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This report is part of the deliverables of Creating NEBourhoods Together (2022-2025).
NEBourhoods is one of the six lighthouse demonstrators of the New European Bauhaus
funded by the EU to address the great challenges of climate, environment, and health.
Combining co-creation and entrepreneurship while placing culture and creativity at the core
of the transformation process, the project delivers accessible and empowering solutions to
make the EU Green Deal beneficial for all in Munich Neuperlach and beyond.

The NEB Action "Redesigning Housing Structures" investigated how the structural
deficiencies of existing residential buildings in Neuperlach can be improved socially,
technologically, economically and aesthetically. The goal was to provide energy upgrades
and social benefits simultaneously by renovating facades and expanding existing residential
spaces using winter garden elements made from timber and glass.

The analysis of the Neuperlach residential building stock has shown that most buildings do
not fulfill current housing requirements, primarily concerning the unrenovated building
envelope, the lack of barrier-free living spaces and inflexible floor plans with outdated room
sizes and configurations. The NEB Action explains and evaluates how winter gardens
facades can be used to renovate residential buildings of large housing estates following the
New European Bauhaus values. The NEB Action led to the following findings:

1. Social dimension: Refurbishment measures with winter garden facades can create social
value for residents, such as lower heating costs while maintaining the existing rent level. The
newly added spaces in front of the fagcade can function not only as outside loggias, but as
indoor areas, offering space for flexible use to the residents.

2. Ecological dimension: The winter garden spaces function as a thermal buffer zone
considerably reducing the building’s energy demand in construction and operation. Thus, the
share of housing in the individual ecological footprint can be reduced to 25 % of 2 t of CO,
equivalents per year.

3. Economic dimension: A profitable and affordable model for sustainable refurbishment
was developed, using a newly built extension to the existing stairwells to cross-finance the
winter garden facade, to add barrier-free flats and to increase the social mix of residents.

4. Replication: The wooden shelf principle can be adapted to the individual building and has
a high replication potential. Furthermore, a case study on the replicability demonstrated that
the methodology can be transferred to large housing estates in other European contexts.

5. Demonstrator: The demonstrator, consisting of models, exhibition, short film and a
brochure, proved that a co-creative development process supports the effective
communication of sustainable refurbishment measures, fostering acceptance, understanding
and enabling participation.
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1.1! PROJECT OVERVIEW

“Creating NEBourhoods Together” is one of the six lighthouse demonstrators of the New
European Bauhaus funded by the EU to address the great challenges of climate,
environment, and health. The aim is to collaborate on the European Green deal to create
more sustainable, inclusive, and beautiful living environments across the EU. In Munich-
Neuperlach (NPL), one of Europe's largest post-war urban expansion areas, NEBourhoods is
collaborating with citizens and stakeholders from culture, science, and business to implement
ten actions from all fields of urban development, encompassing circular construction and
redesign of residential and commercial buildings, innovative forms of mobility and energy
communities, biodiversity and green space concepts and nutrition and youth culture.
Encouragement of entrepreneurial thinking and action and practical implementation in co-
creative processes support the formation of sustainable neighbourhoods in liveable,
inclusive, and beautiful cities of the future.

Combining co-creation and entrepreneurship while placing culture and creativity at the core
of the transformation process, the project will deliver accessible and empowering solutions to
make the EU Green Deal beneficial for all in NPL and beyond. The district will be carefully
cultivated into a resilient urban innovation landscape. Within two years, we will create
NEBourhoods together and show how we can realise circular thinking and acting in society
and the economy, activate the green transformation in building, mobility, energy, food and
health and enhance public spaces.

1.2! OBJECTIVE OF THE NEB ACTION

The NEB Action "Redesigning Housing Structures" investigated how the structural
deficiencies of existing residential buildings can be improved socially, technologically,
economically and aesthetically. The goal was to provide energy upgrades and social benefits
simultaneously by renovating facades and expanding existing residential spaces using
prefabricated timber elements.

A large-scale demonstrator formed the conclusion of a systematic chain of investigations and
evaluations of the typological performance of different building types. The proposed
measures contribute to climate justice using renewable materials. An additional project goal
was to selectively increase the range of available housing and to use this improved
settlement density to reduce land consumption and housing pressure. A model for cross-
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financing sustainable refurbishment measures with newly built extensions (redensification)
was developed over the course of the NEB Action.

The project represents a prototype for similar large post-war housing estates throughout
Germany and Europe.

1.3! NEB ACTION TEAM

The NEB Action was a cooperative venture of Technical University of Munich (TUM) and
Ostbayerische Technische Hochschule Regensburg (OTH).

The Chair of Architectural Design, Rebuilding and Conservation at TUM is primarily working
on sustainable transformation for newer building typologies. The chair was responsible for
the building stock analysis and developing the appropriate teaching formats.

Team members: Prof. Andreas Hild, Stefan Gruhne, Mascha Zach, supported by student
assistants: Alicia Albrecht, Celina Mand/

The Chair of Design, Construction and Realisation at OTH is focusing on the sustainable
development of our built environment and was responsible for ecological and economical
evaluations of different refurbishment options.

Team members: Prof. Andreas Mtiisseler, Caroline Dietimeier

The Chair of Building Technology and Climate Responsive Design at TUM was responsible
for thermal building simulation and advising in terms of energy efficiency.
Team members. Prof. Thomas Auer, Simon Pytlik

The team was supported by the NEBourhoods Transition Hub and the NEBourhoods Pool of
artists and creatives, by Architekturgalerie e. V. for communication and the City of Munich
(Landeshauptstadt Miinchen) as a central stakeholder for advice and support.

