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BEFORE WE START...
WHAT IS FLEXIBLE VENTILATION?!
In a context of smart grids, loads are considered flexible
when they can be shifted in time. The question is whether
we can shift the electricity consumption of ventilation to a
later moment, or ventilate more at an earlier moment.

ROLE OF VENTILATION

Jump to the chapter which
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FLEXIBILITY OF VENTILATION

CONCLUSIONS

In order to answer it, it is important to understand
why ventilation is needed at all.
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click!

Today’s buildings are more airtight for improved comfort
and energy saving, but bringing in fresh air after having
worked on airtightness seems contradictory. So what are
the indoor pollutants and what happens when ventilating
constantly or with a delay?
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INDOOR AIR CONTAMINATION
Air pollutant sources...

Indoor air contamination

People in industrialized countries spend
more time indoors than outdoors. Yet, some
of our activities impact the environmental
quality of these indoor spaces.
For example, cooking with a gas burner or
lighting a fireplace emits carbon monoxide particles and dust into the air, and laser
printers give off toxic chemicals.
To make indoor spaces clean and pleasant,
occupants apply various cleaning products
in our environments that contain chemicals
such as phthalates, Bisphenol A, and Triclosan.
Scented candles are a sources of volatile organic compounds, aldehydes and polycyclic aromatic hydrocarbons.
Some of the main indoor
air pollutants:

While most people think indoor air quality is better than outdoor, indoor air quality is typically
twice to five-times worse than outdoors. This
misconception is likely due to the effort people
put into enhancing indoor air quality with chemical products creating a sense of cleanliness or
comfort.
The effect of these air pollutants on humans depends on their concentration, toxicity and exposure time, and may vary from person to person.
The most common effect is called sick building
syndrome (SBS), in which people experience
uncomfortable or acute health effects such as
irritation of nose, eyes and throat, skin ailments, allergies, and so on. The cause may not
be identified, but the syndrome may disappear
after an affected person leaves the building.
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POOR INDOOR
AIR QUALITY

Most SBS buildings are new and energy efficient yet they
have insufficient ventilation or a ventilation system that
is inadequately maintained.
The indoor air quality also affects the performance of
workers and office staff.
Asthma, nausea, dizziness, allergic reactions, irritation of
skin and eyes... all common reactions to specific cleaning
and health care products. Cleaning staff shows to have
significantly more health issues with skin and lungs.
Mainly the small particles of cleaning products are inhaled and react with the lungs issue causing long term
damage.
Also personal hygiene products often contain particulates causing irritation, hormone imbalances and headaches.

SICK BUILDING
SYNDROME

Indoor air contamination

Ozone originating from e.g. air purifiers, consumer products and household appliances can cause chest pain,
coughing, shortness of breath and throat irritation.
Ozone may also worsen chronic respiratory diseases
such as asthma and compromise the ability of the body
to fight respiratory infections.
These products are designed to make our indoor environment clean, healthy, comfortable and safe; however,
long-term exposure to such chemicals can cause significant chronic health problems like asthma, allergies
and even cancer.
Sources:
InAir – Measuring and visualizing indoor air quality:
www.cs.cmu.edu
Leung – Outdoor-indoor air pollution in urban environment:
www.researchgate.net
Megan Steele, Richer Leung, Jessica Latta
(Massachusetts Academy of Mathematics and Science):
Sustainability and green technology,
chapter 6: Air Quality and Air Pollution
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ROLE OF VENTILATION
Volatile Organic compounds
The first step to achieve a better indoor air quality is to
remove as much indoor air pollutant sources as possible. But even when this is done very thoroughly, there
are some pollutants or particles that are very hard to
avoid.
Volatile Organic compounds can be found in paint and
furniture. Low-VOC paints often emit higher concentrations of ozone. Emissions related to cooking can hardly be
avoided, although steaming emits less hazardous particles
compared to preparing a meal on a gas stove. But also
humans emit e.g. sweat , CO2 and organic dust that is contained in the garment.

ROLE OF VENTILATION

Hence, some of the sources emitted indoors are challenging to be avoided. Replacing indoor air with fresh outdoor
air ensures the concentrations of indoor pollutants remains low and health effects are minimized. Besides pollutants, a daily average of 8 litre of moisture is generated indoors.

