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Abstract

During the national activities of the Intelligent Energy Europe project TABULA previous ap-
proaches of typology based building stock energy assessment in Germany have been re-
vised, systematically improved and transformed considering the common TABULA typology
structure.

One result is a scheme for the classification of the German residential building stock accord-
ing to building size and construction year classes. The single elements of the resulting "Build-
ing Type Matrix" are the generic "Building Types". Exemplary buildings have been assigned
to these types and used for showcasing the existing state and the possible energy savings of
rather common German dwellings. The results were depicted in "Building Display Sheets"
which form an important part of the German "Building Typology Brochure". The calculation of
the energy consumption before and after refurbishment was calibrated to the typical level of
measured consumption in order to enable realistic estimations of the possible energy sav-
ings. The datasets of the exemplary buildings were then transferred to the TABULA typology
structure in order to enable an interactive investigation by use of the TABULA WebTool.

In a further step statistical information has been assigned to the building types, reflecting the
number of buildings, the number of apartments and the total living space. Further knowledge
about the heat supply systems and the refurbishment state of the buildings made it possible
to elaborate a model for the national residential building stock, which images the energy con-
sumption by energyware and which form a consistent basis for national scenario calcula-
tions.

Also the question was considered how the typology approach could be translated to the sec-
tor of non-residential buildings. A number of existing approaches for classification have been
reviewed and the challenges nominated. Since there is only very few statistical information in
Germany the need for a survey was emphasised. Moreover, a simplified and harmonized
calculation method is required for setting up a building typology that is supposed to be com-
parable to other countries.

On the European level the German residential building typology — as described in this report
— forms part of a set of 15 national typologies, disseminated via the webpage www.building-
typology.eu and the associated WebTool.


http://www.building-typology.eu/�
http://www.building-typology.eu/�
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1 Starting Point and Tasks

1.1 Previous Building Typology Concepts in Germany

A first version of the national residential building typology was developed in 1990 on the basis of
energy saving audit reports and was applied during scenario analyses to determine the energy
saving potentials of the German building stock [IWU 1990]. The German building typology was
regularly updated according to new developments (e.g. new energy saving ordinances) and ap-
plied as a model for the building stock in several studies (e.g. [FZJulich 1994] [FIZ 1999] [IWU
2003a]). Also a number of regional building typologies have been developed during the past two
decades for German cities or provinces (e.g. [ebdk/ifeu 1996] [ebdk/ifeu 1997] [Eicke-Hennig /
Siepe 1997] [GERTEC / UTEC 1999] [ebok 2001] [IWU 2002] [ebok 2003] [IWU 2006a])).

Apart from scenario analyses and energy advice brochures, the regional and national building ty-
pologies are also used by a number of software applications as a set of example buildings (see
example in Figure 1). This enables a quick showcase analysis in a face-to-face energy advice con-
text and also a demonstration of the software features to users.

Figure 1: Building Typology in an energy advice software, example from Germany

BEYE naigin SPAR Pace Picjst = Wuslaimams  Vasimbe: |cbZistind BOE s SPAR Pass Puapshl | Muilimmann  Visssnls | Dadamigabal Phoiss Hamnang-D;

ﬂ

“ Bauatter: mm = Domalter: 14494 Iﬁ'

Source: EPC Software Bially

The set of example buildings representing different building types is complemented by catalogues
of typical construction elements in which U-values are listed classified by construction year, type,
materials etc.: e.g. [Zapke / Ebert 1983] [Eicke-Hennig et al. 1997] [IWU 2004] [IWU 2005a] [ZUB
2009]).

A classification of supply systems by generator type, installation year and other parameters can be
found in different sources, for example in [IWU 2004] (tabled values for overall expenditure factors
of systems) and in [DIN V 4701-10], [BekEnEV 2009], [IWU 2005a] (tabled values for expenditure
factors, losses from the supply, generation, storage and distribution system components). An ex-
ample is shown in Table 1.
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Figure 2: Example for a sub-typology of walls [IWU 2005a]

Auf sind Ur- zusétzliche DA&mmung
ulbenwande Zustand 2cm 5cm 8cm 12cm 16cm 20 cm 30cm 40 cm
typischer i
Bauart Erstellungs- typische Koenstruktion . Pauschalwen_e '_:ur den_
zeitraum Warmedurchgangskoeffizienten in W/(m?2K)
Ziegel- oder e i
Mauerwerk bis 1918 Hruchstein- 22 105 059 041 029 0,22 0,18 0,13 0,10
ca. 40cm
Holzfachwerk
Fachwerk bis 1918 it Lehm- 20 100 057 040 0,29 0,22 0,18 0,13 0,10
ausfachung !
i . Ziegelmauer-
Voliziegel bis 1948 W 17 092 054 039 028 022 018 012 0,09
Mauerwerk 25-38cm ’
Vollziegel- dinschalig
Mauerwerk bis 1948 3-51cm 14 082 051 037 0,27 0,21 0,18 0,12 0,09
verbessert oder zweischalig 2
leichtes 1949 Hohlhlgck—steine.
e —— s S0 Giterzieg, 174 0,82 051 037 0,27 0,21 0,18 0,12 0,09
Bims- 1949 Mauenwerk aus
vollsteine bis 1968 Bl tsinen 0,9 062 042 032 024 0,20 0.16 0.12 0,09
leichtes 1969 Leicht-Hochloch-
A i £ aegelmt 1,0 067 044 033 0,25 0,20 0,17 0,12 0,09
. . 1969 Dreischicht- ader
Betonfertigteile - Leichtbeton- 11 071 046 034 0,26 0,20 0,17 0,12 0,09
bis 1978 platte 7
Fertighaus 1969 Holzstander-
i e T Bﬂ::ﬂdmrzl’:gﬁcm 06 046 034 027 0.21 018 0,15 0,11 0,09
leichtes 1979 Leicht-Hoch-
Mauerwerk bis 1983 lochzieoe! mi 0,8 057 040 031 0,24 0.19 0,16 0,11 0,09
1979 Mauerwerk aus
Porenbeton-
Porenbeton B o rerheton 0,6 046 034 027 021 0,18 0.15 0.1 0,09
("Gasbeton™)
1979 Dreischicht-
Betonfertigteile - e o 0,9 062 042 032 0,24 0,20 0,16 0,12 0,09
bis 1994 i
Fertighaus 1979 Holzstander- -
v o o & 05 040 031 025 0,20 017 0,14 0,11 0,08
i Leicht-Hoch-
IZENES ab 1984 locrziegel mi 06 046 034 027 021 018 015 0,11 0.09
Mauerwerk Leichtmrtel ’
Mauerwerk aus
Porenbeton ab 1984 Forenpeton 05 040 031 025 020 017 0,14 0,11 0,08
("Gasbeton”)

Explanations:

U-values for different wall systems and construction cycles

yellow: without insulation

green: with insulation (variation of insulation layer thickness)
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Table 1: Example for a sub-typology of heating systems, here: heat generators for
space heating [IWU 2005a]
Erzeuger- Hilfsenergie-
H Heizwirme Erzeugun Aufwands- bedarf
9 el zahl e OH,g,HE
[-1 [kWh/(mZa)]
Wohnungsanzahl Wohnungsanzahl
Kiirzel Name Baualtersklasse 1 bis 2 3 und 1 bis 2 3und
mehr mehr
Basiswert fiir fy 2,0 2,0
Basiswert fiir Q, 24 500
KTK86 Konstanttemperatur-Kessel bis 1986 1,33 1,21 2,4 0,4
KTK94 Konstanttemperatur-Kessel 1987 bis 1994 1,29 1,18 2,4 0,4
KTK95 Konstanttemperatur-Kessel ab 1995 1,26 1,14 24 0,4
NTK86 Niedertemperatur-Kessel bis 1986 1,23 1,18 24 0,4
NTK94 Niedertemperatur-Kessel 1987 bis 1994 1,18 1,12 24 0,4
NTK95 Niedertemperatur-Kessel ab 1995 1,12 1,08 24 0,4
BWK86 Brennwert-Kessel bis 1986 1,11 1,07 24 0,4
BWK94 Brennwert-Kessel 1987 bis 1994 1,08 1,04 24 0,4
BWK95 Brennwert-Kessel ab 1995 1,06 1,03 2,4 0,4
GT94 Gas-Therme (Umlaufwasserheizer) bis 1994 1,16 1,16 24 0,4
GT95 Gas-Therme (Umlaufwasserheizer) ab 1995 1,08 1,08 24 0,4
GBT94 Gas-Brennwert-Therme bis 1994 1,07 1,07 24 0,4
GBT95 Gas-Brennwert-Therme ab 1995 0,99 0,99 24 0,4
WPE94 Elektro-Warmepumpe Erdreich oder Grundw. bis 1994 0,32 0,32 1,4 1,0
WPE94mHS Elektro-WP Erdreich oder Grundw. mit Heizstab ~ bis 1994 0,36 0,36 1,4 1,0
WPE95 Elektro-Warmepumpe Erdreich oder Grundw. ab 1995 0,29 0,29 1,4 1,0
WPE95mHS Elektro-WP Erdreich oder Grundw. mit Heizstab ~ ab 1995 0,32 0,32 1,4 1,0
WPL94 Elektro-Warmepumpe AuBenluft bis 1994 0,42 0,42 1,4 1,0
WPL94mHS Elektro-Warmepumpe AuBenluft mit Heizstab bis 1994 0,45 0,45 1,4 1,0
WPL95 Elektro-Warmepumpe AuBenluft ab 1995 0,35 0,35 1,4 1,0
WPL95mHS Elektro-Warmepumpe AuBenluft mit Heizstab ab 1995 0,38 0,38 1,4 1,0
FWU Fernwarme-Ubergabestation - 1,02 1,02 0,0 0,0
Oelofen Olbefeuerter Einzeldfen mit Verdampfungsbr. - 1,40 1,40 0,0 0,0
Ofen Kohle- oder Holzéfen - 1,60 1,60 0,0 0,0
GRH Gasraumheizer - 1,40 1,40 0,0 0,0
ESz zentraler Elektro-Speicher - 1,00 1,00 0,0 0,0
ENSp Elektro-Nachtspeicherheizung - 1,00 1,00 0,0 0,0
EDHG Elektro-Direktheizgerate - 1,00 1,00 0,0 0,0
TSA Thermische Solaranlage - 0,00 0,00 0,0 0,0

Explanations:

rows:

columns yellow:

columns red:

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

different types of heat generators (boilers and heat pumps also arranged according to installation period)

(right value)

Pz

auxiliary electric energy demand per m? living space

Neubau EnEV

Trend

M Bestand EnEV /
energetische
Modermisierungsrate
0,75% p.a.

2005 2012

2020

2040

Berechnung: N. Diefenbach (IWU) im Rahmen des Projektes InKlim

Neubau EnEV -30%

Effizienz +

Kopplung
W Bestand EnEV -20%
/ energetische
Modernisierungsrate
2,5% p.a.

expenditure factor (1/efficiency) of the generators when installed in single (left value) or multi-family houses

Figure 3:

Example for the
application of a
regional building
typology:
Calculation of the
carbon dioxide
emission reduction
potential for a region
by use of a building
typology

“Hessische Gebaudetypologie” =

building typology of the province
Hesse, source: [IWU 2005b]
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1.2 National Activities during the TABULA Project

Starting from the mentioned experiences and concepts the tasks during the national activities of
the TABULA project were:

>

>
>
>

Y VY

A\

Adapt the classification scheme to fit the harmonised concept.
Transfer data of exemplary buildings to the common structure.
Define consistent heating systems and quantify their typical energy performance.

Define a set of energy refurbishment measures and make energy balance calculations using
the national method (EnEV) and the TABULA reference calculation procedure.

Find factors to adapt the calculations to the typical level of measured consumption.

Develop "Building Display Sheets" for demonstration of the energy performance and the poten-
tial savings of the exemplary buildings.

Collect national building stock statistics by use of the common framework for statistical data.

Elaborate a "Building Typology Brochure" including results of calculations, national statistics
and building display sheets in German language.

Use the typology approach for an assessment of the energy consumption of the whole build-
ings stock.

Investigate the possibilities to apply a similar concept to the sector of non-residential buildings
and describe the necessary steps.

The details and results of these activities are described in the next chapters.
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2 The Classification Scheme

The construction year is an important criterion, because in the course of time different construction
principles and materials were used, but also the typical construction element areas (e.g. window
sizes) changed, which both have a significant influence on the energy need for heating. The con-
struction year classes are oriented at historical breaks, time categories of statistical enquiries and
changes in the energy relevant building codes. Following this, the German building stock has been
subdivided into the following time bands:

Table 2: Characterisation of the different construction year classes

N° Construction Historical

Year Class
1 A
2 B
3 (o3
4 D
5 E
6 F
7 G
8 H
9 I
10 J
1 K

Period
. 1859

1860

1919

1949

1958

1969

1979

1984

1995

2002

2010 ...