Furthermore, the NEB Action was supported by Enrica Ferrucci (ichbaumit) for exhibition
design and workshop development and Prof. Andreas Kretzer for flmmaking. Advice came
from the local housing companies Mcinchner Wohnen GmbH (Minchner Wohnen) and
Wohnungs- und Siedlungsbau Bayern GmbH & Co. OHG (WSB) and the local construction
company B&O Bau.

Arch. PhD Marina Block from University of Naples ,Federico 11 researched and advised on
the matter of replicability of the NEB Action during a 3-month research stay at TUM.
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1.4! OBJECTIVE OF THE DELIVERABLE

The objective of this deliverable is to document the development process of the “Redesigning
Housing Structures” demonstrator — a large-scale demonstrator of structural extensions of
residential buildings. The demonstrator consists of 9 architectural models in 1:20 scale, short
film, exhibition design and an accompanying brochure. The development process will be
reflected in the deliverable. (Chapter 2. The Building Stock and Chapter 3. The
Demonstrator)

The demonstrator’s goal was to enable all stakeholders to evaluate aesthetical values, real
life implementation potential and acceptance. (Chapter 3. The Demonstrator)

The demonstrator will be used as a basis of further development of a life size prototype not
part of NEBourhoods but implemented with further funding sources. (Chapter 4: Outlook)

The deliverable is preceded by two definitions derived from its title:

“Residential buildings” is defined as a building that contains living spaces where individuals
can reside. In the context of “Redesigning Housing Structures” the focus lies on the
phenomenon of mass housing in large housing estates (“GroRwohnsiedlungen”). It is
estimated that 15 % of all multi-storey flats in Germany are situated in such neighbourhoods.
The number is similar in other European countries. The NEB Action's focus on this specific
type of residential building is therefore justified, as this is still a significant group with its own
architectural features.

“Structural extensions” in this case specifically refers to the transformation of an existing
building through adding new construction elements. Two scenarios are possible: 1. Adding
newly built extensions next to the existing building 2. Expanding and redesigning the existing
built structure. Both scenarios will be featured in the deliverable.
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2.1! CHALLENGE

Large housing estates of the 1960s and 1970s characterise many European cities and were
built to embody a democratic idea of housing. It is estimated that 15 % of all multi-storey flats
in Germany are situated in such neighbourhoods. How can these structures be made fit for
the future as required by the Green Deal and more specifically in a “New European Bauhaus”
way? Creating NEBourhoods Togetherimplements transformation ideas in Munich-
Neuperlach that are intended to serve as prototypes for European large housing estates.

I'ZE%&) "+, "-./ 0F'/1" 243" 2'4&$,&%/.-5647%1 8. #& 37$%-& &% 72"<.'=/7>@0 ABBC

Neuperlach is the biggest German large housing estate of the post-war period. It was built
from 1967 onwards according to modern urban planning guidelines and using construction
methods of that time. The need for energy efficiency improvement of Neuperlach’s
residential buildings was the starting point of the NEB Action.

Beyond that, the analysis of the typical building features showed the need for social
improvement. The residential buildings, like the building in Figure 1, are typical of their
period: Flats designed for a small family, efficient floor plan layouts, mono-functional rooms,
high repetition rate, stairwells adjacent to the exterior walls of the building, poor accessibility.
Today, other forms of co-living are needed, as well as flexible use of space. In most cases,
however, refurbishment measures only improve the energy efficiency of buildings.
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The idea was born to provide energy upgrades and social benefits simultaneously — to find a
solution aligned with New European Bauhaus: Beautiful, sustainable, together.

I'ZEWB)E,>" 723 F7%"1&./"2#' G ">582%&27H.>&1'%&3"1&2>"/08"/1 " 2#3"2/. %6#& 5733 " 2# &3>.>&3

To develop the right solution, a look at the current market situation was close at hand:

Two approaches dominate the current construction practice in dealing with residential
buildings from the 1960s and 1970s: Replacement building or a facade insulation (Figure 2).

1.! The demolition of an existing building and the construction of an inexpensive
replacement building, preferably serially constructed, is often used to alleviate the
housing shortage. The number of social housing units is declining continuously
because many old flats are no longer tied to the regulations and the proportion of
affordable flats in new buildings is being reduced to a minimum. At the same time,
resource consumption during demolition is ecologically and culturally unacceptable.

2.! The other option is the fagade insulation with new windows and external thermal
insulation composite systems (ETICS). Buildings are only refurbished where the
refurbishment pays for itself within a few years through subsidies and rent increases.
Combining the necessary energy refurbishment with social aspects, e.g. additional
space, is rarely discussed and is considered uneconomical.

These two options take insufficient account of the life cycles of buildings and of the social
impact for the residents. None of these options can be described as sustainable in the sense
of the New European Bauhaus.

To develop new refurbishment concepts for large housing estates, it is worth looking at a
neighbouring European country. In 2017, the architectural firm Lacaton & Vassal Architectes
renovated three apartment blocks from the 1960s in Bordeaux. Following Anne Lacaton's
motto ‘Never demolish, always transform’, the 530 flats were not demolished but refurbished
in a cost-effective and socially responsible manner using a new design solution. As part of
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the refurbishment, all flats were given a 3.80-metre-wide winter garden and a narrow balcony
in front of the existing facade (as seen in Figure 3).

IHSUE) 1" 25896 #. %61 SBHEF. 0% "~ >81 - 72-%68>& -723>%6$->"72@ ).~ >72 K. 33./ L %6-5">&->& IDMNEBBELSN
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The search for a refurbishment solution other than facade insulation and replacement
building led to the principle of the ‘habitable insulation’, taking inspiration from Lacaton &
Vassal's winter garden fagade (Figure 4). The additional layer of space in front of the
buildings contributes to saving heating energy. It also extends the flat spatially, offering more
space for the residents and more flexibility in the use of their spaces. But from a sustainable
point of view the use of concrete and plastic should be avoided.

