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1 Il ntroduction

This report is the first of a two-part deliverable that presents the fagade-integrated renovation
kits that have been developed during the Inspire project. The report covers the following
three kits integrated into wooden-frame envelope modules for residential buildings:

1 Kit 1: Facade-integrated micro heat pump and heat recovery unit.
T Kit 2: Prefabricated vertical distribution shaft and integration of pipes and ducts.
1 Kit 3: Envelope-integrated thermal solar collectors and PV panels.

Prototypes of each fagade-integrated kit are fabricated and experimentally tested. Laboratory
tests include facade heat transfer and noise performance, as well as the energetic efficiency
of the active systems installed. Measured data is processed to prove the product
effectiveness and to validate simulation models. Dynamic facade simulations are performed
taking into account the different functions of the facade in order to allow a realistic
optimization of the components and control strategies of the final prototypes. Stepping
forward from the state-of-the-art, the integration of such components is prefabricated off-site

att he industry partnersod6 f act omdndasturingaptotessesi ng t he

Kit 1 consists of a fagcade-integrated cost-effective ventilation and heating device for very
energy efficient buildings. This is composed of a micro-heat pump in combination with a heat
recovery unit. Two prototypes were already constructed and assessed (see D 3 . Repoiit on
ventilation and active heating/cooling devices integrated in the facadeo ) . | n trdpert,
a third prototype is presented. An acoustic assessment is carried out on this prototype as a
crucial factor for the occupant acceptance of the system.

Kit 2 consists of a prefabricated vertical distribution shaft to distribute energy from energy
generation systems to the dwellings through the facade. This Kit offers the possibility to
reduce the working time and to benefit from industrialized production, building a testified plug
and play product. A discussion is presented regarding the prefabrication and installation of
the prototype built for Ludwigsburg demonstration case.

Kit 3 develops a best-practice solution for the integration of solar collectors and PV panels
into a prefabricated timber envelope for renovation. The scope of this Kit is not to develop
new technologies from the scratch but to innovate on products based on technical
cooperation among project partners, offering both a systemic approach and a ready solution
to planners and clients on the market. The optimized integration technology will offer
economical and aesthetical advantages in relation to current practices.
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2.1 Motivation

The aim is to develop a facade integrated cost-effective ventilation and heating/cooling
device for very energy efficient buildings. The prefabricated unit is designed as a compact
system for minimal space use. A minimal installation effort is desirable for economic reasons.
The whole solution will be prefabricated and thus the construction and installation times can
be kept as short as possible and will enable minimum disturbance for the inhabitants during
renovation. For more details, see also D 3 . Repoiit on ventilation and active heating/cooling
devices integrated in the fagadeo .

2.2 Concept

A micro-heat pump in combination with a heat recovery (MVHR) unit is developed. The
typical power of the heat pump will be up to 1 kW for heating. For this reason, very high
building standards (e.g. EnerPhit 25 kWh/(m2 a) or better) are required for the application of
this solution. The unit will be fully integrated in the fagade.

The heat pump uses the exhaust air of the MVHR unit as source and provides heat to the air
supply of the ventilation system. Thus, one compact unit can be used for combined
ventilation and heating. Fresh outdoor air flows into the MVHR unit, where it is heated with
an energy recovery coefficient of up to 95 %. Then, it is further heated by the micro-heat
pump up to 52 °C (absolute maximum ca. 55 °C) in order to supply space heating. When the
micro-heat pump cannot deliver the required heat power an additional auxiliary heater heats
the supply air. An additional radiator in the bathroom is recommended for comfort reasons,
which might be used as an auxiliary heater. Further an auxiliary heater in the ambient air
(pre-heater) is required to avoid freezing of the MVHR unit.

The unit is built into a prefabricated wooden envelope. The silencers and ducts of the
ambient and exhaust air are also assembled in the fagade. For the supply and extract air,
two different solutions are available: the integration into the fagade, which is limited by
pressure losses and heat losses, and a conventional solution with ducts inside the building.

2.3 Prototype

Two prototypes were built for testing in the so-called PASSYS cells at UIBK (see also D3.8
fPrototype of the ventilation device integrated in f a - g.dA\éhérd prototype is built for sound
measurements in the test rig at UIBK.