Old buildings have cracks and openings in the building envelope, allowing for some air flow. Measurements in such
buildings show that the direction of the air inflow, nor the
amount of well controlled. The concentrations of pollutants showed to vary substantially across the building.
To further improve indoor air quality, the concentration
of the remaining pollutants should be controlled through
well-designed ventilation.
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Mechanical ventilation
Mechanical ventilation is designed to realize good air
quality in all rooms of the building.
The amount of fresh air needed is a balance between air
quality on the one hand, thermal comfort and energy losses on the other hand. Therefore, there are guidelines on
which rooms need fresh outdoor air and which rooms
can use air coming from other rooms in the building.
In residential buildings, fresh air is used in
rooms where people spend longer and do
not do activities with higher emission rates.
Sleeping rooms, offices and living rooms.
Bathrooms, kitchen and laundry rooms
then use the air coming from the other
rooms, after which the “polluted” or “used”
air is sent to the outside.

MECHANICAL AIR
EXTRACTION

ROLE OF VENTILATION

NATURAL
VENTILATION

Different systems exist to organize the flows, some more
effective than others. The most simple one is natural ventilation, where openings above windows allow the air to
flow in and out. Main drivers here are temperature difference and wind. Air quality is not guaranteed and measurements confirm that healthy indoor air quality is
often not achieved. A more advanced approach is to couple the natural inflow with a mechanical extraction. Here,
the extraction zones (kitchen, bathrooms, laundry
room) have a fan that defines the extraction flow. Extracting more implies that more inflow is needed through
the openings above the window. Air quality is generally
much better, although it is not guaranteed that the
inflow is evenly distributed and hence air quality in
the dry rooms (living room, sleeping rooms and office)
can vary.
A full mechanical ventilation system has controlled inflow
and controlled extraction and balances the 2 for all rooms.
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For all of these ventilation systems, some maintenance is
required. Window vents need
cleaning once in a while, where
the frequency depends on the
outdoor environment. Heavy
traffic, but just as well little flies
and other organic material in
the air increase the cleaning
frequency. A full mechanical ventilation system with filters on the inlet and a complete air distribution system,
needs 2 types of maintenance. The most frequent is the
replacement or cleaning of the filter. It is a small job, with
large impact: a clean filter will cause the ventilator to consume less electricity to displace the same amount of air. Additionally, every 8 to 10 years, a professional cleaning of the
ductwork is needed.
Nevertheless, the ventilation system may also be a
source of indoor air contaminants. To prevent this from
happening, the maintenance of the ventilation system
must not be neglected.

ROLE OF VENTILATION

The inlet of fresh air requires openings in the building envelop. When designing the system, attention needs to be
paid to the acoustics. There are specific designs of window vents that reduce the impact of the outdoor noise
levels. With mechanical ventilation, acoustic insulation is
added behind the inlet filter and in such a way that noise
can not be transferred from one room to another through
the ductwork.
While window vents are located such that the thermal discomfort is limited, mechanical ventilation systems can be
equipped with heat recovery to further reduce the energy
losses. The energy savings though, require a higher investment.
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Importance of outdoor air quality
Some pollutants are common to both indoor and outdoor environments, some of them may be originated
from outdoors.
ROLE OF VENTILATION

Outdoor air intakes should be placed so that the air taken
into a building is as clean as possible. To the extent possible, outdoor pollutants should be removed from the air
before the air is brought inside the building.
SOME INDOOROUTDOOR
POLLUTANTS

In mechanically ventilated buildings, it is possible to reduce
the concentrations of pollutants in outdoor air before ventilation air enters. In cases where the outdoor air quality is
not acceptable for ventilating a building, particle filtration
and even gaseous air cleaning can be applied.

MECHANICAL
VENTILATION

Note that the most common way to ventilate a building is
replacing the indoor air by outdoor air, without any filtering.
Hence, the outdoor air quality has a major impact on indoor
air quality and the health of the people within the buildings.
Therefore, in high density neighborhoods such as in cities,
strict requirements on outdoor air pollution does not only
improve the outside air quality, but the inside air quality in
homes, offices, retirement homes and schools as well.
Since people in industrialized nations spend at least 75% of
the time indoors, this has a major impact on public health.
Sources:
Leung 2015 – Review article – Outdoor-indoor air pollution in urban
environment; Persily 2015 – Challenges in developing ventilation and indoor
air quality standards; WHO – Dampness and mould (p. 49 e.v.)
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CO2 as an indicator for the indoor
air quality

ROLE OF VENTILATION

Demand controlled ventilation, i.e. ventilation systems
where inflow of outdoor air is controlled to reduce energy losses in heating and cooling loads, is very common in new and renovated buildings.
For instance when a person is
taking a shower in a bathroom,
moisture will be the more
dominant pollutant. But also
in an empty building, emission
of building and furniture related sources continues.