I'#3%&) Q&H 3815 723 F7%'1&./"2#' G ">5' $2%&27H.>&1'%&3"1&2>"./03"/1 27 $B/ H7/88>. 5 &3
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Derived from these considerations, the key question of the NEB Action was developed:

How can the winter garden facade refurbishment concept be applied to the Neuperlach
housing stock in the spirit of the New European Bauhaus?

The question was specified using the NEB values:

¥ Beautifut How to set up a solution, that could be individually shaped and that would
match sustainability with suitable aesthetics? How to make the concept adaptable
and replicable for different buildings and different contexts?

¥ Sustainable: How to improve the energy efficiency using sustainable construction
materials (timber), while avoiding demolition and waste production and considering
the whole life cycle of the building? How to adapt the existing floor plans with
additional spaces increasing flexibility and offering multiple uses for the rooms?

¥ Together. How to make this solution available in an affordable way for the residents
and keeping it economically interesting for the owners? How to include the demand
for barrier-free living spaces?

I'%8%85) J7#7 7TF>5& 4TM'L->"72UQ&I1&3 #2 " 2#'V 7$3 " 2#'W> %P> 8% BPIG-LL Y TP*D’
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2.2! STAKEHOLDERS

The results of the NEB Action should make it possible for all stakeholders to participate in the
discussion about the future of Neuperlach. There are many different perspectives on the
topic of refurbishment in Neuperlach, which are briefly reflected in the following.

Key aspects are derived from the Integriertes Stadtentwicklungkonzept Neuperlach (ISEK,
translated: Integrated Urban Regeneration Implementation Plan), that the City of Munich
commissioned in 2022. The housing situation is rated positively by most residents;
Neuperlach is characterized by long-lasting housing conditions. In terms of accessibility,
design and energy-efficient refurbishment, there is a great need for improvement.*

¥ Current residents: The interest in affordable housing is the top priority for current
residents. Refurbishment should not lead to displacement for financial reasons.
Socially acceptable refurbishment measures are required as well as improvements of
accessibility and reduction of heat energy cost. Additional participation could supply
helpful insights on personal wishes in terms of room uses within the flat and what
general housing improvements are desired. Solutions should reflect the society’s
need for barrier-free living spaces.

¥ Future residents: Continued population growth is increasing the pressure on existing
infrastructures in Neuperlach (rising rents, lack of affordable housing). Diverse co-
living communities are rising. Flexible housing concepts can react better to this than
the chamber-like floor plans of the existing buildings.

¥ Owners: The group of owners essentially has an economic interest in ensuring the
long-term operation of the buildings. This requires an appropriate return on
investment, which can be achieved through higher density.

¥  Environment: Every development must be sustainable. The impact on the people not
directly affected must be considered and weighed up against the interests of other
stakeholders — because climate change affects everyone.

¥ Culture: The question of ‘beauty’ raised in the NEB Compass or — to put it more
broadly — the cultural embedding of our living environment is a key aspect that
influences peoples’ well-being. How do we locate ourselves as human beings in the
architectural remains and facing societal challenges? Art and culture provide answers
to these questions. The NEB Action’s solutions of should contribute to this challenge.

¥ Building stock: After over 50 years, most buildings are under considerable pressure.
The existing building has no voice, but its structure essentially defines the rules of is
possible in terms of refurbishment and redensification.

These issues will be addressed by the NEB Action.

! Landeshauptstadt Miinchen, Referat firr Stadtplanung und Bauordnung (Ed.), Perspektive Miinchen, Konzepte,
Integriertes Handlungsraumkonzept, Handlungsraum 6 ,Neuperlach und Umgebung“, Miinchen, 2022, p. 22.
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2.3! METHODOLOGY

No collection of architectural plans and data of the Neuperlach housing stock available for
research existed to date. The first part of the NEB Action was to gather material and then
analyse the building stock looking for typological characteristics and aiming to find a
representative building.

I'#3%&)'TN.../& 7TF>5& 08'/1"2#>+,& [Q7G /" 2&. %[ 2'44&%,& %647 %1 B..#& 37$%-& &% 72"<.'=/7>2@ ABACD

A specific area was selected for the building stock analysis: Neuperlach-Nord, for the
following reasons: The residential buildings in this area were the first ones to be built in
Neuperlach from 1967 onwards, suggesting a high demand for refurbishment after more than
50 years of existence (Figure 6). It can be assumed that the buildings’ envelopes do not
meet today’s requirements of EU’s climate targets. The area is also formally declared urban
regeneration area (“Sanierungsgebiet”), highlighting the need for transformation.

2.3.1! Gathering and collecting buildings

As a basis for the analysis, it was essential to obtain plans of many residential buildings in
Neuperlach-Nord. The plans are necessary to find the most common building type. A building
type with a high occurrence suggests a high replicability of possible refurbishment measures

in Neuperlach.
I

For this purpose, contact was initially made with the owners of residential buildings in
Neuperlach-Nord. The owners contacted are the municipal housing companies GWG and
GEWOFAG, now Minchner Wohnen GmbH, and private housing company Wohnungs- und
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Siedlungsbau Bayern GmbH & Co OHG. With the necessary consent to use the plans (floor
plans, sections, elevations, detail drawings), it was then possible to collect and view the
documents and sort them according to various criteria, such as building orientation, height,
depth, circulation, volume.

