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IDENTIFY TECHNICAL EQUIPMENT PACKAGES

INTRODUCTION

Reducing the energy demand of the building stock is one of the biggest challenges
facing the EU. Energy policy objectives are therefore to improve the energy
efficiency of existing buildings, which are mainly represented by residential
buildings (approx. 75%), and to promote the development of renewable energy
sources [1]. Energy efficiency measures include improving the thermal envelope of
buildings (e.g., by applying insulation layers to exterior walls and roofs and
replacing the entirety of existing windows with high-energy windows) and
improving the energy efficiency of heating, cooling, and lighting systems. These
measures are necessary to approach the net ZEB standard.

AIM OF THE REPORT

The suitability of available technical retrofit packages depends on the building
typology, the location of the building and the local environmental conditions. For
example, for buildings without existing ventilation systems, decentralized
ventilation via individual room ventilation units can often be more recommendable,
as the installation of ventilation ducts and/or the installation of a central ventilation
system in the existing building is usually technically impossible and/or associated
with high investment costs. In addition, depending on the conditions of the existing
situation and in the context of the technical refurbishment, an integration of
renewable energies and storage concepts may be recommended. This report is
therefore intended to provide an overview of the prerequisites for individual
refurbishment concepts and, as a result, to make recommendations for the type of
technical refurbishment that can be derived depending on the existing situation.
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PREFABRICATION AS A KEY-TECHNOLOGY FOR NZEB

IDENTIFICATION OF THE BASIC REQUIREMENTS

With more than 70% of residential buildings older than 30 years, renovation is
becoming increasingly important [2]. The use of prefabricated modular
multifunctional renovation elements offers the potential to reduce the time
required for the renovation measure and thus reduce the level of disruption to
residents, while at the same time improving quality and performance in terms of
energy efficiency, building physics and indoor climate [3] [4]. The industrial
prefabrication of facade elements including the top layer offers the further
advantage of avoiding the risk of increased building moisture in connection with
reduced on-site installation times. Energy improvements can be achieved both in
heating periods and in cooling periods. Although prefabricated renovation systems
are associated with high investment costs, they can be refinanced through the
reduced heating demand.

In their work on prefabricated timber elements for sustainable building
refurbishment, Sandberg et al. highlight the following requirements that enjoy a
high priority from the customer's point of view [4]:

= Positive effects on architecture (building physics, appearance, energy
efficiency) and living quality

= Long service life of the materials used

= Low investment costs and short payback periods

= High flexibility to accommodate individual building designs

= Short Installation Times

However, the serial renovation must ensure that the building is physically harmless.
This includes thermal and moisture protection as well as air tightness. Furthermore,
fire, sound and driving rain protection must be ensured [5]:

In addition to minimizing heat loss, thermal insulation also includes ensuring a
comfortable and hygienic indoor climate and reducing the formation of
condensation on the inner surfaces of building components [6]. Moisture
protection includes the protection of buildings against the effects of water [6].
Moisture protection is decisive for the longevity of the facade. To prevent the
formation of mould, the temperature on the inside of the facade must not fall
below the guideline value of 12.6°C (surface temperature) [7]. Compared to the
horizontal component of the rain (strongly wind-dependent), a high requirement is
placed on the impermeability of the facade, especially joints [7].

Furthermore, there are requirements for fire protection. In the area of high-rise
buildings in particular, legal requirements must be met (e.g., F90 wall). In the
context of fire protection, Le Levé et al. state in their work that double planking is
necessary for 90min fire protection [8]. The following figure illustrates a concept
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implementation of required fire protection measures using the example of a high-
rise building:

Figure 1: Fire protection measures using the example of a high-rise building for the parapet area (left)
and continuous wall surface (right). Image source: [5]

Air tightness is another basic prerequisite for the suitability of the construction in
terms of building physics. The purpose of this is to minimize ventilation heat loss
and to avoid condensation. The latter refers to the transition of warm room air and
cold component layers of the exterior wall. In serial renovation, the airtight layer
can be either on the existing interior wall or on the outside of the existing wall. The
inclusion of the windows is crucial [5] [6].

If the additive facade elements are not fixed directly to the existing wall, e.g.,
because the assembly layer requires it and consequently the air tightness is no
longer ensured, other concepts must be used. For this purpose, Sandberg et al.
present wall elements that are combined in different sizes by assembling the facade
elements horizontally and/or vertically with a tongue and groove joint. Bonding of
the joints and covering of the insulated spaces with a membrane serve to
complement the airtightness of the renovation layer [4]. There are test procedures
for testing the airtightness that are standardized in EN 13829.
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SYSTEM MODULARITY

In their work, Torres et al. present a plug & play facade construction system based
on modular system components. The modules can take on different functions
without removing the original envelope: adding insulation, improving the
airtightness of the building envelope, replacing windows, and integrating PV or
solar thermal and HVAC systems (figure below) [9].

Figure 2: Different finishes and systems of the plug and play facade module. Image source: [9]

The use of active energy-saving measures in the facade (e.g., PV and solar thermal
energy) in combination with passive components (thermal insulation) can, in the
best case, reduce the use of conventional fuels to zero (NZEB - nearly zero-energy
buildings). In terms of energy policy objectives, the integration of active energy-
saving measures proves to be necessary. For this reason, systems that offer the
integration of green energy generation systems are analyzed in detail in this report.