.. 1918

.. 1948

.. 1957

.. 1968

.. 1978

.. 1983

.. 1994

.. 2001

.. 2009

Characterisation

pre-industrial period, characterised by handcraft; built on experiences;
hardly no legal requirements; use of locally available materials

period of promoterism ("Grunderzeit"), rapid expansion of the cities
and growing industrialisation; standardisation of construction princi-
ples; different regional manifestations

increasing industrialised production of building materials; use of cost
efficient material-saving constructions; standardisation on national
level

simple building techniques of the post-war period; often use of debris
materials; further development of construction standards (introduction
of DIN 4108 — "Warmeschutz im Hochbau" in 1952); introduction of
social housing principles

requirements on thermal insulation in force (DIN 4108 — "Warmeschutz
im Hochbau"); further industrialisation of building construction; devel-
opment of panel buildings (GDR: "Plattenbauten")

new industrial building techniques (sandwich elements); also introduc-
tion of pre-fabricated single family houses (lightweight constructions
"Fertighaus"); thermal insulation becomes more relevant in conse-
quence of the first oil crisis

1% thermal protection ordinance (1. Warmeschutzverordnung)

2" thermal protection ordinance (2. Warmeschutzverordnung); GDR:
further improved insulation ("Rationalisierungsstufe 111")

market introduction of low energy houses, supported by regional grant
programmes

3" thermal protection ordinance (3. Warmeschutzverordnung); consid-
eration of a bonus in the tax in case of realisation of a low energy
house

energy saving ordinance ("EnEV 2002"), considering building and heat
supply system;

KfW grant programmes ("KFW-Energiesparhaus 60 and 40", Passive
Houses)

new requirements of energy saving ordinance ("EnEV 2009") on the
level of low energy buildings

new KfW grant programme regulations ("KFW-Effizienzhaus 70, 55
and 40”, Passive Houses)
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The TABULA classification scheme of the German housing stock is based on previous works [IWU
1990] [IWU 2003a]. The existing building type matrix was modified by introducing a distinction be-
tween generic building types ("Basis-Typen") and further building types ("Sonderfalle") (Figure 4).
The generic types now cover the complete residential building stock — that means that in general it
should be possible to assign an arbitrary residential building to one of these types. In conse-
quence, the number of buildings assigned to each generic building type will — summarised over all
types — provide in sum the total number of residential buildings.

The further building types ("Sub-Typen") are subsets of the building stock characterised by special
features: special architectural designs or structures, construction principles, materials which can
either influence the energy performance of the building or be relevant for the selection of refur-
bishment measures.

The intention of the building photographs in the matrix is to visualise the building types and do not
lay claim to be representative. They correspond to the exemplary buildings documented in chapter
4.
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German residential building type matrix — national version

— definition of generic building types ("Basis-Typen") and additional
subtypes (“Sonderfalle)

Baualtersklasse

EFH

RH MFH GMH HH

Basis-Typen

“iwu

A bis 1859
B 1860 - 1918
c 1919 - 1948
D 1949 - 1957
E 1958 - 1968
F 1969 - 1978
G 1979 - 1983
H 1984 - 1994
I 1995 - 2001
J 2002 - 2009
FIF 1969- 1078 Feri £l
haus &
NBL_D  1946- 1960 g
=] 2
©
2 50 7
iwm NBL_E 1961 - 1969 S92 5
= - £ 5 z
[} © e
o n < w w
c (3] < I
© NBLF 1970 - 1980 22 3 3
(/2] - S5 = @ ]
m o &
NBL_G  1981-1985 2 ~§ 3 £
S 2 =
£ =
NBL_H  1986- 1990 5

Explanations:

EFH = single-family house (SFH); RH = terraced house (TH); MFH = multi-family house (MFH); GMH = apartment block (AB);

HH = high-rise building
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Figure 5:
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German residential building type matrix according to the common TABULA

classification scheme - generic building types

Construction | Additional [ __sen [ 1 [ mPH ]
House House

Makicnal
(nicht g iomal
spezifiziert)

National
(nlcht reglenal
spezifiziart)

Makional
{rvicht resgp il
spezifiziert)

Makicnial
(mlchit rexglomal
spezifiziert)

Hakional
(nicht reional
spezifiziert)

Hational
(nlchit regional
speifiziert)

Hakional
{nlcht reglonal
spezifiziert)

Mational
(nicht vegkmal
spezifiziert)

Makional
(nlcht reglonal
spegifiziort)

Makional
[nicht regiomal
spezifiziert)

e 1859

1919 ...

1949 ...

1958 ...

1979 ..

1995 ...

2002 ...

w 1918

1948

1957

1968

o 1978

1983

e 1994

2001

Genet i
(Basis-Typ)

Gemeri
(Basis-Typ)

Generk
(Basis-Typ)

Generic
(Basis-Typ)

Genwrk
(Basis-Typ)

Geaneric
(Basis-Typ)

Gepwrk
(Basis-Typ)

Ganer i
(Basis-Typ)

Ganetiic
(Basis-Typ)

Generk
(Basis-Typ)
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German residential building type matrix according to the common TABULA

classification scheme — examples for further building types

1

s

1

-~

Haticnal
(nicht regional
spegifiziert)

Hakional
(nicht regional
spezifiziert)

Hational
(michit regyional
spezifiziert)

Eastem Germany
fiwrmer GOR,

(meve

Bumdesiander )

Easterm Germany
fewrmer GOR

[neue

Bumdestnder )

Easterm Germany
| former GER
(nevue
Bundeslander)

Easterm Germany
[ former GOR
(neue
Bumdeslander

Eastemm G many
| former GOR
(e
Bumdeslamnder )

Earsterm Germany
| former GOR
(neue
Bundeslander

Eastom Germany
[ former GOR
(neve
Bunichaslinder )

1958 ...

1964 ...

1949 ..

1958 ..

1968 ..

1979 ...

1984 ...

169 .,

1979 ..

.. 1978

1968

1978

1957

1968

1978

1983

1994

1978

1983

Light Frame
Stiuchwe

{Fertighaus |
Leichixau)

DE M. 57 .06 LightFrames
High-R ke Bulkling

{Hochhaus)

High-Rise Buikding
{Hochhaws)

Gt i
(Basis-Typ )

Gemner i
(Basis-Typ )

Generk
(Basis-Typ )

Gave b
(Basis-Typ )

Generk
(Basis-Typ )

High-R se Building
{Hochhaus)

High-R lse Bulkding
{Hochhaus)
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3 The German Housing Stock

3.1 Typological Features of the Housing Stock

Indications about the frequencies of the different building types have been evaluated and pub-
lished earlier (e.g. [IWU 1990], [IWU 1996], [IWU 2007]). Recently a representative survey of the
German building stock has been carried out which not only quantifies the numbers of buildings but
also the refurbishment stage. The investigation "Datenbasis Gebaudebestand" [IWU 2010] in-
cludes the data of more than 7,300 questionnaires which were filled in by owners of residential
buildings. In this survey a comprehensive data set was collected about the energy saving meas-
ures (insulation measures, heat supply systems, solar systems) which were carried out - at the
time of building construction or during later building modernisation. The statistics shown in the fol-
lowing charts are bases on this study. Further details can be found in the report of this project [IWU
2010].

The largest fraction of the German housing stock consists of buildings with 1 or 2 apartments
(83%). Thereof 73% are classical detached single family or terraced houses, the rest are duplex
buildings or single family houses with an additional small apartment. Most of the multi-family
houses (54%) are buildings with 3 or 4 dwellings. The largest part of the single-family houses has 2
complete conditioned storeys, in case of multi-family houses 3 to 4 storeys are predominating.

