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Straight to the point
In Germany, the shortened overall length of secondary education and increasingly 
frequent all-day teaching mean that children, adolescents and teachers these days 
spend more hours of the week in school buildings than previous generations. Modern 
school buildings need to be able to offer a diverse education and facilitate the use of 
schools as a learning and living environment. In addition to the socially widely 
discussed educational approaches, an essential aspect of state-of-the-art schools also 
includes the provision of buildings with a higher user quality. Given the drop in pupil 
numbers, this is mainly concerned with the structural and energy-efficient retrofitting 
of existing buildings rather than with new-buildings. One aspect is architectural 
design that focuses more on the needs of children and adolescents. However, schools 
will only be able to offer an environment that fosters learning with modern energy 
technology that provides, for example, demand-based heating and consistently good 
air quality. The utmost attention should therefore be paid to the issue of ventilation 
with all new-build schools or schools subject to retrofitting.

Ventilation strategies usually form a key component as part of a broader energy 
concept. Such concepts are aimed at retrofitting the building and the technology used, 
i.e. enabling a building operation that is optimally adapted to the variable conditions 
at the school. This therefore creates good external conditions for successful learning 
and for reducing the costs for operating and maintaining buildings. For years, the 
www.enob.info and www.eneff-schule.de web portals have been monitoring research 
projects on energy-optimised schools and presenting successful examples and 
methods.

In recent years, numerous school buildings have been refurbished and some new ones 
built within the framework of the energy research, the German government‘s Economic 
Stimulus Package II and related measures. The implemented measures almost always 
include ventilation concepts. This BINE Themeninfo brochure has therefore compiled 
the most important information on ventilation in schools. 

The BINE Editorial Team wishes you an enjoyable read
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Fig. 1 These factors affect a comfortable indoor environment.  
The air quality, humidity and temperature can be influenced using 
building services systems.  
Source: Fraunhofer IBP/BINE Information Service 

School buildings differ significantly from other non-resi-
dential facilities. They are densely occupied and used 
intermittently. Teaching takes place for about 20 to 25 % 
of the hours per annum and only some of the rooms are 
also needed for afternoon classes or evening events. As 
a rule of thumb, many school construction guidelines 
specify an area of 2 m² and a room volume of 6 m³ per 
student. Tables and chairs are positioned close to radia-
tors and windows, which exacerbates heating and venti-
lation. In order to achieve a sufficient air quality in class-
rooms by just using windows to ventilate requires that a 
ventilation pause is made every 20 minutes. However, 
this rarely occurs in everyday situations.

Classrooms need to meet different requirements: in ad-
dition to energy-efficient heating and a high air quality, 
good visual and auditory conditions are also needed. 
These include the prevention of glare from incident sun-
light, energy efficient lighting systems, protection against 
noise emitted by the outside world, neighbouring classes 
and ventilation systems, as well as short reverberation 
times for good speech intelligibility. It should also be 
possible for users to exercise control over building ser-
vice systems in the classroom. 

A class of 30 students produces between 2.3 and 2.7 kWh 
of heat per hour and 500 litres of CO2. These indoor loads 
need to be removed to prevent excess heating and for 
hygiene reasons. CO2 is the key indicator for indoor air 
quality. If its value is high, this usually indicates a high 
odour load. A class therefore needs between 500 and 
900 m3 of fresh air per hour.

Ventilation concepts need to be compatible with this 
context. If it is decided to opt for a mechanical ventila-
tion system, new-build schools offer other ways to 
structurally integrate the ventilation technology into the 
building structure than building retrofittings. There are, 
however, always similar issues with regard to ventila-
tion that need to be clarified such as:

•  Which is the most suitable ventilation  
system for our school?

•  Which is a suitable façade for our school?
•  How much building automation is envisaged?
•  To what extent should the users, i.e. the teachers and 

pupils, be able to exercise control?

This BINE Themeninfo brochure begins by examining the 
requirements for a good indoor environment and the 
 design of systems that enable flexible usage times for 
individual rooms. Another focus is on the different venti-
lation systems, their control and demand-controlled 
ventilation. This is followed by the acoustic require-
ments and experience reports. The topic is rounded off 
with a look at the energy balance provided by different 
ventilation concepts.

A well-planned and suitably adjusted  

building services technology is required in  

order to equally ensure energy efficiency,  

a good indoor environment including a good air 

quality and an attractive learning environment  

in schools. Many different requirements need  

to be taken into account.

Requirements  
made from all sides
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Around 50 schools in Germany have so far been energy 
efficiently modernised as part of projects publicly funded 
via various donors. Evaluations of such retrofitting pro-
jects, which for example have been carried out as part of 
the German government’s Economic Stimulus Package II, 
show that both the knowledge about ventilation systems 
as well as the implementation of ventilation concepts 
have not yet sufficiently arrived in practice. A survey 
conducted by Augsburg University of Applied Sciences [1] 
in a southern German government district revealed that 
of 96 energy-efficiently retrofitted schools, in 60 % 
 ventilation concept was developed. Hereby, in 40 % 
 mechanical ventilation systems were installed and 20 % 
of the schools envisaged using a ventilation schedule.

By means of surveys, the social scientific support research 
conducted as part of the Energy Efficient School (EnEff: 
Schule) research programme has determined, for example, 
that almost 60 % of students and 50 % of teachers rarely 
ventilate in the classroom. During break times, this pro-
portion still amounted to at least 40 % among the stu-
dents and 10 % among teachers. Numerous measurements 
of the carbon dioxide concentration in classrooms in 
existing schools verify the poor air quality there (Fig. 3).

Why do people ventilate so little? 

The indoor environment comprises the thermo-hygric, 
acoustic and visual indoor environment as well as the 

indoor air quality. While humans can perceive thermal, 
acoustic and visual stimuli very well, they have no sen-
sorium for air quality and humidity.

Humans can adapt within 10 to 15 minutes to odour 
emissions from people. Humans can assess the air quality 
when entering a room but lose their ability to judge it a 
very short time later due to olfactory adaptation. For this 
reason, persons who stay for long periods in a room no 
longer perceive the deterioration in air quality and there-
fore see no reason to ventilate. In contrast, we close 
windows very quickly if the temperature drops too much 
or if it is too loud outside. 

Which requirements apply to the indoor environment?

Demands on the indoor environment and hygiene in 
classrooms are laid down in German and international 
standards as well as guidelines: EN 15251; EN ISO 7730; 
DIN 18041; DIN 4109; VDI 6022 and Umweltbundesamt 
2008 [2]. In terms of ventilation systems, these relate to 
the overall thermal comfort, the prevention of draughts, 
air quality and noise emissions. The German Energy 
Saving Ordinance (EnEV) stipulates the energy require-
ments.The associated DIN V 18599 series of standards 
specifies the calculation rules. Using a reference build-
ing that is equipped with reference technology in accord-
ance with EnEV and which should correspond to an 
 average situation, the requirement level is specified and 

The previously common, largely inadequate  

ventilation practices in schools are not without reason.  

A lot of experience has been gained on this from research 

projects. Which requirements for a good indoor environ-

ment and a high indoor air quality have to be considered? 

How are internal heat loads and occupancy hours incor-

porated in the calculations? 

Air quality in  
daily school life

Fig. 2  Airflow rates for new and existing buildings in accordance with EN 15251 for 30 students including teachers  
in a 60-m² classroom 

Classification	 Airflow	rate	for	 Airflow	rate	for			 Airflow	rate	 Airflow	rate	
according	to		 loads	per	person	 low-emission	buildings		 in	total	per	classroom		 in	total	per	person	
	EN	15251	 m³/(h·person)	 m³/(h·m²)	 m³/h	 m³/(h·person)

Category II, New buildings   25  2.5 900 30 

Category III, Exist. buildings   14  1.4 500 17 
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Fig. 3  Carbon dioxide concentration with intermittent ventilation  
in a test classroom occupied by 24 CO2 emitting dummies.  
Source: Steiger, Hellwig

Fig. 4  Heat balance range derived from the sensible heat emission  
per person and the ventilation heat losses resulting from the airflow rate  
per person (without heat recovery) spanning from 75 W/person to  
90 W/person and from 17 m³/(h·person) to 30 m³/(h·person).  
Source: Hellwig

Fig. 5  Outdoor temperatures during occupancy,  
average climate for Germany, TRY 04, 2010, average urban area,  
50,000 residents, school holidays in Bavaria in 2010.  
Source: Hellwig

the effective, final and primary energy requirement of 
the building determined in accordance with DIN V 18599. 
Here a special usage profile is specified for classrooms.

What is thermal comfort?

A person’s perception of temperature (thermal sensation) 
is determined by physical environmental parameters 
such as the air temperature, surface temperature of the 
enclosing surfaces and the air velocity in conjunction 
with the person’s activity (internal heat production, 
moisture released through breathing and skin surfaces) 
and their clothing. Thermal comfort exists when a person’s 
temperature perception corresponds to their expect-
ations in regards to the thermal environment. This is in-
fluenced by the context, for example by the prevailing 
weather conditions during the last few days or the pur-
pose for which the space is used. 