The modular timber fagade system by Sandberg et al. for energy retrofitting of
residential buildings offers a high degree of flexibility by adjusting the length of
connecting bars and can be adapted to timber, concrete, and brick structures [4].
The adaptability to different types of building structures, materials, tolerances,
geometries, and energy requirements makes the modular timber facade system
very applicable and efficient. The adaptability to irregularities of the existing
structure is identified as a major challenge for the use of modular fagade systems

[9].

Variable module sizes (1200mm to 3000 mm — fig. 2) and a dynamically scalable
assembly level (limited only in module size), as presented by Torres et al., allows on
the one hand to compensate for irregularities of the building envelopes and to
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serve the architectural characteristics of the individual buildings [9]. The properties
of the insulation layer can also be modularly adapted to the requirements of the
respective building regulations and climate zones [9].

MOUNTING

In a renovation project, it can be difficult to locate the necessary load-bearing
structures, as detailed drawings are often missing, and the walls have not
necessarily been realized according to specification. In addition to measurement
techniques to determine suitable fixing points, different module sizes can not only
absorb unevenness in the building structure, but also bridge weaker wall structures
that are unsuitable for mounting the wall brackets [4]. Unevenness can result from
demolition of existing cladding to identify suitable fixing points. Maximum module
sizes are also determined by transport restrictions and accessibility at the building
object (e.g., option for crane use).

In [5], a concept for the application of the Sherpa Efcon facade connector [10] in a
high-rise context is presented. The independent assembly of the modules and the
associated exchangeability of the modules are highlighted as system advantages of
the facade connector. In comparison, a module exchange in the case of element-
overlapping force transfer would be associated with a temporary auxiliary load
transfer or would result in the dismantling of elements above. Furthermore, the
compensation of tolerances in all directions is mentioned as an advantage [5]. The
following figure illustrates the application principle of the fagade connector:

Fugendetail Fassadenelement

~ ~_Decke (2.8. Stahibeton)

_SHERPA EFcon Fassadenverbinder.

‘/ Montage des ndchsten Elements

__ Bestandswand (2.B. Mauerwerk verputzt)

vorgefertigtes Fassadenelement

Fe di taltung nach Wunsch
ok zB verputzt, hinterliiftete Fassade,

Sockeldetail
/Dammgg in_Ausgleichsschicht

__Démmung im Gefach | Stdnder

Sockelanschlussschwelle

__Fugenabdichtung

Figure 3: Sherpa Efcon Facade connector. Image source: [5] (original source: [8]).

According to TABULA, these buildings are mostly made of concrete [11]. This offers
a great opportunity for building renovation, as facade connectors can be well
attached to it. In this context, it proves to be of crucial importance that high-quality
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information about the condition of the existing facade is obtained with the help of
modern technologies such as topographic surveys or 3D scans and point clouds [9].

CASE STUDIES FROM THE LITERATURE

Sandberg et al. present prefabricated timber facade elements whose height is
oriented to the floor height with a length of 4m to 8m, oriented to the concrete
partition walls. The thin elements consist of, among other things, 18mm plywood
panels, 100mm insulation, 25mm non-combustible windbreak panel, 32mm
ventilation gap and customized facade panel. A low thermal bridge area in the
module is designed to reduce the risk of condensation. The facade elements are
either mounted on mounting battens or directly attached to concrete elements, if
available. Fire barriers are provided to prevent the spread of fires [4].

With a thickness of approx. 200 mm of the facade elements in [4], an integration of
ducts of the technical finishing trades can be ensured in most cases (follow-up
chapter: HVAC IN PREFABRICATED MODULAR FACADE PANELS).

For their part, Torres et al. present a modular system that is suspended from
brackets that must be installed in the facade beforehand. During installation, the
panels are first positioned vertically (including the anchoring) and then finally fixed
horizontally (figure below). Inner insulation layer and polyamide profiles are used
to avoid thermal bridges in the facade system [9].

2. Horizontal
sliding

1. Vertical sliding (from
top to bottom) and
engage the unit in the
vertical gasket

Figure 4: Connection between panels - System’s anchorage design, with possibility of adjustment in

the “y” axis and in the “x” axis and guarantee load transmission and intermediate element for hanging
panels and adjustment and leveling. Image source: [9]
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In this modular system concept, the modules of the lower row are fixed to four
anchor points. The modules above are only attached to two load-bearing anchor
points, as the higher levels are supported by the lower panels. In this context,
structural integration with the existing structure is crucial, as the panel deadweight
creates additional loads that must be taken up by the existing structure. The load-
bearing capacity at each anchor point should be determined in advance for this
purpose. The anchors are mounted to the supporting structure [9].

The system's special feature is that the outer surface can be customized (cf. fig. 2).
Fibre cement, aqua panels, ceramic tiles, and wood are used as passive energy-
saving components of the renovation layer. As a rule, an air gap of 64mm is
provided between the insulation layer and the cladding in this concept, on the one
hand to enable the dissipation of water vapour and to secure an installation level
(e.g., electrical for PV) [9].