Figure 7: Number of dwellings and complete storeys per building
percentages are related to the relevant number of buildings / source: [IWU 2010]

Single family / duplex houses

Number of apartments Number of complete storeys

1 apartment:
1 storey: 39,2%

- @
' 3 2 storeys: 55,7%
2 apartments: or more

. )
27,0% storeys: 5,1%

Multi-family houses / apartment blocks

Number of apartments Number of complete storeys

5to 6: 18,6%
. 3 to 4 storeys:
1 to 2 storeys: 51,1%
41,3%
v7 to 12: 19,0%
B more than 9 4
5 to 9 storeys:

more than 12: storeys: 0,3%
8,7%

3t04:53,7%

7,3%
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Figure 8: Constructive forms of residential buildings
percentages are related to the relevant number of buildings / source: [IWU 2010]

Single family / duplex houses

Positioning semi-detached: Terraced buildings mid-terrace:
16,1% 62,1%
A terraced: 15,5%
stand-alone: d unit: 37,9%
68,4%

Multi-family houses / apartment blocks

Positioning Terraced buildings

stand-alone: mid-terrace:
40,8% 47,0%

/ terraced:
complex: 55,9%
3,3% end unit: 53,0%

Figure 9: Roof and cellar types in old buildings (built until 1978)
percentages are related to the relevant number of buildings / source: [IWU 2010]
Roof types in old buildings

partly
conditioned:

D 17,9%
t";‘;d;;"f: 4 flat roof: 8,7% '
()
! not conditioned:

48,5% com_p!etely
conditioned:
33,6%

Type of roof Attic

Cellar types in old buildings

Cellar

partly conditioned: 22,2%

completely conditioned:
—— 3,3%

: ; not existent: 12,6%

not conditioned: 61,9%
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Table 3: Living space and frequencies of dwellings and residential buildings in the
German building stock (generic types, status: end 2009)
Baualtersklassen
bis 1861 1919 1949 1958 1969 1979 1984 1995 2002 [Summe Antei/
1860 -1918 - 1948 - 1957 - 1968 - 1978 - 1983 - 1994 -2001 - 2009
A** B *% I J
n [a] Lo ) % T "‘I
T e
EFH i %‘ @EEEH“D&:“ Lo
Wohnfldche in Mio. m2 V 51 ’ ]?% 173 127 221 213 111 148 152 114 1.465 439
Anzahl Wohnungen in Tsd. 510 1.370 1.720 1.240 2.150 1.930 940 1.230 1.250 880| 13.220 349
Anzahl Wohngebdude in Tsd. 370 _ 1.040 1.280 QZO 1.580 1.470 750 1.040 1.080 790] 10.320 579,
* RH
=
g_ Wohnflache in Mio. m2 557  16%
3 Anzahl Wohnungen in Tsd. 5.370 14%
157] Anzahl Wohngebaude in Tsd. 4.670 26%
5
3 MFH |
@ Wohnfldche in Mio. m2 13 112 134 76 119 41 1.001 099,
O Anzahl Wohnungen in Tsd. 170 1.490 1.920 1.060 1.600 510 14.040 3%
Anzahl Wohngebé&ude in Tsd. 50 380 460 210 200 70 2.790 759
—_ “wl: o B
5 o Wi g
Wohnflache in Mio. m2 10 17 84 392 717/%
Anzahl Wohnungen in Tsd. 180 260 1.290 6.800 779
Anzahl Wohngebdude in Tsd. 10 10 60 80 30 40 260 1%
Wohnfldche in Mio. m2 64 320 415 346 578 527 266 374 333 192 3.415
Anteil 2% 9% 12% 10% 17% 15% 8% 11% 10% 6% '
Anzahl Wohnungen in Tsd. 680 3.510 4.860 4.380 7.170 6.670 2.900 4.170 3.390 1.700 39.430
Anteil 2% 9% 12% 11% 18% 17% 7% 11% 9% 4% '
Anzahl Wohngebéude in Tsd. 420 1.780 2.550 1.820 2.860 2.520 1.320 1.830 1.780 1.160 18.040
Anteil 2% 10% 14% 10% 16% 14% 7% 10% 10% 6% .
*) EFH = Einfamilienhaus, RH = Reihenhaus, MFH = Mehrfamilienhaus, GMH = groBes Mehrfamilienhaus
**)  Baualtersklasse A + B: Vorkommen nur als Summenwert bekannt, Zuordnung vereinfacht nach Konstruktionsprinzip (Fachwerk --> A / massiv --> B)
***) GMH ab Baualtersklasse I: Haufigkeiten in MFH enthalten, da Differenzierung zu ungenau Wy
EFH = single-family house (SFH) "Wohnflache" = living space
RH = terraced house (TH) "Anzahl Wohnungen" = number of dwellings
MFH = multi-family house (MFH) "Anzahl Wohngebaude" = number of residential buildings
GMH = apartment block (AB)

Diverse construction activities can be found during the different time bands. There are periods with
high frequencies, like the 50s and 60s of the 20" century (construction year classes N° 5 and 6 /
time bands "E" and "F", see Table 3). In this table it is also remarkable that 53% of the dwellings
can be found in multi-unit houses but these have only a share of 17% in the total number of resi-
dential buildings.

Figure 8 is representing the neighbour situation of the buildings: Nearly 70% of the single-/double-
unit houses are detached buildings, the rest equally splits up to semi-detached and terraces
houses. From the terraced buildings one third is end unit and two thirds are mid-terrace. From the
multi-family houses 40% are detached, the rest — as far as positioned in a row — is equally split into
mid and end units.

Figure 9 is displaying the types of roofs/attics and cellars of existing buildings. 91% of the buildings
have a tilted, the rest a flat roof. About half of the attics are not heated, most of the rest is com-
pletely heated. Most of the buildings have an unheated cellar (60%), a smaller fraction partly
heated cellars (22%). In 13% of the buildings no cellar storey is existing, 3% of the buildings have
a completely heated cellar.

The total numbers of buildings, the living space and number of dwellings by construction year and
building size class are displayed by Table 3. The numbers were derived from a representative sur-
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vey of German residential buildings [IWU 2010]. In case of small subsets (like GMH) considerable
statistical errors have to be considered so that the numbers can be used for extrapolation of en-
ergy properties of the total German building stock or large subsets but not for a detailed analysis of
housing data.

3.2 Structure Types

The dominant structure of the German housing stock is that of brickwork, which can be found for
64% in form of one layer and in further 29% in form of two layers with cavity. Only small fractions of
houses are based on timber frame constructions or are pre-fabricated (concrete or lightweight
panels). Attention should be paid to the fact that these numbers are related to the numbers of
buildings but not to the total floor area. 1.5 % of all buildings are concrete panel buildings, whereas
narrowed to multi-unit houses the number is 8%.

