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INTRODUCTION
The main aim of the RENEW SCHOOL project is promotion of energy retrofits of schools, in
particular using timber prefabrication. These retrofits are at the same time expected to
secure high indoor environmental quality in classrooms and should use renewable energy
sources.
To achieve this aim, the project identified 19 buildings, schools or kindergartens, in different
parts in Europe covering the countries on a vertical line connecting North of Europe with the
South of Europe including Norway, Denmark, Germany, Belgium, Poland, Austria, Slovenia
and Italy. These locations cover additionally diverse building cultures and different outdoor
climates. Twelve schools and seven kindergartens were selected, thirteen of which are new
constructions and six are renovated buildings (only school buildings).
The selected buildings were termed frontrunners because they have specific features. These
features include specific use of facades, low energy use including use of renewables and
technical solutions for achieving high quality of indoor environment. Thus all frontrunners
use timber facades, secure at least 66% reduction in energy use compared to the normal use
before renovation or to the typical energy use by conventional school buildings and
kindergartens, cover the energy demand by at least 20% through use of renewable energy
sources, and ensure that the classrooms’ environmental quality is high.
For all frontrunner buildings, the detailed information was collected including:
•

•
•
•
•
•

General information, i.e. location, type of the project, cost, main contractor,
architectural company, building owner, gross floor area, number of floors and
construction time.
Cooperation model, i.e. organizational and financial instruments leading to high
performance renovations.
Description of construction, i.e. information on prefabricated timber facades.
Energy data, i.e. information on primary energy consumption, energy savings, energy
sources and use of renewable energy.
Technical solutions for achieving ventilation and high indoor environmental quality
especially as regards the type of illumination and information on day lighting.
Other relevant data.

This information together with the pictures of frontrunners and the renovation/construction
process was used to create leaflets describing each frontrunner building. The leaflets are
disseminated through the RENEW SCHOOL website (http://www.renewschool.eu/en/category/best-practices-database/). The leaflets were supplemented with the
information describing lessons learnt during renovation and construction process.
The information on frontrunner buildings was used to develop so-called technical signpost.
This signpost is described in the present document.
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In general, terms the technical signpost is the collection of the best performing technological
solutions that can be applied in school buildings and kindergartens, which use timber façade
and undergo renovation. The technical signpost should guide future renovations
recommending the solutions that will reduce risks, avoid negative consequences that are
robust, tested and verified. Thus, these solutions should secure that the learning
environment will not be aggravated, i.e. that children and personnel will not get sick and
that learning performance will not be compromised. The technical signpost, in other words,
disseminates lessons learnt, warns about the potential risks, and educates building
stakeholders. Consequently, wrong decisions are avoided. Mishandling due to the lack of
proper maintenance is avoided, too. Finally, technical signpost recommends advanced
technical solutions (potentially associated with building typology), which should become
part of the future energy renovation campaigns carried out in conventional schools and
kindergartens. The guidance included in the technical signpost is expected to increase the
rate, at which schools and kindergartens are renovated.
The technical signpost summarizes data from the 19 frontrunner buildings within the
following four broad categories:
•
•
•
•

Timber prefabrication.
Technical solutions for achieving ventilation and high indoor air quality.
Solutions for achieving sufficient daylight and daylight control.
Energy sources including renewables.

The analysis of solutions applied in frontrunner buildings was performed and the solutions
applied were grouped. At least three solutions under each of the mentioned categories were
thoroughly described. The analysis of the solutions was performed using the accumulated
experience, interaction with the relevant stakeholders and experts, as well as the actual
measurements in the selected frontrunner buildings. Moreover, building occupants rated
the quality of indoor environment in the buildings with respect to light, noise, air quality and
thermal environment.
It must be underlined that the described technologies and solutions are the ones that were
applied in frontrunner buildings. It was thus an implicit assumption that the applied
solutions and technologies can be termed as advanced solutions allowing to achieve high
quality of energy renovations and no negative effects on buildings’ occupants. This
assumption, however, does not warrant that even more advanced technologies could exist
and could have be used in the frontrunner buildings or in the buildings that will undergo
renovations in the future. It was not the purpose to serach for such potential solutions and
technological innovations, but rather to identify the solutions that have been implemented
and perform reasonably well. This pragmatic approach provides strong foundation for
recommendations regarding the solutions for use in the future renovations that are
addressed to different stakeholders and included in the decision tools (Deliverables 4.2 and
4.3).
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SUMMARY OF TECHNICAL SOLUTIONS APPLIED IN FRONTRUNNER BUILDINGS
The table below provides the overview of some major parameters describing technical
solutions used in the frontrunner buildings. The information included in the table allows the
initial selection of technical solutions that should be included in the technical signpost. The
detailed information regarding each school can be found at http://www.renewschool.eu/en/category/best-practices-database/.
Frontrunner
building*

#1-elementary
school, under
construction
(2017)**
#2-elementary
school, new
(2013)
#3-technical
college, new
(2010)
#4-preschool,
new (2014)

Gross floor
area
(m2)/no. of
floors
12,000/3

8,300/3

2,964/1-2

1,200/1

Energy sources and
use

Prefabrication

Ventilation

Day-lighting

Ground coupled
heat pump

Partially
prefabricated
timber facades

N/A

Heat pump and
solar thermal
system
N/A

Partially
prefabricated
timber facades
Prefabricated
timber facades

Hybrid ventilation
coupled with
decentralized
mechanical system
Central balanced
mechanical system
N/A

N/A

Energy from PV,
wind/hydropower
stations and
geothermal heat
pump
Heat pump, natural
gas and PV

N/A

Central balanced
mechanical system
, CO2 controlled
with free cooling

N/A

Partially
prefabricated
timber facades

Central balanced
mechanical system
, CO2 controlled
with free cooling
Central balanced
mechanical system
and decentralized
mechanical
ventilation (in the
façade) with night
time ventilation
Central balanced
mechanical system
with CO2 control
and night time
ventilation
Decentralized
mechanical
ventilation system

Shading with
blinds

Central balanced
mechanical system
with CO2 control
and night cooling

Centrally lightcontrolled
movable blinds

#5-school,
renovated
(2014)

5,000/3

#6-vocational
college,
renovated
(2014)

14,300/3-4

District heating
using biomass and
residual wood with
PV

N/A

#7-gymnasium,
renovated
(2014)

