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Preface

The Austro- German Chapter of the International Building Performance Simulation Association (IBPSA) has run its
biennial conference since 2006. Graz University of Technology (TU Graz) is proud to be hosting the 8th BauSIM
conference from 23rd — 25th September 2020, the second such conference to be organized by an Austrian institution.

Every year brings a new adventure and challenge; and sadly 2020 brought a global pandemic that has resulted in
much human suffering and has indelibly changed the working and social lives of many of us. As the organizing team
of the BauSIM, at the peak of the first wave of this crises, we faced the daunting decision of whether to postpone or
to cancel the conference entirely. We did not know whether to err on the side of optimism and hope for the best by
organizing an in-person event, or whether a hybrid model or even a virtual conference was more realistic. In the midst
of the current second wave that is building across Europe, we are relieved to have opted for the online format and are
pleased to be hosting the first ever virtual BauSIM conference.

The term BauSIM is a composite of the German word for building “Bau” and a contraction of the word simulation. In
these times of climate crisis and a pandemic, the quality of the built environment comes to the fore. Buildings are a
major greenhouse gas contributor and therefor a key factor towards mitigating climate change and biodiversity l0ss.
But this meta-role comes in addition to their more immediate function in terms of issues pertaining to indoor air
quality, thermal, acoustical and visual comfort, productivity, and the ability to regulate a buildings' environmental
systems. The current pandemic shows more than ever the mutual importance of high quality and high performance
building design in support of the health and wellbeing of people and communities. With greater awareness of
accelerating global change, we realise that there is still much to do in order to tackle all of the challenges before us.
More so when we consider the time-horizon of these challenges in the context of a predominantly static building
stock.

The nature of this years’ conference has forced us to adapt the format and we have made use of pre-recorded video
presentations which will be aired during live interactive sessions throughout the conference. We are delighted to
announce two keynote speakers this year, Dr. Ruchi Choudhary from the University of Cambridge, who will deliver a
talk on “Digital Twins of the Built Environment” and Dr. Steffen Robbi, who will present “The role of R&D within the
digital transformation of the building industry”, as well as Dr. Sven Moosberger from EQUA who will give a provocation
talk, gleefully (we hope) entitled “time to despair?”.

We also have in store a roundtable discussion with leading experts in the field of building performance simulation on
the topic of “challenges and future endeavours”. Participants for this discussion are Prof. Joe A. Clarke (Professor
Emeritus, University of Strathclyde, FIBPSA), Prof. John Grunewald (Professor and Chair of Building Physics, TU
Dresden), Dr. Per Sahlin (CEO EQUA Simulation AB, FIBPSA), Dr. Michael Wetter (Deputy Leader Simulation
Research Group, Lawrence Berkeley National Laboratory (LBNL), FIBPSA), and Mr. Andrew Corney (Product Manager
at Trimble - SketchUp and Sefaira, UK; FIBPSA).

This year we received 133 abstracts, which following the abstract review process resulted in 97 full papers being
submitted. Of the 80 paper submissions finally accepted, 43% were submitted in German and 57% in English. Hence,
this is likely to be the first BauSIM conference, where we will witness more contributions being delivered in English
than in German.

In total we have received contributions and registrations from participants from 10 countries (Sweden, Germany,
Albania, Austria, Italy, Hungary, Turkey, UK, Switzerland and the US). All of the papers submitted underwent a double-
blind peer review process courtesy of our review panel, which comprised of international experts in the domain of
building simulation. The standard of the paper contributions as well as the hard work of our scientific committee shine
through in our conference proceedings and demonstrate the high quality of research within the IBPSA community,
where 9 of the accepted papers will be selected for publication in a special edition of the Bauphysik journal (Wilhelm
Ernst & Sohn publishers).
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In terms of the subject themes BauSIM 2020 shows the following topical distribution: “tools for building and district
simulation” (ca. 30%), “optimization of operation strategy” (ca. 20%), “comfort (thermal, visual, auditory,
physiology)” (ca. 20%), “BIM based simulation and tools” (10%), “regenerative, decentralized energy systems”
(ca. 5%), “life cycle oriented modelling and simulation of buildings and urban systems” (ca. 5%).