People release heat to their surrounding mainly through 
convection, radiation and evaporation. The heat dissi-
pated by convection is influenced by the air temperature 
and air movement in the room. Heat emission by long-
wave radiation is caused by the temperature difference 
between the skin or clothing surface and the surface of 
all walls and windows in the room as well as the floor 
and ceiling. The air temperature and surface temperature 
of the surrounding surfaces (“radiant temperature”) are 
therefore the main variables influencing the thermal 
comfort in a room In a temperate climate. The two varia-
bles are combined to form the operative temperature. It 
is the most commonly used variable in Germany for de-
scribing the thermal environment. With low air speeds 
below 0.2 m/s, the operative temperature is the average 
of the air temperature and the mean radiant tempera-
ture of the surrounding surfaces.

Draughts can be perceived when the air velocities in 
rooms with mechanical ventilation systems are too high 
as well as with window ventilation. In the latter case, 
users can generally eliminate draughts themselves. Pa-
rameters influencing the perception of draughts are the 
temperature of the air itself, its mean air velocity and 
the standard deviation of this air velocity as a measure 
for the occurring maximum values. For example, with an 
air temperature of 22 °C, an average air velocity of 0.18 
m/s with mixing ventilation and 0.22 m/s with displace-
ment ventilation would be permissible. With summer 
ambient temperatures, increased air velocity can also 
improve the thermal comfort, since the heat produced 
by the body can be better released. 

What is good indoor air quality?

Air quality is nowadays assessed in terms of health and 
sensory aspects. As part of the health assessment it is 
ensured that there are no impermissible concentrations 
of contaminants in the air that could impair health. As 
part of the sensory evaluation of the air quality, the air is 
assessed in terms of odours. Although odorous air con-
stituents are not necessarily harmful to health, odours are 
often deemed to be unpleasant and often lead to anxiety 
if people fear that they could be harmful to health.
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Sources of odours and other substances in the air in-
clude people in the room and emissions from furnishing 
and cladding materials and furniture. Volatile organic 
compounds (VOCs) play a substantial role in assessing 
the air quality in health terms. They can only be prevent-
ed by using low-emission products. Only the odour 
emitted by people correlates with the increase in the 
carbon dioxide concentration in the room, which is rela-
tively easy to measure.

Air flow rate requirements and practical examples

Because the air quality in classrooms is largely influ-
enced by the number of people present, the amount of 

air required can be calculated based on the desired 
maximum CO2 concentration. EN 15251 recommends 
adding an additional airflow rate for the room floor area, 
which is aimed at removing the emissions from the fur-
nishing and cladding materials. In Germany, a low-emis-
sion rate from furniture and cladding materials is usually 
assumed. The resulting airflow rates are shown in Fig. 2 
for new buildings and existing building stock.

Fig. 7 shows the airflow rates in classrooms implemented 
using mechanical ventilation systems as part of 40 
demonstration and practical projects. 60 % of the pro-
jects have implemented airflow rates between 15 and 
25 m³/(h·person). One quarter of the airflow rates are 

German Federal Environment Agency’s guidelines  
for the indoor air quality of school buildings

The CO2 concentration is measured in accordance 
with the percentage by volume (vol%) or parts per 
million (ppm): 1,000 ppm = 0.1 vol%. The high 
occupancy levels in classrooms means that people 
provide the main source of contamination for indoor 
air. Through breathing and the vapours formed, 
people release odours into the room and at the  
same time breathe out CO2. The odour intensity 
correlates with the increase in the carbon dioxide 

concentration in the room. Since the mid-19th 
century, this has served as a key parameter for 
assessing the air quality. The guideline values 
provided by the German Federal Environment 
Agency‘s Indoor Air Hygiene Commission for carbon 
dioxide in ambient air represent practical recommen-
dations for action and are not toxicologically based 
benchmarks. Fig. 6 shows the values and the 
associated recommendations for action. 
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Fig. 7  Air flow rates implemented in buildings with mechanical ventilation systems in demonstration and practical projects  
in Germany and Austria. Sources: Hackl, Hellwig

Fig. 6  Guideline values for carbon dioxide and recommendations for action.  
Source: German Federal Environment Agency

CO2	concentration	[ppm]		 Hygienic	assessment		 Recommendations
< 1,000 Hygienically inoffensive No other measures  
1,000 – 2,000 Hygienically elevated Ventilation measures 
  (Increase outdoor airflow rate or air change)
  Check and improve ventilation behaviour
> 2,000 Hygienically unacceptable  Check potential to ventilate the room
  If required, investigate further measures 
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higher than 25 m³/(h·person). Seven projects implemented 
airflow rates less than 15 m³/(h·person).

Internal thermal loads and occupancy

The large number of persons in classrooms also leads to 
high internal heat loads. An adult with sedentary activi-
ties releases 75 W to 90 W of sensible heat. Although 
children are smaller they are mostly more active than 
adults – including in lessons. The heat dissipated by 
them is therefore the same as for adults when taken as a 
whole. For instance, already at an outdoor temperature 
of about 5 °C and a fresh airflow rate of 17 m³/(h·person), 
a person with a sensible heat emission of 90 W releases 
more heat into the room than is transported by the ven-
tilation to the outside (Fig. 4). The ventilation in class-
rooms is therefore used also to remove internal heat 
loads at relatively low outdoor temperatures.

Primary schools in Germany are typically used between 
8.00 a.m. and 1.00 p.m. The days are longer at second-
ary schools and all-day schools: 8.00 a.m. to 4.00 p.m. 
The lengths of the individual lessons vary widely from 
45 minutes for a single lesson to 60 minutes and even 
90 minutes for a double lesson. Teaching takes place on 
190 to 200 days a year. Based on occupancy between 
8.00 a.m. and 1.00 p.m. or between 8.00 a.m. and  
4.00 p.m., this results in the cumulative frequency  
distribution for the outdoor temperature during school 
occupancy shown in Fig. 5. In the average German climate, 
90 % of the lessons take place at times when the out-
door temperature lies between – 1 °C and 25 °C. Lower 
outdoor temperatures prevail during the phase in which 
the classrooms are heated before the lessons start.

Room design and space requirements

Most school construction guidelines in Germany specify 
a minimum of 2 m² per student with a ceiling height of at 
least 3 metres. Flexibly furnishing the classrooms ena-
bles the entire surface area of the classrooms to be used 
as an occupied zone. That needs to be taken into ac-
count when designing the ventilation systems. 

 

[1] Hackl, M. ; Hellwig, R.T.: Energetic retrofitting and indoor 
climate improvement of schools in the administrative district 
Swabia in Bavaria, Germany. In: Ziemann, O.; Mottock, J.; Pforr, 
J. (Eds.): Applied Research conference – ARC 2014, Ingolstadt, 
5th July 2014. Aachen: Shaker Verl., 2014., p 190-195.

[2] EN 15251; EN ISO 7730; DIN 18041; DIN 4109; VDI 6022; 
Umweltbundesamt 2008

German Federal Environment Agency’s guidelines  
for the indoor air quality of school buildings

Fig. 9  Facade design in classrooms: A separate supply and  
extract air opening within the facade is more favourable (right)  
than a single opening for bothsupply and extract air,  
such as with only a single row of tilted windows (left).  
Source: Fraunhofer IBP

Fig. 8  Interior of the test-bed facility at Fraunhofer IBP Holzkirchen  
with dummies that emit both heat and CO2 .  
Source: Fraunhofer IBP

Automation assisted window ventilation  

The Fraunhofer Institute for Building Physics in Holzkirchen has 
explored the potential of automation assisted window ventilation 
in a test-bed. The aim was to suitably position operable windows 
within the facade and to develop a control concept.

Pivot and bottom-hung windows arranged in double rows proved 
to be highly suitable for combining with a closed-loop control 
system. Two separate windows for supply and extract air induce a 
stable airflow rate in the room, which can be controlled through 
the opening width. With standard bottom-hung windows 
arranged in a single row, the airflow rate fluctuates too much with 
the outdoor weather conditions. In summer, the facade should 
allow the generous opening of windows.

The closed-loop control system includes both the air quality and 
air temperature, since both are influenced by the window 
opening. The weather conditions are additional disturbance 
parameters. The principle of a fuzzy control system was tested. 
Both the CO2 concentration of the indoor air and the room 
temperature were adequately controlled by the fuzzy controller. 

The controller provides a stable control and the opening width of 
the window adapts very quickly to a rise or fall in the internal heat 
load caused by persons. A heating control can be integrated into 
the fuzzy controller or can be operated independently. Tests with 
actual school pupils have shown that there is general satisfaction 
with the automation assisted window ventilation. It is certainly 
important that users can also manually control the ventilation, 
and this can be easily implemented. 

 

In practice
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Manually operated window ventilation can be organised 
using a ventilation schedule. To this end a responsible 
person (teacher or student) is nominated who ensures 
that the room is aired at regular intervals. In classrooms 
this is usually every 20 minutes. The airing according to 
ventilation schedules can be supported using ventilation 
signals, whereby suitable sensors need to be selected 
(see CO2 measurements, p.12).

