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Abstract: Today, the assessment of residential demand-controlled ventilation systems only
considers the perceived indoor air quality in terms of comfort, with CO, and humidity as the
main parameters to investigate. However, the ventilation system and its controls also have an
impact on the health aspect of Indoor Air Quality (IAQ) due to the higher exposure to unhealthy
pollutants (Volatile Organic Compounds (VOCs), fine dust particles, e.g. PM2.5). In this paper,
two demand controlled mechanical extraction ventilation systems (DCV) and a continuous
mechanical extraction ventilation system (MEV) of a typical Belgian apartment are modelled using
Modelica. This allows to simulate the combined effect and interaction of temperature, airflow
and IAQ. The model includes sources of CO,, humidity, VOCs and PM2.5 to the indoor air. The
combined approach using Modelica allows to do an in-depth analysis of the indoor air quality. A
two-stage assessment method is performed, resulting in an overall performance (in terms of IAQ
and energy use) of a DCV system in relation to the performance of the MEV reference system.

Keywords: Smart ventilation system, Indoor Air Quality, VOC, health and energy assessment.

1. Introduction
health effects. Therefore, there is a need for a designed

In the recent decades there has been an increasing
awareness that the energy demand for buildings must
be greatly reduced. Today, our buildings are better
insulated and high-temperature heating is replaced
by low-temperature surface-heating. The stricter
insulation standards ensure an energy reduction and
a better thermal comfort. The disadvantage is that,
if we only focus on the thermal comfort, an adverse
effect will be induced on the indoor air quality (IAQ)
of our homes. In old houses there is natural ventilation
through cracks and crevices [1] but in more modern
houses, that are build more airtight, the pollutants will
accumulate in the indoor air. This creates a greater risk
of concentration problems, fatigue and other serious

ventilation system that brings fresh air in and evacuates
polluted air out of the home, preferably in a comfort-
able way.

A continuous, constant, airflow ventilation system will
guarantee a good IAQ but will also provide more cold
airflow that needs to be heated then strictly necessary to
ensure comfort. This results in an increase of the energy
use. The two main methods used in western-European
residential ventilation systems to tackle this increase in
energy use are the use of an air-to-air heat exchanger
(heat recovery) and the use of pollution sensors to
measure the indoor air quality and lower the ventila-
tion flowrate when and where it is possible without
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comprising the indoor air quality: demand-controlled
ventilation systems (DCV). A DCV system can reduce
the heating energy related to ventilation and electricity
use of the ventilation system by 20 to 50% [2].

Nowadays, the assessment of a DCV system only con-
siders the perceived IAQ in terms of comfort criteria
(such as CO2, humidity and odour) [3]. However, the
big disadvantage of a DCV system is the accumulation
of indoor pollutants in times of low occupancy. When
the airflow rates are reduced, the VOC emissions of
building materials and furniture will accumulate in the
indoor air, resulting in harmful VOC concentrations
and a poor IAQ. Therefore, the assessment of a DCV
system must be extended from only comfort criteria
to both comfort and health criteria.

2. Research methods
2.1 Simulation model

The simulation model is made in Dymola, an integrated
environment for developing models in the Modelica
language. This allows to simulate the combined effect
of heat, moisture, airflow and indoor concentrations.
In this study, the IDEAS library [4] is used in combina-
tion with proprietary models for modelling the airflows
and pollutant sources. Figure 1 shows the floor plan of
the modelled three-bedroom apartment. This typical
Belgian apartment has already been used several times
and has been described in Heijmans, Van Den Bossche,
Janssens (2007); Laverge, Janssens (2013) and De
Jonge, Janssens, Laverge (2018). During modelling, a
lot of attention is paid to the multi-zone representation
of the apartment, the building envelope, the elements
of the various ventilation systems, the occupant sched-
ules, the ventilation controls, the emissions from the
occupant activities and the emissions from the building
materials and furniture.