We would like to thank our colleagues at TU Graz without whose sustained efforts this conference would not have
been possible. We extend our warmest thanks to our review panel, our scientific conference committee, our session
chairs, as well as IBPSA World and SimAUD. A special thank-you goes out to our platinum sponsor EQUA, as well as
for the support we have received from the Ministry for Climate Protection, Environment, Energy, Mobility, Innovation
and Technology, Land Steiermark, and GreenTech Cluster. And finally we extend our thanks to you, our participants
who are at the heart of this conference.

Thank you all for making BauSIM 2020 an event to be proud of at this challenging time.

Michael Monsberger, Christina J. Hopfe, Markus Kriiger & Alexander Passer
Graz 2020
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The role of R&D within the digital transformation in the building industry
Dr.-Ing. Steffen Robbi (Innovationslabor ,Digital findet Stadt®)

Compared to most other industries, the productivity in the construction and real estate sector has hardly increased
over the past 20 years. This is mainly due to a slow introduction of digitisation measures. According to Roland Berger,
the construction industry is at the bottom across all sectors when it comes to the level of digitalisation.

A study by PwC from 2018 also confirms: "The people surveyed rate the importance and impact of the digitalisation
in the construction industry very highly. Building Information Modelling (BIM) will increase the cost and time
efficiency as well as the quality of construction projects in the future. The majority of construction companies have
now also recognised the urgency of digitalisation. However, concrete implementation measures are still awaited".

Although many technological innovations are emerging, the high degree of fragmentation and the large number of
different companies involved prevent efficient and comprehensive digitalisation. Large companies in the construction
industry as well as international corporations from outside the sector have long since recognised this trend and are
developing their own solutions, which, however, take little account of the needs and potential of the numerous SMEs,
which account for almost 90% of the companies in the sector in Austria.

The slow arrival of digitalisation is therefore primarily a “cultural” problem. Integral work across company, sector and
construction phases is a prerequisite for digitalisation and BIM to work out their full potential. All stakeholders involved
must communicate in @ model-oriented manner, responsibilities must be reorganized and knowledge must be shared
with one another.

After the last few years within a steady conversion process, after courageous small steps and initial pilot projects, the
construction industry is now facing a major transformation. Internal analogue processes in communication, billing,
data exchange, etc. have already been replaced by new digital tools and platforms. At this stage in particular Covid-
19 has helped to change peoples minds and habits in the usage of digital communication platforms. IT problems that
until recently seemed unsolvable were realized within a very short time. New flexible working environments and habits
have already established themselves as a standard in many places.

In the next step of the transformation, we begin to gain comprehensive benefits from the application of digital models
and tools. We establish automated, model based mass and quantity calculations, test digital procurement processes,
establish open standards in order to enable the introduction of project-accompanying building simulations for quality
assurance. We recognize the added value of a cross-phase collaboration and the consistency of data chains from
planning to operation.

However, real efficiency advantages arise less from people being replaced by machines or analogue by digital
processes. Significant change comes from new business models. In the construction industry, the greatest potential
is seen in the use of operating data and in the (partial) automation of construction processes. However, disruption
does not necessarily have to result in substitution, but can also lead to synergy and to hybrid business models in
which analogue products and digital technologies are combined.

Role of Austrian research

In order to solve the upcoming change phases, not only new digital tools are needed, but a new type of collaboration.
We need a powerful vision of what the construction industry of the future should look like. Understanding buildings
as spaces for living and work is not just the task of architects and developers. It is important to understand the
requirements of users and operators and to develop projects based on them.

Research and development play an essential role within this. R&D projects offer an excellent framework to try out new
ideas or technologies and to win interesting companies as future customers or partners.

According to the BMK, research expenditures in the area of built environment (buildings and cities) sum up to around
EUR 136 million over the past 20 years. In addition to 650 research projects, around 80 pilot buildings were
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constructed in which innovative energy technologies and sustainable construction methods have been demonstrated.
With R&D expenditures of only 0.4% based on gross domestic value , Austria only ranks 8th in Europe. Nevertheless,
with targeted programs and great innovations, it has been possible to achieve high international recognition in the
field of sustainable buildings. For example, the first passive houses in China were developed and implemented by
Austrian offices.

Similar efforts must now be made in the field of digitalisation in order to keep Austrian companies internationally
competitive and to increase the long-awaited productivity of the construction sector.