Mechanical ventilation systems can be divided into central 
extract ventilation systems (with uncontrolled air sup-
plies via gaps or controlled air supplies via, for example, 
humidity-controlled air vents) as well as into supply and 
extract air systems using decentralised or central units. 
Decentralised ventilation units are named in accordance 
to where they are installed: under-sill or sill units are po-
sitioned below the windows, where outdoor and ex-
haust air can be routed via sleeves directly through the 
facade. The units directly feed supply air into the room 
or remove extract air from it. Vertical units can be freely 
located in classrooms, since the outdoor and exhaust air 
can also be routed via short ducts through the facade. 
Ceiling units are mounted below the ceiling near the 
 facade or anywhere in the room. Outdoor air and exhaust 
air are fed through the facade. The air can be directly 
distributed from vertical and ceiling units or can be dis-
tributed via an additional network of ducts. 

The use of mechanical ventilation systems does not imply 
that it is possible to dispense with facades that can be 
sufficiently opened, since natural ventilation can be used 
for much of the year. Hybrid ventilation systems use nat-
ural and mechanical driving forces (Fig. 10). With window 
ventilation using a schedule, hybrid ventilation and 
 ventilation in summer, the position of the ventilation 
openings in the facade is also important (see p. 7).

Positioning of supply and extract air opening 
 influences the airflow pattern 

Mechanical ventilation systems differ in terms of the sup-
ply and exhaust airflow and the resultant indoor airflow 

pattern. With mixing ventilation, the supply air is in-
jected with high momentum and mixes quickly with the 
room air. Mixing ventilation can generally be generated 
with all the aforementioned mechanical ventilation sys-
tems and at all the positions possible for decentralised 
devices. Displacement ventilation stratifies the indoor 
air quality, whereby fresh air is supplied to the lower 
 occupied zone. To achieve this, the supply air must be 
fed in near the floor level at a lower temperature than 
room temperature. The fresh air is then warmed by the 
students, rises up their bodies and can be inhaled. The 
stale air accumulates in the upper part of the room and 
therefore has to be extracted near the ceiling. Because 
of their positioning in the room ceiling units only allow 
for mixing ventilation. As a result of their different indoor 
airflow patterns, mixing and displacement ventilation 
have different ventilation effectiveness. This describes 
the ratio of the difference of the concentration of air con-
taminants in the extract and supply air to the difference 
in the concentration at a particular spatial position. A 
value of “1” indicates that the air quality in the specific 
room position is equal to the exhaust air quality.  
Values greater than “1” mean that the air quality in the 
specific room position is better than in the exhaust air. 
Mixing air systems achieve values around “1”. Displace-
ment ventilation systems can achieve up to “2” in occu-
pied zones.

The airflow rates specified in Fig. 2 are for mixing venti-
lation systems. Centralised or semi-centralised mechani-
cal ventilation systems can generally implement the 
outdoor airflow rates required here. Ceiling and vertical 
units generally have a capacity of 700 m³/h while under- 
sill and sill devices have capacities between 100 to  
250 m³/h per unit. In the latter case several devices are 
used. 

When feeding in the air it needs to be ensured that the 
supply air reaches all room areas. The manufacturers 
specify the respective depth of penetration, which re-
fers to how far the supply air flows into the room. How-
ever, this can be reduced under certain circumstances 
by room fixtures such as ceiling lights or beams. A suffi-

There are three main ways to ventilate schools: natural 

ventilation, for example using windows, is the most 

commonly used system. Mechanical ventilation can be 

implemented as decentralised or centralised systems. 

Hybrid ventilation combines the benefits of natural and 

mechanical ventilation. Building automation provides 

good prerequisites for mechanical ventilation.

Ventilation and building 
automation systems 
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cient depth of penetration is also required when there is 
a reduced airflow rate, for example with demand-con-
trolled ventilation with partial occupancy.

Heat recovery and heat exchangers

Mechanical ventilation systems provide the opportunity 
to use a heat recovery. With decentralised units the heat 
recovery rate ranges between 55 and 90 %, whereby most 
devices achieve between 80 and 85 %. Recuperative 
heat exchangers (for example, plate heat exchangers) 
are generally used for decentralised units. They do not 
allow moisture recovery. Because of the moisture re-
leased by the students through respiration the relative 
humidity is generally in the normal range. Mixing venti-

lation systems remove more moisture from the skin  
(including mucous membranes) than other ventilation 
systems. If there are complaints about dryness in winter 
it should first of all be checked whether the indoor air 
temperature can be reduced, which these days is often 
over 22 °C. If there are any problems, the mean air veloc-
ities and the maximum values of the air velocity should 
also be checked (see Thermal comfort, p.5). 

The heat exchanger should allow a mode of operation 
aimed at meeting the objectives of comfort and energy 
efficiency. It should be taken into account that during 
the transitional seasons and in summer, when the tem-
perature differences between the indoor and outdoor air 
is small, the power consumption of the fans in primary 
energy terms may be higher than the amount of energy 

	 	 	 	 (Semi-)centralised	
Ventilation	system	 Natural	ventilation	 	 Exhaust	air	systems	 ventilation	systems	

Description

Concept  

Device type

Schematic

Ventilation via windows; 
ventilation according to a 
ventilation schedule or air 
quality sensors signal poor 
air quality in the classrooms.

Window ventilation with 
ventilation schedule or 
ventilation signals

Temperature and  
air quality sensors control the 
air quality via automatically 
adjustable windows.

Controlled, automation 
assisted window ventilation 

Exhaust air systems with 
automatically adjustable vent 
openings or overflow valves. 
Demand control using air 
quality sensors/ presence 
detectors/ schedule. 

Controlled exhaust air system

An air handling unit ventilates 
several classrooms with 
centrally handled outdoor air. 
Air duct system required. 
Room-based demand control 
using air quality sensors/ 
presence detectors/ schedule.

Air handling unit  
for several rooms
Internal / external device

Fig. 10  Overview of possible ventilation systems. The FGK Status Report 22 contains further information.
Source: Hellwig/Hackl

Decentralised,	room-based	ventilation	units		(one ore more ventilation units per room) 
Supply and extract air fan and heat recovery   Hybrid	ventilation

3 – 5 units ventilate a 
classroom. Demand control 
provided by air quality 
sensors/ presence detectors/ 
schedule. No ventilation ducts 
required. 

Under-sill /Sill unit

One unit ventilates a 
classroom. Demand control 
provided by air quality 
sensors/ presence detectors/ 
schedule. Depending on the 
installation location, short 
ducts for outdoor air and 
exhaust air required. 
Displacement ventilation 
possible.

Vertical unit

One unit ventilates a 
classroom via a short air  
duct system. Demand control 
provided by air quality 
sensors/ presence detectors/ 
schedule. Depending on the 
installation location, short 
ducts for outdoor air and 
exhaust air required.

Wall unit

One unit ventilates a 
classroom. Demand control 
provided by air quality 
sensors/ presence detectors/ 
schedule. Air handling, sound 
absorber and air distribution 
can be accommodated in a 
stepped suspended ceiling 
section. Visible installation 
possible.

Ceiling unit

Combination of automation- 
assisted window ventilation 
and a mechanical ventilation 
system. Operation mode and 
demand control are controlled 
via temperature and air 
quality sensors/ presence 
detectors/ schedule. 

Hybrid ventilation
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that can be recycled via the heat recovery system. For 
this reason, a bypass circuit should be provided. With 
corresponding outdoor temperatures of about 10 °C or 
higher, the bypass valve can be partially opened – or 
even fully opened at higher ambient temperatures. This 
enables the airflow to bypass the heat exchanger and 
stops the classrooms from overheating. The bypass 
control also enables night-time cooling with outdoor air, 
which is useful when the room has a medium to high 
storage capacity. Not all ventilation units available on 
the market have such a bypass valve; some devices pro-
vide an automatic external and indoor air temperature 
control ofr the valve.

With very low outdoor air temperatures, condensation 
and icing can occur in the heat exchanger. Therefore be-
fore entering the heat exchanger, the temperature of the 
outdoor air can be raised using an electrically operated 
pre-heater, a reduced supply airflow rate with a constant 
exhaust airflow rate, or by using mixed exhaust air. 
 Alternatively the heat exchanger can be bypassed using 
a bypass valve. Some ventilation units have a supple-
mentary heater. Some devices can cover the entire room 
heating load; others on the other hand warm the supply 
air only up to room temperature. A supplementary  heater 
can be operated electrically, using hot water or by mix-
ing in recirculating air.

If the ventilation unit contains a cooling coil, this is op-
erated with cold water. Some devices can be optionally 
supplemented with an adiabatic evaporative cooler in-

stalled in the extract air duct. Evaporating water in these 
coolers lowers the temperature of the extract air before 
it is fed through the heat exchanger to the outside. The 
lowered temperature of the extract air cools the incoming 
fresh outdoor air in the heat exchanger.