2.2 Investigated DCV systems

The performance of two demand controlled
mechanical extraction ventilation systems (DCV) are
being compared to the performance of a continuous
mechanical extraction ventilation system (MEV). The
two DCV systems follow the same principles: fresh
air is naturally brought into the dry spaces through
trickle vents and will be mechanically extracted in
the wet spaces. The first DCV system (DCV1) is a
theoretical control system based on controls that can
currently be found on the Belgian market. The ventila-
tion flow rates (Q) are adapted on the one hand by a
local detection and a local control in the wet areas.
The bathroom is controlled on humidity, the kitchen
on CO; and the toilet on VOC. Additionally, there
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are also extra COz-sensors in the dry spaces that will
increase the extraction flow rate in the wet spaces if
the COz-concentration in the dry spaces becomes too
high. For the increase of the extraction flow rate only
the dry space with the maximum CO;-concentration
will be considered. The increase of extraction creates
negative pressure in the building which force more
fresh air through the trickle vents resulting in a larger
supply of fresh air in the dry spaces.

The second DCV system (DCV2) is also a theoretical
control system based on controls that can currently
be found on the Belgian market. The ventilation flow
rates (Q) are, just like DCV1, adapted by a local detec-
tion and local control in the wet spaces. Supplementary
to these extraction in the wet spaces, there is an
additional extraction in the dry spaces based on local
CO3-sensors. Due to the direct extraction in the dry
spaces, the amount of supply through the trickle vents
can be guaranteed. In addition, the extraction works in
two zones, namely the bedrooms and the living space.
The zone with the highest COz-concentration will be
controlled based on this concentration and the flow
rate of the other zone is lowered to the minimal flow
rate. In that way, the zone with the highest occupation,
receives the highest ventilation flow rate.

The working principles of both DCV systems is
graphical represented in Figure 2. The nominal ven-
tilation flow rates according to the NBN-D50-001 are
represented for each zone in Table 1. Qpom are the
nominal flow rates for both systems and Qnom_addition
are the nominal flow rates for the additional extraction
in the dry spaces for DCV2. The zones are numbered
like the floor plan in Figure 1. Lastly, the different
sensors and their controls on the ventilation flow rates
are represented in Table 2. The first four controls are
for both DCV systems. The fifth and sixth control are
respectively for DCV1 and DCV2.

13.5m2 |7.7 m2

4
42.5m?

Figure 1. Floor plan of the reference apartment. Zone
1-4 are the dry spaces, zone 5-9 are the wet spaces.
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Figure 2. Graphical representation of the working
principle of DCV1 and DCV.2.

Table 1. Ventilation flow rates.

Qnom_additiom

DCV2 (m*/h)

ng room

7: Bathroom

8: Toilet

2.3 Pollutants of concern and their
emissions

More than 100 indoor pollutants are currently identi-
fied as (potentially) hazardous to our health. To obtain
a priority list of target pollutants, 7 large studies are
reviewed, each a conclusion of many other studies. The
most important study is the AIVC-CR17 [5] study
where, for Belgium, the concentrations of harmful
pollutants were measured in more than 400 homes.
As a result, 6 indoor pollutants and 3 outdoor pol-
lutants are prioritized for the Belgian residential
application, namely benzene, formaldehyde, naph-
thalene, limonene, toluene and particulate matter
(PM35) as indoor pollutants and (PM35), nitrogen
dioxide (NO3) and ozone (0O3) as outdoor pollutants.
The concentration of the outdoor pollutants will be
modelled as constants. In the future, this can be further
investigated.

To allow a clear representation of which emissions are
implemented for each pollutant, the emissions will be
divided into three categories. namely emissions from
building materials and furniture, emissions from occu-
pants and emissions from occupant activities.

Table 2. Controls.