Figure 10:  Structure types of old residential buildings (built until 1978)

percentages are related to the relevant number of buildings / source: [IWU 2010]

Structure types

Old buildings (until 1978) brickwork, two layers:

28,7%

timber A .
frame: 4,4% pre-fabricated (light-

A weight), wood frame:
1,5%
—_—

§ concrete panels: 1,5%

brickwork, one layer: other: 0,1%
63,8%

3.3 Restrictions for Insulation Measures

In order to assess the possibilities for adding external insulation to the walls the large housing sur-
vey [IWU 2010] revealed that for about half of the old buildings restrictions are existing (Figure 11):
The largest part (26%) of these buildings are situated bordering on a street or a pavement, a
smaller part on neighbour properties — but it could not be determined how many of these areas
would be narrowed too much by external insulation. Furthermore, 7% of the buildings have a valu-
able facade/ fagades worth protecting.

It must of course be noticed that in many cases only partial areas of the facades are affected, so
that the total external wall area facing these restrictions will be much smaller.

A further restriction would be the height of cellar rooms in case that insulation is added beneath the
cellar ceiling: For about 5% of the buildings t heavy constraints seem to exist because of a very low
ceiling. In further 19% of the cases the ceiling is rather low so that perhaps the possible insulation
thickness would be limited.
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Figure 11:  Restrictions for adding insulation to old residential buildings (built until 1978)
percentages are related to the relevant number of buildings / source: [IWU 2010]

Restrictions for adding insulation (old buildings, until 1978)

Facades valuable facade, cultural
heritage: 6,9%

l none of these
restrictions: 51,7%

bordering on street /
pavement: 25,8%

bordering on neighbour
properties: 15,6%

Room height in unheated cellars*

(2) low ceiling: 19,3%

(1) high ceiling: 75,9%
\ (3) very low ceiling:
4,8%

*) large person can walk (1) upright / (2) barely upright / (3) only with a stoop

3.4 State and Progress of Refurbishment

A special target of the housing survey [IWU 2010] was to investigate the current status of thermal
refurbishment and the annual implementation rates. The results are displayed by the following
charts.

Nearly 50% of the roof area of the “old” German housing stock (erected until 1978) has already
been thermally upgraded in the past. The annual insulation rate is currently at about 1.5 %. The
average insulation thickness has significantly increased during the last decade. Starting from 12
cm in the nineties it has now attained about 18 cm.

The upgrading of windows is performed with a similar annual rate. Nearly 40% of the windows al-
ready have low-e glazing.

The progress of wall insulation is much smaller: Insulation measures have been carried out for
about 20% of the wall area, the annual rate is below 1%. Nevertheless, the average insulation
thickness has increased from 8 cm to 14 cm.



The poorest refurbishment state can be found in case of the floors / cellar ceilings: 10% of the
overall area has been upgraded in the past; the annual rate is currently 0.4%. The average insula-
tion thickness has increased from 7 to 12 cm in the last decade.
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3.5 Detailed Statistics / Statistical Tables

The following tables, which were elaborated in the course of the TABULA project, contain the
available statistical numbers in detail. The numbering and heading follows the common TABULA
concept (see http://www.building-typology.eu/tabula-concept.html). A current version of the statisti-
cal tables can be found on the country pages of the TABULA website: http://www.building-
typology.eu/country/typology-de.html.

Table 4: Structure of the statistical tables according to the TABULA concept
Statistical Item Remarks
Table

S-1.1 Frequency of building types of the national building stock

S-1.2.1 Percentage of thermally refurbished envelope areas [11
S-1.2.2 Information on insulation level and window types [11
S-2.1 Centralisation of the heat supply (for space heating) [1]
S-2.2 Heat distribution and storage of space heating systems 1
S-23 Heat generation of space heating systems [11
S-2.4 Heat distribution and storage of domestic hot water systems [11
S-2.5 Heat generation of domestic hot water systems [11
S-2.6 Solar thermal systems 1
S-2.7 Ventilation systems 1
S-2.8 Air-conditioning systems [11
S-2.9 Control of central heating systems

[1] Source: Analysis carried out with the data of the survey “Datenbasis Gebaudebestand” [IWU
2010]. The numbers reflect the German residential building stock at the end of the year 2009.
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Table 5: Frequency of building types of the national building stock (Statistic S-1.1)
construction SFH TH MFH AB sum fraction
year class number of buildings (1000)
1 ... 1859 370 50 420 2%
2 1860 ... 1918 1040 350 380 10 1780 10%
3 1919 ... 1948 1280 800 460 10 2550 14%
4 1949 ... 1957 920 480 390 30 1820 10%
5 1958 ... 1968 1580 670 550 60 2 860 16%
6 1969 ... 1978 1470 650 320 80 2520 14%
7 1979 ... 1983 750 380 160 30 1320 7%
8 1984 ... 1994 1040 540 210 40 1830 10%
9 1995 ... 2001 1080 500 200 1780 10%
10 2002 ... 790 300 70 1160 6%
sum 10 320 4 670 2790 260 18 040 100%
fraction 57% 26% 15% 1% 100%
construction SFH TH MFH AB sum fraction
year class number of dwellings (1000)
1 ... 1859 510 170 680 2%
2 1860 ... 1918 1370 470 1490 180 3510 9%
3 1919 ... 1948 1720 960 1920 260 4 860 12%
4 1949 ... 1957 1240 570 2000 570 4 380 11%
5 1958 ... 1968 2150 770 2800 1450 7170 18%
6 1969 ... 1978 1930 760 1500 2480 6 670 17%
7 1979 ... 1983 940 400 990 570 2900 7%
8 1984 ... 1994 1230 590 1060 1290 4170 11%
9 1995 ... 2001 1250 540 1600 3390 9%
10 2002 ... 880 310 510 1700 4%
sum 13 220 5370 14 040 6 800 39 430 100%
fraction 34% 14% 36% 17% 100%
construction SFH TH MFH AB sum fraction
year class living space (million m?)
1 ... 1859 51 13 64 2%
2 1860 ... 1918 155 43 112 10 320 9%
3 1919 ... 1948 173 91 134 17 415 12%
4 1949 ... 1957 127 57 131 31 346 10%
5 1958 ... 1968 221 76 197 84 578 17%
6 1969 ... 1978 213 78 109 127 527 15%
7 1979 ... 1983 111 47 69 39 266 8%
8 1984 ... 1994 148 66 76 84 374 11%
9 1995 ... 2001 152 62 119 333 10%
10 2002 ... 114 37 41 192 6%
sum 1465 557 1001 392 3415 100%
fraction 43% 16% 29% 11% 100%
construction SFH TH MFH AB sum fraction
year class TABULA reference area (million m?)
1 ... 1859 56 14 70 2%
2 1860 ... 1918 171 47 123 11 352 9%
3 1919 ... 1948 190 100 147 19 457 12%
4 1949 ... 1957 140 63 144 34 381 10%
5 1958 ... 1968 243 84 217 92 636 17%
6 1969 ... 1978 234 86 120 140 580 15%
7 1979 ... 1983 122 52 76 43 293 8%
8 1984 ... 1994 163 73 84 92 411 11%
9 1995 ... 2001 167 68 131 366 10%
10 2002 ... 125 41 45 211 6%
sum 1612 613 1101 431 3757 100%
fraction 43% 16% 29% 11% 100%
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Table 6: Aggregation for Building Stock Model

construction number of number of

period buildings apartments
"Single Family SFH I until 1978 9610000 12450000
Houses” (<=2  SFH I 1979 - 1994 2710000 3160000
apartments) SFH I 1995 - 2009 2670000 2980000
"Multi Family MFH | until 1978 2340000 14820000
Houses " (>=3  MFH I 1979 - 1994 440000 3910000
apartments) MFH 1l 1995 - 2009 270000 2110000