However, since the topic of digitalisation ranges from communication platforms to the use of artificial intelligence,
from robotics on the construction site and connected sensors, to autonomous driving systems, drones and loT in
operation, a new approach is also required in research. A common vision must form the basis for developing an
overarching strategy with defined use cases for digitalisation in order to be able to clearly show the benefits with the
greatest added value.

With the help of so-called innovation laboratories, Austria-wide platforms were created, which represent a central
point of contact for certain topics. For the digitalisation of the construction industry, the recently founded innovation
laboratory Digital Findet Stadt offers a cross-phase platform on which new innovation projects are initiated. Starting
with a common vision, ideas are developed towards marketable products and services by use of co-creative methods
and tools. Promising research & innovation projects are supported with relevant resources, know-how and access to
a comprehensive partner network, thus promoting cross-sector and cross-phase digitalisation - with open BIM as a
central element.

Together with its partners, the innovation laboratory Digital Findet Stadt is working on the consistency of processes
and data models in order to increase resource, energy and cost efficiency. Digitized processes are the basis for robust
risk management and quality assurance across all phases of the life cycle.

An important indicator in the assessment of success will be whether it is possible to activate the “swarm intelligence”
of the many SMEs and to stimulate a comprehensive build-up of skills so that Austria remains an innovative, export-
oriented and internationally renowned business location for the construction industry.

Dr.-Ing. Steffen Robbi co-founded the innovation lab Digital Findet Staat, platform for digital innovations in the
construction and real estate industry. Previously, he was responsible for Digital Building Technologies as Business
Manager and Senior Engineer at the AIT Austrian Institute of Technology. His first experiences in shaping an innovative
business model that achieves rapid market growth with sustainable technologies, was at the German start-up and now
internationally renowned company Cloud&Heat Technologies.
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Digital Twins of the Built Environment

Dr Ruchi Choudhary (Research Group of Digital Twins of Built Environment at the Alan Turing Institute and
University of Cambridge)

Dr Ruchi Choudbhary is Reader of Architectural Engineering in the Engineering Department at University of Cambriage.
She specializes in simulation methods for predicting energy demand of the built environment. She is leading the
research group on Digital Twins of Built Environment at the Alan Turing Institute (2018-2021). At Cambridge, she leads
the multi-disciplinary Energy Efficient Cities Initiative, initially funded by a Science & Innovation award at Cambridge.
She is also co-investigator of the Cambridge Centre for Smart Infrastructure & Construction. Her research spans
simulation-based methodologies for energy management of buildings, uncertainty quantification in building simulation
models; and multi-disciplinary interactions influencing energy use in cities. She is leading projects on modelling
underground heat and city-scale geothermal systems, urban farming, and end-use energy demand modelling. In 2019
she became fellow of the International Building Performance & Simulation Association (IBPSA). She is elected chair
of IBPSA-England since 2018. She is on the editorial board of J. of Building Performance Simulation, BSER&T the
CIBSE Journal, Sustainable Cities and Society, and ICE J. of Smart Infrastructure & Construction.



PROVOCATION 18

Time to Despair?
Dr. Sven Moosberger (EQUA Solutions AG)

Dr. Sven Moosberger is co-founder and co-CEQ of EQUA Solutions AG Switzerland. In this role, he has accompanied
building performance simulation in the German-speaking world over the past ten years on its way from research to
both education and planning practice. His experience ranges from extensive validation studies, model development
for proauct design, development and implementation of training courses to project management of real construction
projects in the fileds of both building pyhsics, HVAC engineering and building automation. Today he works intensively
on the application of building simulators during operation.
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SHOWING NEW CONCEPTS WITH THERMAL ACTIVATED PREFABRICATED
FACADES FOR RETROFITTING RESIDENTIAL BUILDINGS

F. Hengel!, T. Ramschak!, M. Gumhalter! und D. Venus!
LAEE - Institut fur Nachhaltige Technologien, Gleisdorf, Austria

ABSTRACT

Upgrading the existing building stock is one of the
main leavers to reduce the heating energy demand.
Therefore, prefabricated thermally activated curtain
facades offer the possibility to upgrade insulation
and the heating system in one step whilest reducing
the disturbance of residents during the renovation
process.

In this paper the performance of such systems with a
validated model in IDA ICE for room heating is
examined. To compare, a sensitivity study is carried
out with different concepts and wall types, as well as
a diagramm for designing such systems is
established. All simulations are assessed with the
defined key figures.