4,140/3

District heating,
wind power and PV

Timber
elements

#8-secondary
school,
renovated
(2007)

6,835/2-3

Biomass (pellets)
and PV

#9-secondary
school,
renovated
(2013)

3,243/1-3

Biomass (chips) and
solar thermal
supplemented by
gas, PV

Prefabricated
timber façade
modules with
integrated
ventilation
ducts
Prefabricated
timber facades
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N/A

External shading

Overhang and
external blinds

Exterior shading
and opened
interior areas to
increase use of
daylight

#10-secondary
school,
renovated
(2011)

3,526/2-3

Biomass (pellets)
and PV

Prefabricated
timber facade
elements
cladded
afterwards
Prefabricated
timber façade
(produced
offsite)

Central balanced
mechanical system
with night-time
ventilation

Automatically
controlled
venetian blinds

#11-primary
school and
kindergarten,
renovated
(2010)
#12kindergarten,
new (2012)

1,831/2

Biomass
(pellets)and PV

Central balanced
mechanical system
with CO2 control

N/A

670/1

Gas boiler with
heat pump

Prefabricated
timber
construction
façade
N/A

Central balanced
mechanical system

Skylights

#13kindergarten,
new (2012)
#14kindergarten,
new (extension)
(2010)
#15kindergarten,
new (2012)
#16kindergarten,
new (2014)

1,738/2

Natural gas and
heat pump

N/A

External blinds

123/1

District heating
with renewables

Operable roof
windows

Rotating vertical
slats

1,500/n.a.

Biomass and PV

Central balanced
mechanical system

External blinds

500/2

Natural gas

Central balanced
mechanical system

N/A

#17-school, new
(2014)

6,430/2

Natural gas and PV

Hybrid and
decentralized
balanced
mechanical system
and decentralized
system with CO2
control
Central balanced
mechanical system

Skylights
Temperaturecontrolled
external screens

#18kindergarten,
new (2013)
#19kindergarten,
new (2014)

666/1

Air-to-water heat
pumps and PV

Prefabricated
timber facades

753/2

Ground-coupled air
heat exchanger

Partially
prefabricated
timber facade

Colorful
wooden facade
protecting
outer skin
Partially
prefabricated
timber facades
Prefabricated
timber frame
construction
technology
Partially
prefabricated
timber facades
with cladding
onsite

Central balanced
mechanical system

* The numbers correspond to the frontrunner leaflets presented on the RENEW SCHOOL website
** Not completed during the project duration but still included as a frontrunner
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Daylight from
two sides

PRE-FABRICATED TIMBER FACADES AND BUILDING ENVELOPES
Overview/summary
The façade is a part of the building envelope that protects the occupants from the outdoor
climate. Façades can be constructed on-site from materials or they can be pre-fabricated in a
factory, transported and mounted as elements. Cladding, windows, and finish are to various
levels completed in the factory or post-mounted on-site. The most obvious advantages of
pre-fabrication are time savings and quality. Time because the construction process can be
parallel and quality because the process and weather is controllable indoors in a production
facility.
The preferred material for the structural parts is often timber because it is abundant,
lightweight, and sustainable and with relatively small heat losses, hence the term prefabricated timber facades; often referred to as wooden element facades.

Construction of timber facades from right towards left. Source: Træ56, Træinfo
The usage of timber façades for refurbishment of existing walls of brick or concrete exploits
the resistance of the heavy construction to fire and noise propagation, and resistance of the
new flexible lightweight construction to heat losses.
A major issue with timber facades is their resistance to moisture. Free water is present in the
outdoor climate in the form of precipitation, and present in the indoor climate in the form of
water vapour. It is imperative that the timber facades are constructed and assembled to
resist free water but also that they are robust to moisture diffusion. It is in practice
impossible to construct a façade that remains completely watertight for dozens of years.
Consequently, the design must uphold the structural integrity of the elements even with
continuous moisture absorption and desorption.
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The pre-fab constructions among the renovated frontrunner schools can be largely divided
into two systems, with the former being the most popular:
•
•

Ventilated façade mounted on existing wall. This façade design relies on a ventilated
external cladding to keep driving rain away from the structure. It employs a two-step
sealing principle.
Non-ventilated façade mounted on existing wall. This design relies on the moisture
diffusion abilities of the employed materials to keep the structure dry. It employs a
one-step sealing principle.

Both types need to employ some sort of vapour barrier between the indoor environment
and the timber structure to avoid unnecessary moisture load from the indoor environment.
Without a barrier, in winter time, internal, warm and moist air will be cooled and at some
point in the construction water condensate, creating internal and invisible free water.
Preferably the existing façade is made vapour tight by assessing the quality of the
concrete/masonry and sealing the cracks. This allows water trapped in the existing wall to
quickly diffuse out through the insulation.

(b)
(a)
Ventilated façade (a) and non-ventilated façade (b). The former employs a two-step sealing
principle, the latter a one-step principle. It is important that the existing, and presumably
leaky construction, is made vapour tight. The compression layer absorbs irregularities of the
existing façade.

-8-

Structural solutions and thermal insulation
The structural components of the pre-fab façades are made from solid timber posts or from
I-profiles made from two wooden battens and a board. These I-profiles are more uniform
and produced with smaller tolerances which make the construction process easier. They also
have lower heat losses. However, the applied gluing technology increases the environmental
impact.

I-profiles made from wooden battens and OSB board. Souce: St. Leonhard School #11

Structurally, the pre-fabricated façade elements rely on the load-carrying capabilities of the
existing wall. The elements are attached with brackets transferring the wind and element
loads to the existing wall. Angled brackets at the foundation transfer the vertical load to the
wall.

(b)
(a)
Brackets transfer vertical loads to the existing wall. Source: (a) Taasinge Træ, (b) RENEW
SCHOOL survey video
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In situations where structural columns or supports are integrated into the façade, the prefab elements must take this into account. This creates some thermal bridges which can be
avoided by placing most of the insulation on the outside of the columns. In the case below,
mineral wool insulation was placed on the outer side of the column.