Maintenance and hygiene

To ensure that ventilation systems do not themselves 
become a source of air pollutants, regular maintenance 
is required. Ventilation systems in non-residential build-
ings such as schools must undergo regular hygienic in-
spections in accordance with The Association of German 
Engineers’ guideline VDI 6022. The guideline defines 
hygiene-relevant requirements for designing, imple-
menting, operating and maintaining ventilation and air 
conditioning systems. It also stipulates which persons 
may perform hygiene inspections, whereby it is not suf-
ficient to just use appropriate materials and products. 
Only professional planning, installation and operation 
in accordance with the requirements and the implemen-
tation of preliminary and repeat hygiene inspections 
can ensure permanent hygienic operation. The prelimi-
nary inspection is used to establish the specific issues 
that need to be checked during the regular repeat in-
spections. In systems without air humidification, which 
is generally the case in schools, repeat inspections 
should be carried out every three years [1]. VDI 6022 
lists the type, scope and time intervals for inspecting 
the various system components. For example, air filters 

User: 
Teachers – Lay persons, no experience with 
ventilation, several motivation and attitude

Task:  
Determining the required change in the indoor 
environment and operating the ventilation equipment

Equipment:  
User interface between the ventilation system 
and teacher, understanding the functionality

Environment:  
Lesson, minimal disruption, freedom of choice, 
pre-settings in the ventilation unit, information

Context of use 

Effectiveness:  
Accuracy and completeness 
of the goals attained

Efficiency: 
accuracy and completeness relative 
to the effort required 

Satisfaction: 
No impairments and positive attitude 
towards using the ventilation system

Assessment of the usability

Product

Ventilation system 
with user interface

Goals: 
Adjusting the airflow rate or temperature, 
noise, improving the air quality

Usability: Extent to which goals 
are achieved with effectiveness, 
efficiency and satisfaction

Intended objective

Outcome 
of interaction

Fig. 11  Usability framework for the usability of ventilation systems in schools on the basis of EN ISO 9241-11.
Source: Hellwig
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should undergo visual and olfactory inspections  
every three months and the differential pressure on  
the filters should be checked every six months. Stage 1 
filters have to be changed every twelve months at the 
latest, while stage 2 filters need to be changed every  
24 months.

Building automation

In public indoor spaces, people often do not feel per-
sonally responsible for switching off power consuming 
devices, such as when leaving rooms. That can be count-
ered using building automation. Outside the occupancy 
period, it can introduce changes that are effective in 
 energy efficiency or indoor environmental terms. These 
include, for example, switching off artificial lighting in 
classrooms at specific times (for example during the 
breaks), activating ventilation equipment via presence 
detectors, or providing pre-and post-ventilation and 
their demand control. Other options include auto-
matically actuating solar shading systems outside the 
occupancy period when there is high solar irradiance or 
providing default states that are sensible in energy 
 efficiency and indoor environmental terms but which 
can be overridden by the occupants (default settings, 
reduction or support modes or shutting down the heat-
ing overnight). 

Usability of building automation 

If users are able to use a control unit to change the con-
trol parameters in a room, this is often viewed critically 
in terms of the system operation. Nevertheless, this 
also offers opportunities to increase the user satis-
faction (infobox, top right). In general, the usability 
 depends on the context in which a product is deployed 
(EN ISO 9241-11). The context of usage encompasses 
the user behaviour, represented by defined user proto-
types, the work task, equipment as well as the physical 
and social environment. The three guiding criteria for 
the usability of a product are its effectiveness for solv-
ing the problem, the efficiency and user satisfaction. 
The application framework for the usability of ventil-
ation systems in schools is shown in Fig. 11. In addition, 
the usability of the user interface also needs to be 
checked. In order to satisfy the guiding criteria, design-
ers should put themselves in the shoes of users who do 
not have the technical knowledge and understanding of 
professional experts. The characteristic features of a 
suitable building automation for schools are summa-
rised in the infobox on page 12.

Demand-controlled ventilation

Demand-controlled ventilation refers to the optimised 
operation of ventilation systems where the airflow rate 
is adjusted by means of an open or closed-loop control 
system to the fresh air demand [2]. This can be done 
 using switched or controlled fans, louvres or diffusers  
to enable variable airflow rates or by using motorised 
ventilation elements in the facade. 

With open-loop controlled systems, the airflow rate is 
increased or reduced manually, according to people’s 
presence, or using a time programme. With closed-loop 
controlled ventilation, the need for fresh air is continually 
measured using air quality sensors (in schools: CO2 sen-
sors). The outdoor airflow rate supplied to the room is 
adjusted to meet the identified need using a controller. 
Basic ventilation in the presence of people can be 
 triggered using a presence detector. The ventilation unit 
switches on not just when a CO2 threshold (for example, 
1,000 ppm) has been exceeded but as soon as the pres-
ence detector detects a person’s presence.

Teachers should be able to adjust the operating mode, 
for example the airflow rate, since this increases the ac-
ceptance of the ventilation system. It also enables to 
respond to the individual needs of different users. Most 
decentralised devices enable the airflow rate to be ad-
justed in multiple stages or continuously. Some manu-
facturers offer pre-programmed operating modes adjust-
ed for use in schools. For example, the temperature and 
airflow rates can be adjusted using holiday and weekly 
programmes. In addition, most devices are equipped 
with a manual mode. This enables users to access the 
various parameters directly. However, if the ventilation 
system is to enjoy a high level of acceptance in the 
classroom, it is essential that the operating module 
(user interface) is simple and easy to use. 

Outside the occupancy period and in periods without 
ventilation requirements, it should be possible to switch 
off the ventilation system or reduce the airflow rate to a 
minimum value. To ensure that the air quality is per-
ceived as pleasant when re-entering the room, the room 
should be aired just before the occupancy period even if 
users are absent (interval timer).

Once the classroom is no longer occupied it should be 
fully ventilated, i.e. the air should be exchanged via a 
ventilation system until the outdoor air quality is again 
attained in the space. The airtight construction usual 
these days, which is aimed at reducing uncontrolled 
heat losses through infiltration and exfiltration (such as 
through leakage in joints and wall connections between 
windows and doors), means that the stale air would other-
wise remain in the room until the next morning when 

User control  
and user satisfaction

Users satisfaction increases if the occupants are able to adjust 
 technical equipment or systems in the room as soon as their own 
requirements change or the indoor environment changes. Here 
three aspects are important: the users should be familiar with the 
opportunities for adjusting the systems. In addition they should 
also be able to understand the use of the interface intuitively, and 
the technical system should also respond to their control action. 
Placebo switches, which have been discussed many times, are 
entirely unsuitable in this regard. They adversely affect users‘ 
confidence in the building, its technical systems and the building 
operator. The needs and complaints made by users should be  
taken seriously. 
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school begins. Fig. 12 shows that on Fridays after the 
last lesson in an air-tight classroom (infiltration and 
 exfiltration air change 0.06 h-1), the CO2 concentration 
(the initial value in the example is 1,200 ppm) decreas-
es only very slowly. The outdoor air concentration (400 ppm 
in the example) is only reached after 65 hours on 
 Monday morning. If the room, however, is additionally 
ventilated with a ventilation system, the outdoor air 
concentration is reached again after just one hour and 
20 minutes. With a non-airtight construction with old 
windows, the outdoor air quality is achieved long before 

the next morning. Such values have already been 
demonstrated in practice. If the air is only exchanged in 
the morning (pre-ventilation), odours tend to become 
fixed in the room.

CO2 sensors and CO2 measurement

If carbon dioxide sensors are used for demand-controlled 
ventilation, these use usually non-dispersive infrared 
spectroscopy. There are types that work with either one 
or two infrared sources and with either one or two wave-
length ranges for the infrared source. The type of design 
determines the costs but also the reliability in terms of 
the measurement accuracy and long-term stability. Sen-
sors with only one infrared source and only one wave-
length range for the infrared source require an algorithm 
that ensures regular comparison: the minimum CO2 con-
centration measured in a given period is assumed to be 
the outdoor air concentration – usually 400 ppm. How-
ever, the outdoor air concentration must be regularly 
achieved for this (usually once every 24 hours). As 
shown in Fig. 12, this can prove to be difficult. Therefore 
such sensors are not really suitable for use in very dense 
or exclusively naturally ventilated rooms with high occu-
pancy. If such sensors are deployed when using me-
chanical ventilation systems, the room should be imme-
diately purge ventilated after it has been used. It should 
be regularly checked whether the CO2 sensors used still 
measure correctly to avoid unnecessary ventilation. 

All sensors generally measure the absolute CO2 concen-
tration in the room. This is easier to achieve than addi-
tionally detecting the outdoor air concentration in order 
to use the difference between the indoor and outdoor air 
as a measure of the air quality. In urban areas in Germany, 
the outdoor concentration can vary within one year by 
up to 200 ppm. In late winter, the values can reach up to 
600 ppm. Overall, a seasonally increased CO2 concen-
tration in the outdoor air and a measurement error can, 
when added together, create a classification error 
amounting to a whole air quality class according to  EN 
13779. When interpreting CO2 measurement values, the 
outdoor air concentration and the CO2 sensor type 
should therefore be taken into account.

Hallmarks of good room automation on 

For the purposes of achieving high usability, well-functioning room 
automation provides users with predictable and “normal” indoor 
environmental conditions appropriate to their expectations. These 
control systems are designed in accordance with the activities that 
normally take place in the respective room. The default values that 
determine a user’s first impressions upon entering the room should 
therefore be carefully specified. Good room automation offers 
possibilities to intervene (exert an influence) because not all the 
users’ wishes are predictable, the wishes of different users differ,  
or the requirements change depending on the activity. The users 
should be able to intuitively recognise their possibilities for making 
changes and be able to clearly assign them. The indoor environment 
systems should respond promptly to the changed settings in order to 
provide the users with positive feedback following their intervention. 
Simplicity, clarity and a limited choice are more useful than an 
excessive range of complicated options.