INTRODUCTION

To increase the energy efficiency and to reduce the
energy demand of buildings, retrofitting of existing
residential buildings is of utmost importance.

There is a huge potential for highly efficient thermal
refurbishments of multi-family buildings that would
result in significant reductions of COz-emissions.
However, the renovation rate for existing buildings
has been declining for the past few years. In the case
of comprehensive thermal renovations in Austria,
it’s lower 1% which is significantly lower than the
goals set in the Austrian climate protection report
(2% between 2020 — 2030). The current technical
renovation standard as well as the renovation process
have repeatedly proven to be insufficient in terms of
providing the appropriate incentives. This applies
not only to structural but also to HVAC
refurbishments.

According to Fink et al. (2017) buildings constructed
between the 1960s and 1980s account for the largest
share of heating energy demand in Austria (cf.
Figure 1 from IEE project TABULA from 2009 to
2012). The wall constructions are mainly based on
concrete, vertical coring brick, or solid brick with
either insufficient or no insulation installed.

Also, Hofler et al. (2006) shows in its investigations
that in large-volume residential buildings from this
era three different external wall construction are
dominant:
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e Concrete wall systems including wood
wool panels with a total thickness of
25-30cm

e Mantle block outer wall with a thickness of
25 cmor 30 cm, and

e Vertical coring brick wall with a thickness
of 30 cm or 38 cm.

The u-values of these external wall constructions
range between 0.7 W/(m2 K) (30 cm concrete wall
system) and 1.50 W/(m2 K) (based on 25 cm vertical
coring brick wall) according to Energieagentur
Steiermark (2016). Top floor ceilings adjacent to an
unheated attic typically exist of solid concrete and
3 cm of thermal insulation, resulting in a u-value of
1.00 W/m2K. Double-pane glazing with u-values
between 2.5 W/m2K and 3.1 W/m?K is typical for
Windows from this era. The heating of these
buildings is often based on a fossil fuel fired boiler
in combination with high-temperature radiators, and
copper piping for energy distribution.
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4,000,000 -
3,500,000 -
3,000,000 -
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Figure 1: Total heating demand of all large-volume
residential buildings per epoch according to IEE
project TABULA, 2009 to 2012

Additionally to the necessary replacement of the heat
source with more environmental friendly solutions
the predicted lifespan of the copper piping is about
to end after 50 years in operation. Replacing these
heat distribution pipes can result in time-consuming
construction works and high investment costs and
also requires relocation measuers of the residents
during the renovation phase, resulting in additional
costs.
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As reported by STATcube (2020) there are
3.863.262 dwellings in 2.046.712 buildings and
86 % of these buildings are residential buildings in
Austria. The authors show that the largest share of
dwelling units is part of residential buildings with 3
or more dwelling units in total. Following this, the
focus of this research is pointed at large volume
residential buildings in Austria constructed in the
epoch between 1960 and 1980.

Derived from the challenges above, wall
constructions using active heating layers between
the structural part of the building and an outside
insulation layer are quite promising. The typical
appearance of those buildings with mostly flat
surfaces encourages the installation of prefabricated
curtain facades fitted with this active layer and
holding the insulation. This technique also allows to
retrofit a building without disturbing tenants on site
with tedious construction work in and around the
building over a long time period.

Challenging in this regard is the inconsistent contact
situation between the active heating layer and the
outside surface of the existing building. Also, the
heat transfer rates are restricted as the thermal
conductance of building materials like vertical
coring bricks are quite low because of their air gaps
in-between. However, to tackle this issue different
concepts for active facades elements are investigated
within this paper under consideration of comfort
criteria. The paper also gives advices which concept
can be used for which wall construction and
discusses the flexibility potential.

To reach this aims a simulation model is established
were a sample room is investigated. At the external
wall a curtain fagade with an active layer is
implemented, and the heat transfer rates are
determined for different concepts as well as for
different construction of the external wall. To ensure
proper simulation results a validation of the dynamic
annual simulation model is done with a FEM based
simulation model (higher spatial resolution).
Additionally, the load shift potential is identified by
applying a proper control strategy (using parametric
runs for different setpoint temperatures of the
observed rooms).