The pre-fab elements are made to fit with the existing concrete columns. Source:
Schwanenstadt school #8

Ventilated façade
The ventilated façade creates an air gap between the cladding and the structural elements.
Thus, the structural elements are protected from UV-light and precipitation that penetrates
the cladding is ventilated away. Between the air gap and the insulation layers, a wind barrier
resistant to occasional wetting protects the insulation from fluctuating wind pressure.
It is imperative that neither the wind barrier, nor the insulation form a barrier to moisture
that diffuses outwards, either because the vapour barrier on the inside is defective or
because free water accidentally has entered the construction.
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Primary posts
Vapour barrier
Tolerance insulation
Existing
wall

Tolerance insulation

Vapour barrier

Concrete slab

Existing wall

Bracket

Insulation is
compressed
when mounted

Compressed insulation

Upper element fixation

Finishing

Horizontal section

Vertical section

(a)

(b)

Cross section (a) and plan view (b) of ventilated façade, here shown with vapour barrier as
solid black line. The sections cuts have been made in the primary timber posts. Source:
Træ68, Træinfo and Vibeengen school #17
In temperate climates, a barrier to vapour is needed to protect the timber element from the
internal moist air. In Mediterranean humid climates with significant air-conditioning, the
moist air enters from outside. Here the vapour barrier must be placed in the outer parts of
the façade.
The timber façades are mounted on the existing façade when used for refurbishment of a
building. Due to the outdoor weather conditions, the existing façade will never be
completely dry, and even when the existing façade has not been wetted by rain, the
moisture content will be in balance with the relative humidity of the ambient air.
Thus, when the new façade is mounted, insulating and heating the existing façade, the
trapped moisture starts diffusing out through the new façade. This process is slow and may
cause elevated moisture content levels in the structural elements of the timber façade,
which may lead to rot, and subsequent deterioration.
To speed up the drying process, the existing wall – upon assessment of the quality and
sealing of cracks – can act as vapour barrier. In this manner trapped moisture is free to
diffuse out.
The façade elements employ a layer of compression insulation to ‘cushion’ irregularities of
the existing façade. The vapour barrier should be placed between the compression layer and
the rest of the prefab façade to avoid wear and tear from the existing wall surfaces.
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Vapour seal

Water tight window sill

60 mm insulation cushion

15 mm OSB board
15 mm MDF board

No moisture barrier as the existing wall is considered vapour tight. Window openings,
however, are sealed. The existing façade must be very dry before mounting or the moisture
must be allowed to diffuse out through the materials. Source: Rainbach school #9
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Non-ventilated façade
The non-ventilated façade design relies on the moisture diffusion abilities of the employed
materials to keep the structure dry. Non-ventilated façades use plaster as the external
finishing where the plaster is put on a base of hard insulation. The plaster is not water tight.
The weakest spots are the window sills or other places where the plaster/insulation is
penetrated by brackets/bolts. Here free water, e.g. from rain and wind pressure can find a
way to enter the internal layers of the structure. If the façade is not capable of letting the
moisture diffuse out again, the damages will eventually create invisible rot.

Pre-fab elements made with wood-wool plates as the base of an outer layer of plaster. From.
Source: Detmold Vocational College #6

Window openings
Effective vapour barriers are difficult to obtain, but the pre-fab method helps to achieve a
good quality. However, the weakest spot is the assembly around the windows because here
the vapour barrier must be attached to the existing brick or concrete construction.
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Special attention must be directed at sealing the window openings properly. Source: St.
Leonhard school #11
In the figure below the vapour resistant layer is the inner existing concrete element. The
barrier is maintained in the gap between elements by using an adhesive seal (encircled)

Plan view. There is no vapour barrier in the new façade element because the existing
concrete wall is considered vapour tight. The gap from existing wall to new wall is sealed to
keep the timber façade dry from internal moisture. Source: St. Leonhard school #11
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Sealing

Sealing

Cross section. Source: St. Leonhard school #11
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VENTILATION
Overview/summary
The following ventilation strategies were used in the frontrunner buildings to secure
ventilation in classrooms (schools) and playrooms (kindergartens):
• central balanced mechanical ventilation system (in 13 buildings);
• decentralized system (in 4 buildings);
• operable roof windows (in 1 building).
No information on the used ventilation system was available in one building.
The following ventilation strategies were used to ventilate common areas:
• central mechanical ventilation system (in 2 buildings);
• hybrid ventilation systems (in 2 buildings).
Other specific ventilation/air conditioning solutions installed in the frontrunner buildings
included:
• night time ventilation or free cooling (in 4 buildings);
• diffuse ceiling (in 1 building);
• textile air hosing (in 1 building);
• ventilation ducts integrated in the timber façade (in 1 building);
• intake of air via ground ducts for preheating (in 1 building);
• adiabatic humidification (in 1 building).
Except for the systems allowing nighttime ventilation (free cooling), the specific solutions for
ventilation and air conditioning installed in frontrunners were installed in 1 building and thus
cannot be considered as frequent or common for frontrunners.
All mechanical ventilation systems used energy recovery systems (for recovering sensible
(dry) heat and latent heat (in the moisture) with nominal efficiency provided by the
producers of the recovery units ranging between 80% and 90%, meaning that up to 90% of
heat could be recovered from the air discharged from the building; this heat is usually used
to heat the supply air.
In seven frontrunner buildings, mechanical ventilation systems were controlled by
measuring the concentration of carbon dioxide (CO2) in the classrooms. In the others, no CO2
control was used and there is no information available on whether other methods for
demand control of ventilation were utilized; the aiflow supoplied by the system was equal to
the nominal design flow independently of demand (number of pupils in a classroom).
In two frontrunner buildings, high level of air quality was not only guaranteed by the means
of ventilation but also by reducing pollutants via selection of low emitting (toxic free)
building decoration and furnishing materials.
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In one building, the concentration of particulate matter with diameter equal to or lower than
2.5 μm (PM2.5) was continuously monitored. This pollutant is regulated by the air quality
guidelines published by the World Health Organization and by the respective ambient air
pollution standards in Europe.

Ventilation signpost
Four ventilation strategies that were used in more than one frontrunner building are central
balanced mechanical ventilation system, decentralized ventilation system, hybrid ventilation
system and the nighttime ventilation (free cooling). Their principle is described in the
following.
Central balanced mechanical ventilation system
The principle of central balanced mechanical ventilation system is depicted on the following
figure. The system has one (or more) central air handling unit that is serving many rooms
(classrooms or playrooms), at least two.