I'Z3% &) W™>&,/.2357G " 2#>58& 1 "FF&%6&2Z>08"/1 "2# 448 KD/ -4 7%1 8%&3"1&2>"./05"/1"2#3D

Combining information from site plans and aerial pictures the number of 328 residential
buildings in the area was determined. Floor plans, sections and elevations of approximately
80 buildings were obtained through contacting the owners. The knowledge of these plans
was used to categorise all 328 residential buildings into 6 building types based on their
cubature, urban integration and floor plan similarities, as seen in Figure 7 and Table 1.
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“Reihe linear” (Translation: Row linear)
Number of buildings: 265 (of 328)
Percentage: 80,79 %

“Ende” (Translation: End)
Number of buildings: 5 (of 328)
Percentage: 1,52 %
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“Punkt” (Translation: Solitary)
Number of buildings: 33 (of 328)
Percentage: 10,06 %
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“Reihe diagonal” (Translation: Row diagonal)
Number of buildings: 17 (of 328)
Percentage: 5,18 %
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“Ecke” (Translation: Corner)
Number of buildings: 7 (of 328)
Percentage: 2,13 %

"Exot” (Translation: Unique)
Number of buildings: 1 (of 328)
Percentage: 0,30 %

no plans available
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2.3.2! System analysis of 5 examples

The “Row linear” building type was selected for further investigation because of the high
number and percentage within the residential building stock, suggesting high replicability
(Figure 9).

The next step involved the selection of 5 buildings out of the specified building type “Row
linear” and a detailed analysis of these buildings. Among other things, the construction, the
storey height, the building orientation, the arrangement of the rooms within the floor plans
and the position and arrangement of the elevator were examined. This step is necessary to
develop an understanding of the comparability of this building type. Even if the buildings are
assigned to one specific building type, they vary on different aspects (see Figure 8).

I'#8%&)]7.,.% 24 F/77%,/. 23 7TF>G7'1" FF&%&2> [Q7G /" 2& %[ 0%'/1"2#3

“Row linear” buildings have numerous similiarites: They stand next to each other in a row,
several times repeated with a similar or even identical cubature. The walls of the
neighbouring building are directly adjacent to the side of the building. The buildings possess
visual similarities. The similarity is visible in the cubature, in the materials used and the
design elements (for example similar balconies or staircases).

The “Row linear” building type has more than 5 full storeys and is equipped with an elevator
in accordance with the Bavarian building regulations in force at the time of construction. Due
to its height, this type is assigned to building class 5. The stairwell is located either on the
north or east side directly on the facade.

The orientation of this building type varies from north-south, east-west to a diagonal
northeast-southwest orientation. The depth of the building is approx. 11-13 m. The outer
appearance of the buildings is characterised by vertical projections and recesses of the
facade. Windows are only present on two sides of the facade due to the adjacent
neighbouring buildings.
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However, differences can be identified on closer inspection. The building orientation varies
depending on the urban planning. While most of the buildings have two flats on one level,
buildings with three flats per level are existing, as well.

I'#8%&) E--$%%&2-& TF>5& 08'/1"2#>+,& [Q7G /" 2&. %" 2'4&$, &97/263

It was confirmed that the buildings are very similar to one another and that a systematic
solution for socially responsible refurbishment is therefore possible. However, it was also
recognised during the analysis that the buildings have individual features and appearances
and that an adaptable system is required.

2.3.3! Checking feasibility using a representative building

I'#8%&B) Y/ 77%,/.2'TF>5& '%&, %6&3&2>.>"H& 0F'/1"2#-723"3>"2#' 7TF F'H& [Q7G /" 2&. %[ 0571 " 2#3" 2/ 2&

An in-depth investigation was carried out for a representative building of the previous
selection. The representative building offers the typical floor plan structure, circulation and
height (9 storeys) of the “Row linear” building type. As seen in Figure 10, the representative
building consists of five buildings in line combining several of the previously mentioned
differences of the building type through variation within the row of buildings, such as:
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¥ Bathrooms with window / bathrooms without window
¥ 2 flats per storey / 3 flats per storey
¥ 3-bedroom flats / 4-bedroom flats

Therefore, this representative building was used to develop several refurbishment options. It
was set from the start of the NEB Action, that the construction method should use
sustainable, local material, which lead to choosing wood. The company B&O BAU was
involved for advice regarding a suitable wood construction method. B&O BAU is specialised
in serial timber construction for old and new residential buildings. Jointly, the wooden shelf
principle was developed, to upgrade the existing facades with winter gardens, which can
adapt to different building features and measurements.

The testing of the wooden shelf principle on the representative building’s floor plans led to
different refurbishment variants. The proposed variants show a range of different
refurbishment measures. Based on the variants, a different depth of intervention is to be
investigated and the effects of this depth of intervention on the costs and the added spatial
value are to be examined. Table 2 presents this range — starting with the existing building
without any refurbishment measures (Variant 0) and ending with the possibility of a totally
new replacement building (Variant 7). If the depth of intervention is low, the refurbishment will
hardly interfere with the existing building. If the depth of intervention is high, the existing
building is significantly altered. This range is displayed in the Variants 1 to 6. When compiling
the variants, the added spatial value and increased flexibility were also decisive factors.

*0/&' A) Q&F$%60"35:82>'7,>"7T23 F7% >5& '%&, %6&3&2>.>"H& 0%'/1 " 2# 8F/77%,/.23_1&>."/3D

Variant 0: Status quo (no refurbishment measures)

Situation:

¥ building erected in 1969 as social
housing in accordance with the old
regulations

¥ does not meet today's requirements in
terms of energy standards, sound
insulation or living comfort

¥ designed for small families (two parents
and two children)

¥ room sizes do not allow flexible use;
rooms assigned to a specific use

yrr%,/.2" 1'217G1&>."7""’
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Variant 1.1: Roof and basement insulation incl. window replacement

Measures:

¥ improving the energy efficiency with
minimal intervention

¥ insulating the basement ceiling,
renewing the insulation on the roof

¥ replacing the windows (waste
production and disturbance for
inhabitants during construction)

¥ exterior walls remain uninsulated

Effects:

¥ estimated heating reduction: 50 %
¥ no spatial reconfiguration

¥ no changes in usability

¥
yrr%,/2"
!
1'217G'1&>."7""
Variant 1.2: Roof and basement insulation incl. window sash replacement
Measures:

yrr%,/.2"