Based on the defined key figures the results are
displayed in tables and diagrams and the compliance
with comfort criteria is analyzed.

State of research

Regarding research work there are some
publications concerning prefabricated facades. IEA
ECBCS Annex 50 (2010) is a research project and
dealt with renovation with prefabricated facade
elements and integrated building services, such as
solar thermal collectors, component heating of the
outer walls and decentralized ventilation units. The
facades also contained supply shafts for cable
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routing, heating, domestic hot water and ventilation.
In contrast to this paper no detailed concepts were
worked out to improve the heat transfer rate and
additionally no standard facades were defined and
used, e.g. vertical coring brick, plaster and
insulation.

Further projects, Doenig-Meisinger et al. (2007),
Hofler (2012), Giwog (2020a), Giwog (2020b) and
Alingsas Schweden (2013) primarily deal with
prefabricated facade elements for renovation
towards passive house standard. Partially they
integrated some HVAC systems in the facade but as
beforehand they do not investigate heat transfer rates
for different concepts and wall constructions.
Sonneseite (2015) investigates innovative external
wall heating elements with capillary tube mats which
are connected to a concrete facade, but also here no
other wall constructions are observed as well as no
other dissipation system concepts.

SIMULATION & MODELLING

Within this chapter the concepts and basic
constructions for the investigations are introduced
and discussed. This includes the boundary
conditions, the experimental building and the
validation environment. Lastly, the matrix for the
case studies is defined.

Concepts and construction

As discussed in the introduction the renovation of
buildings from the 1960’s to 1980’s holds two main
challenges. Installing additional insulation to the
existing walls to safe energy and lower
COs-emissions (cf. Figure 2) and replacing the
outdated heating systems. As stated in the
introduction ~a  promising  approach  are
pre-manufactured  curtain  fagades including
insulation and an active layer. The main task of such
an active layer is to provide enough heat flux through
the wall so that heating a room behind the wall is
sufficiently possible. Therefore, four active layer
design concepts from A to D (cf. Figure 3) are
introduced and analyzed based on the performance.
In concept C the active layer is exposed which means
that the pipe is in-between the wall and the insulation
and is surrounded by air in the gap. The other one,
concept D, misses the air gap and the pipe is
enclosed by insulation. In both of these concepts the
PE-x pipes of the active layer are in direct contact to
the existing wall. The other two concepts feature
metal heat conduction plates (HCP) between the
piping and the wall to increase the heat transfer rate
to the room. In concept A the curtain facade is
perfectly touching the existing wall, whereby
concept B shows a small air gap in-between which is
assumed to be 2 mm across the whole wall. This
equidistant gap assumes a surface average of real
existing construction with flatness and contract
irregularities and therefore allows the use of 2D and

© Creative Commons BY-NC-ND
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External boundary condition

/

External plaster 1.5 cm

Insulation 24 cm

Internal plaster 1.5 cm

Room boundary condition

|

New curtain fagade

I

Existing wall from 1960‘s to 80°s

Figure 2: Basic wall construction with existing wall (e.g. ferro-concrete) and connected curtain facade without
an active layer (active layers are displayed in Figure 3).

Concept (A):
Aluminum heat conduction plate 0.4 mm

Concept (C): No heat conduction plate and exposed

b NV
PE-X pipe
16x2 mm

Contactto

existing wall

Air gap in-between

with 16 mm

Concept (B): Heat conduction plate and air gap (2 mm)

Concept (D): No heat conduction plate and wrapped by insulation

RERARI
Air gap in-between
with 2 mm

o |

Figure 3: Four different design concepts for the active layer from A to D

1D model approaches. The thickness of the heat
conduction plate is 0.4 mm (A = 237 W/m.K).

Table 1 shows the wall type variants (I to V) and
their material properties according to ONORM
8810-7 (2013) and Frei et al. (1994) which are used
for the simulation. Furthermore, Table 2 shows the
abovementioned total wall construction with the
thicknesses of the different layers and their material
properties. For the simulation the basic concept can
be combined with different wall variants and
dissipation system (concept A to D). The pipe is
assumed as a PE-x pipe with an outer diameter of
16 mm and 2 mm wall thickness (16x2). The energy
carrying fluid in all simulations is water.

Boundaries & Building

The modelled building/floor is derived from a real
building in Graz, Austria. As there is no climate data
available a climate data set of Graz-Thalerhof with
latitude of 47.0° N and longitude of 15.43° E is
chosen for the simulation.