There has been a lot of research to gain understanding
in the indicator to control. For thermal comfort, it is the
temperature to measure. For indoor air quality, there is a
broad variation of pollutants with some being less representative, more challenging or expensive to measure compared to others. CO2 is a gas that is relatively easy to
measure at acceptable cost.
CO2 concentrations are related to
human activity and human presence indoors. They are thus linked
with the need for clean air indoors.
It is a common indicator used to
control ventilation. However the
use of CO2 as indicator is only appropriate in case no other pollutant is more dominant for the indoor environment.

Nevertheless the use of CO2 as marker for the indoor air
quality today is a good approach in residential buildings,
when combined with a basic ventilation level in the absence of occupants.
To understand the impact of CO2 concentrations , it is important to understand what a healthy concentration is as
well as how human occupancy influences it.
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Effects of CO2 concentrations on adults at good
health at daily exposure
CO2 concentrations are expressed in parts per million,
i.e. ppm.

ROLE OF VENTILATION

PPm is the concentration one part of a gas or liquid,
per million parts of air or liquid.
One ppm is roughly equivalent to 5 liters of material in an
Olympic-size swimming pool. While normal levels of CO2 is
not immediately dangerous, extreme concentrations can
cause unconsciousness and even death.

•

5000 ppm = CO2 level: high levels of other (potentially
harmful) gases could be expected. Oxygen deprivation
could occur. This is the exposure limit for daily
workplace conditions.

•

2.000 ppm < CO2 level < 5.000 ppm: headaches,
sleepiness, and stuffy air, poor concentration, loss of
attention, increased heart rate and slight nausea can
occur

•

1.150 ppm < CO2 level < 2.000 ppm: complaints of
drowsiness and poor air

•

420 ppm < CO2 level < 1150 ppm: acceptable indoor level

•

300 ppm < CO2 level < 420 ppm: normal outdoor level
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FLEXIBILITY OF VENTILATION
What happens with CO2 levels when a person enters
a room and there is a delay in the start of the ventilation?

CO2 concentrations reach uncomfortable levels, especially
for children. The teenager that does his/her homework will
find him-/herself in a situation that was the reason in the
first place to invest in a ventilation system.
It is clear that using the ventilation system in
a flexible way when the room is occupied, has
an immediate negative effect on the indoor air
quality and thus the health of the person in
this room.

FLEXIBILITY OF VENTILATION

Take a single room of about 10 m³.
The room is considered airtight and the ventilation system
is sized for the presence of one person: 1 air change per
hour (ACH) or 30 m³/h for this room.
What happens to the CO2 level when one person enters
the room?
The figure below shows the evolution of the CO2 level when
one person has entered the room. The blue line shows
what happens with the CO2 concentration in the case
of a constant ventilation of 1 ACH. CO2-levels remain
acceptable.
The red line shows what happens if the ventilation only
starts about 2 hours after the person enters the room.
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Let’s see what happens if the teenager brings 3 friends.

FLEXIBILITY OF VENTILATION

Indoor concentrations easily go up above 5000 ppm after
2 hours. Then the ventilation is turned on, but it takes another 4 hours to get to the level that could be achieved
using a continuous, yet undersized, ventilation.
It is clear that the ventilation is not capable of guaranteeing a good air quality and that using the ventilation
system as a flexible application only worsens the negative
evolution of the poor air quality.
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So what happens if all 4 now leave the room?

Additionally, the pollutants emitted through furniture, paint, carpet, cleaners, waxes, air fresheners and wood preservatives and more are emitted
even if there are no direct sources of CO2.
In order to keep those levels at a healthy level,
ventilation should not be interrupted for too long.
This is exactly why ventilation standards require a
level of basic ventilation.

