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1 EXECUTIVE SUMMARY

In order to meet the objectives of the Kyoto Protocol, we have to concentrate on improving the
energy-inefficient building stock. Thus, renovation is envisaged as a key strategy to reduce the
energy impact of the building sector.

In order to foster energy efficiency building renovation, an urgent need for a holistic and
integral building energy efficient renovation approach is required, from the data acquisition to
the implementation of the solutions, in order to reduce the renovation operations time.

BERTIM will develop a prefabricated solution which will provide the opportunity to renovate
improving energy performance, air quality, aesthetics, comfort, and property value at the same
time, while ensuring low intrusiveness during renovation works. The manufacturing of the
solution will be included in a holistic methodology for the renovation project process, from data
collecting to installation. The systemic methodology will be based in a digital data flow in BIM
that will be implemented in a software nhamed RenoBIM that will enable reduction of renovation
operation time, customized mass production, and lower financial risk for investors.

Work Package 2 “Intelligent Modelling Based methodology for the holistic building renovation
process with prefabricated modules” aims to define the requirement, specifications and
methodology to develop the energy efficient prefabricated modules and the decision
supporting tool (RenoBIM). This will lead to define the BERTIM prefabricated modules in WP3
and to develop the systemic renovation supporting tool (RenoBIM) in WP4. To obtain WP2
objectives, this deliverable aims to provide a general vision and description of the new holistic
renovation process.

The first step (see Chapter 3) has been the analysis of European building stock, in order to
identify the requirements for the process imposes by the building characteristics of the
different countries represented in the project (Sweden, Germany, France and Spain). For each
country an analysis of the building typologies, their constructive characteristics, energy
efficiency standards and the type of ownership has been carried out. This analysis has been
complemented with a study of the refurbishment market and finally conclusions for each
country have been drawn identifying the key parameters for selecting the most proper target
building typologies.

In the next chapter (Chapter 4), the current refurbishment practices and processes have been
studied for Sweden, Germany and Spain in order to perform a gap analysis. The stakeholders
have been defined, the different phases of the process addressed and the retrofitting solution
and their industrialization level analysed. In section 4.4 an special analysis regarding the wood
products in construction and refurbishment have been carried out in order to take into account
the specifity of the timber in the holistic process.

The final chapter (Chapter 5) address the BERTIM holistic renovation process in all its phases:
feasibility phase, building survey, retrofitting project design (with special emphasis in the
energy efficient design of the modules), manufacturing and finally the transport and
installation, including the building preparation, on-site logistic and support bodies. Finally, the
Chapter 6 summarizes the general conclusions of the deliverable.
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2 INTRODUCTION

Under BERTIM project: “Building Energy Renovation through Timber Prefabricated Modules”,
Work Package 2 “Intelligent Modelling Based methodology for the holistic building renovation
process with prefabricated modules” aims to define the requirement, specifications and
methodology to develop the energy efficient prefabricated modules and the decision
supporting tool (RenoBIM). This will lead to define the BERTIM prefabricated modules in WP3
and to develop the systemic renovation supporting tool (RenoBIM) in WP4.

This deliverable provides a general vision and description of the new holistic renovation
process in order to obtain WP2 objectives.

It begins with a state of the art describing current renovation process: first, in Central Europe,
then, the same in North Europe and finally, in South Europe.

In each part of Europe, existing buildings typologies are analyzed and classed by age, by uses
and occupants, by geometry and flatness, and by material composition.

Then, an inventory of required data gathering methodologies is made: checklist, guidelines
and equipment. After data gathering phase, a design phase includes current practices to
define building refurbishment strategy, the target costs and planning.

In each phase, stakeholders, their roles and their needs are identified. Thereafter the
experiences in manufacturing phase are Europe is listed with some examples of prefabricated
kit intended to building renovation.

Finally, the practices in installation phase are described, including support devices,
preparation of existing building, supply and transportation, and implementation of renovation
solutions.

This state of the art allows defining BERTIM holistic renovation process, the second part of
this deliverable. This work tries to avoid overlapping and to improve the efficiency of the
process. The data flow from existing building data gathering to installation will be linear. The
communication frameworks, areas of application and required information sharing among the
involved stakeholders will be defined, for reducing operation time.

3 ANALYSIS OF THE EUROPEAN BUILDING STOCK FOR PREFA BRICATED
REFURBISHMENT

This chapters includes an analysis of the building stock in three different climatic zones in
Europe. The objective is to provide inputs that will allow to identify wich buildigns are target
buildigns for the implementation of BERTIM modules.

As timber manufacturers are in Sweden, Spain and France, the analysis in this three countries
is carried out, as well as in Germany that is a target market also for the manufacturers.

3.1 Building characteristics in Sweden

3.1.1 Building typologies
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To classify the buildings stock in the same way in all countries, three time period have been
stablished:

* Until 1945 (old buildings)
* Between 1946 until 1990 (post war buildings)
e After 1991 (current and new buildings).

To get the whole picture it is also interesting to see what sort of buildings there were before
1930 eventhough there are quite few and most of the pnes that are still standing are already
renovated.

The higher number of new constreuction was between the years 1950 and 1980. In this period
a high number of multifamily houses were built.

Apartments built i Sweden between -1930 to
2011

600.000
500.000

Aparments 400.000 -

300.000 -

- g
200.000 - One-family houses
100.000 - ® Multi-family houses

0 -

Figure 1 Apartments built in Sweden [Source SBC]

Three-storey houses are the most common type of house among multifamily houses in
Sweden. Most of the three-storey houses are built after 1945.

Higher buildings, five floors and more and built before 1930 almost exclusively. This type are
closed block buildings in urban areas. Recently, the higher houses are more built as
freestanding houses.

Multifamily-houses, outside city center
25000

20000

15000

Number of
appartments
10000 + — ¥ = = E
5000 |- — | — -
[ . . .

1-2 stories 3 stories 4 stories >5 stories

M Time before 1930
W Time 1931-1945
w Time 1946-1960
W Time 1961-1975

Skanegatan 1917, Stockholm, Photo: Multifamily houses, outside city center
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Stockholms stadsmuseum, Wikimedia

Multifamily-houses, city center
80000

70000

60000

50000 .
H Time before 1930
Number of 40000 m Time 1931-1945
appartments
w Time 1946-1960
30000 N
M Time 1961-1975
20000
10000 —
0 [ — - - T 1

1-2stories 3 stories 4 stories  >5 stories

Gammel Strand Kgbenhavn, Photo: Multifamily houses, city center
Mahlum, Wikapedia

Multifamily-houses, "transverse bearing
wall system"

300000
250000
200000
M Time before 1930
Numberof . = Time 1931-1945
appartments
= Time 1946-1960
100000 m Time 1961-1975
50000
o

1-2 stories 3 stories 4 stories >5 stories

Satra, Stockholm, Photo: Holger Multifamily houses, "transverse bearing wall
Ellgaard, Wikapedia (“lamell-houses”) system”

Multifamily-houses, tower blocks
90000
80000
70000
60000
B Time before 1930

50000 .
Number of H Time 1931-1945

appartments
40000 w Time 1946-1960

30000 M Time 1961-1975

20000

10000

0 -
1-2 stories 3 stories  4stories >5 stories

Slottshojden hus, tower blocks Multi-family houses, tower blocks
Photo: Jesper Olsson, Wikimedia
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3.1.2 Constructive characteristics

According to Statistics Sweden, SCB, there were 4,633,678 dwellings in the Sweden in 2013-
12-31. These are divided into 1,999,964 apartments (43 %) in private one family house,
2,332,253 apartments (50 %) in apartment buildings, 222 334 apartments (5 %) in special
resident units and 79,127 (2 percent) in the other house.

Number of aparments in multifamily houses in Sweden , 2012
3000000 +

2500000 -

2 000 000

Privat companies

Aparments

1500 000 Privat persons
m Tenant own association

1000 000 - m Companies own by municipalities

State, municipalities
|
o l .
0 - — .

All of Sweden Bigger Cities Municipalities Municipalities
>75000 people <75000 people
Figure 2 Number of apartments in multifamily houses in Sweden, 2012.

High-rise buildings in concrete and brick fagade

This type of building was built between 1940 and 1970. Already in the end of the 1950s the
traditional elongated building got a new design. Saddleback roofs was replaced with flat roofs
or butterfly roofs. The roof frame was made of rafter with posts with a center-distance of 1200
mm. The posts of the trusses rest on the concrete slab. The roof surface is made of tongue
and groove wood and three layer of roof paper. The floors-slabs could in some cases be only
120 mm thick concrete and insulated with approximately 120 mm mineral-wool. This created a
roof with low slope and dewatering inward. With the Nordic region's cold climate and
temperature changes, this is not a good solution if it is not executed in a good way and also
maintained in a good way. The bearing walls consisted of in situ cast transverse concrete
walls and the facades was made of non-bearing light walls.

During the period 1960-1976 there was built more than 300 000 flats in Sweden of this type
with 3-6 stories. The building was divided into different lengths, usually two or three stairwells
with a similar design regardless of topography. The houses are often planned after a system
called 3M-system, and a common width of rooms in the apartment was 39x3M = 3.90 meters.

The “infill” walls were often built up of isolated (100-150 mm) timber frame with plaster on the
inside. The facade surface was often made with bricks or fiber cement boards.
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Example of layout. Picture from the book "Sa byggdes husen 1880-2000"

i

Example of the structural design. Picture from the book "S& byggdes husen 1880-2000"
Figure 3 High-rise buildings in concrete and brick facade

High-rise buildings in concrete and wooden facade

The houses of this type were built in the late 60th century. The houses are built with a
conventional in-situ concrete structure with transverse load-bearing walls and a thickness of
160 mm. The floors were cast in place using room-sized shutter trestle which also had an
influence on the layout and specified the width between bearing walls.

The roof frame was made of rafter with posts with a center-distance of 1200 mm
The posts of the trusses rest on the concrete slab. The roof surface is made of tongue and
groove wood and three layer of roof paper. The floors-slabs was normally made of 160 mm
thick concrete and insulated with approximately 150 mm mineral-wool.

The exterior walls were made of room-sized prefabricated (also built on site) elements of
wood. The elements were performed by a wooden frame with 120 mm insulation covered with
wood on the outside and gypsum boards on the inside.
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Example of the structural design.Picturfrom the book "S& 'byggdes husen 1880-2000"
Figure 4 High-rise buildings in concrete and wooden facade

Tower blocks 3-6 stories

The houses of this type began in the late 1940s. Houses bearing structure was made
lightweight concrete blocks and brick walls. The roof structure was as Swedish roof truss with
rafters and tie beams allowing interior of the attic space. The floor was made of concrete with
a thickness of 160 mm. The exterior walls was made of lightweight concrete with a thickness
of 250-300 mm.