WINDOWS

The original windows are removed, and a new sill is installed on the inside of the
window. The size of the windows is usually limited by the size of the facade
elements. Since larger module sizes can usually be implemented, typical window
sizes can be easily integrated into residential buildings that are being renovated. In
addition, shading systems such as roller shutters or blinds can be integrated in the
renovation layer.

SUMMARY OF THE CONDITIONS OF APPLICATION

= According to [12] (cited in [5]), the construction process for prefabricated
facade elements results from: (1) stocktaking (including surveying), (2)
module selection (incl. size), (3) concept for module fastening (to the wall
and/or in the module composite), (4) securing the module materials with
regard to heat, fire, moisture and sound insulation as well as statics.

= |t is necessary to create a layout of all components, panel modules and
fastening systems already in the design phase. This is because a model
obtained from a point cloud, for example, can facilitate the definition of the
anchorages [9].

= Anchoring system of modular facade systems must allow high tolerances to
adapt to the irregularities of the facade.

=  Mounting additive insulation elements on damp walls can create a risk of
condensation at the interface. The risk of condensation can be avoided with
ventilated facade systems [13]. Some studies have looked more closely at
the hygrothermal behavior of renovated solid walls and recommend the
installation of a vapour barrier and insulation with a good moisture buffer
effect [3] [14].
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= Prefabricated renovation can be carried out using self-supporting wall
elements as well as non-load-bearing elements. In the case of self-
supporting elements, the installation of a wall base is necessary to absorb
the vertical loads. A prerequisite for the use of non-load-bearing
lightweight walls is that the load-bearing structure in the existing facade
can bear the dead load of the additive elements [4].

10
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HVAC IN PREFABRICATED MODULAR FACADE PANELS

VENTILATION INTEGRATION - INSTALLATION AND INSULATION

Energy-efficient facade renovation is accompanied by greater air tightness and thus
a reduction in draughts [4]. Due to the higher air tightness, the natural air renewal
decreases, which can impair the indoor air quality, whereby the artificial air
renewal, or manual air renewal, gains importance to ensure an indoor air quality in
terms of the well-being of the occupants. [15].

In their study, Pihelo et al. present modular wall elements with a total thickness of
340mm to 380mm, of which approx. 300mm to 340mm is thermal insulation
(uwar=0,11W/m2K) [3]. Within these modules, ventilation ducts are drawn
(@=approx. 125mm), as a subsequent installation of ventilation ducts within the
flats does not appear possible due to a lack of space. By integrating the ducts in the
facade element, controlled air renewal can take place and thus improve the indoor
air quality. The system is installed in a 5-storey student residence in Estonia [3]. In
the study by Pihelo et al., a preheating of the supply air ducts is further presented

[3].

Integrating the ventilation ducts within the external facade offers the advantage of
saving space, time and costs when renovating residential buildings. The challenge
is to distribute the exhaust and supply air ducts across the external fagade without
losing heat. In the context of outPHits, the energy refurbishment of the building
envelope, there are several different methods for installing ventilation ducts in the
facade that avoid heat loss. These methods include:

= The installation of the ventilation ducts on the existing wall, and the filling
of insulation material around the ventilation ducts. Here, special attention
must be paid to good documentation to ensure that ventilation ducts are
not damaged by subsequent fastening work of the new insulation level.
This type of installation offers the highest degree of flexibility regarding the
course. However, this is done under the restriction of increased installation
efforts (time and costs).

= The use of insulation material with pre-cut and removable elements for the
integration of ventilation ducts as required. Here, different directions of the
ventilation ducts can be made possible through various cuts in the
insulation material. The advantage of such renovation systems is a high
degree of flexibility and minimally invasive installation. Fraunhofer ISE has
developed corresponding concepts for this, in which ventilation ducts are
integrated into the external insulation. The ventilation ducts are then in
turn distributed over the outer facade and below the insulation level (cf.
[16] and [17]).

11
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= Afactory integration of ventilation ducts in prefabricated fagade elements.
This concept was tested in the context of prefabricated timber facades in
the CCEM research project of the University of Applied Sciences
Northwestern Switzerland (FHNW) and using the half shells of the company
Flumroc AG. A simple plug-in system is used to connect the ventilation
pipes to each other. The prefabricated wall modules are placed on top of
each other. The construction site must ensure that the ventilation pipes are
brought together manually during installation. A tight connection of the
ventilation pipes is guaranteed by double lips. When laying the half-shells,
an offset is necessary to meet fire protection and sound insulation
requirements. The ventilation offset can be made as a narrow shaft, formed
by narrower module elements. The following illustrations are intended to
show the procedure (contents from [18]):

da N

Figure 5: Assembly sequence for connecting the ventilation pipes when placing
corresponding additive fagade elements on top of each other; from left to right: pull out
telescope, align ventilation pipe, connect ventilation pipes. Image source: [19] (quoted from

[18]).

Figure 6: Representation of two stacked timber facade elements with connected ventilation
pipes. Image source: [19] (quoted from [18]).

Figure 7: Laying the half-shells in an offset pattern to meet fire protection and soundproofing
requirements. Image source: [19].