Sensor Control Q(m’/h)
RV < 30% 10 %
1. RV - Bathroom and 30% < RV < 65% 30%
service room 65% < RV < 95% 60%
RV > 95% 100%
2. RV - Bathroom ARV > 2% in 5min 100%
(0, > 850 10%
3. €0, (ppm) Kitchen 850 < (0, < 950 Linear
(0, >950 100%
: No presence 10%
UL SLell Presence 100%
(0, < 1,000 10%
:A:f’:f"gr'“)snaf:? 1000 < 0, < 1,200 Linear
-ordrysp €0,> 1,200 100%
i‘)’:: JW . (0, > 850 10%
maximum C0.- 850 < (0, < 950 Linear
6. €0, (ppm) concenmﬁonz 0, > 950 100%
DCV2 '
Dry spa.c = Zone 2:
extraction one with
- - 10%

smaller C0,-
concentration
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A. Emissions from building materials and
furniture

To determine the emissions of the building materials
and furniture, it is assumed that the apartment is
refurbished or newly built so that can be concluded
that the floor and furniture are new. Therefore, all
the emissions will be determined after a lifetime of
28 days. The furniture is calculated for an occupancy
of two adults, two children and two babies. The
furniture is considered wood, synthetic or gypsum.
This means that only the pollutants benzene, formal-
dehyde, naphthalene and toluene are considered for
these emissions. All the emissions of building mate-
rials and furniture are determined using the Pandora
Database [6]. The summary of these emissions is given
in Table 3. All these emissions are assumed to have a
constant emission rate. One exception is made for the
formaldehyde emission by the floor. The emission rate
of the flooring is a dynamic source model based on the
air temperature and relative humidity in the zone [7].

Table 3. Summary of the emissions from building
materials and furniture for each pollutant.

Emission formaldehyde | benzene | naphthalene | toluene

[ug/h/m?]

Floor (wood) 9.91 negligible  negligible negligible

U 3.06 140 5.68 -

(wood)

Door (wood) 4.50 - - -

Other furniture

(synthetic) 3.00 2.00 = 11.00
m 4.27 0.21 0.47 0.20

Walls (gypsum) negligible negligible  negligible 0.50

Table 4. Summary of the emissions from building
materials and furniture for each pollutant.

Emission moisture limonene

[ug/h/m?]

naphthalene PM; 5

5.00g/m* 1912 ug/h/m* ) )
(floor) [15] (floor) [6]
0.60 L/s* 1260 ug/min [9]
1.00L/s * = = 1910 ug/min
1.50L/s * 2550 ug/min
Washing
420e-04L/s  24.8ug/h = =
osous* 20NN e ugm ) -
[10]
Deodorant 1438 ug/use
e - 4] - 12 ug/use [13]
Washing 6.50 x 7833 ug/h i i
cothes e-2l/s* [12]

* CEN 14788: Ventilation of buildings - Design and dimensioning of
residential ventilation systems
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B. Emissions from occupant activities

The impact of the occupant activities on the VOC con-
centrations is significant. To determine which activities
must be implemented, the original occupant schedules,
used in Belgian simulation studies for the determi-
nation of ventilation legislation [8], were reviewed.
The original activities were cooking, showering and
washing clothes and only the emission of moisture was
recorded. Eventually, the activities were expanded with
cleaning, washing dishes and using deodorant spray.
The emissions of the activities, including the original
activities, were expanded with limonene, naphthalene
and particulate matter emissions. Existing research
on emission values is very limited, which means that
assumptions often must be made. When newer or more
accurate research is published, the emission values can
easily be adjusted in the model.

For cooking, PM; 5-emissions were added based on the
relationship to the moisture emission in the study of
Poirier et al (2021) [9]. Extensive cooking results in a
greater moisture and PMj s-production. Important is
that the cooking emissions are considerably reduced by
the implementation of a cooker hood with a flow rate
0f 200 m3/h and a capture efficiency of 0.7. This means
that 70% of the emissions are captured by the cooker
hood. For the activity of showering, the use of shampoo
and shower gel was added, resulting in limonene [10]
and naphthalene [11] emissions. For the activity of
washing clothes, the use of washing liquid (wash pods
of 27 gram) was added, resulting in limonene emis-
sions [12]. For the use of deodorant, a PM3 5 [13] and
limonene [14] emission was added to the occupant
itself. The occupant uses the deodorant 3 times a day
(0.5 gram) and carries these emissions around the house.
Also, the emissions for the activity cleaning, were added
to the occupant itself. When the occupant is cleaning,
moisture [15] and limonene [6] emissions are released
into the air where the occupant is situated.