18040000 39430000

Table 7: Percentage of thermally refurbished envelope areas

(Statistic S-1.2.1)

Percentage of modernised element area (with improved thermal protection)
percentages related to building numbers of the respective classes SFH | - MFH II

Building classes SFH |

until 1978
walls 20%
roofs / upper floor ceilings 47%
basement / cellar ceiling 10%
windows™ 35%

living
space
(1000 m?)
1285000
372000
365000
965000
268000
160000
3415000

SFH I MFH I
1979-1994 until 1978
7% 26%

24% 48%

3% 1%

12% 44%

modernisation of buildings erected after 1995 (SFH Il and MFH IIl) neglected
*percentage of thermal protection glazing (window installation after 1995)

Table 8: Insulation thicknesses of refurbished Elements

(S-1.2.2.1)

Average values of insulation layer thickness (numbers related to modernised elements)

walls
roofs / upper floor ceilings
basement / cellar ceiling

8,7 cm
12,8 cm
7,5cm

Table 9: Centralisation of the heat supply (for space heating)

(Statistic S-2.1)

Tabula ref-
erence
(1000 m?)
1413500
409200
401500
1061500
294800
176000
3756500

MFH II
1979-1994
15%

23%

7%

24%

percentages related to: numbers of dwellings in all residential buildings of the classes SFH | - MFH Il

SFH
SFHI (- SFH II SFH 1l
1978) (1979 - 94) (1995 -
2009)
Centralisation of Heat-
ing System
District Heating 1.4% 2.3% 3.6%
Building / Apartment 88.4% 93.4% 94.1%

Heating Systems

Room Heating Systems 10.2% 4.3% 2.3%

MFH I ( -
1978)

12.0%
81.9%

6.1%

MFH
MFH Ii
(1979 - 94)

22.2%
75.1%

2.7%

MFH IiI
(1995 -
2009 )

11.6%
88.0%

0.4%
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Table 10: Heat distribution and storage of space heating systems
(Statistic S-2.2)
Heat distribution and storage for space heating

percentages related to number of dwellings in buildings of classes SFH I- MFH IlI
which are supplied by building / apartment or district heating systems

SFH I SFH I SFH 1l MFH | MFH II MFH li
level 1: "high heat losses" 31% 0% 0% 39% 0% 0%
level 2: "medium heat losses" 28% 61% 30% 33% 85% 74%
level 3: "low heat losses" 13% 8% 23% 19% 9% 22%
level 4: "no heat losses" 29% 31% 48% 9% 5% 4%

level 1: installed until 1979, not modernised, level 2: installed or modernised 1980-2000, level 3: improved standard (circa since 2001)

level 4: heat distribution only in the heated part of the building (here: apartment heating systems)

Table 11: Heat generator types for space heating
(Statistic S-2.3.1)

percentages related to: dwellings in all residential buildings of the classes SFH | - MFH il

Heat Generators for Space Heating SFH MFH
SFH I SFH II SFH Il MFH | MFH 1l MFH Il
Heat Energy Carrier
Generators
District Heating
District Heating 1.4% 2.3% 3.6% 12.0% 22.2% 11.6%
Building / Apartment Heating Systems
Boilers Gas 43.6% 48.1% 66.4% 52.5% 61.9% 77.9%
Oil 39.4% 40.6% 18.7% 25.6% 12.7% 5.2%
Biomass 4.1% 3.0% 2.9% 2.3% 0.5% 3.2%
Coal 0.3% 0.0% 0.0% 0.1% 0.0% 0.0%
Heat Pump Electricity 1.0% 1.7% 6.1% 1.3% 0.0% 1.4%
Gas 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
CHP Gas 0.0% 0.0% 0.0% 0.1% 0.0% 0.3%
Engine
direct Electricity 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
electric
Room Heating Systems
Stoves Gas 1.4% 0.0% 0.0% 1.2% 0.1% 0.0%
Oil 1.4% 0.3% 0.2% 0.9% 0.1% 0.0%
Biomass 3.8% 0.3% 0.8% 1.3% 0.0% 0.0%
Coal 0.7% 0.0% 0.0% 0.6% 0.0% 0.0%
direct Electricity 2.9% 3.7% 1.3% 21% 2.5% 0.4%
electric
Table 12: Energy carriers for space heating
(Statistic S-2.3.2)
percentages related to: dwell- SFH MFH
ings in all residential build- SFH I SFH I SFH 1l MFH | MFH 1I MFH I
ings of the classes SFH | -
MFH Il
Summary: Energy Carriers
District Heating 1.4% 2.3% 3.6% 12.0% 22.2% 11.6%
Gas 45.0% 48.1% 66.4% 53.8% 62.0% 78.2%
Ol 40.8% 40.9% 18.9% 26.5% 12.8% 5.2%
Biomass 7.9% 3.3% 3.7% 3.6% 0.5% 3.2%
Coal 1.0% 0.0% 0.0% 0.7% 0.0% 0.0%

Electricity 3.9% 5.4% 7.4% 3.4% 2.5% 1.8%
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Table 13: Heat distribution and storage of domestic hot water systems

(Statistic S-2.4)