Overall principle of central balanced mechanical ventilation system;
red circles show the central air handling unit that delivers the air to classrooms through the
ducting system and exhaust the air from the classrooms (Source:
http://www.exhausto.dk/projektering/Learning%20%20Skoleventilation/Design%20af%20system/Central%20ventilation)
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The outdoor air is drawn via main air intake to the air-handling unit, where it is conditioned.
Conditioning usually includes particle filtering and heating to the required air supply
temperature. It seldom includes gas-phase air cleaning, cooling, dehumidification or
humidification. The supply air is heated by the heater and often (nearly always now) by the
energy recovered from the air exhausted from indoor spaces. For this purpose, counter flow
heat exchanger or rotary wheel heat exchanger are usually installed in the system. Supply
and exhaust fan ensure that the air is moved within the building. In addition to central
conditioning of the air, some systems contain local heating (or cooling) mounted in the ducts
allowing local (zonal) control of parameters of the supplied air immediately prior to the
discharge in the room.
After treatment, the air is delivered through ducting systems to different rooms in a building.
The ducts are usually made of metal. Sometimes other materials are used like textile ducting
or plastic flexible ducting.
The air is transported via ducting system to the rooms (classroom). It is discharged in the
room volume via the end terminals. There can be one or more terminals. Different terminals
can be used: grills, anemostats, or even the entire ceiling can discharge the supplied air (so
called diffuse ceiling). Full mixing of the air can be obtained in the room volume or the
principles of so-called displacement ventilation (or piston type ventilation) can be used in
case the air supplied at the floor level and is slowly rising towards the ceiling.
The used air is exhausted from the rooms, delivered through ducting system to the airhandling unit, and then expelled from the building through the common discharge aperture
(outlet). The air is exhausted from the rooms using exhaust terminals (usually grills).
Sometimes, the air is exhausted through halls and corridors via common plenums in the
volume of the suspended ceiling. Some of the air is frequently exhausted through toilets and
bathrooms.
Main air intakes and exhausts, where the outdoor air is taken in and exhaust air is expelled,
should be located at the sufficient distance from each other. Furthermore, the location of
the main intake and exhaust should guarantee that exhaust air does not affect the quality of
intake air during certain wind conditions.
The central mechanical ventilation system must be balanced. It means that the volume of air
supplied to the room should be equal to the volume of the air exhausted or should be
slightly higher to avoid the penetration of air from the adjacent spaces. Balancing is obtained
by dampers or orifices mounted on the supply and exhaust ducts.
Two types of air delivery can be achieved: constant air volume delivery (CAV systems) and
variable air volume delivery (VAV systems).
In case of CAV systems, the constant nominal (designed) volume of air is delivered to the
room. The only parameter of the air that can be changed is its temperature regulated by
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central heating coil mounted in the air-handling unit and additionally by the local coils, if
mounted in the ducts prior to the discharge in rooms.
In case of the VAV-systems, the volume of the air supplied to the room can change
depending on demand. The demand changes, e.g. when the number of people varies in the
room. Then carbon dioxide concentration or relative humidity is used to control the volume
of the air delivered and thus the air volume will aim to meet the air quality requirements.
The volume of air supplied to the room in the VAV system can also change depending on the
temperature. The systems that use temperature difference between outdoor and indoor air
to adjust the volume are called economizers.
All currently produced air-handling units include, by default, the energy recovery systems.
They recover the sensible and latent heat, and consequently have nominal efficiencies of
recovery of energy from exhaust air normally higher than 80%. However, the energy can be
recovered only during certain periods of the year and only in some regions of Europe (mainly
with moderate and cold climates), where the weather supports energy recovery.
In order to attain high-energy recovery the ducts need to be properly insulated, which may
create additional challenge. In addition, the ducts transporting the supply air need to be
insulated, as well.
The main advantage of the central system is that there is only one place for frequent
maintenance i.e. air handling unit (mainly filter change) though ducts should also be
regularly maintained by cleaning.
The main disadvantages of the central mechanical ventilation systems include the difficulty
to control the air volume and temperature upon demand, and the need for the space that
can accommodate ducting. Sophisticated control may lead to failures and lack of attaining
the required ventilation rates and air quality levels, particularly if the loads on the room are
changed. This requires new balancing and there may not be the capacity installed in the
system to address the needs.

Decentralized mechanical ventilation system
Decentralized mechanical ventilation system has in principle the same major features as
central mechanical ventilation system.
The main differences are that each room (classroom or playroom) is served by the separate
air-handling unit and that (in principle) there is no need for ducting (and insulation of
ducting). This is illustrated in the figure below.
Otherwise, the supplied air is filtered and heated, as in the central system, and then
delivered directly to the room that is served by the unit. Exhaust air is immediately
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exhausted in the room and the energy from the exhaust air is recovered to preheat the
supplied air before the exhaust air is expelled.

Overall principle of decentralized mechanical ventilation system; red circles show air handling
units that serve each class individually (Source:
http://www.exhausto.dk/projektering/Learning%20%20Skoleventilation/Design%20af%20system/Decentral%20ventilation)
The air can be supplied and exhausted through grills that are the integral part of the
decentralized system or can be delivered via suspended ceiling or even specially designed air
terminal (usually connected to the duct). There is generally no need for the supply and
exhaust terminals.
The efficiency of energy recovery is the same as for the central system.
Air handling of decentralized system can be located on the roof or on the attic, can be placed
in the room, in the window/window hole or on the façade next to the room. This may create
some aesthetic issues, both when placed outside and inside.
When the unit is placed on the roof, there is a need for ducting and the terminals for the
supply and exhaust.
The main advantage of the decentralized ventilation system is that it can be automatically
balanced and the parameters for the supplied air can easily be adapted depending on the
changing demand (carbon dioxide, humidity or temperature).
The main disadvantages when using decentralized systems are elevated noise and vibration
and the need for maintenance of many systems. In addition, the location of main intake and
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exhaust can create shortcutting and drawing the air exhausted from the room back into the
building.

Hybrid ventilation system
Hybrid ventilation systems, sometimes-called mixed-mode systems, combine natural and
mechanical ventilation system in one volume (building).
Natural ventilation system uses natural forces, buoyancy and wind forces, to supply the air
and exhaust it from the rooms (classrooms) as illustrated in the figure below. Natural
ventilation can be the sole method of ventilating the building if only the weather conditions
support the adequate ventilation.