All these emissions are summarized in Table 4. The
references are given in the text and in the table. For a
more in-depth explanation on how the emissions are
obtained, reference is made to “Health-based assess-
ment method for residential DCV systems” by Janneke
Ghijsels (2022).

C. Emissions from occupants

Occupants produce both CO, H,0 and human odour.
The CO5- and H,0-emissions are shown in Table 5 for
a metabolism (the degree of activity) equal to 1.6 met
(very active). In the simulation these productions are
scaled according to the metabolism of each occupant
at each timestep.
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2.4. Assessment method

To make a complete analysis of the impact of a
DCV system on IAQ), the assessment method will be
divided into two stages. The first stage is a health
performance checklist that will rule out the possi-
bility that the exposure concentrations cause harmful
health effects for the occupants. If this criterion is not
met, the controls can be adapted (e.g. increasing the
nominal flow rates, increasing the minimal flow rates
or adjusting the boundaries.)

When the quality of the indoor air is sufficient for
the health of the occupants, the DCV system can
be analysed by the second stage of this assessment
method, namely the overall performance rating in
terms of health and energy. A comparison will be made
with the performance of the MEV reference system. In
this way, a pareto optimum can be explored for each
DCV system in which both the energy and health
performance are better than the performance of the
MEYV reference system.

A. Health performance checklist

For the assessment of the health performance, a
checklist will be followed in which first the exposure
concentrations of each pollutant will be compared
with the limit concentrations of the chosen exposure
metrics. Both acute and chronic exposure concentra-
tions will be checked to exclude both acute and chronic

health effects.

The peak concentrations will be checked by the
10-minute AEGL-1 value (obtained by U.S. EPA) [18]
and the average exposure concentrations over a time
interval of 1 hour and 8 hours will be checked by the
acute REL values (obtained by OEHHA) [19]. The
chronic exposure concentrations will be checked by
the chronic REL value. The summary of these limit
concentrations is given in Table 6.

Table 5. Emissions by occupants themselves.

Production 1.6 met (light activity)

CO,-production

- Adult 1901/h *

- Child 126 1/h [16]

- Baby 6.7 1/h*
H,O-production

- Adult 55.0g9/h*

- Child 4139/h[17]

- Baby 183 g/h*

*Norm CEN 14788

After the control of the exposure concentrations, the
lifetime average daily dose (LADD) is calculated for
each pollutant [20]. The formula of the LADD is
given in equation (1). Because the LADD considers
both body weight and inhalation rate it is possible to
obtain an estimation of the health effects for sensitive
occupants, for example babies.

Babies will have a higher lifetime average daily dose
than an adult, even though the exposure concentra-
tions of the pollutants are the same.

Eix IRxEf x Eq
LADD = (1)
BW x4, ¢

Where Ej is the timeweighted exposure (ug/m?), IR is
the inhalation rate (m?3/day) [21], Efis the exposure
frequency (day/year), E4 is the exposure duration (day),
BW is the bodyweight (kg) where in this study 70 kg
is used for adults, 23 kg for children and 11 kg for
babies. A; is the simulation time, in this study 365 days
and € is the absorption factor of each pollutant (for
example 0.9 for formaldehyde).

The use of LADD makes it possible to exclude non-
carcinogenic health effects by calculating the hazard
quotient (HQ), given in equation (2). The LADD
is compared by the reference doses (RfD) (obtained
by U.S. EPA) [22]. When HQ is less than 1, the
risk of non-carcinogenic health effects is considered
negligible.

_ LADD
R:D

HQ

< 1 Health effects are negligible (2)

Table 6. Emissions by occupants themselves.