Tower blocks 8-9 stories

During the 1950-60's were tower blocks of 8-9 floors of the most commonly used building type
for the growing suburbs of the larger cities. Many different construction techniques was tested
during this time and there are therefore many individual solutions.
The house was built almost entirely of cast in place concrete structures. Plaster on lightweight
concrete was often used as facade surface. The roof structure was made of rafter with posts
with a center-distance of 1200 mm. The posts of the trusses rest on the concrete slab.
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made of bricks. Picture from the book "S& with lightweight concrete. Picture from the
byggdes husen 1880-2000" book "Sa byggdes husen 1880-2000"

Figure 5 Tower blocks 8-9 stories

Buildings with precast concrete elements

During the 1950s, the technology of using prefabricated concrete elements was
developed/introduced but the technology had no direct impact until late 1960s. Layout of the
houses was divided so that each stairway serviced 2-3 apartments per floor. The houses were
often built with load-bearing floor-slabs, apartment separating walls, columns, facades made of
concrete elements and manufactured in a factory. The facade elements was made are of the
sandwich type with two concrete slabs with insulation.

There were also semi-industrialized production methods where the walls panels were
prefabricated in a temporary factory and the floor slabs are cast in situ.
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Example of the structural design. Picture from the book ”"S& byggdes husen 1880-2000”

Figure 6 Buildings with precast concrete elements

3.1.2.1 Building systems
Heating systems:

Multifamily buildings constructed between 1955 to 1970 have all central heating systems. In
apartment buildings dominate the district heating, 64% of the buildings have district heating.
During the last 10-15 years there has been an increased use of heat pumps even for
multifamily-houses as the main heating source.

Ventilation systems:

In multi-family houses are mechanical ventilation frequently most common. In older apartment
buildings is till natural ventilation used in many buildings. In multifamily houses -dwelling
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buildings dominates mechanical waste air systems, F-systems, until 1986. After 1986
mechanical waste and fresh air systems, FT-systems, become more frequently used.

Ventilation-systems in multifamily houses -1960 to 2005
80

70

60

H S-system
40 F-system
W FT-system
30 FTX-system
FVP-system
20
10 .
. LA B e
-1960

1961-1975 1976-1985 1986-1995 1996-2005

Figure 7. Ventilation systems in multifamily houses

Source: BETSI- project

- S-system: Natural ventilation

- F-system: Mechanical ventilation, outgoing air

- FT- system: Mechanical ventilation, outgoing and incoming air

- FTX-system: Mechanical ventilation heat recovery, air exchanger
- FVP-system: Mechanical ventilation heat recovery by heat pump

3.1.3 Energy efficiency standards

The average apartment in Sweden is built in 1959 and consists of basement and three floors
above ground. The fagade is in brick or plaster and has gable roof with concrete roof tiles. The
heated area, Awmp, is 1426 m? and the exterior walls U-Value is 0.411 W / (m? K). The house
has 14,6 apartments and the live an average of 1.7 people in each apartment /4/.

Figure 8 shows an average U-value of external walls of apartment buildings. Outer walls U
value has improvements in apartment buildings up to the period 1986-1995. In the older
buildings in order to achieve an equally low U-values as the buildings from 1995 it is needed
additional insulation equivalent to 190 mm mineral wool on average.

The average U-value for windows from 1961 to 2005 have changes from 2,3 W/m’K to 1,9
WIm’K.
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Average U-value for external wall, roofs in multi-storey
buildings between 1961-2005 in Sweden

0,70
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U-value, W/(mZ2K)

0,40
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0,30 Roofs
0,20 —_—
0,10

0,00
-1961 1961-75 1976-85 1986-95 1996-2005

Figure 8 Average U-value, external walls and roofs between 1961-2005. [Source: Boverket BETSI-project]

3.1.4 Type of ownership/residents

Of the apartments in multifamily-houses, 40 % of the apartments is owned by tenants or own
by house associations, 29% of the apartments is owned by cities and municipalities and 19%
is owned by private companies.

3.1.5 Refurbishment market

Most interesting houses for refurbishment is probably houses from 1955-1970 because they
are 40-50 years old and there are many of this type. These types of high-rise houses came
from a special period of building development in Sweden known as the "Million Program”
wherein the Swedish state decided to build 1 000 000 new dwellings in the 10 years between
1965 and 1974.

During million program there was built a total of around 920,000 apartments in multifamily
houses, around 830,000 of these is current residential property according to Industry Facts
2008. Approximately 390,000 of these apartments are owned by municipal housing
companies, while the remaining apartments are privately owned or owned by housing
associations. Of the municipal housing company apartments from million program, around 20-
30 percent have been renovated, which means that just over 300,000 flats of the municipal
portfolio remains to be renovated. (Mattsson-Linnala, 2009).

In Sweden as in every European country, the status of the existing building stock is coming
increasingly under scrutiny. There are two principal reasons for this, the first being the fact that
a disproportionally large number of buildings where built in the post WW2 period, with as much
as half of the building stock for housing and somewhat less of other buildings built between
1950 and 1980 in most central and North European countries /1,2,3/. These buildings are now
30-60 years old and many parts of the buildings need to be replaced or refurbished, especially
the building envelopes and the building services systems such as HVAC, water and sewage,
whereas the building structures are generally sound /4/.
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Possibilities to refurbishment

In the BETSI project “Swedish National Board of Housing,Building and Planning” asked some
antiquarians to study the material that had been reported from a number of buildings within
BETSI to assess the opportunities for adding insulation and change the facades. The
conclusion is that such action is in many cases difficult to implement without spoiling the
building's heritage values. It was possible in 41 % of the studied buildings and “maybe” in
additional 28% of the buildings.

3.1.6  Conclusion

The most suitable target houses for BERTIM project in Sweden could be the houses built in
the period from 1955 to 1970. The most common characteristics in this type of buildigns will be
the following:

« Average U-value of external walls range from 0.4 to 0.6 W/m?K in this period while yhe
new buildings have U-values less than 0.2 W/m?K.

» Builidings with mechanical ventilation included only outgoing air.

» Central heating systems, and no cooling

3.2 Building characteristics in Germany

3.2.1 Building typologies

In Germany, age classes play an important role when determining the value, specifications
and standards embodies in buildings. Following building age classes are distinguished (Loga,
2012) as shown in Table 1.

Table 1. Building age classes in Germany

Class Time phase Main characteristic

A before 1859 studwork houses

B 1860 - 1918 Wilhelminian style buildings

C 1919 - 1948 Industrialisation of building component production
D 1949 - 1957 Low quality post war buildings

E 1958 - 1968 Large scale developments

F 1969 - 1978 Industrialised construction

G 1979 - 1983 Heat Insulation Ordinance No. 1
H 1984 - 1994 Heat Insulation Ordinance No. 2
I 1995 - 2001 Heat Insulation Ordinance No. 3
J 2002 - 2009 EnEV 2002

K 2010 - 2015 EnEv 2009

L 2016 - ...... EnEv 2015
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In particular, Loga (2015) showed that residential buildings belonging to the age classes D (up
to 300 kWh/mz2, a primary energy consumption) and F (about 250 kWh/m2, a primary energy
consumption) that have not yet been renovated are of low quality concerning their energy
performance, due to the low quality of building materials (in case of class D) and the
experimental and industrialised building methods used at that time (in case of class F). Even
after refurbishment, buildings of these age classes remain usually slightly below the
performance optimum of similarly renovated buildings of other age classes (see Figure 9).
Loga (2015) also showed that statistically with the size of buildings, and a rising amount of
dwelling units contained in them, due to a better volume to surface ratio and a higher efficiency
of centralised energy supply systems, energy consumption decreases in general.

400 100%
90%
350

80%
300

70%
250 | / \ | | /- /\ L] /\ /\ _/\_ 60%
200 50%

40%
150

in relation to current condition

L1 NLE—-1 4 30%

100 / 5 ™
20%
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Primary energy demand per m* dwelling area [kWh/(m’a)]

10%

o H | | o i . o . . 0%

P L

W Current condition . Renovation package 1 Renovation package 2

w——Rp1 relativ to current condition === Rp?2 relativ to current condition

Figure 9 Primary energy consumption of building size types in different age classes (adopted from Loga,
2015)

Hoier & Ehorn (2013) represent the existing residential building stock by so-called “average
typologies”. According to their statistical calculations the average singe family house contains
1.24 dwelling units (this equals to 135m? dwelling area) and single family houses account for
83% of all existing buildings. The average multi-family house contains 6.83 dwelling units (this
equals to 457m2 dwelling area) and multi-family houses account for 17% of all buildings). In
contrast, Loga (2015) identifies five building size typologies:

1. Single-family houses (1-2 dwelling units)

2. Terraced houses (1-2 dwelling units)

3. Multi-family houses (3-12 dwelling units)

4. Large multi-family houses (12-64 dwelling units)
5. High-rise buildings (over 64 dwelling units)

Loga sets these five building size typologies in relation to the previously defined age classes
and thus systematically identifies a multitude of building typology categories as shown in Table
2.. These categories were then specified in more detail regarding performance indicators as
frequency of occurrence and energy efficiency (e.g., primary energy consumption).

D2.1 BERTIM holistic renovation process Page 21 of 133



Building Energy Renovation through Timber Prefabricated Modules

Table 2. Building typology categories in Germany (a

dopted from Loga, 2012; Loga, 2015; Episcope, 2015)

Age Class

Single
Family
Houses

Terrace

d

Houses
S

Large
Multi-
family
Building
S

Multi-
family
Building

High-
rise
Buildin
gs

Basis-Type

...1859

X

1860...

1918

1919...

1948

1949...

1957

1958...

1968

1969...

1978

XX | X[ XX

1979...

1983

1984...

1994

1995...

2001

2002...

2009

2010...

2015

2016...

XX XXX XXX | X[ XX

XX XXX XXX X[ XX | X

FIF

1969...

1978

Prefab

XXX XXX X X XXX XXX

FEG_D

1946...

1960

FEG E

1961...

1969

sasen ewadg] || =@ MmO [O[®[>

FEG F

1970...

1980

FEG G

1981...

1985

FEG H

1986...

1990

93

x

On this categorisation the overall amount of residential buildings in certain building typology
categories and the resulting dwelling areas were determined as shown in Table 3.