Overall principle of ventilation system using natural forces; three principles of natural
ventilation are presented, from the top single-sided, cross-ventilation and stack ventilation
(Source: http://www.windowmaster.com/solutions/natural-ventilation/natural-ventilationprinciples)
If weather conditions do not support natural ventilation, then the mechanical system is used
to ensure sufficient ventilation. Poor weather conditions could include too low
temperatures causing cold draughts or too high temperatures limiting stack effect or
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windless conditions reducing forces to move the air. The mechanical system can include only
the exhaust fan installed where the air is expelled from the building or balanced mechanical
ventilation system, as described above. The exhaust fan will create the under pressure in
building which will promote air movement. Both the exhaust fan or central balanced
mechanical ventilation system are activated, when the natural forces to move the air are
insufficient and the quality of air is subsequently reduced (as indicated by the measurements
of e.g., carbon dioxide or relative humidity). Mechanical ventilation system installed in the
buildings with hybrid ventilation can be either central or decentralized.

Overall principle of hybrid ventilation system using natural forces in summer and mechanical
ventilation system in winter (Source:
http://eic.velux.com/EIC_Visualizer/News/Newsletter2012-11-20.aspx)
The advantage of hybrid system is that it combines the benefits of natural ventilation with
benefits of the mechanical system allowing significant reduction of operation costs. The
system is particularly advantageous in large halls with tall ceilings, which naturally creates
the conditions promoting updraft of the air. This is one of the reasons why in the
frontrunner buildings the hybrid system was mainly used in general areas, assembly and
sport halls.

Nighttime ventilation (free cooling)
Night time ventilation (free cooling or ventilative cooling) is the method of using low
outdoor air temperature at night and intensified airflow rates to remove (through
convection) the heat accumulated in the building envelope/structure during the day, as
illustrated in the figure below. The method will additionally create the sink for the heat
generated or brought into the building during the following day.
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The principle of night –time ventilation using free cooling, wgere heat accumulated over the
day (top) is removed by cold air at night (bottom) (Source:
http://sustainabilityworkshop.autodesk.com/buildings/night-purge-ventilation)
Intensified ventilation can be achieved by forcing the air through ducts, in case there is
mechanical ventilation system, operating decentralized mechanical ventilation systems at
night, opening the windows or especially designed slots, which can be opened at night, or
operating hybrid systems.
In principle, the flows that should be used are much higher than during the day to achieve
the strong effect. This means that the systems have to be over dimensioned, i.e. high
capacities need to be installed in the air-handling unit already during the design stage, and
the supply air terminals must be able to deliver large volumes of air.
Additional requirements for achieving efficient cooling are that the nighttime temperatures
should be low, as a rule of thumb below 20oC, and the minimum difference between indoor
and outdoor temperature is 3K (for further discussion refer to: N. Artmann, H. Manz, P.
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Heiselberg, Climatic potential for passive cooling of buildings by night-time ventilation in
Europe, Applied Energy, 84(2), 2007, 187-201).
The advantage of nighttime ventilation is that it provides free cooling and there is no need
for installation of air conditioning or mechanical cooling in the building. The disadvantage of
night time cooling is that it needs forced ventilation with high capacities installed in the
system or opening of all windows/slots to achieve intensified ventilation which may not be
possible because of the security reasons. Another disadvantage is that it requires nighttime
temperatures below 20oC or lower, which may be difficult to achieve in certain climates
during certain parts of the years, especially in summer. Schools are closed for summer
though and then the ventilation may not be required. In locations with high ambient
pollution or where there is haze or high outdoor humidity is a frequent phenomenon use of
nightime ventilation as well as hybrid ventilation in general can be limited.

Assessment of performance of frontrunners as regards indoor air quality and thermal
environment
The performance of the subset of frontrunner buildings as regards indoor environmental
quality was examined by means of simple physical measurements and subjective ratings of
pupils and teachers. The main objective was to examine, whether there is any measurable
impact of renovations with timber facades resulting in significant energy reductions on
indoor environmental quality. Another objective was to examine, whether there are any
technical systems in frontrunners that are performing exceptionally well in the context of
indoor environmental quality and can thus be recommended when creating technical
signpost.
The physical measurements were performed for the period of two months in the winter
season. They were compared with the conditions in the randomly selected conventional
educational buildings that did not undergo the renovation process; in these conventional
buildings, the similar measurements were instituted. The subjective ratings of teachers and
pupils were performed only once during the period when the physical measurements were
carried out and only in the frontrunner buildings.
Frontrunner buildings performed well as regards measured indoor temperature. This is
illustrated in the figure below. The average temperatures were generally between 22 and
25oC and where fairly stable, i.e. small variation of temperatures were observed (on average
<1oC). The subjective ratings of temperature conditions showed that these temperatures
were assessed to be neutral to warm, i.e. slightly on the warmer side.
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Cumulative distribution chart showing % of time with temperatures below or above certain
level; green lines show temperatures in frontrunners and red in the reference conventional
buildings. No systematic differences in the measured conditions between the two different
types of buildings can be seen
Frontrunner buildings performed also well as regards air quality. This is illustrated in the
figure below. Carbon dioxide measurements were used as a proxy of air quality. The
measured concentrations of CO2 were generally below 2,000 ppm (and often below 1,500
ppm); 2,000 ppm is the action level i.e. the level, which cannot occur for the extended
period and in case it is occuring it requires means to achieve intensified ventilation to reduce
it. Carbon dioxide levels were systematically lower in frontrunner buildings compared with
conventional buildings, on average by 200-300 ppm, which corresponds to ventilation rates
which are higher by about 3 to 4 L/s per person. Subjective ratings of air quality in
frontrunner buildings did not show that the air quality was assessed to be exceptionally
good/fresh. However, they did not show either that it was exceptionally poor/stuffy.
There were no large differences between frontrunners and conventional buildings as regards
the measurements of relative humidity and light level as well as regards as other subjective
evaluations both related to environmental factors such as noise and light or well-being and
health symptoms (data not shown).
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Cumulative distribution chart showing % of time with carbon dioxide (CO2) concentrations
below or above certain level; green lines show CO2 concentrations in frontrunners and red in
the reference conventional buildings. There is a systematic difference in the measured
conditions between the two different types of buildings, CO2 concentrations being generally
lower in frontrunner buildings
Generally, frontrunner buildings did well. At the same time, they did not exhibit the
outstanding performance as regards the indoor environmental quality either: the
performance was as good as the buildings that did not undergo the renovations.
Ventilation systems installed in the frontrunner buildings performed well, as well. However,
there was lack of variability in the ventilation systems installed in the frontrunner buildings.
Consequently, it was not possible to associate the conditions measured in the buildings with
the system installed.
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DAYLIGHT SOLUTIONS
Overview/summary
Energy in buildings is largely consumed by heating, ventilation and lighting. To minimize the
lighting consumption and so increase the light comfort for the users, good daylight
conditions must be designed for and present in the finalized room.
Good daylight conditions should not be mistaken for good shading options. On a clear day,
when the sun is shining, the level of daylight is usually too much, and some sort of shading
must be employed, either because of the risk of glare or overheating.
When the sky is cloudy, the available daylight outdoor is much less, and even less inside.