Fig. 12  Decrease in the CO2 concentration in a classroom  
with different air change rates after lessons on a Friday at 3.00 p.m.,  
initial CO2 concentration inside: 1.200 ppm, outside: 400 ppm  
Source: Hellwig 
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[1] Fachinstitut Gebäude-Klima e.V. Bietigheim-Bissingen 
(Hrsg.): Raumlufttechnische Anlagen. Leitfaden für die 
Durchführung von Hygiene-Inspektionen nach VDI 6022.  
Aug. 2003. FGK Status-Report 15

[2] Fachverband Gebäude-Klima e. V., Bietigheim-Bissingen 
(Hrsg.): Bedarfslüftung im Nichtwohnungsbau. 2014.  
TGA – Report 2014. Nr. 1
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En passant

Olbersdorf school

The selected package of measures for the school in 
Olbersdorf, comprises vacuum insulation in the base 
of the building, the use of the ground as a renewable 
energy source, an acoustic and chilled ceiling 
(capillary tube mats) and the use of electrochromic 
glazing as solar shading in highly exposed class-
rooms. External solar shading was not possible  
owing to conservation reasons. Light-directing  
blinds and presence and daylight-dependent lighting 
control help to ensure a good supply of daylight.  
The artificial lighting is switched off centrally after  
the end of the school day or via a presence detector 
ten minutes after the last impulse. 

In order to achieve the best possible integration of 
demand-controlled ventilation in a listed building, 
existing ventilation stacks that formed part of a historic 
stack ventilation system were used and combined 
with box-type windows with. The supply air is fed 
through the air space between the two glass panes of 
the box-type windows and in doing so is preheated. 
The exhaust air is discharged through CO2-controlled 
DC fans in accordance with the demand. The stacks 
were upgraded with additional shut-off flaps and 
sound absorbers. The ventilation systems are 
switched off at night. It is possible and desirable to 
open the windows since the exhaust systems only 
provide basic ventilation for the classrooms.

Fig. 16 Historic exhaust air stacks in the attic.  
Source: Augsburg University of Applied Sciences, E2D, Bauklimatik, 2010

Fig. 15  Supply air 
stack with preheating, 
primary school, 
Dom-Pedro-Platz 2. 
Source: City of Munich, 
Germany 
 

Stack ventilation

In Germany, stack ventilation systems were widely used from 
around 100 years ago until into the 1950s. Today, they are no 
longer in operation and have been partially or completely 
dismantled. These systems use the principle of thermal buoyancy, 
whereby rooms are ventilated via ventilation stacks. The heat 
emission from the pupils in the room drives the ventilation. The 
high occupancy of classrooms provides good prerequisites for 
using stack ventilation. Particularly common were systems with 
supply and exhaust air through separate stacks in each classroom. 

A project by the Augsburg University of Applied Sciences 
 examined the potential offered by stack ventilation in today‘s 
classrooms in a building dating from 1895. The old supply air 
stacks were reactivated, provided with adjustable air intake grills 
and operated without additional preheating for one year. Two 
classrooms with supply and exhaust air shafts were compared 
with normal window ventilation. The CO2 concentration and air 
temperature were measured in all classrooms. In contrast to 
window ventilation, for which only 2 m3/(h·person) were 
 measured, the airflow rates per person in the rooms with stack 
ventilation achieved around 14 m3/(h·person) in winter. The 
stacks provided a pre-heating effect between 0.5 K/m (1st floor) 
and 0.7 K/m (3rd floor). In winter, 50 % of the CO2 concentration 
values measured with stack ventilation were below 1,350 ppm, 
while with window ventilation the value reached 1,800 ppm. 
Compared with window ventilation, in summer the rooms with 
stack ventilation had lower temperatures in the morning and  
also during class.

In practice

Fig. 14  Building summary Olbersdorf school   
  

Built in 1927/28 
Listed building: 
Important regional example 
of functional school 
construction in the Weimar 
Republic with hints of 
Expressionism
Special school for 180 pupils
Gross floor area  
(DIN V 18599): 4,600 m²
Final energy before 
retrofitting: 235 kWh/(m² a) 
Developer: Rural District  
of Löbau/Zittau,  
Administrative District Office 
 

Retrofitting	goals
Energy-efficient retrofitting 
2009 – 2011
Reduction of the energy 
consumption to become a 
3-litre school
Indoor environment that 
fosters learning:
- Improvement in the indoor 
air quality
- Improvement of the room 
acoustics
- Decreasing summer indoor 
temperatures
Robust and user-friendly 
design suitable for everyday 
school life
Low-maintenance technology
Use of exemplary products 
under building conditions 
experienced in practice

Fig. 13  Exterior view of Olbersdorf school.  
Source: Milke, Planungsgesellschaft AIZ   
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Good acoustics  
in classrooms

Irrespective of whether schools are ventilated using 
windows or by means of mechanical ventilation systems, 
good acoustic conditions are required in all classrooms. 
This applies both to the perception of ambient noise as 
well as to the noise emitted by technical systems. How 
the room acoustics are perceived essentially depends 
on the reverberation time. In addition, the noise situation 
is also important for communication in the room. For 
this reason, DIN 18041 [1] defines not only requirements 
for the reverberation time but also recommendations for 
the noise level in rooms. Before considering the sound 
propagation in a room (room acoustics), the noise in-
puts (building acoustics) need to be first of all mini-
mised so that the room is quiet. The following section 
presents the relevant requirements for noise in rooms 
and then briefly describes the room acoustic require-
ments for the reverberation time.

Noise level in rooms

DIN 18041 defines and uses the ambient sound pressure 
level for building-related noises as a parameter for noise 
in rooms. The value of the ambient sound pressure level 
takes into account the entire sound pressure level in 
each space being investigated. This includes external 
noises and noise from neighbouring rooms, building 
service installations, sanitary installations and perma-
nently installed media technology devices. To predict 
the value, partial assumptions about the different noise 

components need to be taken. The external noises as 
well as noise from neighbouring rooms can only be pre-
dicted if an estimate is made of the noise level outside 
or in the neighbouring rooms as well as of the sound in-
sulation provided by the respective (external) building 
components. Noises from building services and media 
technology equipment are easier to predict. In many 
cases it can be assumed in practice that these two noise 
components determine the building-related ambient 
sound pressure level. The external noises as well as 
noise from neighbouring rooms should be sufficiently 
low as a result of the sound insulating properties provid-
ed by the structural components (ceilings, walls, doors, 
windows). In measurement terms, the building-related 
ambient sound pressure level can be determined in empty 
rooms ready for use.

Fig. 17 shows the classification of the ambient sound 
pressure level caused by the building-related noises in 
accordance with the room usage requirements with 
 several comments. In addition to these requirements 
from DIN 18041 for the total sound level in rooms, there 
are also other regulations that take into account specific 
design aspects. 

Guideline VDI 2081 [2] lists reference values for the 
A-weighted sound pressure level for noises from ventil-
ation and air-conditioning systems in ventilated rooms. 
For classrooms and seminar rooms, it specifies a maxi-
mum value of 35 dB(A) with high requirements and  

Good acoustics improves the concentration  

and is important for students with impaired  

hearing, non-native speakers and for all language 

teaching. In many classrooms the acoustic situation  

is not optimal. The issue of acoustics should  

therefore also be taken into consideration when  

designing the ventilation. 

Fig. 17  Requirements for building-related noises according to DIN 18041. Source: Akustikbüro Oldenburg

Acoustic	requirement		 Ambient	sound	pressure	level	
for	the	room	usage	 of	the	building-related	noises	 Note

Minimum LNA, Building ≤ 40 dB Minimum requirement; only suitable for average distances
Average LNA, Building ≤ 35 dB Minimum requirement; for people with hearing losses or difficult/ 
  foreign language communication
High LNA, Building ≤ 30 dB For people with hearing losses; 
  for difficult or foreign-language communication
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40 dB(A) with low requirements. DIN 4109 [3] also speci-
fies values for the permissible sound pressure level 
from building services equipment in classrooms. This 
specifies a value of 35 dB(A) for the maximum sound 
pressure level.

Reverberation time in rooms

DIN 18041 defines the acoustic quality of a room as fol-
lows: “Suitability of a room for specific sound perfor-
mances, in particular for adequate oral communication 
and musical performances at the places designated for 
using the room.”