12
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For ventilation integration, at least 8cm to 12cm over-insulation of the ducts is
recommended [17]. When installing the ventilation ducts in the insulation level of
the exterior wall, only core drillings need to be made in the target rooms, which
keeps disruptive interventions for the occupants to a minimum. Alternatively, it is
also possible to use prefabricated multifunctional window modules. For this
purpose, Fraunhofer ISE offers a multifunctional window module for integration
into the prefabricated refurbishment of the building envelope (cf. [20]).

Possible ways of integrating ventilation ducts in renovations within buildings are
the use of free ducts and faced riser shafts for vertical runs (fire protection aspects
must be considered here) and suspended ceilings, floor construction and the use of
decorative ventilation ducts for horizontal runs. In the case of lagging, particular
attention must be paid to hygienic requirements, as cleaning must be ensured (cf.
[17]).

HEAT PUMPS - INSTALLATION AND INSULATION

A modular heat recovery unit integrated into the ventilated facade cavity is
presented by Martinez et al. [15]. This system concept is suitable for use in multi-
floor residential buildings and offers the function of recovering heat from the
ventilation air. This allows ventilation air to be preheated in the cooling period and
precooled in the hot period. Due to their small depth and low cost, fixed-plate heat
exchangers are very well suited for integration into facade elements [15].

Heat recovery is not required, but by using mechanical ventilation with heat
recovery, heat losses are reduced, and a high level of thermal comfort can be
guaranteed. Supply air heating also makes it possible to dispense with conventional
heating systems. This can reduce costs. For passive houses, heating with heat
pumps and heat pumps compact units as well as heating with biomass boilers
supported by solar systems have turned out to be the preferred heating systems.
Heat pumps for passive houses usually require low outputs, typically in the range
of 1.5 to 2.5 kW [21]. A first practical demonstration was carried out in the EU
project iNSPiRe in a demo building in Ludwigsburg, Germany (exhaust air heat
pump, approx. 1 kW in combination with a ventilation unit, in facade integration)
[21].

Heat pumps (HP) are a widely used option to achieve energy efficiency
improvements in the building sector [22]. The micro heat pump with MVHR
(Mechanical Ventilation with Heat Recovery) is even a possibility to integrate HVAC
in a prefabricated facade due to its small footprint. An insulation layer of approx.
300mm is required for system integration [23], which would be given with the
facade modules presented in [3]. Heat losses through the facade-integrated
components are in the acceptable range [23].

However, lower thicknesses of the facade elements with heat pump integration
could also be realized. The necessity of the required insulation thickness results
from the avoidance of condensation effects between the heat pump and the
existing wall, which can occur with insufficient insulation. Therefore, a thin strip of

13
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good insulation (e.g., aerogel thermal insulation) is required between the heat
pump and the existing wall. Module thicknesses of approx. 25cm could find greater
application in practice in the next few years.

Since the installation involves only one breakthrough and minimal installation
within the flat, disruption times for the residents remain reduced. The system use
of micro-HP and MVHR is designed for very energy-efficient buildings that have
heating loads in the range of 10 W/m?2. The source of the micro-HP is the extract
air. Additional system requirements are pre-heating, auxiliary heating for peak load
coverage, maintenance accessibility from outside and optional supplementary
bathroom radiators [23]. Although exhaust air heat pumps often require a
supplementary system, they can cover a relevant part of the heating/cooling energy
demand for air conditioning and allow a remarkable reduction of primary energy
demand due to their high average seasonal yield.

In the SaLiH! research project (see [21]), concepts were developed for the facade
integration of a drinking water heat pump including a storage unit and a heating-
ventilation heat pump. In the process, integration possibilities in a lightweight
timber curtain wall and in the parapet area below a window were considered. The
domestic hot water heat pump and storage unit were only evaluated theoretically.
A functional model was developed for the heating-ventilation heat pump. The
integration of heat pumps in curtain walls enables a high degree of prefabrication
and minimizes installation efforts. The challenge lies primarily in the availability of
space within the fagade at reasonable costs.

Figure 8: Functional sample of a prefabricated wooden fagcade with integrated outdoor unit of the
heating-ventilation-heat pump. Image source: [21].

14
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The prefabricated facade from the functional sample consists of the following
components:

= A wooden frame.

= A wooden panel covering the mineral wool thermal insulation inside and
outside.

= A cement-bonded chipboard cladding.

Another possibility is the integration in the curtain wall (concept illustration in the
following figure). The advantage here is the larger space available, which ensures
integration of the heat pump [21]. Behind the outdoor unit, a more powerful
insulation board is used so that critical temperature conditions do not occur despite
the lower insulation thickness. In addition, a vapour-barrier membrane is installed
on the inside and an airtight membrane on the outside. The test facade is 31cm
thick [21].

Figure 9: Possibility of integrating storage tank and heat pump in a curtain wall. Image source: Vaillant,
sourced from [21].

Solutions for heating and hot water production in multi-storey residential buildings
based on decentralized micro heat pumps in combination with a ventilation unit
are promising but require further research and development.

SUMMARY OF THE CONDITIONS OF APPLICATION

=  Facade-integrated heat pumps usually require additional systems for heat
generation and cooling. As a further technical requirement, these need
maintenance accessibility and thicknesses of the facade modules of at least
300mm. [23].