Reference 10 min Acute Acute Chronic
Coxposure (ug/m?®) AEGL-1 REL-1h REL-8h REL

Formaldehyde 1105 55 9 9
Naphthalene - - 9 9

9000
Toluene 252,000 - 800 400
PM; 5 = - 25 (24h) * 10*

*WHO guidelines: air quality guidelines for particulate matter,
ozone, nitrogen dioxide and sulphur dioxide: summary of risk
assessment
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B. Overall performance rating

If the DCV system passes the health performance check-
list, it is evaluated by the second part of this assessment
method. In this assessment method, the DALY-index
(Disabled Adjusted Life Years) is used as health indicator.
It quantifies the total years lost due to death or disability
due to poor IAQ. It scales the harmfulness of the different
VOC and PM; 5-concentrations to allow a general health
rating. The total DALYs are calculated based on the study
of Logue et al. (2012) [23]. The DALYs of the outdoor
pollutants (i.e PM2 5, NO; and O3) are calculated using
the IND-method. The DALYs of the indoor pollutants
(i.e. benzene, formaldehyde, naphthalene, limonene
and toluene) are calculated using the ID-method where
the study of Huijbrechts et al. (2005) [24] provides the
information on the (0D/d])-factors.

When the total DALYs are calculated for each DCV
system, this health indicator can be compared with the
energy use of each DCV system. In that way it is possible
to rate the overall performance of the DCV system.
The performance of a DCV system is considered suf-
ficient when there is a pareto optimum compared to
the continuous MEV reference system. This means that
both the energy use and the health impact of the DCV

system must be lower than those of the reference system.

3. Results - Assessment method

Each DCV system and their controls are modelled
in the Modelica model together with the different
emissions and the activity schedules of the occupants.
For each ventilation system 10 different families are
simulated. The results are average exposure concentra-
tion of these 10 scenarios.

3.1 Health performance checklist

In this paper, the focus will be on one constant emission
source (i.e. formaldehyde) and on one emission source
that depends on the activities of the occupants (i.e.
PM35), because these two pollutants show to have
the highest impact on our health. In Figure 2 the
exposure concentration of formaldehyde is compared
for the two DCV systems and the MEV reference
system. The acute concentration limit of 55 ug/m? is
not exceeded by any system. The chronic concentra-
tion limit of 9 ug/m3 is exceeded by the two DCV
systems. DCV1 has a chronic exposure concentration
of 11 ug/m?3, while DCV2 has a much larger chronic

exposure concentration of 18.8 ug/m?3.
Figure 3 shows the exposure concentration of PMy 5

for the three systems. The acute exposure concentra-
tion is compared with the 24 hours limit concentration
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of the WHO and is only exceeded by DCV2. The
chronic exposure concentration is exceeded by all
the ventilation systems. This is a result of a constant
outside PM3 5-concentration of 14 ug/m? (according
to MIRA 2019) [26]. In the future, it can be important
to change the approach of the outside pollutants to
more variable concentrations according to the environ-
ment (e.g. temperature) and the location (e.g. nearby
industry, heavy traffic).

Exposure concentration formaldehyde [ug/m?]

A

60
55 ug/m?

50
40
30
20

10 9 ug/m

1 hr average Cexp Chronic Cexp

MEV_ref DCV1: DCV2

Figure 2. Comparison of the exposure concentration of
formaldehyde between DCV1, DCV2 and MEV_ref.

Exposure concentration particulate matter (PMz5)[ug/m?]
35
30
25 - - -~

20

15 R

10 e F1=-=-1 -

8 hr average Cexp

MEV_ref = DCV1 DCV2

Chronic Cexp

Figure 3. Comparison of the exposure concentration of
PMy 5 between DCVI, DCV2 and MEV_ref-
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In Table 7 all the concentrations of the pollutants
of concern are summarized. DCV2 scores too high
for formaldehyde and PM; 5. DCV2 has also higher
exposure concentrations for all the other pollutants

than DCV1.

To ensure that the IAQ, caused by system DCV2 does
not cause any health effects on the sensitive occupants,
the LADD is calculated. Subsequently the HQ of each
pollutant is calculated by comparing the LADD to the
reference dose (obtained by U.S. EPA). An example is
worked out for benzene. In Table 8 the average LADD

of benzene of the 10 scenarios simulations is calcu-

LIMA

TOP PAPERS

flow rates. This adaptation changes the LADD of
benzene for occupant 5 (Baby 1) from 0.01062 to
0.00784 mg/ kg/day and for occupant 6 (Baby 2) from
0.00915 to 0.00676 mg/ kg/day. All the average daily
doses are now below the reference doses. Hence, it can
be said that no important negative health effects will
occur due to a poor IAQ. In the next paragraph, it is
examined whether there is a pareto optimum between
the two DCV systems, incl. the new DCV2 system and
the MEV-reference system. The overall performance of
the DCV systems, both in terms of energy and health,
should perform better than the overall performance of
the MEV reference system.

lated for each occupant in the simulation. For DCV2,
the LADD of benzene is higher than the reference
dose (8.57 x 1073 mg/ kg/day) for both the smaller
children. Therefore, DCV2 will not ensure a good IAQ

for the sensitive occupants.