FLEXIBILITY OF VENTILATION

The CO2 concentration after several hours of ventilation
during occupancy stabilized around 2800 ppm. If the ventilation continuous to work at 1ACH the CO2-levels drop
to acceptable levels in around 70 minutes. Reducing the
ventilation rate to about 20% of its capacity increases the
time to reach healthy indoor conditions to nearly 6 hours.
Of course, opening a window would help in reducing the
levels much faster.
Since the predictability of time and duration of the next
occupation is very low in residential buildings, the CO2 level
must have dropped under an acceptable level in all building zones before using the ventilation system in a flexible
way.
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Multiple rooms on a central ventilation system
The teenager above had a ventilation system that ensured a ventilation flow of 1 ACH
as soon as CO2 levels increased above a predefined threshold. But that room is not representative for the whole building and while
it had a poor indoor air quality, the living
room and kitchen could have been perfectly
fine.

FLEXIBILITY OF VENTILATION

Most residential ventilation systems have a centralized CO2
sensor and ventilation control system. The disadvantage of
these systems is that high CO2 levels in rooms with a low ventilation rate are hardly registered since the extracted air is
mixed with the dominant air flow coming from rooms with a low
CO2 level. Using the ventilation system in a flexible way would
only worsen the indoor air quality issues in these rooms.
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CONCLUSIONS
The demand for ventilation in a room is strongly related to the occupancy level in this room.
The question on how flexible ventilation is during occupation is therefore immediately related to:
•

the question on how healthy the air in a room must
be.

•

the design ventilation rates for that specific room.

Using the ventilation system as a flexible application has an
immediate negative impact on the indoor air quality and
the health of the people in this room. Therefore, a residential ventilation system is not an application that
should be used in a flexible way.

The order of magnitude of the electric power
of the fan of a ventilation system at full rate is
about 60 W. The gain in activating its electricity consumption as a flexibility is therefore
very limited in residential buildings. Since installing an individual CO2 level sensor and an individual ventilation rate control system for each
individual room comes with a cost, using the
ventilation system in a residential building as
a flexible application has no potential.

CONCLUSIONS

Most residential ventilation systems only have a centralized CO2 level sensor and ventilation rate control system.
The disadvantage of these systems is that high CO2 levels
in rooms with a low ventilation rate are hardly registered
since the extracted air is mixed with the dominant air flow
coming from other rooms with a low CO2 level. Using the
ventilation system in a flexible way would only worsen the
indoor air quality issues in these rooms.
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OBJECTIVES OF CITY-ZEN PROJECT
To develop and demonstrate energy efficient cities and to
build a methodology and tools for cities, industries and citizens to reach the 20-20-20 targets.

Context
Currently, over 68% of Europeans live in cities and this number will rise. In 2050, it is expected that 80% of the world
population will live in cities. Urban context areas is the
place where the transition to renewable energy needs
to be, based on a strong involvement of all stakeholders:
industries, decision makers, knowledge partners and
citizens. All infrastructures can play a role in a zero energy
solution, but it all needs to be decided through transparent
and cooperative processes. What is noticeable is that different infrastructures are today mixing, supplementing and
even substituting for each other. And it isn’t just for domestic heat system and gas grids,
but also for electricity, fuels,
sewage, drinking water, ICT
and solid waste. Integrating
change and going beyond
current practice to share
skills, knowledge and today
and the future needs are our
primary goal.

SHOWCASING INNOVATIONS IN THE
URBAN CONTEXTS OF GRENOBLE AND
AMSTERDAM
By applying (technical) innovations in our cities, we learn how
to overcome barriers, how to build business models and how
to make technology both user-friendly and attractive. These
innovations are both on system level (smart grids, district heating) as well as on household level (renovation,
citizen engagement, home batteries and games).

CONTRIBUTING TO THE 20-20-20
TARGETS OF BOTH CITIES
The City-zen innovations will directly save 59.000 tonnes of
CO2 each year. At the same time, the infrastructure is being
used more efficiently and is made futureproof. This will allow
future innovations to be applied more easily.
Fact: the European CO2 emission per capita is 6.8 tonnes/
year. City-zen helps to save the CO2 emission of 8.676 Europeans.

CITIES, KNOWLEDGE INSTITUTIONS,
CITIZENS AND INDUSTRIES ARE WORKING
TOGETHER
By bringing together academic knowledge, industrial technology and everyday questions of locals, City-zen
contributes to solving the cities’ challenges. Alone you might go faster, but
together we will get further!