¥ improving the energy efficiency with
minimal intervention

¥ insulating the basement ceiling,
renewing the insulation on the roof

¥ replacing the window sashes with new
ones (less waste production and less
disturbance for inhabitants)

¥ exterior walls remain uninsulated

Effects:

¥ estimated heating reduction: 50 %
¥ no spatial reconfiguration

¥ no changes in usability

|

1'217G'1&>."7""

Page 27 of 76

D4.5 Redesigning Housing Structures ¢ 18.03.2025



Variant 2.1: Insulation of building envelope incl. window replacement

yrr%,/.2"

Measures:

¥ improving the energy efficiency through
conventional measures

¥ insulating the entire building envelope
(facade, roof and basement ceiling)

¥ replacing the windows with new
windows (more waste production)

Effects:

¥ energy standard EH 55 required
¥ no spatial reconfiguration

¥ no changes in usability

1'217G'1&>."7""

Variant 2.2: Insulation of building envelope incl. add-on window

yrr%,/.2"

Measures:

¥ improving the energy efficiency through
conventional measures

¥ insulating the entire building envelope
(facade, roof and basement ceiling)

¥ upgrading the existing windows with
single glazing on the outside (less
waste production and less disturbances
for inhabitants)

Effects:

¥ energy standard EH 55
¥ no new spatial value

¥ no improved usability

1'217G'1&>."7""
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Variant 3: Thermal buffer zone (winter garden)

yrr%,/.2"

Measures:

¥ wooden shelf in front of the north and
south facade as a thermal buffer zone

¥ replacing the windows with window
doors so that the newly created areas
are easily accessible

Effects:

¥ energy standard EH 55 (combination of
old and new facade)

¥ additional winter garden space, which
can be used flexibly

Variant 4: Thermal buffer zone incl. room extension

yrr%,/.2"

Measures:

¥ wooden shelf in front of the north and
south facade as a thermal buffer zone

¥ new spaces either function as winter
gardens or as indoor (heated) areas

¥ replacing the windows with window
doors so that the newly created areas
are easily accessible

¥ moving the kitchen to the living room

Effects:

¥ energy standard EH 55

¥ additional winter garden space, which
can be used flexibly

¥ flexible use of newly added spaces

¥ new room within the wooden shelf
construction
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Variant 5: Thermal buffer zone incl. room extension and partial demolition of external walls

yrr%,/.2"

Measures:

¥ wooden shelf in front of the north and
south facade as a thermal buffer zone

¥ new spaces either function as winter
gardens or as indoor (heated) areas

¥ replacing the windows with window
doors so that the newly created areas
are easily accessible

¥ moving the kitchen to the living room

¥ demolishing one external wall to
enlarge the living room / kitchen

Effects:

¥ energy standard EH 55

¥ additional winter garden space, which
can be used flexibly

¥ flexible use of newly added spaces

¥ new room within the wooden shelf
construction

Variant 6: Combination of thermal buffer zone and fagade insulat

ion

yrr%,/2"

Measures:

¥ wooden shelf in front of the south
facade as a thermal buffer zone

¥ insulating the north fagcade

¥ new spaces either function as winter
gardens or as indoor (heated) areas

¥ replacing the windows with window
doors so that the newly created areas
are easily accessible

¥ moving the kitchen to the living room

¥ demolishing several walls to enlarge
rooms (kitchen, bathroom, bedrooms)

Effects:

¥ energy standard EH 55

¥ additional winter garden space, which
can be used flexibly

¥ flexible use of newly added spaces

¥ larger rooms

Variant 7: Replacement building

¥ The existing building will be demolished due to its unrenovated envelope, lack of accessibility and outdated
floor plans. A new building will be constructed on the same site that fully meets today's living standards.

¥ This option leads to maximum loss of grey energy, maximum waste production, total displacement of all
inhabitants of the existing building and high rents.
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2.3.4! Energy evaluations

To calculate the building's energy demand, a dynamic thermal simulation is carried out using
the TRNLizard plug-in in Grasshopper. Grasshopper is a visual programming platform that is
part of the CAD software Rhinoceros 3D. The TRNLizard plugin uses the thermal-dynamic
simulation program TRNSYS in the background. The simulation uses the weather file
“Meteonorm 8 Gegenwart-Datensatz”, interpolated for the district of Neuperlach. The data
basis for the radiation data are the years 1996 - 2015 and the data basis for all other
parameters are the years 2000 - 2019.

Table 3 summarises the general boundary conditions used for the simulation. The value for
the number of inhabitants was determined using the floor plan of the existing flat. The values
for the internal loads and heating are taken from DIN V 18599-10 for apartment buildings.?
As the standard does not specify the temperature difference for hot water, the data for hot
water is supplemented by the Swiss standard SIA 2024:2021-12.3

/&' Q" &2&%./-721">"723 $3&1 F7%>5&'3"$/.>"72

Internal loads

Number of inhabitants per flat [-] 4

Internal heat sources [Wh/(m!*d) 90?2

Heating and hot water

Temperature of unheated basement [°C] 104

Setpoint temperature heating apartment [°C] 2072

Heating active if 24-hour average

Heating period
gp outdoor temperature < 12 °C

Hot water
Demand [l/(pers.*d)] 353
Temperature difference between fresh and hot water [K] 503

Table 4 shows the assumed occupancy density from SIA 2024:2021-12.3 The load curve for
hot water is based on a personal assumption. The infiltration air change, the air change and
the air change for moisture protection are assumed to be constant over the year.

2 DIN V 18599-10:2018-09, Energetische Bewertung von Geb&uden - Berechnung des Nutz-, End- und
Priméarenergiebedarfs fir Heizung, Kihlung, Liftung, Trinkwarmwasser und Beleuchtung — Teil 10:
Nutzungsrandbedingungen, Klimadaten, Berlin.