2.3.1 First Prototype

For the first prototype the ventilation system with MVHR is integrated in the facade next to a
window. A new type of silencer (compact silencer) with integrated filter which allows the
maintenance from inside the building via the reveal is tested. Figure 2.1 shows a sketch and
photo of the prototype in the PASSYS cell.
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Figure 2.1 - 1%t prototype with MVHR unit, (a) Sketch, (b) Photo of the first prototype

Figure 2.2 shows the view and Figure 2.3 the section of the 1% prototype.
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Figure 2.2 - View of 1 prototype
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Figure 2.3 - Section C-C ®f 1 prototype

2.3.2 Second Prototype

The second prototype (Figure 2.4) is a facade with integrated micro-heat pump in
combination with a MVHR unit. This prototype was primarily designed to measure the
performance of the MVHR unit and of the micro-heat pump. For this reason, no window was
installed and access to the ventilation unit and the heat pump is provided from outside.
Furthermore, the reliability of the unit is tested and the control system is optimized.

Supply air Exhaust

MVHR with condenser  ajr: silencer

Ambient air:
silencer

Micro heat pump

Figure 2.4 - 2" prototype with micro-heat pump, (a) Sketch, (b) Prefabrication in Binswangen
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2.3.3 Third Prototype

A 3 prototype is constructed for the sound measurements of the micro-heat pump. This
prototype is also used to optimize the facade-integration and to gain more experience within
the prefabrication.

Figure 2.5 shows the view of this 3" prototype. The ducts and silencers for the extract,
ambient and exhaust air are integrated in the facade. A window is built in to measure the
sound through flanking transmission under realistic conditions.

O,

1854

399

1037

3750

Figure 2.5 - View of 3 prototype

For the facade-integration several details were prepared (Figure 2.6 to Figure 2.10). An
acoustic decoupling of the whole unit is achieved using Silomer bearings. Flexible canvas
connections are used to separate the ducts from the unit. The unit and the silencers of the
ambient and exhaust air need an additional moisture resistant insulation between the OSB-
plate and the unit or the silencers. The door for the maintenance of the unit is a critical point
of the facade-integration. Moisture damage caused by driving rain must be avoided. The
tightness is tested and optimized within the construction of the 3" prototype.
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Figure 2.6 - Section of the micro-heat pump in demo case Ludwigsburg (Source: Gumpp & Maier GmbH)
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Figure 2.7- Section of the micro silencer and the cut out of the timber beam (Source: Gumpp & Maier GmbH)
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Figure 2.8 - Vertical section for extract air inlet (Source: Gumpp & Maier GmbH)
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Figure 2.9 - Vertical section for supply air inlet (Source: Gumpp & Maier GmbH)
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Figure 2.10 - Mounting of the micro-heat pump with acoustic separation (Source: Gumpp & Maier GmbH)

2.4 Acoustic assessment

The noise from the mechanical ventilation system with heat recovery (MVHR) and heat
pumps is an important factor for the acceptance by the residents. Especially in bedrooms
and living rooms, the noise level should be as low as possible.

The noise from MVHRs in rooms is mainly caused by the supply air and the extract air. For
this reason, the noise emission of the supply and the extract air is determined on a functional
model in the test bench. With the results of the measurements the noise level in any room
can be predicted.

2.4.1 Test object

Prefabricated wooden facade for residential applications with integrated MVHR and micro
heat pump.

Wall construction

Plaster 1.5cm
Brick wall 25.0cm
Mineral fibrous 4.0cm

Prefabricated facade 43.2 cm
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In the test wall a window is integrated. The extract air is situated in the reveal of the window
and the supply air is distributed at a ventilation duct with a silencer in the room.

Figure2.11-Test obj ect Ainsidef

Figure 2.12-Test obj ect Aoudsi deif

i
L 1

Figure2.13-Test object Aoudsi deHP, view on MVHR and G
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2.4.2 Test preparation

In the acoustic test bench a brick wall is built und plastered on one side. The prefabricated
wooden fagcade is mounted and the gap between the test object and the test bench is filled
with insulation and sealed airtight.

In the air supply a silencer is used. The pipe and the silencer are enclosed with a wooden
structure to prevent sound transmission from the ventilation duct, see Figure 2.13.

2.4.3 Measurements
Sound emission extract air (slit)

The sound pressure level during operation of the ventilation unit is measured on a quarter-
cylinder surface at a defined distance to the extract air. The distance was set to 15 cm to
prevent the influence of background noise.

Sound emission supply air

The sound pressure level during operation of the MVHR and the micro heat pump is
measured on a hemispherical surface at a defined distance to the air intake. The distance
was set to 15cm to prevent the influence of background noise.

Operating stages

The sound pressure level is measured at different operating stages of the MVHR and the
micro-heat pump. The MVHR can be operated in 3 stages (1, 2, 3). The micro heat pump
can be operated in a range between 50 Hz and 150 Hz. The measurement is carried out for
three operational stages (50 Hz, 100 Hz, 150 Hz).