Heat distribution and storage for space heating
percentages related to number of dwellings in buildings of classes SFH I- MFH IlI

only buildings where the hot water is provided by the main heat generator for space heating are con-

sidered
SFH | SFH II SFH 1l MFH | MFH I
level 1: installed until 42% 0% 0% 37% 0%
1979, not modernised
level 2: installed or mod- 39% 89% 55% 43% 86%
ernised 1980 - 2000
level 3: installed or mod- 19% 11% 45% 21% 14%
ernised since circa 2001
Table 14: Heat generation of domestic hot water systems (Statistic S-2.5)
Heat Generation for hot water supply
percentages related to number of dwellings in buildings of classes SFH I- MFH lll
SFH I SFHII SFH Il MFH I MFH I
hot water generation combined with heat- 74% 86% 91% 67% 69%
ing system
electric flow heaters without storage 13% 5% 5% 23% 28%
tanks
electric heaters with small storage tanks 6% 4% 1% 3% 1%
gas flow heaters without storage tanks 3% 0% 0% 6% 1%
hot water storage tanks directly heated 4% 5% 2% 1% 1%
with fuels (e.g. gas)
heat pump for hot water generation (ex- 0% 0% 1% 0% 0%
haust air, cellar air)
Table 15: Solar Thermal Systems (Statistic S-2.6)
Solar Thermal Systems
percentages related to number of dwellings in buildings of classes SFH |- MFH Il
SFH | SFH II SFH 1l MFH I MFH I
Solar thermal systems (hot 3,5% 7,3% 11,3% 0,5% 0,5%
water only)
Solar thermal systems (heat- 2,6% 4,7% 6,7% 0,5% 0,4%
ing and hot water)
Table 16: Ventilation Systems (Statistic S-2.7)
Ventilation Systems
percentages related to number of dwellings in buildings of classes SFH |- MFH Il
SFH | SFH II SFH 1l MFH I MFH II
Exhaust air ventilation sys- 0,3% 0,3% 1,6% 3,9% 3,9%
tems
Ventilation system with heat 0% 0% 2,8% 0,3% 0,3%
recovery

MFH Il
0%

7%

23%

MFH Il
86%

13%
1%
1%
0%

0%

MFH il
2,8%

1,9%

MFH il
1,5%

2,7%

Climatisation systems (Statistic S-2.8) are installed in 0,9 % of the German building stock (related

to the number of residential buildings).
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4 Energy Performance of Exemplary Buildings

4.1 Building Data

The building type matrix in Figure 4 displays pictures of real residential buildings which are used
for exemplary calculations. The datasets of the exemplary buildings were mainly collected by en-
ergy consultants during energy advice campaigns. The envelope datasets have earlier been
documented [IWU 2003a] and include the following information (according to the German calcula-
tion standards): basic data (floor area, number of apartments, number of storeys ...), areas of
building elements (wall, roof, ground floor, windows), U-values of building elements.

During the TABULA project the existing datasets were adjusted and transferred to the TABULA
data structure. The existing set of construction pictures/drawings ([IWU 2004] [IWU 2005a]) was
improved and supplemented by a large number of further construction and measure types.

The new construction catalogue is documented in Appendix B, the table of measure types in Ap-
pendix C, the envelope data in the German Typology Brochure [IWU 2011].

4.2 Supply System Data

As a source for the heat supply system types [IWU 2005a] was used which includes tabled values
for expenditure factors, losses from the supply, generation, storage and distribution system com-
ponents. The values were adjusted (correction to gross calorific value and to the reference floor
area) and transferred to the common data structure. The datasets are shown in Appendix D.

The components were combined to heat supply systems representing typical existing systems and
refurbished systems. Pictures illustrating the respective system types were created.

4.3 Energy Performance Calculation

The energy performance of the example buildings was calculated according to two methods: the
national energy performance certificate method "Energieeinsparverordnung EnEV 2009" and the
TABULA method. The calculations were performed by use of the Excel applications "EnEV-XL" for
EnEV 2009 and "TABULA.xIs" for the TABULA method.

The following figures are representing the energy performance indicators determined according to
the TABULA method — including an adaptation to the typical level of measured consumption (see
chapter 0). The values are related to the heated living space of the buildings”.

! explanations of the charts: ,Ist-Zustand”: existing state, ,,Modernisierungspaket (MP)“: package of modernisation measures, ,relativ zu“: ,in

relation to“, ,Standardberechung mit Anpassung”: adapted standard calculation, ,Heizsystem“: heating system
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Figure 15: Energy need for heating — before and after modernisation
Reference area: heated living space; calculation according to the TABULA method, including adaptation to the
typical level of consumption; building type codes see Figure 4; in case of MP2 the energy need does not consider
the heat recovery of the ventilation system
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Figure 16: Energy use for heating and DHW - before and after modernisation —

example: central heating system / natural gas
Reference area: heated living space; calculation according to the TABULA method, including adaptation to the
typical level of consumption; building type codes see Figure 4, upper calorific value of gas
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Non-renewable primary energy demand for heating and DHW - before and

after modernization — example: central heating system / natural gas
Reference area: heated living space; calculation according to the TABULA method, including adaptation to the

typical level of consumption; building type codes see Figure 4
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Annual costs for heating and DHW — before and after modernization —

example: central heating system / natural gas

Reference area: heated living space; calculation according to the TABULA method, including adaptation to the
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4.4 Variants of Heat Supply

Further variants of heat supply systems were considered in the calculations. The definitions and
results are published in the German Typology Brochure [IWU 2011] by the respective building dis-
play sheets. They are also displayed by the TABULA WebTool% Table 17 gives an overview of the
exemplary existing systems and the possible modernisations. Figure 19 displays the results of the
calculations (energy need for heating, delivered energy, primary energy, carbon dioxide emissions,
heating and dhw costs).

Table 17: Variants of exemplary heat supply systems and possible refurbishment
measures (definitions also used for the TABULA WebTool)

DE.SUH.01 gas-fuelled central heating system
RP1: condensing boiler + improvement of distribution
RP2: as before, in addition thermal solar system and ventilation system

DE.SUH.02  oil-fuelled central heating system + electric DHW
RP1: condensing boiler + improvement of distribution + thermal solar system
RP2: wood pellet boiler + thermal solar system + ventilation system

DE.SUH.03 electrical night storage system
RP1: electrical heat pump, heat source: external air + thermal solar system
RP2: electrical heat pump, heat source: ground + ventilation system

DE.SUH.04 oil-fuelled central heating system
RP1: condensing boiler + improvement of distribution + thermal solar system + ventilation
system
RP2: wood pellet boiler + thermal solar system + ventilation system

DE.MUH.01 gas-fuelled central heating system
RP1: condensing boiler
RP2: as before, in addition thermal solar system and ventilation system

DE.MUH.02 oil-fuelled central heating system + electr. DHW
RP1: condensing boiler + improvement of distribution + thermal solar system
RP2: wood pellet boiler + ventilation system

DE.MUH.03 electrical night storage system
RP1: gas-fuelled heating system for each apartment
RP2: central heating system with wood pellet boiler

DE.MUH.04 gas-fuelled district heating system
RP1: combined heat and power plant
RP2: biomass-fuelled plant

DE.MUH.05 gas-fuelled heating system for each apartment
RP1: condensing boiler
RP2: as before, in addition ventilation system with heat recovery

2 http://webtool.building-typology.eu/webtool/tabula.html?c=de
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Results of the energy balance calculation for combinations of insulation

measures and supply system upgrades
exemplary buildings EFH_E (DE.N.MFH.05.Gen) and MFH_E (DE.N.SFH.05.Gen); for an explanation of the
heating systems see Table 17; energy need for heating®, delivered energy, primary energy, carbon dioxide

emissions and energy costs (each related to the heated living space)

tion which depend on the energyware, the respective energy use (and therefore also on the type of heating system)
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Usually the energy need for heating would be expected to be the same for the same variants of a building. However, here they are
slightliy different for each heating system. This is caused by the factors for the adaptation to the typical level of measured consump-
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4.5 Further Evaluations
Reference Areas

Different reference areas are used in Germany. For the housing stock a basic quantity reflected by
statistics is the living space, which is in principle the net floor area of apartments (not including e.g.
staircases). However, the reference area of the energy saving ordinance EnEV is a synthetical
area, determined on the basis of the heated building volume (0.32 * volume + corrections for very
high rooms). The correlation of both is shown in Figure 20 for the set of exemplary buildings. As an
average the EnEV area is about 20% larger than the living space - with a variation from 5 to 40%.
Since the TABULA reference area is determined on the basis of the living space by applying a cor-
rection factor of 1.1 it is in average about 92% of the EnEV reference area.