Different sky types are shown here. The clear sky and the intermediate sky include sunlight,
but because the sun light is much stronger than the sky light, daylight should be evaluated
using the overcast sky.
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The daylight factor (DF) is the ratio between indoor illuminance and the outdoor illuminance
from an unobstructed CIE overcast sky.
The daylight factor is not the only performance metric available for assessing daylight
quality, but it is simple and well-defined. The required daylight factor is not fixed, but there
are several guidelines, CIBSE Lighting Guide 10 being one of them:
•
•
•

Average DF under 2% – Not adequately lit – artificial lighting is required
Average DF values between 2% and 5% – Adequately lit but artificial lighting may be
needed part of the time
Average DF over 5% – Well lit – artificial lighting generally not required, except at
dawn and dusk – but glare and solar gain may cause problems

The daylight conditions have been analysed using the Velux Visualizer.

Velux Visualizer frontpage. Available from http://viz.velux.com/
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Daylight solutions
Daylight conditions are simulated in classrooms with various day-lighting solutions and
commented. Four RENEW SCHOOL frontrunners and two schools used for referencing are
shown here. The daylight conditions are reported as daylight factor values in a wall-to-wall
plane at the height of 0.85 m above the floor.
The light transmittances of the different glazings are estimated based on number of panes,
and the presence of a low-energy/solar coating or no coating.
The graph below shows the outcome of the analysis. The detailed results are depicted on the
following pages.

The graph depicts the average daylight factor for four frontrunners (F) to the left and two
references (R) to the right. It also shows the window-to-floor ratio.

The graph shows the average daylight factors and the corresponding window-to-wall ratio.
Focusing on the daylight factor (the blue columns) of the frontrunners, the values increase
from left to right.
For F2 and F3 this corresponds to the increase in window-to-floor ratio. For F1, the overhang
reduces the daylight significantly. The ‘backlight’ from the window placed high in the
opposite façade does not compensate enough.
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For F4, the skylight (1 m2) translates into the highest daylight factor even with the lowest
window-to-floor ratio.
The daylight factor of reference R1 compares well with F2, but because of the old glazings in
with high light transmittances, R1 only requires smaller openings. Comparing R2 with F3, a
similar conclusion can be drawn.
Based on the CIBSE Lighting Guide 10, four schools (F2-F4, R1) are adequately lit (>2%) and
one (R2) is almost well-lit (approx. 5%). Out of the four adequately lit schools, F3-F4 have
approx. 50% more daylight.
Consequently, the following solutions are recommended for retrofitting of buildings if
enough daylight should be provided:
•
•
•
•

The window-to-floor ratio should be above 18%. In a classroom this corresponds
approx. to a façade opening ratio of 42%
Even small skylights significantly reduce the need for large façade windows, and
skylights may be tilted away from the sun to provide daylight without overheating
Shading should be by external light-coloured blinds, that allow diffuse light to enter
even when activated. This prevents the necessity of artificial lighting
Overhang is not a recommended solution as it obstructs much daylight from the sky
and it does not prevent overheating when the sun is low on the sky
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F1. Capriva kindergarten #18. This building relies on a large overhang to reduce overheating
from solar radiation. However, it reduces the available daylight significantly. Windows are
placed high on the opposite side of the façade shown but they are too small to compensate
sufficiently. There are white internal blinds for glare protection.
Please note that the average DF is only calculated for the room (even though the area
marked includes some of the ‘dark’ outside)
- 31 -

F2. Schwanenstadt school #8. The room-long window façade gives off plenty of view out, but
the column-beam systems reduces the effective window area and thereby the view to the
upper and brightest regions of the overcast sky. The inner part of the room is not well-lit.
The trees are not included in the simulation; they reduce the daylight even more.
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F3. Rainbach school #9. The large windows create good day-lighting in overcast conditions,
even with triple glazing installed. However, the day-lighting control does not switch off the
artificial lighting, at least in the row closest to the facade. There are external blinds to protect
from overheating.
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F4. Vibeengen school #17. The high-ceilinged rooms allows for façade windows to be placed
high providing more daylight into the classroom. The façade windows are supplemented with
a skylight towards the back of the room. There are external screens in front of every façade
window protecting from overheating.
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R1. Prosek school. Not Renew frontrunner. The high windows make the upper brightest parts
of the sky visible and together with the high light transmittance of the old glazings, the
windows create adequate daylight conditions.
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R2. Neumarkt school. Not Renew frontrunner. The large windows with old glazings with high
light transmittane provide good daylight conditions. The blinds are of light color which makes
the room well-lit even when the blinds are down to protect from direct sun.
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(F1) Large overhang, backlight

(F2) Reduced window height

(F3) Large facade windows

(F4) Skylight

(R1) Narrow, high windows with high
light transmittance

(R2) Large windows with high light
transmittance

The table shows the daylight factor values in a plane 0.85 m from the floor. The
frontrunners F1-F4 and the two references R1-R2 are depicted.
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ENERGY SOURCES INCLUDING RENEWABLE ENERGY

Overview/summary
The energy systems installed in the frontrunner buildings are presented here. Particular
attention is given to the advantages of low energy demands and peak loads, the high level of
efficiency of the selected systems and the integration with renewable sources. Several
solutions have been adopted in frontrunners including different integration strategies.
The energy systems used in the frontrunner buildings included:
•
•
•
•
•

heat pumps,
photovoltaic systems,
gas boilers,
biomass systems,
district heating.