Table 1: Wall type variants and their material

properties

) Thermal Spec. heat )

. Thickness . ... | Density

Wall type variant inm conductivity in|capacity in in ke/m?

W/(m.K) J/(kg.K)

Ferro-concrete (1) 0.21 2.3 1000 2300
Vertial coring brick (11) 0.3 0.55 1000 1200
Solid brick (111) 0.34 0.8 936 1700
Concrete (IV) 0.25 0.4 1116 500
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This can be justified as both locations are nearby.
The elevation of the location is 340 m with a
minimal dry-bulb temperature of -12.5°C, and
HDDgo12 of about 3100 K.d/a according to
ASHRAE Fundamentals (2013).

Figure 4 shows the area where the building is located
with the surrounding shades (left), and the floor
consisting of three rooms, a corridor and a combined
bathroom with WC (right).

Table 2: Total wall construction based on Figure 2

. Thermal Spec. heat )
Layer external to]| Thickness . .. . | Density
internal inm conductivity in|capacity in in kg/m?
W/(m.K) J/(kg.K)
Insulation 0.24 0.038 1030 90
Active layer ConceptAtoD
Externalplaster| 015 | 087 | 1100 | 1800
Wall type Variant | to IV
Internal plaster |  0.15 | 0.7 | 1000 | 1400

Site shading

Corridor
Bath & WC

{\ 1 m.:/‘,/

N A Stairway
Room NW

Room SW

Figure 4: Whole area of the building (left) and the
considered floor (right)
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The rooms NE, NW, SW are utilized for two
bedrooms each e.g. as student hostel as in the real
building. Due to simplification the two bedrooms are
merged to one thermal zone. Further details
concerning net heating area, conditioned walls and
windows are listed in Table 3.

The room height is 3.66 m based on the real
building. The windows within the building are
modeled based on the type UNITOP 0.7 filled with
argon in-between. The g-value is set to 0.52
according to DIN EN 410 (2011) and the visible
transmittance is 0.7. The total u-value of the window
is calculated to be 0.74 W/(m2.K).

For the wventilation a decentralized unit is
implemented in each room with volume flow rates
of 45 md/h for the rooms and 75 ms3/h for the
bathroom and WC, respectively. The efficiency of
the heat recovery is set to 90 % e.g. according to
Meltem systems. The infiltration rate is assumed as
1 ACH (air change per hour) at 50 Pa pressure
difference and depends on pressure coefficients for
different wind directions. The latter are assumed as
“semi-exposed” which means that the building is
partially covered from the surrounding area (cf.
Figure 4)

The boundary condition to the stairway is defined as
Dirichlet boundary condition with 15 °C and to the
other floors the Neumann boundary condition (zero
gradient) is chosen.

The heating setpoint for the rooms as well as for the
corridor is 22 °C, for bathroom & WC it is set to be
24 °C. The heating system is controlled with a PI
controller. Concerning control strategy of the
integrated shadings, they are drawn if solar
radiations of 100 W/m? at the inside of the windows
are reached and can be activated individually.
Another requirement is that a window is opened — by
the user — if the room temperature exceeds 26 °C to
avoid miscalculation of the heating energy demand.

Table 3: Geometric details of the room and
windows and heat load calculation (for wall type
variant I, cf. Figure 2)

Net heating | Conditioned | Area external |Heating load
Name Y [ P} :

areainm wall areain ? | windowinm inW

Room_NW 31.1 28.0 13.0 680
Room_NE 31.1 26.1 14.9 719
Room_SW 31 311 9.8 605
Bath & WC 10.2 8.1 1.4 523
Corridor 11.7 8.2 2.8 187

The remaining internal loads are around 200 kWh to
250 kWh, occupants excepted. Using the active layer
for cooling purposes is thinkable but not object of
this research. The simulation time is therefore set
from 1%t of Oct. to the 30" of April (heating only) and
the time resolution is maximum 1 h, whereby the
solver of IDA ICE can shorten these time steps
whether vital for mathematical convergency or not.
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The heat load calculation is done with the setpoints
defined beforehand and the associated results are
shown in the last column of Table 3. For the internal
loads of the energy simulations the SIA 2024 (2015)
standard is chosen. This standard defines the
presence of the occupancies, the schedules, the
devices and lights for different zones which is shown
in Table 4. The highest energy consumption is
allocated to lighting in the three thermal zones,
respective to the three bedrooms with 4260 kWh.