3 SIA 2024:2021-12, Raumnutzungsdaten fiir die Energie- und Gebaudetechnik, Zirich.

4 DIN 4108-2:2013-02, Warmeschutz und Energie-Einsparung in Gebauden — Teil 2: Mindestanforderungen an
den Warmeschutz, Berlin.
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Occupancy Hot water

Full load hours 14 h 2h

Load profiles 3

Year simultaneity: 0.8

The Table 5 summarises the different boundary conditions for the variants that were
assumed for the simulation. The data for the window reveal is determined using the existing
plans. The assumptions for the existing windows and doors are based on the TABULA
study.® The component structures are determined using various floor plans and the book
“Altbaukonstruktionen - Materialien und U-Werte im Geb&udebestand: Baustoffe und
Bauweisen mit regionalem Bezug” is used to determine the corresponding gross densities
and ! -values that the building materials usually had at the time the existing building was
constructed.® The U-values of the components defined as refurbished in each variant are
dimensioned for an Efficiency House 55 standard in accordance with the simplified
verification procedure under the Gebaudeenergiegesetz (GEG).” The assumptions for the air
changes are derived from a research project in which old multi-family houses were
simulated.® The user electricity is not considered. Due to the lower infiltration air exchange
rate in the “Minimum refurbishment” and “Facade insulation” variants, mechanical exhaust air
is required in the bathroom; the electricity for the fan is included in the electricity requirement.
Night ventilation is not assumed for any of the variants.’

5 IWU - Institute for Housing and Environment, TABULA WebTool. [Online]. Available: https://webtool.building-
typology.eu/#bm (accessed: Nov 7 2023).

6 KlauR, Swen, Kirchhof, Wiebke, Altbaukonstruktionen - Materialien und U-Werte im Gebaudebestand: Baustoffe
und Bauweisen mit regionalem Bezug. Stuttgart: Fraunhofer-IRB-Verl., 2010.

7 Gebaudeenergiegesetz, Gesetz zur Einsparung von Energie und zur Nutzung erneuerbarer Energien zur
Warme- und Kélteerzeugung in Gebauden: GEG, 2023. [Online]. Available: https://www.gesetze-im-
internet.de/geg/ (accessed: Nov 7 2023).

8 Auer, Thomas et al., Gebaude als intelligenter Baustein im Energiesystem: Lastmanagement-Potenziale von
Gebauden im Kontext der zukunftigen Energieversorgungsstruktur in Deutschland. Stuttgart: Fraunhofer IRB
Verlag, 2017.
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General
No Minimum Facade
refurbishment | refurbishment insulation ;?:/u:rgnztogrleq
[Variant 0] [Variant 1.1/1.2] [Variant 2.1/2.2]
El;lr\;;errnrzl?(l]bndge surcharge 018 018 00357 01
Windows (general)
Frame proportion [%)] 20 5
Ur-Value [W/mI*K] 2,2° 1,19 1,1° 1,4°
Shading percentage [%] 723
Activation of shading with solar " 200
radiation [W/m?]
Window 1
Mounting - Overlay-mounting | New window New window
(buffer zone)
Glass panes [-] 2 3 3 1
Window reveal [m] 0,12 0,2 0,2 0,0
g-Value [-] 0,74 0,5 0,5 0,82
Transmittance [-] 0,76 0,71 0,71 0,84
Ug-Value [W/m!*K] 2,915 0,727 0,727 5,69
Window 2
Mounting Additional glass New wihdow
pane (outside) (extension)
Glass panes [-] 2+2
Window reveal [m] 0,2 0,1
g-Value [-] 0,5 0,5
Transmittance [-] 0,71 0,71
Ug-Value [W/m!*K] 2,91+0,957 0,727
Components U-values
Exterior wall 36 brick [W/mI*K] | 1,24 610 1,24 610 0,197 1,24 610
Interior wall 24 brick [W/m!*K] | 1,67 610 1,67 610 0,25610 1,67 610
I[\r;\tl(/errr:(!):;]vall 24 brick double 0,67 610 0,67 610 0,67 610 0,67 610
Basement ceiling [W/m!*K] 1,756 0,257 0,257 0,257
Flat roof [W/m!*K] 1,258 0,147 0,147 0,147
Door [W/mI*K] 3,97° 1,207 1,207 3,97°

9 Verband der Fenster- und Fassadenhersteller e. V. and Bundesverband Flachglas e. V., Mehr Energie sparen
mit neuen Fenstern: Aktualisierung Januar 2024 der Studie ,Im neuen Licht: Energetische Modernisierung von
alten Fenstern“, Frankfurt a.M., 2024.

10 Bogenberger, E., Hart, F., Der Mauerziegel, 1964.
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Infiltration and ventilation
Infiltration air exchange [h™}] 0,428 0,2 0,2 0,428

Air exchange + moisture
protection (window 0,668 0,668 0,668 0,668
ventilation) [h™}]

Air exchange exhaust air
bathroom [h}]

Power consumption [W/m#*H no 0,3 0,3 0,3

no 0,2 0,2 0,2

The thermal simulation provides results for the ground floor, 4th floor and top floor of the 9-
storey building. An exemplary west flat is simulated. The results for the heating demand, hot
water and operating current are averaged for an average storey using the 3 simulated
storeys as shown in Formula 1. This means that the results for the 4th floor represent all
floors adjacent to a heated upper and lower floor (1st floor - 7th floor). This simplification is
assumed because heat loss via the floor or ceiling is eliminated for all middle storeys and the
floor plans are the same.

17%:%/" ()LH&%.#& &2&%#+'1&:'21
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Due to the differences in the calculated energy demand compared to the actual energy
demand, the simulation results are multiplied by a calibration factor from a study in which 927
apartment buildings were examined. Figure 11 shows the results of the study. The values of
the mean value line are used for the calibration.