Table 8. Summary of all LADD of benzene for each occupant
in the simulation for MEV_ref and the two DCV systems.

Ble_ﬁi?le Adult 1 | Adult 2 | Child 1 | Child 2 | Baby 1 | Baby 2
It is necessary to adjust DCV2 to meet the minimum
. . MEV_ref [0.002030.00254(0.00198|0.00195 |0.00423|0.00400
requirements of the health performance checklist. A
new simulation is carried out where the minimum flow DCVL  10.00278]0.00350)0.002640.00260)0.00564 | 0.00538
rates are increased from 10% to 30% of the nominal DCV2 0.00483|0.00599 [0.00452|0.00408 [ 0.01062 | 0.00915

Table 7. Summary of all the acute and chronic exposure concentrations of the pollutants of concern for DCVI,
DCV2 and MEV_ref.

Maximum Cexp | 1 hour average Cexp | 8 hour average Cexp | Chronic Cexp
MEV_ref
Formaldehyde 21,94 24,03 19,15 7,92
Benzene 1,66 1,55 1,22 0,66
Limonene 565,41 581,52 - 12,56
Naphthalene 5,24 - 3,78 1,83
Toluene 11,15 11,12 8,64 5,55
PMa2s 187,61 - 21,08 14,46
DCV1
Formaldehyde 35,72 31,43 24,76 11,02
Benzene 2,77 2,27 1,65 0,87
Limonene 694,99 651,46 - 15,97
Naphthalene 8,69 - 513 2,42
Toluene 18,87 18,07 12,55 7,50
PM2s 215,70 - 24,35 14,70
DCV2
Formaldehyde 73,01 54,07 42,75 18,84
Benzene 4,51 3,91 2,57 1,37
Limonene 856,91 736,12 - 22,12
Naphthalene 14,77 - 7,90 3,81
Toluene 35,87 34,80 25,80 12,16
PMaz.s 229,66 - 28,75 15,79
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3.2 Overall performance rating

The total DALYs per 100,000 persons per year are
calculated for each pollutant using the IND and ID
method. The results are given in Figure 4. It becomes
clear that the total DALYs are for more than 80%
caused by PM3 5. The second major pollutant is formal-
dehyde. All the other VOCs seem to have a very small
impact and are therefore less harmful for our health.
DCV1 has the smallest total number of DALYs. Even
smaller than the reference system. This is caused by the
smaller influence of the outdoor pollutants in periods
of less ventilation. DCV2 has the largest total number
of DALYs. This is caused by the higher formaldehyde
concentrations and the higher PMj 5-concentration in
the kitchen during cooking periods.

The new DCV2 system, where the minimum flow are
adapted to 30% of the nominal flow rates (instead of
10%) reduces the total number of DALYs from 41.1 to
32.8 DALYs per 100,000 persons per year. This is a
reduction of more than 20% (8.3 DALY).

Now that the total DALYs are known, it is possible to
generate an overall performance rating of the DCV
systems. In Figure 5 the total number of DALYs are
compared with the energy use (electricity use of the
fans and ventilation heat losses) of the ventilation
system. To create a pareto optimum it is necessary that
the DCV systems perform better in terms of health
and energy. This means that the DCV systems must
be located in the green frame shown in Figure 5. The
system that is situated on the bottom, left, is the system
that generate the best pareto optimum. At first, system
DCV2 had a very low energy use. After the adapta-
tion, the IAQ is improved with 20% (8.3 DALY) and
the energy use increased with 35% (1,040 kWh/year).
This increase in energy use seems very high, but the
total energy use is still 40% (1,845kWh/year) lower
than the energy use of the reference system with con-
tinuous flow rates. The overall performance of the new
DCV2 is even better than the overall performance
of DCVI. It is stated that with correct adaptions, it
is possible to find a pareto optimum for each DCV
system.