!Industrialised Housing Construction in Former Eastern Germany (FEG)
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Table 3. Occurrence amount of residential buildings in certain building typology categories (adopted f rom
Loga, 2015)
Age Classes

Analysis of building and
dwelling count done in 2011

Until | 186 | 191 | 194 | 195 | 196 | 197 | 198 | 199 | 200

- e e |8 o |e |a |5 2 | |,
186 | 191 | 194 |195 | 196 | 197 | 198 | 199 | 200 | 200 g
0 8 8 7 8 8 3 4 1 9

Cut-off date: 09.05.2011
A B |c |p |E F G |H |1 J

Q Single Family Houses X X X X X X X X X X

3 —

| Number of res. buildings in 1,13 1,50 | 1,50 1,16 | 1,03 9,97 ®

E| Y500 330 | 966 | 859 | ¢ ! 704 | ¢ : 775 | o 55%

(2]

&1 Number of dwelling units 121 | 1,38 | 1,06 | 1,94 | 1,01 139 | 1,20 122 | ara

S| in 1,000 39 137 |9 |0 |8 |5 |88 |7 |4 |88 |g |31%

Q

g Dwelling areain millonm' | 46 | 135 | 150 | 116 | 218 | 233 | 110 | 178 | 158 | 119 §’46 41%

8]

=)

Q| Terraced Houses X X X X X X X X X

(%]

5] T%’Sger of res. buildingsin | 145 | 492 | 710 | 447 | 633 | 611 | 335 | 652 | 619 | 384 203 | 28%

A 1,

3

n| Number of dwelling units | 1o, | g17 | gao | 546 | 749 | 685 | 374 | 722 | 674 | 409 | 279 | 15%

g in 1,000 6

[{e]

Dwelling area in million m* | 19 62 82 52 76 79 45 85 80 52 633 18%

Multi-Family Buildings X X X X X X X X X X

?%’gger ofres. buildingsin | 5, | 447 | 388 | 356 | 586 | 412 | 146 | 309 | 244 | 85 302 | 17w
Number of dwelling units 2,17 | 191 | 2,00 | 3,34 | 2,31 1,82 | 1,39 16,4

in 1,000 N 1 3 8 3 e8| 5 0 L g | A2
Dwelling area in million ¢ | 16 | 163 | 129 | 125 | 225 | 169 |64 | 133 | 104 | 39 {13’16 33%
Largg Multi-Family X X X X X X X

Buildings

Number of res. buildings in

1.000 0.6 287 | 74 17.3 | 340 | 50.1 | 15.0 | 28.7 | 20.9 | 7.6 210 1%

Number of dwelling units

1,36
in 1,000 11 526 126 | 308 | 818 6

356 | 605 | 408 | 151 ‘7"46 12%

Dwelling area in million m’ 0.7 358 | 79 17.0 | 47.1 | 86.7 | 21.9 | 348 | 25.5 | 10.4 | 288 8%

Number of residential 533 192 | 2,23 | 1,67 | 2,76 | 2,58 | 1,20 | 2,15 | 1,91 | 1,25

buildings in 1,000 9 6 9 2 0 0 0 9 1 18.239
% 3% 11% | 12% | 9% 15% | 14% | 7% 12% | 11% | 7%

Number of dwelling units in 806 453 | 426 | 391 | 686 | 6,27 | 2,46 | 455 | 3,67 | 1,88

1,000 3 5 5 3 9 3 0 5 0 39228
% 2% 12% | 11% | 10% | 17% | 16% | 6% 12% | 9% 5%

Dwelling area in million m* 82 396 370 309 567 569 240 | 431 368 220

3,652

% 2% 11% | 10% | 9% 16% | 16% | 7% 12% | 10% | 6%

Large quantities of residential multi-family buildings/dwelling units are allocated within the
categories terraced houses and multifamily house. In particular, this makes these categories in
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the age classes between 1861 and 2001 interesting as targets for mass manufacturing based
refurbishment. Further details regarding the energy performance of buildings in certain building
typology categories as well as the categorisation methods used in other EU countries are
available through the TABULA project website (TABULA, 2015) .

3.2.2 Constructive characteristics

Residential buildings can be specified in terms of the following constructive characteristics:

According to Graubner (2014) and DGMW (2011),73% of the building stock in Germany is
based on masonry structures (usually masonry walls combinedwith steel-reinforced concrete
floors), 8% on steel-reinforced concrete (usually,steel-reinforced concrete walls combined
withsteel-reinforced concrete floors), 16% on woodenconstruction and 3% on construction with
other materials. The predominance of masonry-based structures in multi-story, multi-family
residential building construction can be observed throughout all age classes (from class B to
class L). Although prefabricated concrete based buildings experienced some popularity in the
age classes E and F (in particular, for large multi-familiy buildings, high-rise buildings and
super-large housing estates as previously outlined), masonry-based structuresdominate in all
age classes. Also today masonry based construction is highly popular among the end-users
(renters/dwellers)due to the ease and comfort they create (e.g. in summer, they keep buildings
cool without ventilation). However, concrete based buildings has increasingly becamean
option for investors and contractors in the fast-growing urban areasdue to “the cheap
availability of concrete”, “advances in concrete engineering (reinforcement techniques, novel
additives for super fast hardening, etc.)”, “the availability of advanced, labor saving
tools”,“machinery allowing the fast and productive casting”, and “slip forming of concrete
structures on site”.

Table 4. Predominant geometric building typologies

Single-family family house
Examples by lturralde, Linner,
br2/ TUM

Terraced house
Examples by lturralde, Linner,
br2/ TUM

Horizontally oriented building
block

Examples by lturralde, Linner,
br2/ TUM
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City building block VAV hH l i
Examples by Iturralde, Linner

br2/ TUM ’ AN = B! lEﬂ

Buildings with terraces
Examples by lturralde, Linner,
br2/ TUM

High rise building
Examples by lturralde, Linner,
br2/ TUM
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Table 5. Predominant geometric building typologies

Skeleton-based
construction Concrete
Examples by lturralde, 1 L]
br2/ TUM .
Shear wall construction
Examples by lturralde, Masonry or concrete
br2/ TUM
[

Central core construction ,
(usually high rise ‘ Steel/ concrete
buildings)
Examples by lturralde,
br2/ TUM

i

‘*

IgE

Table 6. Predominant geometric building typologies

Perforated facade

Examples by lturralde, pge——
Linner, br2/ TUM ‘ U U H

Faced with balconies
Examples by lturralde,
Linner, br2/ TUM
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Facade with loggias
Examples by lturralde,
Linner, br2/ TUM

Facade with  access

balconies

Examples by lturralde, = =

Linner, br2/ TUM m:LLLUJ
L‘HL‘II?JT‘_I
AL Iy

Facade with

movable/foldable panels
Examples by lturralde,
Linner, br2/ TUM

In Germany, the prefabrication of wooden panels is predominantly practiced in the
construction of new single-family houses, semi-detached houses and terraced houses by
specialised prefabrication companies. Prefabricated houses have a share of 15-20 percent
(depending on the region) in the German housing market. The majority of prefabricated
buildings constitute wooden panelised buildings. Key players in the market are Weber House,
Kampa House, Bien-Zenker, Huf Haus and Baufritz. Sales volume of each company is in the
range of 300-1000 houses per year.

3.2.3 Energy efficiency standards:

In Germany, building standards are used for both classifying newly constructed and renovated
buildings. The majority of renovation activities currently focuses on achieving energy
standards between KfW 55 and KfwW 115.Up to date, only a minority of renovation activities
targets at “Passive House” or even “Active House” standards. However, with
strengthenedstandards applicable for newly constructed buildings, the expectations for energy
saving achieved through renovation rise. It can be expected that after the year 2020 standards
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such as “Active House”, “Efficiency Building Plus”, “Zero Energy Buildings” and “Passive
House” will be applied, which has to be achieved through renovation as well.

As a combination of information from Hegger et al.(2013) and KfW (2015) the efficiency
standards relevant in Germany and their specifications are outlined in Table 7.
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ilding standards in Germany

Primary Loan/Subsidiaries
energy
Efficiency ;
requirement Scope Technical requirements
Standard s new building refurbishment
(kWh/m2a)
Heating, cooling, | Subsidy by Federal Ministry of Transport | as below + building can actively generate
auxiliary  energy, | and Digital Infrastructure: up to 70.000 € for | energy
drinking water, | planning; Insulation and re-
Act lighting, production | generative/innovative energy generation
ctive
<0 of the building | technology is subsidised with 300€/m2
House
(grey energy),
maintenance and
repair,  cleaning,
disassembly.
. . Subsidy by Federal Ministry of Transport | as below + building can actively generate
Heating, cooling, O
- and Digital Infrastructure: up to 70.000 € for | energy
Efficiency auxiliary  energy,
o o planning; Insulation and
Building <0 drinking water, o . .
o regenerative/innovative energy generation
Plus lighting, household . i ]
. technology is subsidised with 300€/m3;
appliances » .
additionally KfwW support possible
Subsidy by Federal Ministry of Transport | as below + in this case no heating system
. . and Digital Infrastructure: up to 70.000 € for | would be required
Zero Heating, cooling, . .
- planning; Insulation and
Energy about 0 auxiliary  energy, o . .
o o regenerative/innovative energy generation
Building drinking water . n ]
technology is subsidised with 300€/m2
additionally KfwW support possible
Subsidy by Federal Ministry of Transport | Basic: (1) building should be air tight; (2)
and Digital Infrastructure: up to 70.000 € for | consequent use of regenerative energy;
Heating, cooling, | planning; Insulation and regenerative | (3) air conditioning with regenerative heat
bassi auxiliary  energy, | /innovative energy generation technology is | recovery; (4) wood pellets heating,
assive
" <25 drinking water, | subsidised with 300€/m?; additionally KfW | biomass heating or heat pump; (5) solar
ouse
lighting, household | support possible plant for heating drinking water; (6)
appliances exterior wall insulation; (7) roof insulation;
(8) windows with triple glazing and highly
insulated frame
max. 50.000 | same as Kfw 55 Basic: (1) building should be air tight; (2)
€ per consequent use of re-generative energy;
accommodat (3) air conditioning with regenerative heat
Efficiency Heating, cooling, | ion unit/ recovery; (4) wood pellets heating,
Building 30 auxiliary  energy, | acquittance biomass heating or heat pump; (5) solar
Kfw 40 drinking water subsidy: plant for heating drinking water; (6)
10% exterior wall insulation; (7) roof insulation;

(8) windows with triple glazing and highly

insulated frame
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Primary
energy

Efficiency requirement

Standard s
(kWh/m2a)

Efficiency

Building 40

Kfw 55

Efficiency

Building 50

Kfw 70

Efficiency

Building 60

Kfw 85

Efficiency

Building 70

Kfw 100

Scope

Loan/Subsidiaries

Technical requirements

acquittance
subsidy: 5%

17,5% of the energy related
capital investment

13.125 € per

(max.

accommodation unit)

new building refurbishment

max. 50.000 | max. 75.000 € per | Basic: (1) air conditioning with
€ per | accommodation unit/ | regenerative heat recovery; (2) wood
accommodat | acquittance subsidy: 12,5% | pellets heating, biomass heating or heat
ion unit/ | + capital investment grant: | pump; (3) solar plant for heating drinking

water; (4) exterior wall insulation; (5) roof

insulation; (6) windows with triple glazing

and highly insulated frame.
Recommended: (1) floor and wall heating,
(2) very thick insulation; triple

glazing(insulation also of doors; (3) sun

oriented orientation of the building

max. 50.000
€ per
accommodat
ion unit/

acquittance

max. 75.000 € per

accommodation unit/
acquittance subsidy: 10,0%
+ capital investment grant:

15% of the energy related

Basic: (1) air conditioning  with

regenerative heat recovery; (2) heating
with a gas condensation boiler; (3) solar
plant for heating of drinking water and
exterior  wall

heating support; (4)

acquittance subsidy: 5% +

capital investment grant:
12,5% of the energy related
capital investment

7.500 € per

(max.

accommodation unit)

subsidy: - capital investment (max. | insulation; (5) roof insulation; (6) windows
11.250 € per | with double glazing. Recommended: if
accommodation unit) heated with wood pallets regenerative
heat recovery for the aeration system
might not be needed.
none max. 75.000 € per | Basic: (1) air conditioning  with
accommodation unit/ | regenerative heat recovery
acquittance subsidy: 7,5% | (recommended); (2) heating with a gas
+ capital investment grant: | condensation boiler; (3) solar plant for
12,5% of the energy related | heating of drinking water and heating
capital investment (max. | support; (4) exterior wall insulation; (5)
9.375 € per | roof insulation; (6) windows with double
accommodation unit) glazing. Recommended: if heated with
wood pallets regenerative heat recovery
for the aeration system might not be
needed; (1) if existing walls are thick
enough new insulation layers might not be
required.
none max. 75.000 € per | Basic: (1) heating with oil or gas
accommodation unit/ | condensation and solar plant for heating

of drinking water (2) exterior wall
insulation; (3) roof insulation; (4) windows
with double glazing. Recommended: if
heated with wood pallets regenerative
heat recovery for the aeration system
might not be needed; (1) if existing walls

are thick enough new insulation layers
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Primary Loan/Subsidiaries
energy
Efficiency f
requirement | geope Technical requirements
Standard s new building refurbishment
(kWh/m2a)
might not be required.
none max. 75.000 € per | Basic: (1) heating with an oil or gas
accommodation unit/ | condensation and solar plant for heating
— acquittance subsidy: 5% + | of drinking water (2) exterior wall
iciency
Buildi 80 capital investment grant: | insulation; (3) roof insulation; (4) windows
uilding
e 12,5% of the energy related | with double glazing
capital investment (max.
7.500 € per
accommodation unit)

Hegger et al. (2013) outline that standards can be expected to go beyond the sole view on the
building’s operational performance and consider more and more buildings complete life cycles
(e.g., grey energy embedded in the components) as well as additional life areas (e.g., food,
mobility, etc.)in the future. In this context, the German seal of quality issued by the
DGNB(2015)to individual buildings upon request was introduced in 2008.1t allows a holistic
assessment and certification of a building’s sustainability by 50 performance
indicators(indicator categories: ecologic quality, economic quality, socio-cultural and functional
guality, technical quality, process quality, quality of implementation related to location of the
building).

3.2.4 Type of ownership/residents

The home ownership rate in Germany is about 53% (Eurostat/LBS Research) , which is
relatively low compared to Spain (83%), Sweden (71%), and France (62%). Moreover, the
people living in social housing units with low rents accountfor about 18%in Scandinavian
countries, 15%in France,and currently only 7% (Eurostat/LBS Research) of the population in
Germany. In many German cities and metropolitan regions, the home ownership rate is below
53% (in average 20-30%), whereas in rural areas it is usually above 50%. Moreover, a study
done by the Bayern LB (2009) showed that the ratio of owner-occupied residential multi-family
buildings in Germany is highly dependent on the age class and increases steadily since 1918:
B: 10%, C: 5%, D: 13 %, E: 15 %, F: 18 %, G: 25 %, H: 20%, I: 25 %, and J: 35%. From this
data, it can be concluded that the potential target group of buildings (larger housing estates
where mass-manufacturing techniques can be applied) for this project will have a relatively low
ratio of owner-occupied dwelling units.

In this context, it has to be considered that laws and regulations tend to become more and
more favourable for renters in order to protect them from severe financial burdens due to
renovation as well as a disturbance to their living environment. In any case of a refurbishment
of the building in which they live, the renters have the right to terminate the renting contract
prior to the time the refurbishment starts. This might lead to considerable losses on the
owner/investor side. Furthermore, the increase of monthly rents as well as the amount of the
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cost of the refurbishment that can be passed on to the renters is limited by the federal law.
Furthermore, it is common owners have to lower the renting fee during refurbishment(due to
disturbances of the functionality of the building caused by the refurbishment activities) or the
renter is transferred to a hotel paid by the owner during the period where heavy refurbishment
work has to be performed. Thus from an economic and legal perspective, a fast, free of
disturbance and well-scheduled refurbishment process is a must in order to minimise losses
and claims by the renters against the owner/owners.

In terms of ownership structure, a multi-family residential building can be owned by

1. One entity (in most cases a private or governmental housing company) or
2. Multiple entities (e.g. the owners of the individual dwelling units within the building).

In case multiple entities own the individual dwelling units of a residential building, the common
areas of the building (basement, functional rooms, etc.) as well as the financial obligations
(running cost of the building, etc.) are split proportionally and the part of the total building
owned by an individual is notarially certified. With the purchase of a dwelling unit, owners
automatically belong to the so-called “home owner community” of the building(WEG, 2002). In
that context, each owner transfers a certain amount to a joint account (usually as monthly fee
per owned m?) to build up a common budget (called also “reserve fund”). The accumulated
budget is used to repair, maintain or renovate the jointly owned building. The members of the
homeowner community can (through a majority vote) jointly take decisions regarding
refurbishment activities. The amount needed for a particular refurbishment project that
exceeds the money available through the reserve fund can be provided by the individual
home-owners (in proportion to their ownership)or alternatively the home owner community can
jointly take out a loan.

3.2.5 Refurbishment market

Refurbishment measures related to energy efficiency are related to not only the refurbishment
of a single building but the refurbishment of whole settlements, quarters, large housing
estates, villages or cities (Habermann-Niel3e, 2014; Wick, 2014 ). The size of settlements can
be utilised and the installation of, for example, centralised energy systems that supply the
whole settlement with energy based on renewable-energy sources (e.g., wood pellets,
methane, etc.) can guarantee high-energy efficiency or even complete autarky as in case with
the German “bio-energy villages” (http://www.bioenergie-doerfer.de/) in rural areas. Also in
cities, large settlements or complete urban quarters (in some cases even belonging to a single
private or governmental housing company) are increasingly the subject of large-scale
refurbishment (see for example “Markisches Viertel” in Berlin; Berlin, 2014 ).

A large quantity of large housing estates with usually more than 2.500 dwelling units (in some
cases even beyond 15.000 dwelling units as in case of “Markisches Viertel” in Berlin,
“Neuperlach” in Munich, or the large housing estates in Erfurt) were built between 1950 and
1980. Today these large housing estates provide 4 million dwelling units for more than 8
million people and account for 20% percent of the German residential renting market (WI21,
2015). Such large housing estates have to be improved not only in terms of energy
performance but also regarding floor plans, design, public areas, linking to public transport and
road infrastructure, and the urban open space around the buildings. The study “Perspectives
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for large housing estates” (KG ev., 2015) estimates that about €90 billion investment would be
needed in the next decades to update large housing estates and stresses that, in particular,
industrialised methods of refurbishment and prefabrication can be considered practical due to
the so called “serialised character” of most of those estates. Many of those large housing
estates are based on horizontally and/or vertically repetitive structures built from concrete or
concrete based prefabricated panels.

Munich-Neuperlach Munich-Olympia Zentrum

Figure 10 Representative examples large housing est  ates in Germany. [Examples: Linner, br2/ TUM]
The study “Energy performance focused refurbishment of large housing estates” (BBSR,
2015) examined eight pilot refurbishment projects targeting large housing estates (the estates
examined had each between 700 and 15.000 dwelling units and were distributed all over
Germany) and showed that usually about a quarter of the cost of refurbishment of such large
housing estates is spent on energy performance related measures where the energy-efficiency
standards aimed at are usually KfW 85 or KfW 100. Furthermore, it was shown that in many
cases due to the public relevance of such projects (in this case, refurbishment impacts whole
cities or urban quarters and their profile) the owners/investors profit besides KfwW funding from
further local state or city funds.

3.2.5.1 Location of potential refurbishment areas/buildings (city vs. rural side)

According to Statista (2015) the ratio of people living in cities in Germany will increase from
75.6 % in 2015 to 78.3% in 2030. A more detailed overview is given by the Federal Institute for
Research on Buildings, Urban Affairs and Spatial Development showing that currently 28.7%
of the population lives in large cities (cities beyond 100.000 inhabitants), 39.5 in urbanised
areas around those large cities (density above 150 inhabitants/km2), 17.1 % in rural areas
around those large cities (density above 100 inhabitants/km?), and 14.6 % in sparsely
populated rural areas (BBSR, 2012).

In the next decades, the expected decrease of the population in Germany will lead to an
increase of the amount of vacant dwelling units. Already today the vacancy rate (percentage of
non-occupied buildings in relation to the total building stock)in industrially weak areas equals
to 13-15% (e.g. in Saxony and Saxony-Anhalt it equals to about 15%; the German average
equals to 8.6% according to DESTATIS, 2010). In terms of refurbishment strategies, it has to
be considered that even in larger cities in structurally weak regions, a shrinkage of the building
stock will be necessary. Refurbishment in those regions must ensure that the existing building
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stock can be made attractive enough to allow it to compete for the remaining inhabitants
and/or to attract new inhabitants and thus to stay economically viable. At the same time, rents
in those areas have to remain affordable in order to be socially sustainable which prevents
overly costly refurbishment.

A completely different situation can be observed in a few growing metropolitan regions in
Germany (high rent regions as Munich, Hamburg, Frankfurt, and Stuttgart) where the demand
for dwellings is and will during the next decades remain higher than the supply with dwellings.
On the one hand, refurbishment activities must ensure that additional living space can be
created in those regions. Furthermore, it is due to the acceptance of high rents and higher
margins that can be achieved, more attractive for investors to invest in renovation and building
upgrades in urban areas. According to the Institut der Deutschen Wirtschaft Koln (2015) the
migration of people from urban regions and cities to these metropolitan regions will be
increased further by the rapidly ageing society in Germany because elderly people value the
excellent supply with goods, public transport, and health care services in those regions.

3.2.6 Conclusion

It can be concluded that the age class plays an important role when the future target groups
for Germany should be determined. Hoier & Ehorn (2013) showed that for various scenarios, a
simplified assumption can be made regarding the relation of age classes and individual 10-
year time periods between 2010 and 2015. Table 8 shows that (considering the fact that
BERTIM results can be fully exploited not before 2020) the age classes F to | and thus
residential buildings built between 1969 and 2001 shall be considered as relevant for the
German case.