G - Figure 20:
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Comparison with the Calculation according to the German EPC procedure

Figure 21 shows the comparison of the annual energy use for heating and hot water divided by the
heated living space. In the left chart the TABULA values have been determined by the standard
reference procedure. The correlation is quite good. The EnEV values are about 9% above the
TABULA values. After correcting the different definitions of the the calorific value EnEV turns out to
deliver about 20% higher values that the TABULA standard method.

In comparison with the adapted TABULA values the EnEV values are — depending on the energy
quality of the buildings — about 10% (good thermal envelope quality) to 100% (old buildings, not
insulated) higher (red circles in the right chart).
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Figure 21:  Floor area related energy use for heating and DHW. Correlation of the
TABULA a) standard procedure and b) adapted calculation with the results of
the German Energy Saving Ordinance EnEV 2009

Exemplary buildings of the German residential building typology, not refurbished, gas central heating
reference area in both charts: heated living space; EnEV is referring to the net, TABULA to the gross calorific

value
a) TABULA standard b) TABULA calculation procedure, adjusted to
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Indications for the quantitative dependence of measured consumption and calcu-
lated energy use

Comprehensive studies about the relation of the measured consumption to the calculated energy
use for all building types and standards do not yet exist in Germany. However, there are a number
of indications from field enquiries focusing on building groups; especially an analysis of about 1700
existing buildings in the project ,Okologischer Mietspiegel Darmstadt‘ [IWU 2006b] as well as the
evaluation of the energy certificate field test ("Energiepass-Feldversuchs") of the German energy
agency dena [Gruber et al. 2005]. The result was in both cases similar: The measured energy con-
sumption of these existing buildings is — especially for buildings with low energy standards — sys-
tematically much smaller than the calculated energy use.

Figure 22 shows the analysis results from the study [IWU 2006b]: For different values of the calcu-
lated energy use the frequencies of the relations measured to calculated consumption are dis-
played. There are for example very high frequencies at a ration of 0.7 in case of

For example the curve "150 kWh/(m?a)" has a distinct peak at a ration of 0.7. For higher values of
the energy use the maximum of the curves are shifting towards 0.5. The 3-D chart on the right side
illustrates this dependence.
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Figure 22:  Analysis of the ratio measured to calculated energy consumption for 1702
buildings
Frequencies differentiated according to the calculated energy use;

energyware natural gas, heating oil, district heating / all building sizes;
data from [IWU 2006b]
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Starting from this analysis a formula was defined which represent the averages of the ratio meas-
ured to calculated consumption as a function of the energy quality (Figure 23 und Figure 24). The
energy quality is operationalised by the energy use for heating per m? living space.

The adaptation factors of the TABULA method have been derived by use of this formula (Figure
25). Doing this a number of aspects was to be considered:

e conversion to the gross calorific value;
o reference area correction (heated living space — heated net floor area);

e consideration of DHW.

The underlying empirical analyses are only referring to buildings with central heating systems fu-
elled by gas, oil or district heating but not on buildings with electrical systems and stoves. In order
to have an adequate estimation of the actual energy consumption, an adaptation factor is also
necessary in these cases. Preliminary basis of these cases are the following estimations:

¢ In the case of the electrical heat pump the hypothesis is that for the ratio of measured to calcu-
lated consumption the heating costs are the determining factor. Therefore adaptation factors
were considered which result from roughly equal heating costs.

¢ In the case of manually fired stoves the adaptation factors were fixed to numbers which are sys-
tematically lower than those for central heating systems. This reflects the (subjective) experi-
ence that in buildings with manual and instationary heating the temperature in winter tends to be
lower than in buildings with thermostatically controlled central heating systems. Since there are
at the moment no indications for the quantitative level of this effect a global fixation was applied
that the adaptation factor is 0.1 below that of a central heating system.
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Adaptation factors used in the German Building Typology Brochure

The adaptation factors used for the German building stock in the framework of the TABULA project
is displayed by Figure 25. The approach should be considered as preliminary since — as mentioned
above — the underlying data situation is not sufficient at the moment. In the future more compre-
hensive and systematical investigations will be necessary for different building, supply system and
utilization types to deliver statistically verified adaptation factors.

1,2 Figure 25:
—{—central heating systems:
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14 electrical heat pumps e .
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4.6 Building Display Sheets

During the TABULA project completely new versions of building display sheets were developed.
One example including explanations is displayed on the following pages. The complete catalogue
is published in the German building typology brochure [IWU 2011]*. Appendix A shows two further
supply system variants of the building as well as an English version of the sheets.

*  PDF download from the TABULA country page Germany: http://www.building-typology.eu/country/typology-de.html
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Figure 26: Explanation of the exemplary building display sheet, left page
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Figure 27: Explanation of the exemplary building display sheet, right page
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5 Use of the dena EPC Database as information source

The basic information about the German building stock, especially the statistics of building types,
of supply systems and of refurbishment states have been described in chapter 3 of this report.
These data were mainly collected by means of an enquiry on the basis of random samples.

In principle, also energy performance certificate databases can be used as a data source. The me-
thodical questions were a subject of the IEE project DATAMINE (2005-2009) which resulted in a
specification of the data to be collected, a common data structure, a field test in each country and a
cross-country comparison of the EPC data [DATAMINE FR 2009].

This line of data collection was also partly followed during the TABULA project. Compared to the
state during the DATAMINE project the quality and volume of EPC databases has in general in-
creased. The databases from several countries were evaluated and useful information was drawn
for the set-up of national typologies and the elaboration of building stock models. The results from
these analyses are documented in a separate report [TABULA TR1 2012].

As regards Germany, a registration of energy certificates is not yet mandatory. In consequence,
there is no official database containing all issued EPCs. However, the German energy agency
dena introduced a quality mark for energy performance certificates in 2007 ("dena Gltesiegel En-
ergieausweis"). A condition for participation is the transfer of