control strategies of these
mechanical air transfer devices were analysed using
multi-zone airflow simulations in this paper.

This study focuses on the feasibility of a cascade MEV
strategy to limit or omit a natural air supply in the living
room, while guaranteeing the IAQ in habitable rooms and
limiting the ventilation energy losses.

Besides, as reference points, the performance of MEV
systems with additional indirect mechanical extraction
from the rooms via the hall was compared to that of MEV
systems with direct extraction from habitable rooms, as
already widely used in the Belgian market.

Methodology

Dynamic multi-zone simulations (in CONTAM) were
performed for each of these system configurations
(without or with open kitchen, natural or mechanical
indoor air transfers, with or without air supply in the
living room) to analyse the impact on IAQ (CO», RH) and
energy efficiency EE (heat losses) of MEV systems. Per
time step the pressure in the several zones of the dwelling
as well as the outdoor pressure on the facades are
calculated which determine the airflow rates supplied to,
transferred in and extracted from the building. Stack as
well as wind effects were taken into account. The
auxiliary energy consumption of fans for air extraction
and air transfer was not modelled.

Model set-up and analysis criteria

The simulations were performed on a detached dwelling
with occupancy and activity schedules as also modelled
by Laverge (2013). The house consisted of a ground and
first floor, with 3 bedrooms (BRs) and a playroom (PR),
as illustrated in Figure 1 (1: living room; 2: kitchen; 3:
toilet; 4: bathroom; 5-6-7: bedrooms; 8: playing room; 9:
laundry; 10: hall-staircase.

The variable parameters of the modelled house and their
simulated values were:

o the building air tightness at 50 Pa: set to 0.6; 3.0 and
6.0 m3/h/mz;

o the type of kitchen: closed or open to the living room,
with an extraction rate capacity of 50 and 75 m3h,
respectively.

Other parameters were kept constant such as occupancy
and activity schedules, location/climate/orientation of the
house (Uccle in Brussels) and air leakages in internal
walls. The cooker hood was in operation at 200 m3h
during cooking activities.

For all VST’s and configurations thereof, the ventilation
heat loss (see Figure 2, upper graphs) was analysed during

the heating period from Octobre 1™ up to April 15" . The
total ventilation losses (as usually expressed in kWh,
equal to 3.6 MJ/kWh) are the sum of heat losses via the
ventilation system itself and the in/exfiltrations via the
building leakages.

groundfloor

2nd floor
Figure 1: Floor plans of the detached house.

The performance with respect to IAQ was on the one hand
assessed by the exposure of the occupants to CO, above
950 ppm, aggregated over all occupants and expressed in
kppm.h, and on the other hand as the maximum monthly
averaged RH on a thermal bridge with temperature factor
of 0.7 (see Figure 2, middle and lower graphs). The
temperature factor equals the ratio of the temperature
difference between the internal surface temperature of the
outdoor wall and the outdoor temperature to the
temperature difference between indoor and outdoor. Both
criteria are considered in Belgium to assess the
performance equivalence of innovative ventilation
systems. A VOC criterium was not yet available.

The cumulative CO; exposure above 950 ppm, averaged
over the 3 air tightness levels, was also set out against the
controlled ventilation losses without in/exfiltration, by
extrapolating to a perfect airtight building of 0 m3/h/m2
(see Figure 3).
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Ventilation systems modelled

The simulated VST’s were all of the MEV type, including
natural air supply via window vents in habitable rooms,
designed according to the Belgian ventilation standard for
residential buildings (NBN D50-001). Modifications in
the VST’s were carried out on the level of the air supply,
transfer or extract components or in the control strategy.
The specific VST’s were acronymized in order to reflect
the VST’s as clear as possible, since no official acronyms
exist. The detailed configuration of the several VST’s is
also illustrated in Figure 2.

Two reference VST’s were modelled, as also extensively
analysed in-situ by De Maré et al. (2019) based on cloud
data monitored by a connected MEV system, type
Healthbox 3.0 (Renson):

e a first one with extraction from the wet rooms
controlled by CO- (kitchen), RH (bathroom and utility
room) and toilet (presence), called DCMEV

e asecond one equal to the first one with supply vents
sized at 10 Pa (instead of 2 Pa) and supplementary
CO; controlled direct extraction from the BR and PR
to outdoors, called direct Smartzone Dir SZ

Subsequently 5 additional ventilation strategies were
modelled:

e 2 VST’s with an indirect mechanical fan extraction
from the BRs and PR to the hall and a following
extraction via the wet rooms, called indirect
Smartzone. The first one contained an extraction from
wet rooms equal to the Dir SZ, called Indir SZ1. The
second one differed by controlling the extraction in the
toilets additionally on CO,, called Indir SZ2 (not
shown in Figure 2).

e 3cascade VST’s with indirect or direct mechanical air
transfer by fans from the BRs and PR to the living
room. The indirect cascade systems via the hall,
differed in the presence or absence of air supply vents
in the living room, called respectively Cascl and
Casc2. The direct cascade system Casc3 is similar to
Casc2, except that there is a direct mechanical air
transfer from BRs and PR to the living room,
independent from each other (not shown in Figure 2).

Mechanical air transfers from the BRs and PR varied
between 5 and 30 m3/h for CO, concentrations between
800 and 950 ppm, similar to the extraction in Dir SZ.