Table 8. Expected numbers of residential multi-famil y buildings that will be renovated within certain a ge
classes in specific 10-year time periods between 20 10 and 2020 (adopted from Hoier & Ehorn, 2013)

period of time | 2010-2020 | 2021-2030 | 2031-2040 | 2041-2050 | 2010-2050 | sum
Periodinyears | 11 10 10 10 41
s!QJ B (1961-1918) | 4.104 2.037 1.722 1.287 2.332 95.597
& C (1919-1948) | 1.086 5.182 4.446 2.831 3.330 136.540
D (1949-1957) | O 0 0 18.546 4.523 185.462
E (1958-1968) | 30.328 0 0 0 8.137 333.603
F (1969-1978) | 5.094 21.634 0 0 6.643 272.375
G (1979-1983) | O 9.393 14.074 0 5.724 234.671
H (1984-1994) | 0 0 22.114 12.605 8.468 347.193
| (1995-2001) | O 0 0 22.201 5.415 222.013
J (2002-2009) | O 0 0 0 0 0
sum 40.612 38.246 42.356 57.470 44,572 1.827.453
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Furthermore, it can be concluded that

* The majority of the multi-family houses in need of refurbishment will be terraced
houses (1-2 dwelling units), multi-family houses (3-12 dwelling units), and large multi-
family houses (12-64 dwelling units).

* The average multi-family house has about 7 dwelling units.

*  Over 73% of multi-family buildings are masonry construction.

» Of particular relevance in Germany are large housing estates with more than 2,500
dwelling units, which account for 20 percent of the rental housing market.

» Large housing estates are predestined for industrialised refurbishment due to their
“serialised character”.

* Only less than 30% of multi-family residential dwelling units are owner-occupied.

» The majority of residential building refurbishment projects targets at between KfwW 100
to KfW 55 standards (higher standard is considered as economically not feasible).

* In high rent regions such as Munich, Hamburg, and Frankfurt refurbishment should be
combined with creating new living space and barrier-free buildings and dwellings.

« German Government funding agencies recommend (and fund these activities) to
combine energy related refurbishment with refurbishment activities that create barrier
free buildings.

* A majority of buildings is based on shear walls and perforated facades.

3.3 Building characteristics in France

3.3.1 Building typologies

For the central Europe architectural classification, 5 time periods were found from 1850 to
1974.

Period 1: 1850 to 1914:

This period is characterized by increase of rural migration for working in town. This situation
leads to a lack of housing in urban neighbourhoods. Awareness about the unhealthy living
conditions of the workers (industrial revolution period) lead State to make laws for healthy
housing. Also, they allow building or expanding taller buildings up to 20m.

In 1894 appear the first private organizations that manage low-cost and social housing. Most
of walls are made by local stones masonry. Since 1895, buildings were made by manufactured
materials: concrete, cement, steel, brick and tiles.
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Figure 11 Haussmannien: ca 1860.  Faubourien:c a 1888 Post-Haussmannien: ca 1901

Period 2: 1918 to 1939

During this period (between 2 wars), facades are linear and buildings constitute block of
houses detached from the existing city. The most used design system is concrete columns
and beams, filled by masonry walls.

Figure 12. Low cost housing 1925, 1934 and 1934

Period 3: 1944 to 1953

This period is characterized by generalization of concrete structure (column and beam) and
filed by masonry and improvement of manufacturing phase: prefabricated elements: bays,
slabs, timber floor board, metal formwork.

Figure 13. Rationalism: ca 1953 and Modern Classici sm: ca 1953
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Period 4: 1954 to 1966

During this period, Industrialization of construction runs with high speed in order to solve
housing lack crisis. Large constructions are built in suburban areas. Most of buildings are
made of concrete: slab and wall system overtakes column and beam system. Slab and wall
system allows using sliding formwork and tunnel.

Figure 14. Social housing: 1959-1960
Period 5: 1967 to 1974

Consequences of the last urban planning (with large buildings and social housings) were
disapproved because of social relations, lack of equipment and uniformity of design. Then,
innovative construction came out with diversification of design and function. Concrete is still
the major of material used for building and building was industrialized. Large and tall buildings
are forbidden in little and medium city areas. Buildings design presents new elements: cavity,
loggias and balconies.

e LT
EERERLERRTLTT

Figure 15. Tower: 1971 and Tall building 1969

3.3.2 Constructive characteristics
3.3.2.1 Building envelop
Facade types

Six facade types are defined from RECOLCI French national project and TABULA European
project.

- Facades FO are flat and do not include any balcony. Possible variants are presence of
horizontal bands marking the boundary between stages, or presence of small flaps or
chassis.
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- Fagades F1 are flat and have windows with flowing supports and have no balcony.
Possible variants are presence of guardrails for windows/doors, presence of horizontal
bands marking boundary between stages, presence of bands framing the bays.

Figure 16. Type FO and F1 facades.

- Facade F2 types are flat and have windows, doors and balconies. Possible variants
are extension of balconies for two or three doors or, F1 with balconies.

Figure 17. Type F2 facades.

- Facade F3 are similar to F2. Number of doors is more important than with F2 type.
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Figure 18. Type F3 facades.

- Facade F4 types are characterised by horizontal projection of intermediate floors and
grooving (vertical projection). Possible variants are: horizontal projection only or
vertical projection only, or thickness of projections.

P

Figure 19. Type F4 facades.

- The facade F5 types balconies are of loggias characteristics. Possible variants are
presence of guardrails.
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Figure 20. Type F5 facades.

Facades may also be represented by combination of two or three different types.
Roofing types:

French building are covered by sloping roof or flat roofs. There are three main types of pitched
roofs:

- One slope
- Two symmetrical or asymmetrical slopes
- More slopes

And also three types of flat roof:

- With balustrade (acroterium)
- With balustrade and no overhang
- No balustrade and no overhang

3.3.2.2 Building systems

Among the various types of heating the French park, the collective central heating

is largely predominant, with over 70% of homes affected (more than 3.1 million),
individual central heating represents 1/ 5 th house (900 000 residences). As for electric
heating, it represents only 7% of homes (about 300 000 homes). The distribution of
types of heating is given in following table.
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Table 9. Main residences in apartment buildings 194  9-1974 by type of heating and number of floors.

Units : thousands of homes (source: project RECOLCI)

3.3.3 Energy efficiency standards

The actual thermal regulation RT2012 sets rigorous performance expectations, requiring that
residential and non-residential buildings use a maximum of 40-65kWh/m2/pa depending on
locality and altitude of the building.

France is divided into eight climate zones: Hla, H1b, Hlc, H2a, H2b, H2c, H3 and H2d.
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H2c
H2d
H3

Figure 21. Metropolitan France climate zone

Thermal performance of the envelop

Typology Uvalue (W/m2K) Glazing Ventilation

FO-F1-F2 1,8t0 3,5 Simple By sealing default or
- by air inlet/openning

F3-F4 21t029 Simple on envelop

F5 2t02.9 Simple

3.3.4 Type of ownership/residents

There are four types of ownership:

+ individuals, including family members,

+ public housing agencies, which include the offices, companies and the OPAC (public
organism of construction)

+ administrations, comprising state and local governments,

The following table shows the distribution of types of ownership. Individuals and organizations
HLM (Low-rent housing) share most of the park: more than half of the homes for the former

and over 40% for the latter. In addition, all owners own 80% of homes in building exceeding 8
floors.
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Table 10. Main residences in apartment buildings 1949-197

floors. Units: thousands of homes.

4 depending on the owner and the number of

Private 755 1192 1947 358 2305
Low rent house | 384 1045 1429 435 1864
compagnies

Other 49 93 143 62 205
compagnies

Administrations | 39 30 69 15 84
Associations 2 1 3 5 8
Total 1228 2362 3590 875 4465

Of the 2.3 million primary residences owned by individuals, 84% are in group of buildings (32%
in buildings with less than 3floors and 52% in building with 4 to 8floors).

Of the 1.8 million primary residences owned by HLM, 77% are in group of buildings (21% in
buildings with less than 3floors and 56% in building with 4 to 8floors).

3.3.5 Refurbishment market

After the end of Second World War, nearly 9 million homes that were built in France between
1949 and 1974, with production growing almost steady over this period. The year 1973 was a
greatest year, with 556 000 housing units.

Since the first regulation on 1974, building envelop are insulated and energy consumptions of
new residential buildings are more and more optimised. That is the reason why we choose to
focus on the period between 1949 and 1974 for BERTIM solutions in France.

3.3.6  Conclusions
The focus of BERTIM should be buildigns built between 1949 and 1974.

Buildings F3-F4
1949-1981

1,889 millions {7, 6%)

Buildings FO-F1-F2

1948-1974

24Tmillions (9,9%)

Collective building F5

19681974

Collective buildings F3-F4-

F5:1849-1967

154000 (=1%4) 2AA000 (1%
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The most representative wall of these typologies of building

Facade type U[W/m?K]

Brick masonry 1,80t0 3,5
Cinderblock wall (20mm) + air (50mm) + 1.45
internal brick masonry (50mm)

Concrete wall (200mm) 1,24
Concrete blocks 1,52

Concerning roofing, representative performances are :

UW/m K]
Heavy roofs
No isolated 0,68
Isolated 0,34
Light roofs
Ventilated 1,94
Isolated 0,49
Pitched roof and not isolated 1,7

3.4 Building characteristics in Spain

3.4.1 Building typology
Three time period have been stablished for building analysis

e Until 1945 (old buildings)
* Between 1946 until 1990 (post war buildings)
e After 1991 (current and new buildings).

In the case of Spain, the Bertim project has to be focused on the building period 1946-1990
due to several reasons. Buildings previous to 1945 are considered old buildings and they
could require deeper interventions than energy rehabilitation. Moreover, a significant quantity
of buildings has high probability of demolition in a near future. Another fact is that they are
usually involved in strategic city action plans or they constitute the cultural heritage of the city,
unlike the rest of the building stock.

Buildings constructed after 1991 have minimum comfort conditions as a consequence of the
existing standards in that period. Thus, energy efficient rehabilitation would not achieve so
high impact in terms of energy performance improvement. Furthermore, it might become
complicate to convince dwellers for an energy efficient rehabilitation when no noticeable
upgrade can be obtained.
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In contrast, during 1945-1991, the industrial revolution lead to a huge immigration into the
cities as a result of the need for laborers, and added to the high fertility rates of the period,
there was a massive construction. The need for a dwelling resulted in a rapid buildings
construction which was not demanding and, therefore, with low quality. Nowadays, buildings
constructed between 1945-1991 are obsolete in terms of energy efficiency and living
conditions. Additionally, according to Boverket (2005), the majority of the buildings in Spain,
Italy, Greece and France are constructed between 1945 and 1980 (see Figure 22).

Austria | |
Belgium | I <1919
Cypus | m 19191945
Czech Republic | W 19461970
Denmark | | 19711980
Estonia | - 1961
Finland | IR
France |
Gemany | |
Greece |1 I
Hungary | I
Ireland | |
italy | |
Latua | ]
Lithuania | |
Luxembourg | I
Maita | I
The Netherlands | ]
Poland | |
Partugal | |
Slovakia | I
Slovenia | |
Spain | ]
Sweden | |
United Kingdam | .
0% 20% 40% 60% 80% 100%

Figure 22. Age distribution of the housing stock (Boverket, 20 05)

Spain had a massive construction activity between the 50s and the 80s, time of boom due to
industrial development period, as said before They are all pre-normative constructions. As a
consequence, all the Spanish building stock erected during this period is of poor quality and
highly inefficient in terms of energy performance.