15
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= Ventilation ducts are installed in the cavity. The air intake in the rooms is
usually provided on the sides of the windows. Ventilation fans and heat
recovery systems are mounted in easily accessible places for maintenance
(figure below). Usually near stairwells or plant rooms.

100 mm
50 mm

Figure 10: Ventilation system: components (left) and system concept (right). Image source:

191

= Multifunctional facade elements enable the flexible installation of HVAC
systems (e.g., ventilation ducts), electrical supply lines and ICT lines within
the insulation elements to minimize disruptions for users. Existing building
services systems and utilities can thus be successively replaced. Over-
insulation of 8cm to 12cm is recommended for pipe runs [17], in order to
avoid thermal bridges and to prevent strong cooling (winter) or heating
(summer) of the fresh air [18].

16
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CONVERSION OF SOLAR ENERGY

PV AND SOLAR THERMAL FOR ENERPHIT-PLUS AND -PREMIUM

While the refurbishment of old buildings with passive house components helps to
reduce the energy demand and achieve the EnerPHit standard, the supplementary
integration of renewable energies can further reduce the costs for energy
procurement. Depending on the use of renewable energy in connection with the
renovation of an old building, the EnerPHit classes Classic, Plus or Premium can be
achieved [24].

Great progress has already been made in solar technology. This concerns
photovoltaics, solar thermal as well as the combination of both. Therefore, these
are considered the most feasible solution for integrating renewable energies in
building applications [25]. In terms of local energy generation, photovoltaics (PV)
offers great potential for providing sustainable electrical energy [26]. This is
especially true in an urban context [26]. However, compared to photovoltaics, solar
thermal energy has a 2 to 4 times higher efficiency in the conversion of solar energy
[27]. Solar thermal and PV are a good way to reduce energy costs and achieve a
high EnerPHit standard in the context of refurbishing old buildings.

This means that buildings are faced with the task of achieving an energy
requirement minimum and an electricity generation optimum in addition to
functionality and aesthetics. Buildings will therefore become small power plants in
the future. The following functional requirements must also be placed on combined
additive facade elements consisting of active energy-saving components and an
insulating layer:

= Weather protection

= |nsulation

= Sound insulation

= Aesthetics (coloring conceivable)
= Air conditioning

= Thermalinsulation

CATEGORISATION

According to [28], three categories can be identified about the structural
integration of photovoltaics. The type of installation influences design, costs, and
efficiency. These basic categories can also be applied to solar thermal energy:

= Integration level I: Application (visual integration) - additive integration
Integration level | comprises those applications where the PV or solar
thermal modules are additionally installed in front of or above the actual
building envelope. This is of high practical relevance for renovation. Apart
from a few structurally necessary points, the system does not enter any

17
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further structural connection with the building, which means that no
significant changes to the existing structure and the functions of the
building envelope are required.

= Integration level II: Constructive addition - substitution

In this category, the PV or solar thermal modules are seen as part of the
building envelope and are structurally connected to the structure. By
serving as weather protection, they take over the main function of the
outermost layer. This is of high practical relevance in the context of serial
refurbishment, as in this function an increase in efficiency can be achieved
through rear ventilation in the case of PV, the risk of overheating in the case
of solar thermal systems is avoided and challenges of air tightness are not
on this level.

= Integration level Ill: Constructive integration - full integration
PV or solar thermal modules are components of the warm facade or the
roof covering. As components of the building envelope, they take over all
its functions, such as weather, thermal, solar, and sound insulation. Warm
roof constructions are usually associated with air tightness challenges due
to the installation of fastening anchors.

Possibilities for building integration, from left to right: on the sloping roof, in the
sloping roof, on the flat roof, in the flat roof, in front of the facade, cold/warm
facade, skylights, sun protection. Integration of PV in glass facades, skylights,
parapets, and solar shading technology is possible, but will not be the focus of this
report. It has been shown that the investment costs of building-integrated solutions
are 20% to 30% higher than for rooftop systems [28].

BUILDING INTEGRATED PHOTOVOLTAIK - BIPV

In their study, Evola and Margani investigate the energy and economic viability of
retrofitting residential buildings in a moderate climate using Building Integrated
Photovoltaics (BIPV) [1]. It is shown that the NZEB standard target for single-family
houses can largely be ensured by using the building roof area as PV area. For multi-
family houses (and especially > 5 floors), this is usually not the case. BIPV is a good
solution for these buildings.

The major challenge compared to roof mounting is the mutual shading of buildings,
especially in an urban context [29] [30]. However, BIPV offers the advantage of
distributing energy production throughout the day by placing modules on different
facade orientations. BIPV concepts can also help to improve the thermal
transmittance of the building envelope and thus reduce the heating energy demand
[31] and ensure compliance with EN 50583 and IEC-TS 61836 [29]. Especially the
last point should be emphasized in the project context of outPHit, because BIPV
should be considered as a multifunctional element that contributes to energy
production and building envelope improvement. Regarding the normative
situation, DIN VDE 0126-21 "Photovoltaics in the building sector" (original:
Photovoltaik im Bauwesen) must be mentioned for German-speaking countries,
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which describes detailed requirements for safety, product verification and
construction product guidelines, quality and reliability, planning, installation and
building integration.