Extra design and control properties of the VST’s are as
follows:

e All window vents were permanently fully open. The
design pressure difference was 2 Pa, except in case of
direct or indirect mechanical extraction from the BRs
and PR, whereby the vents were designed at 10 Pa.

o Door undercuts as natural air transfer were present in
all habitable and wet rooms of the 2 reference VST’s,
DCMEV and Dir SZ. For the other 5 VST’s, the door
undercut was not present, if a mechanical air transfer
from or to the habitable room was present.

The extraction rate varied between the maximum nominal
rate and a minimum rate of 0.1 or 0.3 qu,max, respectively,
in case of extraction from a habitable room or a wet room.

DCMEV

groundfloor

2nd floor

Dir 52

2nd floor
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groundfloor

2nd floor

Cascl

groundfloor

2nd floor

Casc2 and 3

groundfloor

2nd floor
Figure 2: Configuration of the modelled VST’s.

Results and discussion

When applying mechanical air transfer between rooms,
natural air transfer openings between these rooms must be
limited or omitted, to prevent backflow, as could be
deduced from the simulations.

Figure 2 points out that the air tightness of the building
usually has a considerable impact on the total ventilation
energy consumption and the 1AQ performance of a
ventilation system. Higher total ventilation losses give
rise to better IAQ levels.

The exposure to CO is, for all VST’s, slightly higher in
houses with closed kitchen compared to those with open
kitchen, as could be expected.

Adding direct extraction from the BRs and PR to a
DCMEV, as done in the Dir SZ system, improves
substantially the IAQ in the habitable rooms, for even
lower ventilation heat losses. The lower ventilation losses
for the Dir SZ, despite extraction points from all rooms,
are due to the minimal ventilation rate of 10% instead of
30% of the DCMEV, as required according to the Belgian
regulation. In addition, air supply vents are designed at 10
Pa instead of 2 Pa, when mechanical extraction is present
in the habitable room. In that way, wind and stack effects
have a smaller impact, resulting in less uncontrolled
ventilation.
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Direct and indirect extraction from BRs and PR (Dir SZ,
Indir SZ1/2), as well as direct and indirect cascade air
transfer to the living room (Cascl/2/3), result in both a
better energy performance and lower CO, exposure
compared to a standard DCMEYV, as can be deduced from
Figures 2 and 3, in case of closed and open kitchen. The
average RH level in case of the DCMEYV is lower, due to
the higher minimum extract rates of 30% instead of 10%
in the wet rooms for the other VST’s.

The Ind SZ1 has on the one hand a 20% better energy
performance than the Dir SZ for both the closed and open
kitchen. On the other hand, however, the CO, exposure is
considerably higher. By optimizing the CO; extraction
from the hall via the toilets, as realized in the so-called
Ind SZ2, the performance of this ventilation principle
concerning EE and IAQ, is quite similar to that of a
Dir SZ.
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Figure 2: Ventilation and in/exfiltration losses (upper),
cumulative CO, exposure > 950 ppm (middle) and
maximum monthly RH level on thermal bridge (lower)
for 3 building air tightness levels and 2 kitchen types,
closed (left) and open (right)and open

The Dir SZ results in the lowest CO; exposure in case of
closed kitchen. However, in case of an open kitchen,

which is present in more than 95% of the new houses in
Belgium, the cascade VST’s are similar or even better
than the Dir SZ, concerning their performance on the level
of IAQ and EE.

Casc2 and 3 demonstrate that the absence of a supply vent
in the living room can be compensated by an intelligent
mechanical air transfer from the BRs to the living room.
In addition, due to the reuse of air by recirculation, the
energy consumption can be further reduced.
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Figure 3: Cumulative CO; exposure > 950 ppm versus
controlled ventilation losses for closed (upper) and open
(lower) kitchen

Using the Casc2 in houses with open kitchen results in
25% lower ventilation losses and 50% lower CO;
exposure than in the case of Dir SZ. In absolute terms,
however, the reduction in CO; exposure is low. The heat
loss would be at least 25% lower, for a similar IAQ.

Conclusions

Dynamic multizone simulations in a detached house were
performed to analyse the total ventilation losses, CO»-
exposure and maximum RH levels related to different
demand controlled MEV systems. Natural air transfer
components were replaced by mechanical transfers
controlled on CO,. Compared to the current MEV systems
with additional direct extraction from the habitable
rooms, also indirect extraction to the hall and
subsequently via the wet rooms, can result in similar
performance levels concerning EE and 1AQ.

Applying a mechanical cascade or 2-zone recirculation
principle from the (bed)rooms to the living room, could
result in lower energy consumptions, and even lower CO;
exposures. Due to overflow from the night to the day
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zone, natural air supply capacity in the living room can be
limited or omitted. A combination of intelligent air
transfer and air extraction controls forms the basis of these
recirculating systems.

The acoustical performance of the air transfers concerning
noise transfer and noise production must be further
investigated, before implementing in practice.

Further modelling will focus on (1) the auxiliary energy
consumption of extract and transfers fans, (2) a Monte-
Carlo approach and (3) an additional modelled apartment
to check the obtained results on a larger scale. Since a
negligeable pressure difference occur over the air transfer
device at rather small air flow rate, fan electricity
consumption should be limited.
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