For rooms with reverberation time requirements (called 
Group A), the standard defines three types of usage. Ex-
amples for the usage types in school buildings include:

Music ·  Music teaching spaces with active  
music-making

Language · Meeting spaces, assembly hall
Teaching ·  Classrooms, seminar rooms,  

conference rooms

For each of these usage types the standard lists recom-
mendations for the reverberation time in accordance 
with the room volume (Fig. 18). According to this, a class-
room with a room volume of 250 m³ should have a rever-
beration time of 0.6 seconds at medium frequencies. In 
addition to specifying the target value for the rever-
beration time, DIN 18041 also specifies the frequency 
dependence of the reverberation time. Here it different-
iates between the usage types Music and Language/
Teaching (see recommendations in Fig. 19). In this case 
at medium frequencies the reverberation time may not 
deviate from the recommended nominal value by more 
than +/- 20 % for the corresponding volume. For the 
aforementioned classroom, this is therefore 0.48 to 
0.72 seconds. This tolerance range is sensible because 
there is always a certain amount of impreciseness in the 
planning and people can also hardly perceive small 
 differences. The room acoustics should generally always 
be designed in accordance with the frequency.

The standard also lists other spaces in school buildings 
such as foyers, hallways and offices, etc. (called Group B) 
where the noise needs to be minimised in order “to allow 
oral communication over short distances in accordance 
with the purpose”. 

The revision of DIN 18041 begun in October 2013 was 
necessary in order to take into account trends in modern 
architecture and to codify requirements regarding the 
room acoustics for implementing inclusive education. 
Thermally efficient buildings require other room acous-
tic measures instead of providing standard absorbers 
on the ceilings because the ceilings sometimes provide 
a thermal storage function. 

DIN 18041 from 2004 is widely accepted as the “acknowl-
edged rule of technology” in the field of room acoustics. 
No major changes in the specifications and recommen-
dations are to be expected in the current revision. 

[1] DIN 18041 – Acoustic quality in small to medium-sized rooms,  
Berlin: Beuth, May 2004 (currently being revised)

[2] VDI 2081 Part 1: Noise generation and noise reduction in  
air-conditioning systems. Berlin: Beuth, July 2001

[3] DIN 4109 - Sound insulation in buildings; requirements and testing.  
Berlin: Beuth, November 1989

Fig. 18  Values for the reverberation time Tnom according  
to the room usage and volume according to DIN 18041.  
Source: Akustikbüro Oldenburg

Fig. 19  Frequency dependence of the reverberation time based  
on Tnom for the Language and Teaching categories.  
Source: Akustikbüro Oldenburg

Room volume V [m3]
Music

Re
ve

rb
er

at
io

n 
tim

e 
T no

m
 [s

]

1,000 5,000 10,000 30,00010030

2.4

2.0

1.6

1.2

0.8

0.4

0.0

Language Teaching

Frequency (Hz)

Re
ve

rb
er

at
io

n 
tim

e 
T/

T no
m

 [s
]

63 125 250 500 1,000 2,000 4,000 8,000
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

Lombard effect

If a speaker increases his or her speech volume and sometimes  
the tone level when there is a noisy background environment,  
this is known as the Lombard effect. Loud background noise levels 
can be triggered by noise inputs or too little damping (prolonged 
reverberation) in a room. Whenever many people communicate 
with one another in a room (for example in schools and canteens), 
the Lombard effect creates a mutual „build up“ and a significant 
increase in the overall sound level. Conversely, a low noise level 
and an appropriate reverberation time leads to a decrease in  
the overall sound level. This is known as the inverse Lombard 
effect or the coffee house effect.  
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Surveys in schools to be retrofitted or which have al-
ready undergone retrofitting show that there are very 
high expectations regarding the building fabric and the 
new ventilation technology [1, 2]. The user’s expecta-
tions are always based on past experiences with the old 
building. For example, the expectations tend to focus on 
aspects deemed not so good in the old building. In addi-
tion, the expectations also reflect the societal state of 
knowledge and the benchmarks set prior to the planning 
(Fig. 21). All retrofittings and new buildings are then 
judged by these benchmarks. It is therefore important to 
raise realistic expectations. 

Mechanical ventilation systems have been investigated 
in Austria [2]. Although 40 % of the 270 students sur-
veyed rated the systems with 1 or 2 (excellent or good) 
on a 5-point marking scale, a quarter rated them with  
4 and 5 (just passed or fail). 56 % of the approximately 
130 teachers surveyed, on the other hand, were either 
rather or very satisfied. Half of the teachers rated  
the ventilation systems as user-friendly. The reasons  
for the not consistently positive assessment are shown in 
Fig. 21. The most common issues mentioned were air 
quality problems, overheating or insufficient heat  
supply.

Potential for improvement can be derived from the two 
aforementioned investigations in Austria and Germany. 
Although the measurements of the CO2 concentrations 
show a significant improvement in the air quality in 
 comparison with the existing buildings, the air quality is 
perceived as insufficient in some schools with ventila-
tion technology. The measurement results show that the 
temperature in winter is quite high in some classrooms. 
The air is generally considered to be less fresh when at a 
higher temperature. Steps for lowering the temperature 
in these rooms have already been made. In addition, the 
rooms should be consistently (purge) ventilated after 
occupancy to remove odours immediately (Fig. 12, p. 12). 
Additional pre-ventilation during the morning at temper-
atures at the lower end of the comfort range helps users 
to perceive the air as being fresh upon entering the 
room.

In Austria, only about one-third of the teachers were 
able to control the ventilation system’s airflow rate. The 
temperature could not be adjusted. The ability to use 
technology to control the indoor environment is, how-
ever, desired (see infobox, page 11), whereby user-friend-
liness is expected (Fig. 11). An interesting finding of the 
social scientific support research conducted as part of 
the EnEff:Schule initiative is that a high degree of auto-
mation at schools counters the energy-conscious be-
haviour of the pupils. 

Communications strategy

New technology that has not yet become customary in 
schools must first of all find its way into everyday use. 
Important for the technology’s acceptance is compre-
hensive knowledge of how it functions among users. 
From the start of planning to beyond the commissioning, 
teachers, pupils and caretakers must be involved in the 
decision-making processes as part of an intensive com-
munication strategy (see, for example, Lindau, p. 19). 
This avoids misunderstandings, minimises misconcep-
tions and enables genuine participation. 

If it is intended to implement ventilation systems and 
building automation at a school, this requires regular 
care, maintenance and monitoring of the automated 
functions. This presents the traditional “caretakers” in 
schools with a new challenge. Already before its intro-
duction it should therefore be clarified as to which people 
will be responsible for the operation and whether they 
are adequately trained to take care of the building auto-
mation and ventilation equipment.

Teachers require information about the correct ventila-
tion behaviour and how to deal with problems when op-
erating the ventilation system. Each new teacher should 
be briefed about the system when commencing work. 
Ideally caretakers should be briefed about the new tech-
nology and its operation in person. To achieve this, the 
school must also have appropriate information material, 
e. g. operating instructions for the ventilation system.

If a retrofitted school building is equipped  

with ventilation, the user expectations are high. 

As part of the necessary optimisation of systems  

during operation, much depends on the chosen  

communication strategy. The „Soft Landings“  

process developed in the UK offers an interesting  

approach in this regard. 

Experiences  
and communication
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A lack of information and communication causes prob-
lems with the acceptance and – particularly when there 
are system malfunctions during the implementation 
phase – these lead to wrong responses and unsettle 
people. One of the consequences are dissatisfied users. 
If teachers and, in particular, students are involved early 
on, this enables them to more easily embrace the school 
as “their” school. 

Soft Landings for schools

In the UK, a process has been developed called “Soft 
Landings” in order to help implement structural and 
technical measures for sustainable buildings, in par-
ticular in regard to new or retrofitted schools (Fig. 22). 
The primary objective of the “Soft Landings” process is 
to instigate a cultural change in the planning, creation, 
delivery and operation of buildings. This is intended to 
increase the long-term efficiency of buildings and the 
user satisfaction. In addition, the process encourages a 
greater sense of responsibility among the designers and 
technicians in terms of ensuring an orderly commission-
ing and handover to the users. The experience garnered 
in schools in this British project confirms the findings 
achieved as part of the German “SolarBau:Monitor” re-
search programme on demonstration projects relating 
to office buildings.

Fig. 21  Problems reported by students (268) and teachers (128)  
in regard to the use of mechanical ventilation systems (16) (Austria).  
Source: Greml et al. [2]
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[1] Reiß, J.; Erhorn, H.; Geiger, M. u. a.: Energieeffiziente  
Schulen – EnEff Schule. Stuttgart: Fraunhofer IRB Verl.,  
2013. 358 S, ISBN 978-3-8167-9034-1

[2] Greml, A.; Blümel, E.; Gössler, A. u. a.: Evaluierung  
von mechanischen Klassenzimmerlüftungen in Österreich  
und Erstellung eines Planungsleitfadens. Bundesministerium 
für Verkehr, Innovation und Technologie, Wien (Österreich) 
(Hrsg.). 2008. Berichte aus Energie- und Umweltforschung. 
14/2008 

Fig. 20  Associations made by teachers (128) as well  
as designers and client representatives (31) with mechanical  
ventilation systems in Austria. 
Source: Greml et al. [2]
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• Professionelle Nachbetreuung für Fehlerbehebung, Feinabstimmung, 
 verbesserten Gebäudebetrieb und Reduzierung des Verbrauchs
• Gebäudebetriebsverhalten mit Entwurfszielen vergleichen
• Feedback der Nutzer an Planer und Ausführende
• Dauer der Nachbetreuung 1 bis 3 Jahre
• Professionelle Nutzerbefragung