Saretta et al. therefore dedicates their studies to the investigation of the BIPV
retrofit potential of facades. Their approach focuses on an evaluation at the urban
level [29]. districtPH is used to derive renovation and development scenarios for
the building stock at the neighborhood or city level. Energy balances are created.
Electricity and heat networks, renewable energies, electromobility and public
consumers are included in this balance [32]. A parallel consideration or expansion
to include BIPV retrofit potentials according to [29] can be recommended.

The profitability of BIPV is significantly linked to the climatic location and the
orientation of the building, in addition to the building's own demand and the
building's statics. In their work, Evola and Margani show that there are strong
fluctuations in the absolute values of electrical energy demand for lighting,
appliances, heating, and cooling in relation to the geographical location [1]. The
energy demand for lighting and electrical end-uses is relatively constant. The
differences result predominantly from electrical heating sources and cooling
appliances. In the north of Italy (Milan), the additional electrical energy demand for
heating and cooling is twice as large as in the south of Italy (Catania) - Comparison
based on measurements in kWh/m?a. In the north, approx. 80-90% of the
additional electrical energy demand is for heat generation. In Catania it is approx.
30%. In Rome, there are relatively balanced shares. Since the absolute value is
larger in more northern regions, it can be stated that heat generation is more
energy intensive. Furthermore, the heating energy demand measured in kWh/m?2a
is lower in multi-storey buildings compared to buildings with few storeys.

In addition, it is shown that the potential of BIPV on a south fagade is 30% lower
than for PV systems with optimal inclination. For east and west facades, this is 50%
lower compared to the optimal tilt (applies to northern and southern Europe [33]
[34]). Buildings with a north-south main axis (usable area) require almost 20% more
PV area compared to the same building with an east-west orientation [1]. This
results from the annual electrical energy consumption and the orientation-
dependent potentials. Furthermore, the investigations of the BIPV profitability in
relation to the location show that in Northern Europe it is more advisable to invest
primarily in thermal refurbishment than in BIPV coupled fagades [35]. Regarding
the amortization of BIPV, the following dependencies can be identified [1]:

= The higher the number of floors in a building and thus the usable wall area
for PV, the shorter the payback period.

= The higher the feed-in tariff, the lower the payback period, of course.
PV glass has similar mechanical and strength properties to architectural glass. As PV

glass is already a composite material, the requirements of the building regulations
are met [9].
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SPECIAL CASES WITH BIPV

Solar thermal PVT Austria offers customized solar modules with colored solar cells
[36], which can meet the aesthetic demands of BIPV. With the Schiico Energy now
concept, AluKonigStahl offers a building-specific combination of high thermal
insulation, shading and building services components. Energy is generated by
integrating solar thermal and photovoltaic systems [28].

Shading of PV modules can lead to significant yield losses. If shading cannot be
avoided, passive modules (even in PV optics) could be placed, or a series connection
of many modules should be avoided. A parallel connection would be preferable in
this case, as it is associated with lower power and yield losses in the shaded case.
In the unshaded case, the series connection is the more cost-efficient solution [28].

If buildings are listed, BIPV and thus the use of additive facade elements is often
only possible to a limited extent. Here, local building regulations must be checked.
In addition, fire protection regulations can become valid with BIPV; here, too,
reference must be made to national/regional building regulations. For Germany,
these would include DIN4102 "Fire protection in building construction" (original:
Brandschutz im Hochbau) and DIN EN 13502 "Classification of construction
products and types of construction for their reaction to fire" (original:
Klassifizierung von Bauprodukten und Bauarten zu ihrem Brandverhalten).

SOLAR THERMAL SYSTEMS AND THEIR INTEGRATION INTO FACADE ELEMENTS

Solar thermal energy can be installed analogous to photovoltaics in the classic roof
structure or integrated into fagade components (STF: solar thermal fagade, ASTF:
active solar thermal fagade, summarized below as STF). By integrating solar thermal
energy into the building envelope (wall, window, shading, or roof), the STF offers
both the function of insulation and thermal energy generation [25]. The increasing
industrialization of production in the building industry, e.g., of prefabricated
ceilings, prefabricated concrete parts and facade modules, offers the opportunity
to integrate the function of STF cost-effectively into these modules. The same
applies to heating, ventilation, and shading functions. The distribution structure
integrated into the facade. The following figure illustrates the concept of STF as
facade modules:
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Figure 11: (a) Schematic design of the proposed STF; (b) flow channel of the STF; (c) conceptual wall
renovation with the STF. Image source: [37]

The solar thermal system is usually an (un)glazed solar thermal collector integrated
into a sandwich panel as an active facade, with the absorber acting as an external
cladding [38]. The panel serves as both cladding and absorber. Capillary tubes made
of copper are welded to sheet metal tubes. A water-glycol mixture is usually used
as the heat transfer medium, which circulates through the capillary tubes. The
capillary tubes are located on the outer sheet metal and act as absorbers. The
thermal energy thus generated in the medium is transferred to the heat exchanger
(usually positioned in the technical room of the building) [9].