2.4.4 Results

The surface time-averaged pressure level Lpa is calculated by correcting the mean time-
averaged sound pressure Level, L@asm, for background noise (Kia) and the test
environment(Kzx), using the equation:

0 Oee 0 0
The sound power level, Lwa is calculated using the equation:
U U p % Qo
where

S is the area, in square meters, of the measurement surface

So =1ma

Extract air

The slot-shaped extract air with the dimensions of 4.0 x 60.0 cm is located in the window
lintel (reveal).

The measurement surface can be described as a surface of a quarter-cylinder with a radius
of 15.0 cm and a length of 60.0 cm with a lateral end as 1/8-sphere.
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The surface time-averaged A-weighted sound pressure level is shown for the different
operating modes in the following table.

Table 2.1 - Extract air - Sound pressure level

Extract air - Sound Operation stages i micro heat pump
pressure level [dB(A)] Off 50 Hz 100 Hz 150 Hz
(HPO) (HPO50) (HP100) (HP150)
Operation stages 1 15,7 dB* 27,3dB 27,5 dB 31,3 dB
MVHR 2 22,4 dB 37,1dB 36,5 dB 37,1dB
3 31,9dB 45,9 dB 45,7 dB 46,0 dB

* corrections for background noise Kia = 3 dB

The surface time-averaged A-weighted sound power level is shown for the different operating
modes in the following table.

Table 2.2 - Extract air - Sound power level

Extract air - Sound Operation stages i micro heat pump
power level [dB(A)] Off 50 Hz 100 Hz 150 Hz
(HPO) (HPO50) (HP100) (HP150)
Operation stages 1 11,2 dB* 229dB 23,0dB 26,8 dB
MVHR 2 17,9 dB 32,7dB 32,1dB 32,7dB
3 27,5dB 41,5 dB 41,3 dB 41,6 dB
* corrections for background noise Kia = 3 dB

Supply air

The measuring surface of the supply air opening can be described as a surface of a
hemisphere with a radius of 15.0 cm.

The surface time-averaged A-weighted sound pressure level is shown for the different
operating modes in the following table.

Table 2.3 - Supply air - Sound pressure level

Supply air - Sound Operation stages T micro heat pump
pressure level [dB(A)] Off 50 Hz 100 Hz 150 Hz
(HPO) (HP050) (HP100) (HP150)
Operation stages 1 16,6 dB* 22,3dB 20,3dB 30,3 dB
MVHR 2 26,8 dB 28,6 dB 28,4 dB 32,0dB
3 36,1 dB 36,3 dB 36,3 dB 37,1dB
* corrections for background noise Kia = 3 dB

The surface time-averaged A-weighted sound power level is shown for the different operating
modes in the following table.
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Table 2.4 - Supply air - Sound power level

Supply air - Sound Operation stages i micro heat pump
power level [dB(A)] off 50 Hz 100 Hz 150 Hz
(HPO) (HPO50) (HP100) (HP150)
Operation stages 1 10,2 dB* 15,9 dB 13,9dB 24,0 dB
MVHR 2 20,5dB 22,2 dB 22,0dB 25,6 dB
3 29,7 dB 29,9 dB 29,9 dB 30,7 dB
* corrections for background noise Kia = 3 dB

2.4.5 Conclusion

The examination of the third prototype showed acoustic values which are tolerable but still
subject to further improvement. In order to protect inhabitants from noise produced by heat
pump or ventilation, further developments regarding sound insulated mounting of the units
and ducts as well as further improvement of small size and high performance sound

absorbers is necessary.
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3 Kit2:prefabricated verticadnddi
i ntegration of pipes and duct s

3.1 Motivation

The goal of this Kit is to be able to renovate the sewage, water and heating piping of a
building while maintaining the services in operation, preventing from temporal relocation of
the tenants. The level of prefabrication is maximized in order to reduce the impact and
disturbance during the works and to reduce working time on site.

Figure gives an overview of the building services, incorporated in this Kit:

e— Solar collector pipe

/ Ventilation ducts to attic
Prefabricated shaft

Plug & Play fittings Pipes and wires
\ /on the facade for
Satellite units from hec’titlng, gomestlc
Vaillant water an
electricity

Figure 3.1 - Figure shows the installations on the fagade and dedicated to the shaft (Source: Gumpp & Maier
GmbH)

3.2 Concept

Based on a prefabricated timber element system for energy renovation, which has been
developed during earlier research projects, new components and methods are developed in
order to renew the following building services:

1 Sewage pipes

Domestic hot water

1

1 Domestic fresh water

1 Water based heating system
1

Electrical wires for sun shading
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