Heat pumps represent the most numerous solutions installed in the frontrunner buildings.
Particularly they were adopted in 7 schools, respectively #1, #2, #4, #5, #12, #13, and #18.
Gas boilers were installed in 6 frontrunners, respectively #5, #9, #12, #13, #16, and #17.
Biomass systems were adopted in 5 frontrunners, respectively #8, #9, #10, #11, and #15. The
buildings with biomass systems were mainly located in Austria and Slovenia.
District heating systems were used in 3 frontrunners, where this service was available. These
were frontrunners #6, #7, and #14.
Photovoltaic systems (PV) were installed in 11 frontrunner buildings: #4, #5, #6, #7, #8, #9,
#10, #11, #15, #17 and #18. PV systems were integrated on roof or facades.
Two frontrunner buildings: #2, and #9, also have solar thermal systems.
In addition to the above systems, wind turbine and hydropower stations were used as well.
In one frontrunner (#7), wind turbines were small-scale devices installed on the stairwell
roofs. In frontrunner #4, wind turbine and hydropower stations were installed in the building
nearby.
In many cases, the energy systems were adopted in the integrated way with more than one
system installed in the same frontrunner building. For example, heat pumps were installed
together with PV systems.
The table below provides the summary of the energy systems installed in frontrunner
buildings. The table shows also which system was installed in which country to provide
climatic, geographical and social context.
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Summary of the main energy systems and renewable energy systems installed in the
frontrunner buildings
frontrunner
/ country
1 - Nor
2 - Nor
3 - Nor
4 - Swe
5 - Bel
6 - Ger
7 - Ger
8 - Aus
9 - Aus
10 - Aus
11 - Aus
12 - Slo
13 - Slo
14 - Slo
15 - Slo
16 - Pol
17 - Den
18 - Ita
19

heat pumps
●
●
●
●
●

gas boilers

biomass
system

district
heating

solar
thermal
●
●

●
●
●
●

●
●

PV

●
●
●
●

●
●
●
●
●
●
●
●

●

●
●
●
●
●
●

●
●
●

●
●

Technologies
In many frontrunner buildings, several energy efficiency measures were adopted in an
integrated way. These measures included:
•
•
•
•

building envelope and ventilation systems including high thermal insulation of
building components,
airtight envelope,
heat recovery in mechanical ventilation systems,
optimal external solar shading devices allowing high solar gains to reduce heating
load and the minimal solar load to reduce cooling load.

The above features were the result of a holistic approach and the result of complying with
the voluntary energy or sustainability certification, e.g. passive house standard.
The solutions applied in the frontrunner buildings result in a very low energy use and a very
high energy saving compared with the solutions used traditionally in the conventional
buildings, i.e. buildings that cannot be termed the high-energy performing buildings.
Frontrunner buildings exhibit low and very low heating and cooling loads (low thermal peak
power) usually lower than 10 W/m2. This has measureable consequences for the systems
and equipment installed such as smaller systems components are used such as smaller heat
pumps, boilers, circulation pumps, ventilation fans, with related advantages in terms of costs
saving and the reduced need for maintenance.
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Another consequence is that for the heating systems the existing radiators from the preretrofit condition can be operated at lower temperature of the supply water. This has
measurable advantages regarding the performance of heat pumps and condensing boilers,
as well as reduced heat losses in the distribution system.
Low energy demand is also beneficial for the integration of renewable energy systems with
the traditional energy systems. Renewable energy systems can use smaller size components
thereby reducing costs; the zero energy balance can be easily achieved.
Finally, smaller components can also be better integrated within the building.

Graphical presentation of energy consumption and sources before renovation (in orange) and
after renovation (in green). An example is given for Schwanenstadt Secondary School
(frontrunner #8)
(Source: H. Plöderl, M. Berger, G. Lang, C. Muss, H. Weingartsberger, B. Krauß, HC.
Obermayr. Erste Passivhaus-Schulsanierung - Ganzheitliche Faktor 10 Generalsanierung der
Hauptschule II und Polytechnischen Schule in Schwanenstadt mit vorgefertigten
Holzwandelementen und Komfortlüftung. Berichte aus Energie und Umweltforschung
33/2008)
Heat pumps and geo-thermal systems
In seven frontrunner buildings, heat pumps were installed to achieve heating. These were
mainly electrical heat pumps that can have high coefficient of performance (COP) at the
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nominal condition of operation as well as during operation in other conditions (seasons).
Because the heat pumps can operate with low temperature of water supplied for heating,
they can reach high performance.
Installation of heat pumps reversible with the season allows covering energy demands for
heating and for cooling in different seasons. This is clearly illustrated in the frontrunner
building #18 in Italy. Again low energy demands allows for selection of the heat pump with
low heating and cooling power. Reversible heat pumps can be characterized with high COP
for heating and by high energy efficiency ratio (EER) for cooling in nominal conditions, as
well as outside the nominal conditions i.e. during different seasons. This is a yet another
advantage of low energy demand.
In the frontrunner buildings, heat pumps were mainly installed as a part of centralized
equipment for the entire building. In some cases, e.g. in frontrunner #5 (Heusen-Zolder
Adult School), the central heat pump was working together with decentralized heat pumps
installed for the purpose of heating. In such situation, heat pumps suitable for decentralized
and integrated installations can be applied. Heat pumps can be integrated in ceiling, floor or
walls components, as well as in the prefabricated wooden façade elements. Prefabrication
would then bring additional benefits whereas the systems would be characterized with high
level of integration of the components.
Some heat pumps are integrated in one component together with the mechanical
ventilation and the heat recovery systems. These solutions are also called compact units.
Compact-units devices can also integrate heating and cooling coils to treat the airflow and
the tubes’ connections with external solar thermal panel for heat production. Decentralized
ventilation units with heat recovery are usually integrated inside the wooden external walls.
Compact-unit devices were not included in the frontrunner buildings. However, they are
used in the Raldon school building; a passive house certified new building for public school in
Municipality of San Giovanni Lupatoto in Verona, Italy
(http://www.passreg.eu/beaconProjectDetails.php?beacon_id=58&ref=beaconlist). Another
interesting system adopted in wooden façade components is the system installed in the
Frankenberg school building in Tesimo, Bolzano, Italy
(http://www.michaeltribus.com/portfolio/frankenberg/index.html).
Heat pumps can be coupled with geothermal heat sources and use the heat in the ground
and groundwater. This provides benefits in term of seasonal performance. Such solution is
used in frontrunner #1 (Romsdal Secondary School).
School buildings (and kindergartens) are generally low-rise and take large surface area.
Therefore, ground heat exchangers can be integrated under the building base and also in the
building footprint. Ground heat exchangers are thus beneficial for newly constructed
buildings or during retrofits requiring construction work in the basement floor, which is in
contact with the ground, or if retrofits include addition of new buildings. In other cases,
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ground heat exchangers can be located under the schoolyard or other open-plan spaces
being a part of the school grounds.
Geothermal sources can be coupled with mechanical ventilation systems. In this case, preheating and/or pre-cooling of the air supplied by the ventilation system is possible. Because
total outdoor air supply rates in classrooms and playrooms are high as a result of high
occupation, preheating or precooling provides significant benefit in terms of energy
expenditure.
Ground-coupled air heat exchangers were installed in frontrunner building #17 (Vibeeengen
Primary School) and #19 (Kalmthout). In these buildings, ground-coupled air heat exchanger
is connected to a central balanced mechanical system; the exchanger can also be coupled
with decentralized ventilation system.
Ground heat exchangers are made of plastic with adequate resistance and durability of
joints and other elements to be buried in the ground at the depth of about 2-4 meters. An
air-to-earth geothermal field generally has a horizontal extension and can be also quite wide.