According to SECH-SPAHOUSEC (2011), 60% of the buildings were erected between 1941-
1980 and 49% of the buildings erected before 1979 are multifamily blocks of houses. With
regard to unifamiliar houses, a vast majority was erected in the last 30 years. The existence of
standards in this period led to more strict building requirements with better determined
constructive solutions and installations than multifamily buildings. Consequently, the most
representative building typology in South Europe wi I be characterized by the
multifamily blocks constructed between 1945-1980.

3.4.2 Building size typologies

TABULA project provide the definition of the main building typologies in Spain depending on
the year of construction.
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In general, according to the results of the SECH SPAHOUSEC (IDEA, 2011) project, the
Spanish building stock is mainly composed of block of flats (70%) which are usually located in
high density urban areas.

The heigh of this flat blocks is very variable, but the geometry hasn’t change along the years.

Big multifamily house

Small multifamily house
(4storeys)

terrace house

- 1960
1960 typical Multifamily 1960 typical terrace

house >4 storeis, house <=4 storeis, house, compact %
compact W compact "

1960 - 1979
1960-1979 typical 1960-1979 typical 1960-1979 typical
Multifamily house >4 Multifamily house <=4 terrace house, compact
storeis, compact # storeis, compact W

1979 -

3.4.3

1979 typical Multifamily

house >4 storeis,
compact #

Figure 23. Age distribution of the housing stock (Boverket, 20

Constructive characteristics
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05).

The constructive characteristics vary depending on the region and period of construction.
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Considering building structure, There are two options of structure typology for buildings built
before 1965: Timber and masonry structures or reinforced concrete structures with non load
bearing facades of several types (brick, cavity, concrete block). In the case of the vast majority
of residential buildings built after 1965, the structure typology is reinforced concrete. Stone or
brick load bearing facades are more common in older buildings, built before 1945.
Unfortunately, there is no available source of information regarding use percentages for each
of these facade solutions.

For building envelop, the most representative facades have been stablished as:

Stone masonry 2,22
Brick factory 1,98
Cavity wall made of perforated or hollow 1,75
bricks

Cavity wall made of perforated or hollow 1,58
brick with thermal insulation in the cavity

Concrete blocks 1,52
Precast concrete panels 0,43

As in facades, different types of roofing are present in the Spanish buildings:

No isolated 0,68
Isolated 0,34
Ventilated with partition walls (only in 1,74

the case of flat roof)

Ventilated 1,94
Isolated 0,49
Pitched roof and not isolated 1,7

Between 1945 and 1980, the most common facade typology is blick factory or cavity wall
made of perforated hollow bricks without insulation. The typical roof typology is pitched roof
without insulation. And finally, windows are built of aluminium or timber frame, both with single
glass

The TABULA project provides some example of the most typical buidign constructive
characeristics depending on the year of construction.
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E ROOFING EXTERIOR WALLS WINDOWS
u u glass U Frame
Type U wim2 Type i Type v | e, | L
In the early twentieth century the most common In the early twentieth
pifched roofs were a set of wooden tusses century, especially in Wooden swing windows with
which supporied one or more ceramic pieces bulldings of short monalithic glass.
layers, as support for the files. height and in small
Often the atfic space was closed with a straw fowns, the load- 283
celling covered with plaster o creale a bearing walls of stone
ventilated chamber. are still been used,
eifher limestone or
417 | granite.
Although in  Europe
framed structures have
been infroduced, in
Spain, the load-bearing
walls are still in use until 080
the 1940s. The facade 5rof2z o -
usually consisted in a 085
S single wall of brick of a
e early twe Y foot or a foot and a half,
solution of flat roofs_were the v 1 0 oher: ceoaled. or 263
generated by brick partitions. This brick Uhcnaked. The @b 3
partitions had hollows to permit ventilation and e sup;-'.orted by the
they were leaned on metal or wood structures. arlire shast thickness.
3,08 | Sometimes a thin brick When the metalwork window
\_MaE[_was_ built as an appeared, they came to be
inferior skin. used in the main facade,
placing the wooden windows
in the courtyards facades.
ROOFING EXTERIOR WALLS WINDOWS
U U glass | U Frame
Type U wim Type ik Type ik M"‘( | gL
| After the reinforced concrete framed structures From 1940 framed sfructures are begun to be
proliferation, the brick partitions of the ventilated used, usually of reinforced concrete, with lights of
flat or pitched roofs now lean on unidirectional 3-4 meters. From the sixties these structures were
slabs. These slabs had mostly plaster joist infill the most common. The facade is released from its " N :
blocks as a lightening between joists structural function, so in most cases the thickness ;ﬁ:gﬁhis;ﬁﬁwmw wh
. of the facade was reduced to half a fool of solid or
perforated bricks. The slabs were supported by
1.87 | big beams in which the factory fully rested. There
was no movement joints befween structural
components and facades which has caused
numerous cracks and fissures in the brick walls.
0.80
a3 57 5.1 -
0,85
| In the forties, the advent of ightweight concrete,
allowed the introduction of an insulating body
which replaced in many cases the air chambers
in flat roofs. The reof becomes a single sheet
mulfi-layer: stab, concrete slope, waterproofing
and protection. 137
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E ROOFING EXTERIOR WALLS WINDOWS
u u glass U Frame
Type U wim Type WimK Type -~ M"“ gl
In the sixties, coinciding with the development of In the sixties the framed B
waterproofing, flat roof extends to populations structures grow in height
with a fradition of pitched roof. The ceramic joist and raise the lights to 4-
infill blocks take greater prominence to the time 5 m. A hollow brick inner Aluminum sliding  window
the concrete ones start o enter in the market. sheet is added to the with menclith glass.

existing  brick  wall,
182 | leaving a cavily in the
middle. With the entry
into  force  of the
Standard ~ NBE-CT-79
thermal insulating are
info  the air
chambers

080

Ventilated roofs are still used frequently. NBE- 57 57 -
CT-79 Standard entry into force in 1979 and Tne | e 0.85
insulation begins to be putted in the air altemative to perforated

chambers of the ventilated roofs and under the brick was used in the

pavement of non-ventilated roofs ouler sheet a half foot

hole brick wall covered
233 | and painted. In many
buildings, combining
both options.

3.4.3.1 Building systems

Multifamily blocks constructed between 1940 and 1965 do not have gas heating system.
Sometimes, we can find electric radiators, installed recently. In the case of buildings
constructed between 1965 and 1980, electric radiators or gas heating system  are installed
recently.The gas heating systems are usually common heating systems for each building
block. The most recent buildings have gas systems with individual boilers in each dwelling.

Buildigns located in the Center and South of Spain have individual cooling systems.
Many houses located in the Mediterranean area don’t have any kind of heating systems.

There isn’t any mechanical ventilation systems installed in any building typology.

3.4.4 Energy efficiency standards
The EPBD was transposed in Spain by means of three royal decrees:

One of it was the “Technical Code of Buildigns (CTE). It was approved in May of 2006 and it is
divided in six “basic documents”: Structural security (DB-SE); Security in case of fire (DB-SI);
Security of use and accessibility (DB-SUI); Salubriousness (DB-HS); Protection against noise
(DB-HR); and Energy saving (DB-HE) (CTE, 2006). Two of these documents were used as
important data sources in this master thesis:

The Energy savings DB-HE document establishes the required procedures and regulations for
energy savings in the building sector. It sets, for instance, the required U-values and the hot
water demand for the design of the installation for the different climatic zones in the Country.

3.4.5 Type of ownership/residents

According to the Central European Bank the 83% of the Spanish residents live in a house of
their own ownership. This number is much higher than the average of the 60% for the whole
Europe.
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Moreover the 33% of the population has a mortage to pay their houses, also far beyond from
the European average.

This ratio is similar for social houses, where the most of them re also built to be sell, not for
renting purposes.

3.4.6 Refurbishment market

In orther to fulfill the European requirements for the reduction of the greenhouse gases
emissions, all the European countries should promote the energy efficient retrofitting in their
building park.

In Spain, a study carried out by CONAMA establishes that the total number of buildings to be
renovated for the years 2020, 2030 and 2050 starting from the year 2012 should be :

2020 2030 2050

2.200.000 5.700.000 10.000.000

The target buildigns for retrofitting are usually located in the city centre or in the surrounding
areas of the cities. It is not usual to find it in the rural areas.

3.4.7 Conclusion

Main characteristics of most representative building typology in Spain for the Bertim project,
Multifamily blocks/Apartament blocks constructed between 1941-1980.

The insulation levels are very low and the energy performance of the buyildign envelop is very
poor in this kind of buildigns.

The heating systems are electric radiators or could be central or individual gas heating
systems.

4  ANALYSIS OF THE CURRENT REFURBISHMENT PROCESSES I N EUROPE

4.1 ANALYSIS OF THE CURRENT REFURBISHMENT PROCESSES IN SWEDEN

4.1.1 Stakeholder’s definition

In Sweden, the stakeholders within the renovation process can be divided in two main
groups:

* Users:
o Property owner (property manager): Responsible for the building and play an
important role coming to investment decisions.
o Tenants: End users that have an influence on energy used in the building but
also have an influence on maintenance costs
* Providers:
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o Design team (architects, engineers, consultants, technology provider etc.): A
group of people that participate in carrying out the design work. The consultants
can be hired by the property owner or by the main contractor

o Contractor and subcontractors: Normally it is used one main contractor for the
work who has all the responsible for the work. The main contactor normally use
sub-contractors for all the work he can't do himself, mostly HVAC, electrical-
work etc.

There are no standardized procedures for interaction between the different stakeholders as
the communication depends on the project set up.

Nevertheless, the different responsibilities can be established according to different forms of
contracts depending on how much the client wants to influence in the design. The choice of
the contract form greatly affects the architect's work, both in terms of the ability to influence as
well as the working method. The following contracts can be found:

Shared construction: ~ With a shared construction contract, the customer procures the various
parts (building, plumbing, electrical construction, etc.) each one individually. The master
builder has direct contracts with both the planners and the individual entrepreneurs. The
contractors are side-contractors relative to each other. The client is responsible for
coordination and for the planning. This type of contract requires a large collection effort from
the customer.

A variation of the shared construction is when all normal building-contractors works are
gathered in one contract. Then the master builder is called general-contractor and this person
is then responsible for certain general aids such as scaffolding, sheds and other workplace
arrangements. The master builder (general-contractor) can also be responsible for
coordination between the (sub) contractors.

General contract / implementation contract: A general contract allows the client to perform
the entire design and procures the whole contract of a general-contractor, who will be the
responsible for all subcontractors. The general-contractor is responsible for the coordination of
(sub) contractors.