Table 4: Internal loads for the rooms

Activiy Mean Yearly total in
Name Number .

level powerin W kWh

Occupancy 6 1.2
Devices 9.3 81 229
Lights 9.3 486 4260
Lights_Bath 1 29 255
Lights_Corr. 1.2 21 182

Model calibration & validation

The simulation tool which is used within this study
is IDA ICE from EQUA Simulation AB. To
calculate the heat transfer rate from the active layer
to the room a 1-dimensional approach within the
simulation tool is used whereby the heat transfer
coefficient (HTC) has to be set. This value includes
the heat transfer coefficient from the fluid to the
slab/wall with respect to the total heated wall area
(cf. equation (1)) and uses the nomenclature of the
EN15377-1 (2009) standard.

1
msz+Rr+Rx=Rt_Rz (1)

Contrary to a floor heating system where the HTC
value is nearly constant for all systems, the HTC
value varies widely for the four active layer concepts
described in Simulation & Modelling. The HTC is
determined for all concepts and varying pipe
distancing with an external software which is more
related to heat transfer problems. HTflux — a
2-dimensional simulation tool based on FEM
approach — is used to calculate the heat transfer rates
for all active layer variants. A crosscheck procedure
with heat flow results in IDA ICE leads to the
identification of the needed HTC values.

The general suitability of IDA ICE for this class of
simulation tasks is validated by comparing results
for 1-dimensional heat flux in walls with results of
identical HTflux simulations. This direct
comparison which was conducted for static and
dynamic cases is exemplary shown in Figure 5. In
this Figure the used case is concept A with wall
variant | (ferro-concrete) implemented as defined in
Table 2. The validation uses a sequence of heating
with an average fluid temperature of 35 °C followed
by a cool down phase for which the mass flow rate
is set to zero. The HTflux simulation uses about 5
million cells and 2D spatial resolution whereas the
IDA ICE simulation utilizes a 1D 50-layer model.
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Both use a time step of 10 min. The results show
good agreement for the heating-up phase and slight
deviation at the end of cool-down phase. This can
probably be justified with the difference in the
spatial resolution — 1D vs. 2D — which has a higher
deviation as the wall temperature reaches towards
room temperature, which is 22 °C in this case.
Further steps of the validation show similar results
which are not shown here.

As mentioned before, individual HTC values are
calculated for the different concepts (A — D) and
varying pipe distances. Latter ones have an impact
on the heat transfer rate to the room and can only be
represented by a higher or lower HTC value in IDA
ICE because of the 1D spatial resolution. Table 5
shows these determined HTCs.
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—Pheat_i_HTf --= Pheat_a_HTf Pheat_i_IDA Pheat_e_IDA

Figure 5: Validation of IDA ICE with HTflux for
wall type variant | and concept A with a mean fluid
temperature of 35 °C for heating purposes

With the applied HTC values in IDA ICE the heat
flow or heat transfer rates shown in Table 6. The
values are calculated with fixed room temperatures
of 22 °C and ambient temperatures of -6 °C. This
lower ambient temperature boundary was chosen as
it is only rarely fallen short of over the whole heating
period. Also, the design of the active layer in the
facade and static simulations are based on this
temperature difference.

Table 5: Calculated HTC values in W/(m2.K) for
the different concepts and pipe distances

Pipe distance in cm
10 | 15 | 20 [ 25 | 50
HCP_dir (A) 31.6 [ 19.8 | 13.5| 10.4 | 4.3
HCP_air (B) 11.5] 9.4 | 80 | 6.6 | 3.1
AL_exposed (C) | 81 | 5.0 | 3.6 | 2.8 [ 1.2
AL_wrapped(D)| 70 | 44 | 32 | 25| 1.1

System/concept

Parametric runs

Table 7 shows the matrix for the parameter runs
which are carried out. Herein the wall type variants,
the insulation, the supply temperature to the active
layer and HTC values are varied. For the latter the
concept and pipe distances are combined to the HTC
value which are varied from 1 to 30 and can be
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compared with Table 5 which shows the
representative concepts.