1"4S%R[ ) PI&I&2>,>"72'TF>58"21"H"1%./'%.>"
8. 38%&1 828 %6#+"-723%,>"72"21'3>.21.%1"
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11 Gniechwitz, Timo, Walberg, Dietmar, Energiebedarf und tatsachlicher Energieverbrauch bei Wohngebauden:
Verbrauchsbenchmarks fur Intervalle des Norm-Energiebedarfs, Kiel, 2021.
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2.3.5! Ecological evaluations

To evaluate the ecological footprint of the different measures (Variants 1 to 7), an overview
of the CO, emissions of the existing building is first required.

I'#3%&A) a $.2>">+18&>8%."2.>"72. 21"-./-$/.>"72' 7TF [E&LS "H./&2437% 3&,. %6.>& 08'/1 2% 7, 72&2>3

For this purpose, the existing building fabric was examined with the help of the online tool

el CA.*? After a quallitative and quantitative determination of the individual components, these
were evaluated with the help of the tool (Figure 12). The period under consideration was
initially 50 years. In addition to the pricing of the components, the energy needed for
operation of the building was also considered.

In the next step, component structures were determined for the variants. Similarly to the
procedure for the existing building, these were evaluated using the online tool eLCA.

The BK/ Construction Atlas, which lists standard structures with average life cycle
assessments, was used for the suggested newly built extension, which was not addressed in
the project in terms of design, but volumetrically.*® A KfW55 standard was assumed for the
energy in operation.’*

2 Bundesamt fiir Bauwesen und Raumordnung, eLCA. Online-Okobilanztool, 2024. [Online]. Available:
https://www.bauteileditor.de/ (accessed: Nov 7 2024).

13 Baukosteninformationszentrum Deutscher Architektenkammern (BKI): BKI Konstruktionsatlas, 2024.

14 Kfw 55 is a German standard developed by the Kreditanstalt fiir Wiederaufbau (Kfw) for energy-efficient
houses. The KfW Efficiency House 55 requires only 55 percent of the energy of a conventional new building and
is therefore particularly environmentally friendly.
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2.3.6! Economic evaluations

For the economic evaluation, first the construction costs for the Variants 1 to 7 were
developed. A cost estimate was prepared with the help of the company B&O Bau. If values
were missing or questionable, various publications of the BKI were consulted.*

In order to be able to assess the profitability of the inventions and weigh up the different
variants, the income from rents must be determined. As the representative building is a
building owned by the municipal housing company Mdnchner Wohnen, the rent for the
existing flats was assumed to be the politically prescribed " 8,50 / m?. For the model to be
socially responsible, it was decided that this rent was to remain.
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To ensure financial viability despite the
lack of rent increases, it was proposed to
cross-finance the wooden shelf
construction and the repair of the existing
building (renewal of the building services)
with a newly built extension on the
staircase side. This new extension would
generate new living space providing rents
of " 25/ m?, which corresponds to the
standard local market rent for new
buildings.

Return on investment graphs were drawn
up for several models. It was shown show
that there is a corridor for the size of the
extension on the staircase side in which
the overall concept of Wooden shelf +
Repair of the existing building + Newly
built extension is more profitable than a
new building on a new site (as seen in
Figure 13).

5 The Baukosteninformationszentrum (BKI, translated: Building Cost Information Centre) publishes standard
works for calculating building costs in Germany and is regularly revised.

D4.5 Redesigning Housing Structures ¢ 18.03.2025



2.4! RESULTS

2.4.1! The ‘habitable insulation’ / The wooden shelf principle

A modular timber construction principle was developed as part of the NEB Action to
investigate the feasibility of the “habitable insulation” (Figure 14. Wooden walls are
positioned at regular intervals across the facade (1). The timber ceilings are placed on top of
these walls (2). As the facades in Neuperlach have many projections and recesses, the
depth of the construction varies between 2.50 and 4.00 metres. Depending on the planning,
single glazing (3) or an insulated exterior wall (4) is used to finish the fagade.

I'#S%&R) 177182 35&/F %" 2-" /& F7% >5& '%&./"3.>"72'7F . U5.0">.0/& "23%/.>"72X

An additional layer of living space is created between the old and new building envelope,
which increases the variety of uses of the flat and thus the opportunities for social interaction.
When the glazing is opened, the winter garden can be used like a loggia. When closed, the
winter gardens offer additional living space for a large part of the year, as well as new
(circular) routes within the flat. Rooms that were previously isolated from each other connect
via the winter garden. On the one hand, the existing buildings are being optimised in terms of
energy efficiency, while at the same time the opportunity is being taken to design floor plans
that are usable in the future as well.
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2.4.2! Saving energy costs through thermal buffer zones
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Neuperlach's residential buildings have major deficits in terms of their final energy
requirements. Heat is lost through exterior walls with little or no insulation. Energy
refurbishment is necessary to minimise heating requirements, save (fossil) resources and
reduce residents' heating costs.

The winter garden structure in front of the building can act as a thermal buffer zone. The
solar radiation heats the air in this intermediate space and thus increases the thermal
insulation in winter. The single glazing of the winter gardens saves costs and resources. In
summer, the facade of the buffer zone can be opened, functioning as a loggia and shading
the building.

The simulation of the required energy over the course of the year, which is used for heating,
hot water and electricity, confirms the effect of the buffer zone (Figure 15). Compared to the
existing building, 48 % of the heating energy is saved. In comparison, a new building saves
up to 62 % heating energy compared to the unrenovated existing building. The simulation
shows that there is not only an urgent need for action in terms of energy-efficient
refurbishment, but that there is also considerable potential for savings.
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2.4.3! Reducing the ecological footprint
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The required energy for heating is the largest factor in a building's carbon footprint - but not
the only one. Other key measures to reduce the CO, impact are the preservation and
utilisation of existing buildings and the use of renewable materials. As much CO, as possible
should be stored and as little as possible should be released during production.