Photovoltaic systems
Photovoltaic systems (PV) are integrated in 11 frontrunner buildings. In all cases, great care
was made to reach an appreciable architectural integration and a good esthetic aspect,
when PV solutions were installed. In some cases, PV was integrated on the roof surfaces
considering shapes and orientation features. This is illustrated in the pictures presented
below.

- 42 -

Examples of roof integrated PV systems; from the top the frontrunner buildings
#4, #18, #6 and #15 are shown
Frontrunner building #8 (Schwanenstadt Secondary School) used an interesting solution in
which PV systems were integrated with the part of the south oriented facades. This solution
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was adopted during the building retrofit project; PV is installed on the existing façade as
illustrated in the following pictures.

Examples of facade integrated PV systems (by the arrow) in the frontrunner #8
(Schwanenstadt)
It is also possible to integrate PV panels in the facades as fixed shading components above or
near windows; such solution was not adopted in any of the frontrunner buildings. These
shading elements should be well dimensioned in order to guarantee adequate control for
solar gains during the whole year. Horizontal and vertical overhangs can be covered with PV
cells on the sunshine surface and they can be dimensioned with adequate length and depth
to achieve shading of the transparent and opaque exterior surfaces of the buildings during
summer and intermediate seasons.
Solar systems can support the energy production for heating and domestic hot water. This
solution was adopted in frontrunner buildings #2 and #9. The rules of installations of such PV
systems are the same as for any other solar collectors. Different typologies of solar collectors
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are suitable for such systems and both flat plate collectors and evacuated tube collectors can
be used. Principally, these collectors can be integrated with the facades components.
As in case of geothermal heat pumps, the relatively large footprint of the buildings with large
roof surfaces (such as schools and kindergartens) create conditions promoting PV systems.

Biomass systems
Biomass systems were used in frontrunner buildings #6, #8, #9, #10, #11 and #15. They
provide energy for space heating and domestic hot water. Biomass sources can also be used
for district heating. Such solution was used in the frontrunner building #6 (Detmold
Vocational School).
Biomass systems in frontrunner buildings used often wood pellets as the energy carrier;
wood chips were used as well. The locations where wood and other biomass source is
readily available in great quantities and managed in environmentally sustainable way benefit
and promote use of biomass systems.
Use of a wood biomass system requires a space for the biomass storage. This can consists of
a room or an appropriate tank or volume. It has to be dry and directly connected with the
biomass boiler. The storage space has to be accessible also for the periodical biomass supply.
When biomass boilers are installed in technical rooms placed inside the thermal envelope of
the building, it is important that they have automatic and direct air supply from and the
outlet to the outdoor environment so that the safe combustion process is secured. This
connection to the ambient air should not compromise building airtightness.

Example of biomass boiler and building space to storage the biomass (wood chip or pellets)
during construction-refurbishment phase of the frontrunner building #8 (Schwanenstadt)
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Gas boilers
In some frontrunner building, gas boilers were installed as a retrofit solution. Gas boilers
were installed in buildings #5, #9, #12, #13, #16 and #17. Gas boilers are used in connection
with other thermal systems such as heat pumps, which were described earlier. The other
systems integrated with gas boilers cover usually most of the thermal loads, while gas boilers
are designed to deal mainly with the peak loads. The solution, in which gas boilers cover
peak loads. allows optimal dimensioning of heat pumps and their high COPs. Thanks to such
application, an optimal heat pump size can be chosen and it can operate more or less at the
constant load. Such solution was installed in frontrunners # 5, #12 and #13.
Gas boilers can be condensing types with a simple control system, which modulates the
supply temperature for heating depending on the outdoor air temperature. With lowtemperature heating systems in frontrunner building being the result of low energy demand
and high insulation level reducing heat loss, condensing gas boilers and heat pumps are very
beneficial as they can reach high efficiency in real operation conditions.
The integration of heat pump and gas boiler was achieved in the frontrunner building #13:
the heat pump operates when the outside temperature is ≥0°C; when temperature falls
<0oC, this frontrunner building is heated by a gas condensing boiler using natural gas. The
share of the heat produced by the heat pump is 60 %; the rest is provided by the gas boiler.
This allows the heat pumps, which exchange heat with the external air, to operate with the
higher outdoor air temperature. As a result higher COP values are achieved.
High efficiency, high quality level of design, operation and maintenance of the systems is
obtained by thermal insulation of all portions of tubes, ducts, valves, hydraulic components,
pumps, etc. and by choosing high efficient pumps with electronic control.
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Example of the integration of different energy systems in the frontrunner #9 (Rainbach); note
that the gas boiler is installed to cover the peak loads when the pellets boiler does not deliver
enough energy (Source: I. Domenig-Meisinger, A. Böhm. Kraftquelle Schule - Rainbach i.
Mühlkreis. klimaaktiv Bauen und Sanieren „NutzerInnenzufriedenheit und Raumluftqualität“,
Wels 23.10.2014).
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