Coordinated general construction: The master builder procures entrepreneurs as with a
shared construction, and then in the procurement of the building contract allows the
construction contractor to take over the procurement for other contractors. Side contracts will
thus be sub-contractors to the construction contractor.

Overall construction:  An overall construction determines the clients contracts with only one
contractor that designs and carries out the building in agreement with the functional
requirements, or application of the specifications provided by the purchaser. The general
contractor is responsible to ensure that the building is designed according to standards and
according to the functional requirements as summarized in the specifications. A project
manager is usually appointed as maintaining the client's action and follow up the project during
the construction period.
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The risk is that the client does not fully have control over the outcome and gets a building with
high operating and maintenance costs because the bidders are usually looking for the
cheapest solution to any functional requirements.

Total contracts can result in a restriction of competition as they're only larger companies with
sufficient financial resources whom can cope with the planning that are able to participate and
compete for the overall contract.

Controlled overall construction: For the client to have more control over the work the
contractor carries out a controlled overall construction is applied. The client specifies one or
more parts of the contract, for example; that a particular material or a given model of lifts or
windows should be used but the contractor is responsible for delivering the total function.

Sub construction:  Subcontracting is performed on demand by the main contractor. The ones
whom are employed are then working for the main entrepreneur, not the client (often the
developer) directly. Most often, the customer must approve the subcontractors.

Negotiation construction:  In this construction type the master builder only turns to one
contractor that already on the drawing board is engaged to assist with the production of
technical and economic assessments. As the scope of the works take shape one sets the
economy in agreement between the developer and contractor. Agreements may be concluded
in the form of an overall construction.

Functional construction:  The client formulates their goals in functional terms. Then the
contractor tries to resolve its functional requirements with technology solutions, in this way
very similar to the overall construction. The difference is in the basis character and that the
contractor also can stand for operation and maintenance for a period of time after the end of
the project.

In the following figure a scheme of the design and work process between different
stakeholders is shown:

. For example;

Martinsons

Client

Heating/Plumbing
/Electricity

Figure 24: Scheme example on how the design process work today between different stakeholders.
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The following table shows some of the information exchanges between designers,
manufacturers and contractors:

Table 11. Some of the information between designers, manufacturer and contractor.

Exchange of information | Require: Drawings, | Require: Details as
between different | technical information, | joints and order of
designers. assembly.
Require: Coordinates, Require: Assembly
tolerances requirements operations and
logistics information
on site.
Require: Product design | Requires delivery | Exchange of
and coordinates, | and manufacturing information between
tolerances requirements information for gl]fgg;)ntractor and
planning of assembly
operations

4.1.2 Current retrofitting design process:

The Swedish construction industry is well known for its conservatism. There are also a lack of
competition and development in productivity within the sector which have been debated in
Sweden /5/. In discussing the necessary change of the construction sector, comparisons with
other industrial areas are often made, and especially the comparison with the automotive
industry. Industrialisation means early involvement and taking control of the building process.
One key point in industrialisation is the production of prefabricated components.
Consequently, the assembly and completion work on site is minimized and comprises only a
minor part of the work. In using an industrialised concept, it is important to be rigorous about
keeping the product standardized, using a standardized building process and adopting a
process oriented organization. This is especially difficult when you have to adopt everything to
an old building and that's way most of the renovation work still is local business and
construction-work on site.

The manufacturing process is part of the whole chain from “sales” to “finishing”. The
manufacturing part of the total project is often relative small and the risk is also smaller
comparing with work at site.
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Figure 25: Example of total process including the m anufacturing process

IT based systems are widely used and in some parts leading to fully integrated control of
purchase, design, production and knowledge/experience feedback. Finally, it is worthwhile
mentioning that the architectural design has to be adapted to the standardized building
system. This does not mean applying a standardized architectural design.

4.1.2.1 Data gathering

The stakeholders that participate in the buildings rehabilitations need large information of the
existing building and also about the regulations to be applied in the country where the building
is located. They also need exhaustive technical information about the technologies to be
applied in the building including execution specifications.

The tenants, designers and contractors require information from the construction site to
complete their task. The data that should be gathered at least is the following:

- Accessibility to building-site.

- Analysis of construction in situ: drawings, plan for assembly, fixing, etc.

- Transport, logistics, temporary storing/covering.

- Type of scaffolding, crane

- Information needed for dismantling of structure of the existing envelope and assembly
of new elements.

- Plan for quality control.(A checklist used through the project)

- Required building permits,

The information needed depends on the scale of the project. In most cases the first thing to
settle if the level of detalil to bring the project forward in accessible. It includes drawings of the
structure intended of renovation as well as its surroundings. This is to make sure that the
building can cope with a renovation, that the structure will holds or if it needs to be
complemented in anyway. This also includes water, ventilation and to see if the renovation
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creates any type of conflict with its surroundings that needs to be discussed in the decision
making process.

The collection of data depends on the scope of the project but there is no clear guideline to
know how essentially is to collect all the necessary information. The design team that holds
the contract usually determines the necessary data for the project to be developed.

If the owner has significant data then this is given to the design team, depending on what kind
of agreements that are signed.

In the municipalities there is usually at least a photocopy of current actions if not DWG
drawings. This also includes the area's provisions on, for example, how many floors the
building may consist of. Many municipalities are also working with GIS to store urban
information that can be used as a basis in the renovation process. This is especially interesting
for historical environments and buildings that have conservation value and are in the process
of becoming culture marked.

When the project is running, all the information required for the process needs to be already in
the project to avoid unnecessary and costly duplication of work / field work. Although it's
common that information needs to be submitted as the project is running.

4.1.2.2 Design of retrofitting project

Although softwares such as BIM are making ground in Sweden, the main tool for renovation
processes in the design phase is still mainly CAD. Some offices chose to work with both CAD
and BIM depending on the size of the project.

Most companies work in data tools compatible with CAD, such as a DWX or DWG-file. The
work is performed in a model-file drawn up by the architect and/or engineer, this file is the
basis for the project and then the different consultants fill in on their fields. During the work
various solutions is discussed to result in a product as good as possible under current
conditions. Many companies have started to transit over to Revit, a BIM-like tool where
multiple parties can work in the same model simultaneously. Everything is done in 3D so that,
for example, problems with the joints or the construction can be solved more quickly.

In external communications the requested information are assigned. Is it to solve a problem or
for example an addition or remodelling DWG-files are shared.

If the external communication is directly to customer, such as a private person, the file is
locked so that it cannot be edited; precisely because if changes occur that are not approved
technically and/or structurally the consequences can be devastating. And of course changes in
the design can make the overall impression incoherent and the overall experience of the area
or the building becomes negative. If a DWG-file is not requested the most commonly used
format is PDF. The use of multiple softwares creates time consuming translation issues that
easily could be fixed.

The documents to be produced during the construction process: The client reports their
conditions, demands and wishes for the project.

= Program outline/inquiry. Featured work includes several options, and studies and
analyses.
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= Building program: the architect prepares a proposal to the client’s desires, needs,
budget, taking into account the site conditions, laws and regulations.

= Proposal document: basis for zoning, building permits etc.

= Calculation document: basis for calculating the cost of the project.

= System document: compiled investigative material that presents all the building's
technical systems

= Tender request documentation: basis for tendering with all the associated documents.
Ranking of conflicting information is seen by the general provisions.

= Construction document: document setting the project design, construction and quality
that is the basis for the project execution, such as descriptions, drawings, regulations
and lists.

= Follow-up: revisions, alteration-PM etc.

= Relation document/operation directions document showing a buildings current
appearance and design. The relation document should be followed-up by any change,
e.g. remodelling.

Major refurbishment methods used in Sweden is often maintenance related. Such as repairing
just the outer leaf, glassed balconies and/or getting the energy standards up (replacing
windows, extra insulation.) Other refurbishment issues are often to bring up the standards for
accessibility. Just as energy demands has this received higher requirements in recent years.

Currently the tools used for the refurbishment project of a building in Sweden are design tools
such as Rhino3D, Sketch-up 3D and drawing design programmes such as AutoCAD,
ArchiCAD, Revit etc. Programmes used to calculate the structure/construction are tools like
Statcon etc.

4.1.3 Retrofitting solutions and industrialization level

There are few well-developed systems for facade renovations in Sweden. Mostly in site
solutions are used for renovations. Manufacturer of plaster have their refurbishment (ROT)
plaster system which is especially developed for objects one wishes to renovate the facade
without first having to demolish the existing plaster.

Systems that can be prefabricated are used but are still not so common. The prefabricated
level varies from fully prefabricated elements (as TES-elements) to partly prefabricated
elements (just frame, thermal insulation and one sheet, with or without windows, no cladding).

In Sweden and for the few extension of buildings that have been made there are two different
“systems” that are used

prefabricated bearing parts, usually post and beam system or surface elements.
Prefabricated vertical installation or elevator shafts, prefabricated balconies, and prefabricated
extension units are frequently used in combination with conventional construction techniques
objects were it is possible (economically and structurally) it is often used as prefabricated box
elements.
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4.1.4 |Installation phase

Assembly and fixation of elements or/and box-elements are the central aspects of the work on-
site. Time and good praxis are central to achieve economic advantages and positive social
impact.

In contrast to other industries, the construction sector has failed to adopt an industrialised
viewpoint, and is still an industry dominated by guilds. Thus, in finalising a bathroom during on-
site construction 5-7 different craftsmen are needed (concrete workers, plumbing, tiling,
electricians, carpenters, painting and floor carpets). They need to enter at specific times, all
being dependent on one and another. In an industrialised manufacturing system, the bathroom
can be pre-fabricated by 1-2 workers under controlled environment in the factory.

4.2 ANALYSIS OF THE CURRENT REFURBISHMENT PROCESSES IN GERMANY

4.2.1 Stakeholder’s definition

An overview of the general building refurbishment process in Germany is presented in Figure
26. The graphical representation shows the project phases and time lines the key stakeholders
(the energy consultant, the project manager/developer on the owner/investor side, the
architect, structural and HVAC engineers) follow. Each key stakeholder follows his own,
standardized procedures. In the bottom line, a general overall workflow typical for
(conventional construction) refurbishment of residential buildings in Germany is outlined.