Despite these measures, the life cycle of a building cannot be completely climate-neutral
without additional solar harvesting. To calculate the positive effect of using PV on the facade
or roof, the alternative generation of electricity must also be considered. To simplify the
analysis, this aspect was excluded. To make the scope of the abstract CO, balancing
tangible, the effects on the personal footprint of the individual residents was made visible.
The aim of the study therefore was also to increase the number of potential residents and
thus the space efficiency.

All measures together can reduce the per capita CO, load to such an extent that it takes up
less than 25 % of the personal CO; budget of two tonnes of CO, equivalents per year, which
is assumed to be the remaining volume in the case of permanent climate justice (Figure 16).

It was confirmed that the winter garden solution undercuts the per capita CO, budget of a
hypothetical replacement building by 8% by saving on demolition and the energy required for
a new construction.
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2.4.4! Flats for flexible use
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Flexible floor plans that adapt to the needs of the residents could ensure the long-term
durability of residential buildings in large housing estates. The aim is to offer living space for
a variety of living concepts: Families of different sizes and ages, couples, flat-sharing
communities, individuals.

The winter garden solution allows for different readability and categorisation of the individual
rooms (Figure 17). Small rooms, such as the typical children's rooms of 9 m? that are often
found in Neuperlach, are upgraded with a buffer room. They can be used as a large common
area, while at the same time retaining the possibility of separate private rooms. The rooms
can be used in different ways, and the traditional utilisation of the rooms is dissolved.

The flat adapts to the diverse mix of the residents. The possibility to enter a room through
several doors enables different affiliations of the space. The flowing space can still be divided
into individual rooms by closing the doors. The flexible usability in floor plans extends the life
cycle of a building.
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2.4.5! Affordability and profitability
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Not all deficits can be remedied by refurbishing the existing building. Several questions stay
unanswered: How do we deal with the lack of accessibility in the residential building stock of
Neuperlach? How can such interventions in the existing housing stock be financed without
imposing rent increases on residents? How can we fundamentally expand the housing mix,
e.g. by adding age-appropriate one- and two-bedroom flats? As a result of the profitability
studies, a model was developed that enables refinancing and involves a newly built
extension to the stairwell of the existing building.

On the one hand, the extension can cross-finance the costs of the refurbishment of the
existing building through new rentable space without increasing the rent in the existing
building. On the other hand, the preservation of the existing building creates a basis to
discuss new building rights that could be used to create barrier-free flats in the extension.
Previous studies have shown that this addition can be integrated well in terms of urban
development.t®

The model shows that rents do not have to be increased if the costs are offset by additional
space. The combination of refurbishment and densification also enables a socially desirable
and diverse mix of residents (Figure 18).

16 Miisseler, Andreas, Hild, Andreas, Neuperlach ist schén, Munich, 2018.
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The central concern is to realise the sum of the measures for the existing residents without
increasing rents and keep the return for the owners economically interesting. This can be
achieved by adding an extension to the existing stairwell.

The decisive factor is not having to purchase land that would otherwise be necessary for any
new building. Additional savings are achieved through the fact that the extension can be built
directly onto the existing stairwell (up to a size of approx. 60 % of the existing volume).

The chart shows: The combination of the increase in value and the production costs for the

extension and refurbishment results in a range for the size of the extension (40 % and 60 %
of the existing building volume) in which the return is higher than a new construction and is

therefore profitable from an economic point of view (Figure 19).
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2.4.6! Enabling barrier-free living and different flat sizes

I'Z8%RAB]7.,. % 24 >5& /&H&/ TF " --&33"0"/">+"2'1 " FF&%&2>"7,>"723

The existing building stock in Neuperlach is characterised, among other things, by a
staircase on the facade side. In many cases, the lift has an intermediate landing, meaning
that the residents in the existing building must walk either half a floor up or down to their flats.
Replacing the stairwell in the existing building to ensure barrier-free access to the flats would
require a disproportionately financial and constructional effort. Furthermore, the interior of the
flats cannot be converted to be barrier-free. Sufficiently large door openings, adequate
manoeuvring space and threshold-free room transitions cannot be created at a reasonable
cost within the efficient floor plans of the 60s and 70s.

To enable cost-effective and close to home barrier-free living, a newly built extension to the
existing stairwells was found suitable. The most efficient solution for this extension is to place
the floors at the level of the intermediate landings and thus at the existing lift exits. With
wheelchair-accessible floor plans in the newly built extension, barrier-free flats are made
possible (Figure 20). As a result, a key of one barrier-free new-build flat can be realised in
two existing flats.
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2.4.7! Mix of inhabitants
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Over the course of a lifetime, home requirements change several times. The stock analysed
in Neuperlach largely consists of flats with three rooms or more. These flats are suitable for
families, but there is a lack of adequate housing for smaller households (single people, older
people, couples, single parents) who make up a significant proportion of Munich's population.
The newly built extension would expand the housing stock mainly with one- and two-
bedroom flats. The newly established housing promotes the social mix of the local
population.

People who are rooted in Neuperlach, have lived there for decades and would like to stay
there, but are living in a flat that is too large due to their changed living situation. They could
move to a barrier-free new-build flat in the same location with little effort. This option should
be combined with a flat exchange and subsidy programmes to maintain the low rents of
existing flats. This frees up the existing flat for people in phases of life where they need more
space to live (Figure 21).
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¥ Easier transportation and handling
¥ Reduced material consumption while having a sufficient level of detail
¥ Possibility of showing variation through several models instead of just one

The demonstrator consists of 9 architectural models, short film, exhibition design and
accompanying brochure. Several processes were combined to achieve the