Table 6: Calculated heat flow to the room with the
according HTC values in W/m?2

Pipe distance in cm

System
10 | 15 [ 20 | 25 | 50
HCP_dir (A) 61 | 57 | 52 | 49 34
HCP_air (B) 50 | 47 | 45 | 41 28

AL_exposed (C) 45 37 31 26 13
AL_wrapped (D) 43 34 28 24 12

To investigate the flexibility potential, additionally
the heating setpoint is increased from 22 °C to 26 °C
to show if a proper control strategy can meet the
comfort criteria by utilizing the thermal masses. For
the mass flow rate a specific heating capacity of
38 W/m2 and a fluid temperature drop between inlet
and outlet of 5 K is assumed for the active layer.

Table 7: Matrix for the parameter runs which are
investigated in the result chapter

Wall type variant -Insulatifan Concpet Pipe. distance Sflpply terr-|p.
thickness in cm incm active layer in °C
Ferro-concrete (1) 10 HCP_dir (A) 10 30
Vertical coring brick (11) 15 HCP_air (B) 15 35
Solid brick (I11) 20 AL_exposed (C) 20 40
Concrete (IV) 24 AL_wrapped (D) 25 45

ANALYSIS AND DISCUSSION OF THE
RESULTS

This chapter tries to draw a consensus between the
results of two different analytical approaches. First
and foremost, the dynamic simulations of the
defined sample rooms during a complete heating
season from Oct. to April, and secondly a static heat
flux analyses of isolated wall segments.

Dynamic seasonal simulations

All seasonal parameter runs are carried out based on
the assumptions made in the abovementioned
chapter. To investigate the systems behavior two
KPI’s are defined in advance.

The following conclusions and figures are based on
these indicators.

e The minimal room temperature of all rooms,
which must not undercut 20 °C

19min,tot
= min(Ong, Inw, Isw » Ipachewc) Icorr)
e Heating energy demand (HED) of all rooms

n
HED = ZQroom,i
i=1

Figure 6 to the left shows on the ordinate the minimal
room temperature of all rooms ¥, +¢ during the
parameter run, whereby on the abscissa the HTC
value implemented in IDA ICE is shown. The
datapoints represent different wall type variants and
different supply temperatures as well as the
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insulation thickness as the latter one has a high affect
to the heat losses of the rooms. As the bathroom &
W(C cannot be heated properly a small radiator with
300 W is assumed parallel to the wall heating
element. The right-hand side of Figure 6 shows the
total heating energy demand of all rooms. For this
first set of simulations a heating setpoint temperature
of 22 °C was chosen for the Pl-controller. The red
horizontal line represents the comfort threshold
for 9,in tor at 20 °C. Obviously ¥, 1or 1S Undercut
often for the lower HTC values (e.g. HTC = 1 to
HTC = 5), especially in combination with low
insulation thicknesses (0.1 m to 0.15 m). However,
using HTC of about 10 or higher leads to lower
spreads amongst the data points for varying
insulation thicknesses and wall type variants. Still,
the lowest Ui tor 1S Close to the threshold of 20 °C
for the lower insulation thicknesses. The highest
reached values for the room temperature are at about
21.5 °C even though the setpoint temperature is at
22 °C.

To answer whether these inconsistency origins from
a lack of heating power or control deviation comes
from, the same simulation runs are conducted with a
setpoint of 26 °C. This can also show if there is some
flexibility potential by using the high thermal mass
of the wall. The results of these runs are
demonstrated in igure 7. On the left-hand side
Omintor 1S Shown and to the right the HED.
Compared to Figure 6 it can be said that by
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increasing the heating setpoint temperature of the
room the number of times ¥, +o¢ IS Undercut can be
reduced for HTC values of 1 and 5 and can be
eliminated for higher HTC values.

Three main conclusions can be drawn out of this
comparison.

e A simple PI controller is not able to properly
control a system of this type due to the high
thermal masses involved and the resulting long
latencies. Using a proper control strategy and
utilizing the thermal masses can handle low heat
transfer coefficients of the active layer in a
certain range.

e Facade integrated heating systems with HTCs
lower than 5 might not provide enough heat
flow to meet comfort criteria during heating
season. This however, is highly dependent on
the underlaying setup.

o Higher achievable wall and room temperatures
for well insulated, high HTC setups allow for
more flexibility in o