N identification and !
Energy related advisory i ) i pplicalion].  Sbperiiin of Cetification of correct
canica Renovation concept, cost evaluation and selection of appropriate funding strategy selection of suitable implementation for funding
assessment for funding  implementation oo

(energy consultant) companies/contractors

1 2 3 4 s 6 7 8 9

| Preparation
of Contracting
contracting

HOAI Phases Basic | Preliminan y! Outline Approval Detailed
(Fee structure for evaluation design planning planning planning
architects and engineers)

Supervision of Follow-up
constr. process care

1 2 3 4 5

Project management | Market and
phases location
(development & | analysis
management)

Project ) ) ) Project Facaility | Renovation/
Project planning Contracting Project realisation
development completion | Manag. | disassembly

Cost contol phases @) © (@] O ©

Investment Building cost Building cost Detailed building

. £ Cost determination
calculation estimation calculation cost calculation

Construction

Pre-asessment/- | Selection of appropriate

survey, market energy efficiency Building Biding and

analysis, project standard and funding survey 0 contracting
deviopment scheme

General phases in
residential building
renovation

-dismantling
final site measuring | Certification | Follwo-up services
-preparation of

building

assembly

Figure 26: Outline of general/conventional building refurbishment process in Germany. Dr. Linner/ br2 TUM

Following the workflow for the implementation of refurbishment projects, four key stakeholder
constellations are common:

1. Implementation with individual expert planners and a multitude of companies
representing individual trades/professions

D2.1 BERTIM holistic renovation process Page 57 of 133



Building Energy Renovation through Timber Prefabricated Modules

w

2 Vain Cortractor g8
- ude

Implementation with one general planner and a multitude of companies representing
individual trades/professions

Implementation with one general planner and one general contractor

Implementation with one prime contractor (conducting all planning and construction
activities)

In case of refurbishment projects (for more details explanations, see: Augsburg case
and Munich case in http://www.e2rebuild.eu)carried out by large housing associations
in Germany, an architect along with project coordinators and controllers representing
the client’s side are usually responsible for tasks such as design, planning and building
permission acquisition, and the coordination of the involved parties. Individual
contractors (for example, builders, timber frame manufacturers, windows manufacturer,
sealing work, drainage, metal worker, electrician, heat and sanitary, etc.) are
contracted through a predefined, standard tendering process (Vergabeordnung fir
freiberufliche Leistungen, which means Procurement law for supplies and services of
freelancers). Moreover, the construction planning and detailing phase and the phase of
preparing the tender documents are coordinated by the architect and the client’s
representatives. Various management tasks such as site management, supervision of
the HVAC and MEP (Mechanical, electrical, and plumbing) engineers, organizing
meetings with dwellers, etc. are the responsibility of the architect. External experts who
are responsible for health and safety coordination during the construction are
coordinated by the master architect in consent with the client or in some cases even
directly be the client if the client has the capabilities and resources to do so.

Main
Cortractar
[Pretab)

Tk ngianke
pm

Figure 27: An example of collaboration model, Munic ~ h demonstration in E2ReBuild.

During the construction work and building renovation process, those are the competences and
legal responsibilities of each agent:

Architect. Design, arrangement of elements. Insurance is normally for 5 years.
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* Engineer. Structural and material quality verification, among others. Insurance is
normally for 5 years.

Those are the necessary permissions needed before the start of the works.

* Local permission for occupancy of the public space. Every municipality has its
peculiarities. Normally the Road Traffic Authority is the agent in charge to give the
permission (BG-BAU, 2015) and to check that the regulation (StVO, 2013) is fulfilled.

» Safety and health in the Construction place. The workplace must fulfil the specific
regulation on this field, the ~Arbeitsschutzgesetz " (ArbSchG, 1996 ).

The VOB / B is in German law a standard form clause work, which regulates the formalities in
construction contracts. Accordant to the relations established before the initialisation of the
works, the payments proceed accordingly. The payment from the client to the contractor and
subcontractor are made once the Architect/Engineer supervises and accepts the works.

4.2.2 Desing of buiding retrofitting project
4.2.2.1 Data gathering

Defined as a pre-phase of the design phase, the data gathering phase is initiated with the
identification, detailing and description of the refurbishment project requirements
(quantitative/qualitative) suggested by owners, dwellers, and the building authority (e.g.,
recently the German building refurbishment funding agency KfW (https://www.kfw.de) started
to funds on-site inspection and pre-assessment of buildings by a certified energy efficiency
engineers). In Germany, the data-gathering phase significantly influences the building owner’s
decision making processes since the detailed knowledge about the initial condition, the
outlines of improvement alternatives and detailed calculations about the achievable energy
standards are a prerequisite for both subsidies and investment.

In the data gathering phase,

* maintenance status,
» documentation of user requirements,
» contracts that concern the building

are examined. Among others, a preliminary investigation is carried out to survey and
investigate special issues and to prepare the necessary documentation material. Cost
approximation might be based on previous experience of the designer and based on the
available referencing databases®’. A common strategy is also that, e.g. a year before the
planned refurbishment, building owners collect building data through the documentation of
facility management and maintenance work. Good documentation means more cost in facility
management, but can reduce the cost of data gathering before refurbishment.

2
BKI (Baukosteninformationszentrum Deutscher Architektenkammern): Since 1996, The Association of the German Architect

(Die Architektenkammern aller Bundeslander) established a databased called BKI and provided the cost of thegeneral

construction. Since 2002, the BKI has also successfully specialized information for the energy-efficient planning and
construction.
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The five main areas of as-is building condition parameters that need to be specified are:

1) Geometric information (as-built drawings and construction documents — layouts of
all storeys basement and attic storeys, sections for all structurally independent
building parts, sections of all staircases, elevation views of all facades, roof top
views, historical drawings, sketches, photographs) [surveyors, civil engineers],

2) Building structure/material (provides a view to preservation worthiness and
continued use of the structures concerned. Compliance with and/or implement-
ability of construction law and other legal requirements) - wall, ceiling, floor
structure, roof cross-sections, building envelope as the interface between building
space and outdoor air [architects, Bauphysik Building Performance]

3) Building services/technical equipment  : heating, ventilation, sanitary installation,
electrical installation, building automation system, etc., [building services engineers]

4) Exposure (ground water, thermal loads in summer, noise, etc.): external influences

5) Building/use history : information from users, history data from facility
management (FM), energy consumption data, technical status, building year,
previous refurbishments/alternations, users, previous colour schemes.

For further inspection on the critical issues such as structure, energy quality, pollutants, and
exposure to the environment, buildings are examined by using building diagnosis methods.
6) Supporting structure  (this is conducted by using geometric, structural, historic

stock-taking to measure load-bearing capacity, durability, suitability): wooden
structure, brickwork, reinforced concrete, foundations, etc.

7) Energy quality (this is conducted by using geometric, structural, building services
stock-taking)

8) Pollutants (possible hazards for users and the environment): Pollutant report:
labour protection law, chemical substances laws, social code, accident prevention
regulations

9) Humidity and salt exposure

A major sub-activity of the data gathering phase is the stock-taking process (information
acquired through this activity is later on processed by planners and designers) which has two
main procedures: overall recording of the as-is building condition and that of building condition
using building diagnosis method. Stock taking in building refurbishment is an ongoing process
throughout the design and construction phases. Of course, an initial stock-taking takes place
in the beginning, but often after the design phase, after building preparation (disassembly of
old facade parts, windows, etc.) or even during refurbishment/construction new materials and
structures are discovered that have to be examined further. To do such examinations the
owner, investor or architect usually involves specialised engineers such as structural
engineers, specialist in the field of fire protection, energy engineers, HVAC engineers (in
German: HLS engineer, Heizung, Luftung, and Sanitér) which then provide their expertise.
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To support decision-making processes for sustainable refurbishment and to bridge the gaps
between the socio-cultural, environmental, and economic aspects of refurbishment, DGNB?
(German sustainable buildings Council, Deutsche Gesellschaft fir Nachhaltiges Bauen) gets
popularity for example, in case of large-scale refurbishment of office buildings

Basically there are three kinds of 3D building measuring techniques that are applied in building
registration: Photogrammetry, Tacheometry and 3D Laser scanning.

1) Photogrammetry: Photogrammetry used in 3D building registration is defined as a
technique of generating geometry or shape of objects by processing multiple
images of those objects. Stereo vision deals with images acquired by a stereo
camera setup, where the disparity between the stereo images allows depth
estimation within a scene. 3-D information, hence, is retrieved which is essential in
many machine vision applications such as building registration. When using
disparity map (Sukumar et al. 2015) calculated from images using stereovision
system, high quality geometric information of the targeted building can be obtained.
There are dedicated software that can post-process images to create 3D
information.

2) Terrestrial Point Scanning, (TPS) using Total Stati__on: This is probably one of
the most used tools in the construction field in Germany. It consists on a electronic
theodolite that measures the distances and angles between the points. Nowadays,
the Total Station do have a Global Positioning System and therefore it can collect,
save and process the points’ coordinates. Once the points are collected, the
technician normally draws a CAD file wih the gathered information.

3) 3D Laser scanning : 3D Laser Scanning uses measuring technologies which are
called LADAR (Laser Detection and Ranging), or LIDAR (Light Detection and
Ranging), which project laser beams on the target object, and calculate the position
of the object in 3D Cartesian coordinates, by analysing the direction and distance
from the received laser beam. The Time-of-Flight (TOF) method is mainly used in
construction, and performs scanning by rotating in certain degrees on a rotation
axis. Also, by adjusting a reflection mirror inside the 3D laser scanner, it can obtain
the scanning data of an object at a vertical location. The measured 3D data is
supplemented with colour data, which represents the intensity of the received laser
beam in 3D Cartesian coordinates (Lee and Yun, 2007; Ruiz-Correa et al., 2003).

3Building Council, is a non-profit and non-governmental organization whose mission is to develop and promote ways and
solutions for sustainable design, construction and management of buildings. At the center of their work are the development
and expansion of a certification system for sustainable buildings as well as the award of a certificate in the levels of quality
gold, silver and bronze. The company was founded by 40 organizations from the construction and real estate industry in 2007.
Against the background, planning, construction and operation of advancing sustainable buildings, representatives from the
construction and property industry in June 2007 this club. The Association promotes the exchange of information, knowledge
and experience on sustainable architecture and forms auditors from the DGNB certification system. In its constitution, the non-
profit organization committed to serve the public and to support science and research in the field of sustainability. Together
with its members, the company is developing the DGNB Certificate continually, which will be awarded as a quality mark for
sustainable buildings
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3D Point Cloud Data Surface Meshing

Figure 28 In-situ as-building model acquisition pro cess using 3D Laser scanning data (Lee et al. 2013)

One of the most important tools of the energy engineer in the beginning of pre-assessment are
thermographic inspection tools. Actually, in most cases these are the first inspection tools
used. In Germany, also airborne imaging with infrared from drones and satellites is used to get
very detailed thermographic images from buildings and whole city blocks (see:
http://www.igsse.tum.de/research/project/closed-projects/608-4d-city/team.html). That is
important since as we mention in the analysis, the refurbishment of large settlements from the
60s, 70s and 80s or whole city quarters is an increasing issue in Germany.

4.2.2.2 Design of retrofitting project

Based on the outcome of the assessment of the existing buildings and an analysis of case
studies of similar, comparable buildings in order to approximate costs, architects can provide a
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number of design alternatives to the customers in an early stage. In particular German
investors tends to make informed decisions and to compare alternatives. The suggested
alternatives are evaluated from an economic viewpoint, and regarding their impact on things
such as revenue from a life-cycle perspective. Economic changes caused by the
refurbishment of a building, need to be within specified and bearable levels, in particular for
the dwellers (in particular significant changes of the rent)