Phase 5:
Nachbetreuung

• Dient als erweiterter Übergabeprozess
• Feedback der Nutzer einholen und darauf reagieren
• Mehr Nutzereinweisung wo notwendig Auf Nutzeranforderungen eingehen, z.B. Sollwerte, Bedienfunktionen anpassen
• Raum für Inbetriebnahmeteam bereitstellen
• Sichtbarkeit und Erreichbarkeit des Inbetriebnahmeteams herstelle

Phase 4:
Initiale 
Inbetriebnahme

• Vorbereitung des Start des Gebäudebetriebes mit Unterstützung der  Planer und Ausführenden
• Zielgemäße Ausführung überprüfen 
• Nutzer-Dokumentationen und -informationen bereitstellen 
• Für Gebäudebetrieb, -erhalt und -wartung Verantwortliche sowie Hausmeister lernen technische Systeme kennen 
• Information, Informationsmaterial und Vorführen der Nutzerschnittstellen (Gebäudebetreiber, Lehrer) 
 trägt zur erfolgreichen Nutzereinbindung bei

Phase 3:
Vorbereitung der
Gebäudeübergabe  

• Frühere Nutzererfahrungen und Prioritäten der Nutzer beschreiben Technischen Erfahrungsstand 
 der Nutzer berücksichtigen 
• Auf Entwurfsziele und -eigenschaften sowie Zielkennwerte (Lüftung, Energie) einigen
• Realistische Erwartungen bei den Nutzern wecken
• Zu erwartendendes Betriebsverhalten und Benutzerfreundlichkeit der technischen Ausstattung prüfen
• Den Nutzern von Erfahrungen aus früheren Projekten berichten
• Ausschreibungsergebnisse im Hinblick auf mit den Nutzern festgelegte Anforderungen prüfen

Phase 2:
Entwurf und 
Umsetzung

Soft Landings – 5 Schritte für eine weiche Landung

• Prozess und Verantwortlichkeiten (er)klären
• Einbeziehung der Parteien, die nicht im direkten Kontakt mit den Planern stehen, 
 wie Lehrerschaft, für  Gebäudebetrieb, -erhalt und -wartung Verantwortliche, Hausmeister
• Prozess der Übergabe und Inbetriebnahme festlegen

Phase 1:
Information 
und Einweisung

 

• Professional aftercare for troubleshooting, fine tuning, 

 improved building operations and reducing consumption

• Compare building performance with design goals

• User feedback should be reported back to designers and managers

• Aftercare lasts for 1 to 3 years

• Professional user survey

Phase 5:

Extended aftercare 

and post occupancy 

evaluation

• Serves as an extended handover process

• Obtain feedback from users and respond accordingly

• More user training where necessary

• Respond to user requirements, e.g. adjust nominal values, operating functions

• Prepare on-site room for commissioning team

• Ensure that the commissioning team is visible and can be contacted

Phase 4:

Initial aftercare

• Prepare the start of building operations with the support of designers 

 and operators managing implementation

• Check that implementation is in accordance with goals

• Prepare user documentation and information

• Building operation, maintenance and servicing managers and 

 caretaker familiarise themselves with the technical systems

• Information, information material and demonstration of the user interface 

 (building operators, teachers) contribute to successful user involvement

Phase 3:

Pre-handover  

• Review previous user experiences and user priorities

• Take into consideration the technical experience of the users

• Agree on design goals and features as well as target characteristics (ventilation, energy)

• Raise realistic expectations among users

• Check the expected operational behaviour and user friendliness of the technical equipment

• Discuss experiences from previous projects with the users

• Check tender results in terms of the requirements specified with the users  

Phase 2:

Design 

development 

and review

Soft Landings – Five steps for a soft landing

• Explain process and brief responsible operators

• Involve parties that are not in direct contact with the designers such as teachers, 

 those responsible for the building operation, maintenance and servicing, the caretaker

• Detail handover and commissioning process

Phase 1: 

Inception 

and briefing

 

Fig. 22  The five steps of the British concept.  
Source: „The Soft Landings Framework“, www.softlandings.org.uk
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Points of view 

“Ventilation systems in schools –  
Luxury or necessity?”

At our school, a new school building built to the passive house standard 
supplements an existing „old“ building dating from the late 1990s. The two 
wings show considerable differences in terms of the indoor environment. The 
air is very quickly used up in the classrooms in the old building. Opening the 
windows for ventilation – in summer with lowered blinds – only provides a 
short-term improvement. Another disadvantage is the higher noise level in the 
classrooms caused by activities in front of the windows. This makes it difficult 
for the students to concentrate on their lessons. In addition, the inwardly 
opening windows restrict movement in the rooms. Wide open windows on the 
first floor also require particularly attentive supervision of the students. In the 
new building built to the passive house standard, morning airing helps fresh, 
cool air to flow into the classrooms. However, this means that when there is 
warm weather the doors to the school playground have to be kept closed. This 
is difficult on a daily basis when sunny weather beckons and it is planned to 
use the outdoor area in front of the classrooms. If this is maintained, however, 
the classrooms remain at a pleasant temperature and can be used well. It is 
important that there is additional protection against direct sunlight on the 
window surfaces (blinds, awnings). In comparison, the ventilation to the 
passive house standard certainly performs better than in the old building.

Johanna Tenge 
Special education teacher and vice-principal at the Heinrich 
Hanselmann school. This all-day school in the Rhein-Sieg 
municipality teaches students with a focus on mental develop-
ment. 

At a quiet school site, windows can be opened to ventilate the school 
c lassrooms. The outdoor airflow that flows in through the open windows is 
influenced by the window position, the temperature difference between the 
indoor and outdoor air as well as by the wind-induced pressure distribution on 
the building. Constantly supplying the classrooms with outdoor air requires 
permanent control of the window position that takes into account all the 
aforementioned influences. 
In addition, at very low outdoor temperatures, considerable comfort deficits 
can occur because of draughts and low temperatures at floor level that prevent 
concentrated work. The alternative of airing during the breaks is also 
 insufficient for achieving good air quality for an entire lesson because the 
concentrations of volatile organic compounds quickly increase again following 
a ventilation phase. It is therefore recommended to use mechanical ventilation 
in classrooms, which can be supplemented by window ventilation. Integrated 
heat recovery also increases the energy efficiency. 
Of course, students and teachers can also easily get used to the poor air 
quality. Studies have shown, however, that even when people adapt to the  
poor air quality it continues to have negative effects on the performance. 
Therefore ventilation in schools is certainly not a luxury but a necessity!

 

Professor Dirk Müller 
Director of the E.ON Energy Research Centre’s Institute for 
Energy Efficient Buildings and Indoor Climate (ECB) at RWTH 
Aachen. Ventilation is one of his focus areas.

Lindau secondary school    

During the construction of the new 
Lindau secondary school in 2008,  
the originally planned ventilation 
system in the classrooms was waived 
with the exception of specialist rooms. 
After problems with the air quality  
and the room temperature in summer, 
the school board commissioned an 
engineering firm in Lindau to retroac-
tively integrate a ventilation system in 
the finished building.

The designers developed a compromise 
for the various requirements: a suffici-
ent amount of air, acceptable acoustics 
also suitable for exams, a limited 
installation effort and an aesthetic 
overall impression. A centralised ceiling 
ventilation unit with heat recovery was 
chosen with up to 600 m³/h for a 
maximum of 30 students in each room. 
Each unit has a demand control based 
on CO2measurements.

The fact that the designers had different 
devices tested by the teachers and 
students before choosing a device type 
is somewhat unusual. The involvement 
of the users in the selection process  
is a particularly positive aspect and  
has largely contributed to the huge 
acceptance of the ventilation equipment 
at the school. As part of the tests, 
surveys and so-called cross-over tests 
were carried out. In this test, the classes 
alternated between the rooms with 
different ventilation units. With the 
evaluation, the subjective assessment 
did not always coincide with the 
measured values. That was shown by 
the acoustics: the somewhat „louder“ 
system performed better in the subject-
ive evaluation than would have been 
expected by its measured values,  
which were measured in the middle of 
the classroom.

In practice

Fig. 23  Ceiling unit at Lindau  
secondary school.  
Source: Ing. Büro Ruess & Grömmer
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schools now have their own systems for generating solar 
power. Fig. 24 shows the values for the end and primary 
energy demand before and after retrofitting for demonstra-
tion projects in the EnEff:Schule research programme. 

As can be seen from Fig. 29 on page 23, depending  
on the technical concept for heating and ventilation,  
the electricity component can dominate the end energy 
 consumption.

The basis of any energy-efficient building is provided by 
the envelope with well-insulated exterior walls, roofs and 
foundation slabs as well as high quality window sys-
tems. Today the challenges lie in integrating the known 
passive and active technologies in optimally functioning 
building systems, and in implementing such systems in 
existing buildings. Furthermore, the equipment has to be 
operated in an energy-saving manner and users should 
be able to successfully interact with their building. Many 

The ventilation affects the energy balance of schools  

to a significant extent. Ventilation systems therefore  

need to be very carefully integrated into the energy concept 

of a school. A key aspect is protection from overheating in 

summer. In order to ensure an efficient use of electricity, 

the operation of the ventilation and building service 

systems should be regularly checked. 