In [37], the configuration of a solar thermal fagade module with internal extruded
flow channel is optimized for different applications. The thermal performance of
the solar thermal fagade module (STF) is a factor that depends on several design
parameters:

=  Material

= Color and lacquer type

= Tube diameter and number

= Tube length and vertical distance between tube rows

The results identify stainless steel as the material of the STF and due to the high
absorption and low emissivity, selective black for the colored coating. Black chrome
has the best performance with the highest thermal efficiency (almost 70 %) and the
lowest heat loss coefficient (about 13.17 W/m?). The optimal range for fin diameter
was found to be 25 to 40 mm, the number of fin rows 4 to 10 with a fin length of
2.4to 2.7 mm and a vertical spacing between the fin rows of 60 to 100 [37]. In [39],
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the efficiencies of different colored absorbers are analyzed via TRNSYS, with the
result of deviations of 7% to 18% depending on the location and selection.

Based on the work of Zhang et al., the advantages and disadvantages of different
systems are highlighted below [25]:

= Wall-based systems such as WAF solar facade by WAF-Fassadensysteme
GmbH [40]) and MegaSlate (3S Swiss Solar Solutions AG [41]) offer the
possibility of improving thermal insulation and integrating pipework within
the facade elements. The systems usually consist of a metal plate with a
selective treatment as a solar absorber, a liquid cooling circuit connected
to the absorber, an insulating layer on the back and protective glazing.
Wall-based systems have a high degree of prefabrication and can be
compared to the cost of a conventional facade. In addition, the active and
economic integration of solar collectors into the top layer means that large
collector areas can be implemented. Disadvantages of wall-based systems
are additional costs for cleaning and maintenance, risk of overheating and
weather resistance of the materials. Condensation and thermal frost within
the insulation also pose a risk. The additional loads impose correspondingly
high structural requirements. The MegaSlate system uses double glazing
and argon gas in the interstitial space to reduce heat loss. The WAF system
consists of Cu pipes in an insulated material and conduit sheet optionally
protected by weather protection plates. The elements can be connected in
series.

=  Window-based systems offer the possibility of a high degree of
prefabrication, like wall-based systems. Transparent and translucent STF
models offer the function of solar heat absorption and daylight
transmission. Air-based STF systems have the advantage of low cost but are
also less efficient in absorbing solar energy compared to fluid-based STF
systems, due to the low density of air. The glazing creates a corresponding
weather resistance. A disadvantage is that light transmission is slightly
reduced. Furthermore, the requirement for additional movable shading in
the open-view area is a necessary system requirement. Due to the
temperature load and the associated thermomechanical deformation of
the components and the overall system, the reliability of the collector
represents the greatest risk of these systems.

= Solar thermal modules can also be integrated as balcony elements. An
example is Swisspipe [42], a vacuum tube collector. Since the tube heat
absorbers are standardized products that can be easily interconnected and
extended, flexible dimensions can be implemented. Advantages include a
high degree of prefabrication and good suitability for retrofitting in existing
buildings. Due to the complete exposure of the system to the outside
situation, there is a risk of weather damage, but easy accessibility for
maintenance and cleaning is also ensured.
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=  Roof-based STFs have a comparable structure to wall-based systems and
can be created in a modular structure and thus also represent an economic
and highly efficient solution. The similar structure also results in the same
advantages (including simplified cable routing, improved thermal
insulation of the roof) and disadvantages (including high static
requirements). System providers include Tesla [43] and Energie Solaire
[44].

The requirements for STF regarding efficiency, safety and durability are laid down
in standards. These include, in particular, EN12975 (Solar thermal systems and their
components - Solar collectors - Part 1: General requirements + Part 2: Test
methods), EN12976 (Solar thermal systems and their components - Factory-made
systems - Part 1: General requirements + Part 2: Testing) and EN12977 (Solar
thermal systems and their components - Customized systems - Part 2: Test methods
for solar water heaters and combi systems + Part 3: Performance test methods for
solar water heaters + Part 4: Performance test methods for solar combi cylinders +
Part 5: Performance test methods for control devices).

In summary, it can be stated that facade modules with integrated solar thermal
energy offer high potential, but their market penetration is currently still limited by
the module size and complex structure, the risk of overheating and high investment
costs [25]. The increase in industrially prefabricated facade elements offers the
opportunity to solve existing obstacles and to put market penetration into
perspective.

SUMMARY OF THE CONDITIONS OF APPLICATION

=  The use of BIPV is recommended when the usable wall surfaces run in an
east-west direction and in apartment buildings with more than five floors.

[1].

= STF offer improved operating performance, high collector capacity, the
possibility of modular installation, pipe routing within the facade and thus
reduced equipment space under the requirement of increased load-
bearing capacity, compared to the separate design [25].