4. Discussion and conclusion

In this research, a very extensive emission model was
combined with a dynamic temperature and occu-
pancy model in the Dymola software. This allows an
assessment of IAQ at every timestep for the different
occupants with different ages, habits and metabolisms.
Based on the determination of the exposure concentra-
tion at each time step and for each occupant, both
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DALYs per 100.000 persons per year

50

41.1
40 38.2
34.4
30
34
34
20 30
10
7
Z 4
o — — c— g
MEV_ref DCV1 DCv2
=03 ND2 m other pollutants Formaldehyde PMZ.5

Figure 4. The share of each pollutant in the total
number of DALYs (the health indicator in this research)
per 100,000 persons per year compared for the two
original DCV systems and the MEV reference system.

Yearly energy use (kWh)

6000

5000 MEV_ref

4000 DCV1

DCV2_new
3000 g

2000

DCV2

1000

30 35 40
DALYs per 100.000 persons per year

Figure 5. The overall performance of a DCV system
in terms of energy and health compared to the MEV
reference system. The overall performance of a DCV
system is sufficient if there is a pareto optimum
compared to the MEV reference system. DCV2_new
scores best on the overall performance.
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the average daily dose (LADD) and the intake can be
calculated. These two parameters are both very impor-
tant in the assessment method that was developed to
determine whether a system ensures a good indoor air
quality. The necessity for such an assessment method
is high since the DCV systems are nowadays only
assessed on comfort criteria such as COz, humidity
and odour. Because the danger lies in the increased
VOC concentrations in times of less ventilation, it
is necessary that a DCV system, designed to ensure
an energy saving, also ensures a sufficiently IAQ in
terms of health.

The health and energy assessment method was designed
as a two-stage assessment method in which first the
exposure concentrations are checked on health risks for
the occupants. The peak concentrations, acute concen-
trations and chronic concentrations are compared with
the corresponding limit concentration from relevant
exposure metrics. In this paper, the limit concentra-
tions of the reference exposure levels [19] were used. It
is possible to use other limit concentrations of exposure
metrics that are for example drawn up in function of a
legislation in the country where the research is being
conducted.

The second stage of the assessment method is an
overall performance rating where one health indicator,
the total DALYs, is used as general health indicator of
the system. The total DALYs scales the harmfulness of
exposure to the different pollutants. In that way, the
health performance of a system that ventilates more in
the kitchen and induces lower PM; s-concentrations,
can be compared to the health performance of a system
that ventilates more in the living rooms and induces
lower formaldehyde concentrations. The total DALYs

for each system are compared with the energy use of
each system, resulting in an overall performance of
the DCV system in comparison to the MEV reference
system.

The conclusion of the two DCV systems is that, if
there is minimum air flow rate of 10%, DCV1 ensures
a better indoor air quality. This means that increasing
the extraction flow rate by using CO,-sensors in the
dry spaces, works sufficient. The disadvantage is that
DCV1 only ensures an energy reduction of around
25% (1,200 kWh/year) in comparison to the con-
tinuous MEV system, which is rather low. When the
minimal flow rates of DCV2 are increased to 30%, it
guarantees a better IAQ and a higher energy reduc-
tion then DCV1. That’s why the adaption of a DCV
system that initially guarantees a high energy reduc-
tion but a low IAQ), ensures mostly an improvement
to the health/energy contradiction. In comparison to
the continuous MEV system, the energy reduction
of DCV2_new is around 40% (1,845 kWh/year) and
the improvement of IAQ is around 15% (5.5 DALY).

The investigated cases show that DCV systems can
be an effective measure to save energy and provide a
healthier indoor air. Both systems, DCV1 and DCV2_
new, guarantee a pareto optimum in comparison to the
continuous reference system. It is stated that for every
DCYV system, an optimalisation can be found where
the health/energy contradiction disappears. m
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