Ventilation  
and energy

1) Consumption values because demand values  not available
2) energy inputs from PV, wind power, ORC are not considered
3) energy inputs from PV and CHP are not considered
4) energy inputs from PV are not considered

Olbersdorf

End energy [kWh/m2 p. a.] Primary energy [kWh/m2 p. a.]
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Fig. 24 Energy loads in the EnEff:Schule demonstration projects before and after energy efficient retrofitting.  
Source: Fraunhofer IBP
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Considerable savings in schools can be achieved by re-
ducing the standby consumption and switching off con-
tinuously running systems that are currently not required. 
An analysis of load profiles [1] in schools shows that 
there is continuous “base load” consumption in schools 
(Fig. 28). These loads occur at weekends and during the 
holidays when, with the exception of just a few adminis-
trative spaces, a school does not need to be in operation. 
They can cause 20 to 50 % of the electricity consump-
tion. Base loads ranging from 10 to 20 W/student have 
been frequently found, which over the course of a year 
frequently cumulate to 150 to 300 kWh/student. Contin-
uous loads should generally be identified and the need 
for their operation checked. Basic loads of less than 5 W/
student are possible and desirable. Studies in Austria 
and Germany show, for example, that ventilation systems 
are not switched off during the holidays and at weekends. 
Some systems are continuously operated throughout 
the year.

For several years, scientists have been optimising the 
operation at the Gebhard Müller school in Biberach, 
Germany, which is an energy research demonstration 
project [2]. Here considerable savings have been achieved 
during operation. Although an increase in consumption 
was also noticed in this school during the long-term 
 operation, it was effectively countered by coaching the 
operating personnel. 

Because building automation is these days used in most 
schools, its possibilities should be used to regularly 
check all the electricity and heat consumers to enable 
unnecessary loads to be switched off.

Avoiding overheating in summer 

Because of high internal heat loads in classrooms 
 measures to effectively avoid overheating in summer 
play a major role in schools. A survey conducted by the 
Augsburg University of Applied Sciences [3] at ninety-six 
energy efficiently retrofitted schools in a South German 
government district shows that in almost all cases 

Fig. 25 Window with external solar shading  
that can be rear-ventilated.  
Source: C. Moosmann

Fig. 26 Daylight situation in the room with external solar shading: l.) Completely closed  
solar shading; m.) Lower blind section closed, upper blind section with daylight control;  
r.) Slats in horizontal position. Source: S. Winterwerber, KIT 

 external solar shading was used to provide protection 
from the sun. Planning practice has improved signifi-
cantly here compared with the situation just a few years 
ago. 

Solar shading control 

Many studies show that users rarely close the solar shading 
completely because this blocks views to the outside. This is shown 
by an example in practice from a school: here the teachers initially 
found that the solar shading was always completely closed when 
they entered the east-facing classrooms in the morning (Fig. 26, l.). 
In order to provide daylight, the teachers raised the solar shading 
for the rooms. However, the solar shading system also provided 
the option to create the situation shown in Fig. 26 m., which 
provides solar shading while redirecting light. Whether this 
possibility was known in the school is not documented. The solution 
provided was equivalent to the situation depicted in Fig. 23 r.  
The school set the slats in the lower section of the venetian blinds 
to a horizontal position (eastward orientation!). To prevent the 
teachers from raising the solar shading in the morning, the solar 
shading was now lowered in a horizontal position.

After an inspection with students, the company that installed  
the blinds was asked why it had chosen precisely this horizontal 
position. During the conversation it turned out that the ability to 
move the slats downwards in a 45° position was simply not 
considered. This would have offered the desired views to the 
outside. This example shows that all the possibilities provided by 
the technology must be known when involving specialist building 
services companies, operators and users. Most people viewing 
Fig. 26 would also probably spontaneously prefer the solution  
on the right hand side. However, with more knowledge about  
the way the system functions, the middle solution could also be 
acceptable because in this slat position light is directed at the 
ceiling and from there into the room without heating it by direct 
solar radiation.
 



Abb. 28  Left: Example of a load profile at a school with about 1,100 students; identifiable base load between 5 and 7 kW;  
Right: Distribution of loads with different usage profiles; Weekends, holidays: Base load (minimum value up to 75 %), 3 – 8 kW (2 – 6 W/student) 
and peak load (95 % up to maximum value), 10 – 20 kW (8 – 15 W/student); School day: Base load (minimum value up to 75 %),  
4 – 26 kW (3 – 20 W/student) and peak load (95 % up to maximum value), 43 – 65 kW (35 – 50 W/student) 
Data: Consiste 2012, Graphic: Hellwig  
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Energy Efficient School research programme –  
www.eneff-schule.de 
The Energy Efficient School (EnEff:Schule) research 
 programme is aimed at collating and presenting all 
activities in the field of energy efficient school retrofitting.  
It forms a key component of the Energy Optimised 
 Construction (EnOB) research initiative and is funded by the 
German Federal Ministry for Economic Affairs and Energy. 

One focus is on scientifically monitoring demonstration 
projects conducted as part of the EnEff:Schule programme. 
The projects demonstrate the various possibilities for 
dramatically reducing the primary energy demand for 
heating, ventilating, lighting and cooling.

The retrofitted school buildings are intended to achieve 
different energy efficiency levels. In addition to energy-plus 
schools, which generate more energy than they consume in 
the annual energy balance, the research programme also 
includes 3-litre house schools. In addition, the programme 
also includes pioneering retrofitting of school buildings,  
the so-called „best practice examples“. 

A special aspect of school retrofittings is the opportunity  
to engage the school pupils in the retrofitting process.   
This therefore provides an opportunity to multiply 

 knowledge on an enormous scale. The social scientific 
support research in the EnEff:Schule programme is aimed at 
investigating how the school projects affect user behaviour 
and the attitude of the users – in this case teachers, 
students, caretakers and parents. 

Fig. 27  Natural and mechanical ventilation is used in the Hohen 
Neuendorf demonstration project. Source: Ali Moshiri  
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A misconception emanating from residential construction 
is that closed windows in schools prevent overheating 
in summer. On the contrary: A continuous discharge of 
the thermal loads produced by 25 to 30 students, which 
is about 2.3 to 2.7 kW, should also be caused by venti-
lating in summer, which helps to limit the maximum tem-
perature. With very good external solar shading installed 
with sufficient spacing in front of the windows, natural 
ventilation is certainly possible if there is a correspond-
ingly quiet external environment (Fig. 25). In addition, 
the facade should also enable a generous opening of 
the windows. In order not to restrict the occupied zones 
in classrooms, the opening casement windows should 
not be very wide. For various reasons (security, reduced 
effort required to ensure that windows are closed), 
 potentially openable windows at many schools are un-
fortunately permanently closed or can only be tilted.

The heat that has developed during the course of the 
day should also be removed from the classrooms again. 
To this end, in summer the rooms should be regularly 
ventilated overnight. By bypassing the heat exchanger, 
ventilation systems or devices can also be used for 
night-time ventilation. Although night-time ventilation 
concepts utilising natural ventilation through the facade 
are very desirable and work, these often fail in practice 
as a result of security and weather protection aspects. 
In old school buildings with historic stack ventilation 
systems (see En passant, p. 13), these can be ideally in-
tegrated in night-time ventilation concepts as part of an 
energy efficient retrofitting.
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End energy

Olbersdorf special school
Energy efficient retrofitting of a listed building

Science College Overbach
3-litre house school
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Fig. 29  Cumulative end and primary energy consumption:  
Top: Olbersdorf special school;  
Below: Science College Overbach in 2012/13.  
Data: www.eneff-schule.de, Fraunhofer IBP; Graphic: Hellwig
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>>  You can find the extended compilation (including reference sources)  
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>>  This Themeninfo brochure is available as an online document at  
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  BINE Information Service reports on energy research projects in its brochure series and the newsletter.  
You can subscribe to these free of charge at www.bine.info/abo

Choosing the right ventilation system
Whether a particular ventilation concept or system is chosen or not depends on 
many factors. The location determines whether window ventilation is at all suitable, 
for example if a noisy road runs alongside the school. On-site conditions that cannot 
be altered mean that not all ventilation concepts can be used in existing school 
buildings. Of course the investment costs, and occasionally the operating and 
maintenance costs, also influence the decision for a specific ventilation system. 
Innovative technologies should be tested to see if they are suitable for a project.

Which ventilation system is suitable for a school depends not only on a purely 
technical assessment of the situation. If users have reservations about a particular 
ventilation system it is not advisable to install this merely because of its technical 
advantages. The users will not use such a system. The early integration of  
teachers and students in the planning process therefore has a positive effect  
on the successful implementation of the ventilation technology.

Ventilation systems require continuous operational support, which includes not  
only maintenance and repair work. Not only should the system parameters be 
checked and optimised during the commissioning but the users should also  
be briefed on how to operate the ventilation systems. Regardless whether it is 
concerned with mechanical or natural ventilation, the users at the school, i.e. the 
students and teachers, need to understand and know how to operate the ventilation 
systems and which operating modes achieve the desired effect. This requires an 
expert person familiar with the systems, who can continuously supervise the 
systems and who enjoys the users’ trust. 
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