= According to [28], the following requirements for BIPV can be identified:

e Modular system structure given

e Dismantling possible

e Rear ventilation available

e No absorption of mechanical forces (transmission)

e Materials for anchoring: bricks, fibre cement, natural stones, metals,
glass, or plastics, if these are back ventilated and anchored by means
of a metal substructure and retaining clips (statement without
additional insulation).
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ROOF RENOVATION AND ROOF GREENING

ROOF REFURBISHMENT

One method to reduce the high energy demand and the associated CO, emissions
in the building sector is to increase thermal insulation and thus reduce the heat
transfer coefficient. First and foremost, an energetic refurbishment of the entire
building envelope is selected as a measure. Studies show that, in certain cases,
renovating only the roof of a building is better than renovating the entire building
envelope [45]. Borras et al. show in their studies that especially in warm climates
with dry summers, high temperatures and solar radiation, the influence of the roof
on the heating energy demand is greater than 50%. Therefore, in these climates,
the option of renovating only the roof is an effective solution [45]. The colder the
climate, the higher the energy savings resulting from the renovation of the entire
building envelope compared to the renovation of the building roof [45].

ROOF GREENING

In the context of thermal renovation of the building roof (flat roof) in an urban
context, green roofs represent a method to demonstrably reduce energy demand
and CO; emissions and consequently improve air quality [46]. In addition, a
reclamation of green spaces in the city can be created in this way.

In regions where the need for cooling energy predominates, higher vegetation
densities on the green roof show higher energy savings. This is illustrated in [45],
which compares three different roof renovation concepts. Variant B and variant C
differ only in the thickness of the green roof area.

= Variant A: EPDM Waterproof sheet 0.0012m, 025W/mK, XPS Thermal
insulator 4.5-15.5m, 0.033W/mK, Gravel 0.06m, 2W/mK

= Variant B: EPDM Waterproof sheet 0.0012m, 0.25W/mK, Anti-root sheet
0.001m, 0.33W/mK, XPS Thermal insulator 3.5-14, 0.033W/mK, Plastic
nodular drainage layer 0.04m, 0.33W/mK, Filter sheet 0.001m,
0.038W/mK, Substrates 0.1m, 0.435W/mK, Vegetation sedum 0.1m

= Variant C: EPDM Waterproof sheet 0.0012m, 0.25W/mK, Anti-root sheet
0.001m, 0.33W/mK, XPS Thermal insulator 3.5-14, 0.033W/mK, Plastic
nodular drainage layer 0.04m, 0.33W/mK, Filter sheet 0.001m,
0.038W/mK, Substrates 0.6m, 0.435W/mK, Vegetation sedum 0.4m

On the other hand, in the warmer climates, similar savings are shown between
Variant A and C, while Variant B shows the lowest savings [45].

Green spaces with high vegetation densities show good results for the described
initial situation in [45]. However, these can be associated with a high dead weight.
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For this reason, special attention must be paid to the building statics when using
this solution.

ENERGY ROOF

The energy roof is a concept for generating thermal energy via the roof surface
without additional collectors and the option of adding PV modules to generate
electrical energy. In the renovation of old buildings, especially single-family houses,
this system can replace outdated heating solutions and, in combination with heat
pumps and ice storage, cover the thermal energy demand of the building in a CO,-
neutral way [47]. Renovation while the building is occupied is possible.

The roof system requires a high degree of absorption and good thermal
conductivity to transfer the solar radiation to the heat transfer fluid. The material
used is usually coated aluminum in a dark color (cf. SOLAR THERMAL SYSTEMS AND
THEIR INTEGRATION INTO FACADE ELEMENTS). A system concept can consist of
energy roof, heat pump, ice storage, switching valve, belly water storage, control,
heating circuit and hot water preparation [47]. Underneath the roof system, the
insulation and insulating layers are.

Additional ice storage tanks can be installed outside in the ground. Piping from the
outside into the technical room is possible. Analogous to solar thermal facade
modaules, this represents an opportunity to use solar thermal advantages during
renovation work.

SUMMARY OF THE CONDITIONS OF APPLICATION

= According to [45], renovating the roof independently of the building
envelope is a solution for warm climates with dry summers and high
temperatures.

= |n addition to high static requirements, green roofs are subject to the

prerequisite of regions where the need for cooling energy outweighs that
of heating energy [45].
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CONCLUSION

The use of prefabricated facade elements offers numerous advantages, such as the
standardization and industrialization of the manufacturing processes. This
increases the speed of construction and leads to a reduction in execution time and
construction costs. In addition, high quality standards can be set through the
controlled environment of industrial production. According to various studies, time
savings of 30% to 50% and ultimately cost savings of 20% to 40% can be achieved
by using modular strategies in construction [48]. Reduced renovation time also
reduces disruption to occupants [49], which can be crucial for marketing renovation
approaches.

An integration of ducts and system components of the HVAC trades as well as an
integration of renewable energies is possible in prefabricated facade elements.
Minimum thicknesses for the facade elements of 200mm to 300mm are identified
for HVAC integration in the building envelope [4] [23].

In serial refurbishment, it can be difficult to identify load-bearing structures and
consider complex building structures. Scalable modular facade elements as load-
bearing and non-load-bearing elements offer the required flexibility. The
combination of passive components for energy saving (thermal insulation) and
active components (PV) can help to reduce the use of conventional fuels to zero
(NZEB). In this context, a high degree of system modularity allows the combination
of different designs of the refurbishment layer, e.g., a mix of active and passive
system components: Insulation layer without active components PV modules with
insulation behind them and insulation layer with solar thermal [9].
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