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Gebiudebestand in Osterreich
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Abbildung: Entwicklung des Gebaudebestandes in Osterreich, Quelle:
www.statistik.austria.at, 15.03.2005

Quelle: Statistik Austria, (2004)
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Energy carriers in Austrian households
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Quelle: Statistik Austria, (2005)
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fossil fuels
: CO,-emissions
: Lower heating :

Energy carrier (related to lower heating

value

value)

Hard coal 8,14 kWh/kg 0,350 kg/kWh
Lignite 2,68 kWh/kg 0,410 kg/kWh
lanite hrigiiatte K 25 k\Wh/kn N RN ka/k\Wh
Ignite briquetts 5,35 kWh/kg 0,380 kg/kW!
Coke 7,50 kWh/kg 0,420 kg/kWh
Heavy duty oil 10,61 KWh/I 0,290 kg/kWh
Oil ,,extra light* 10,08 KWh/I 0,270 kg/kWh
Natural gas 10,00 kWh/m3 0,200 kg/kWh
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Life Cycle Energy
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Current Buildings

energy, qualitative
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Example: Mid European climate
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Lean Buildings
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Energy demand of buildings
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Specific space heating energy demand of single (SFH)
and multi family buildings (MFH-K : small, MFH-G big)
in decpendenc of year of errection in Austria

Raumheizungskennzahlen nach Baualtersklassen und
Haustypen (hutzenergiebezogen)
250
= 200 +— — N — —
m
E 150 4—
E
= 100 4+ —I
2 Ll I i
0
vor 1919 1919 - 1945 1945 - 1960 | 1961 - 1970 [1971 - 1980 [1981 - 1990 | ab 1991
D EFH 188 193 226 186 191 130 99
B MFH-K 121 121 136 118 122 88 67
O MFH-G 103 106 120 103 104 78 60
O NWG 103 106 120 103 104 78 60

Quelle: Jungmeier, et al. (1996)
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CO,-emissions from space heating of
appartements in Austria
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vor 1919 1919 - 1945 1945 - 1960 1961 - 1980|1981 - 1990 ab 1991
O EFH 580 408 841 2 134 732 575
B MFH-K 293 144 179 333 128 148
OMFH-G 321 94 177 636 140 118
ONWG 49 11 22 55 16 7

Quelle: eigene Berechnung
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CO,-equivalent emissions from the residential
sector (Raumwarme Haushalte) and other small
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Quelle: BMLFUW (2005)
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Trendscenario of thermal renovation and fuel
switch of all Austrian dwellings (basic data from
Statistik Austria, 2001)
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(incl. 20% Wechsel von Ol auf Biomasse)

12

1%/a
[ 2%/a
3
- 3%/a
i)
S 49%/a
5%/a
2 _
0
2001 2006 2011 2016

Quelle: eigene Berechnung
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Steps of integrated building design fur low energy
demand

Boundary conditions
(Size, orientation, number of persons, climatic indoor conditions,

Costs (errection and operation), etc.)

Energetical optimization of the building itself
(measures at the building)

Simple and efficient heating, ventilation, cooling system

v

Ecologically benign heat and cold production
(renewable energy carriers)
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Energetical System Building

Building behaviour Control
— Active thermal mass — Indoor air temperature
— Passive solar energy use controlled (Centralized,

decentralized)

— Qutdoor air temperature
dependend (centralized)

— Analog - digital
— Irradiation controlled
— Positioning of sensors

User behaviour
— Ventilation
— Internal Heat gains
— Indoor air set temperature
— Shading

Wolfgang STREICHER UIBK Energieeffizientes Bauen / Erneuerbare Energie Folie: 15



Energieeffizientes Bauen

CZAt WI nter/Su mmer SChOOl Institut fir Konstruktion und Materialwissenschaften

Energetical System Building

Heat losses

to ambient due to
thermal conductivity
(transmission losses)

June 21

Heat flow
within the building
(transmission,

ventilation)

Heat losss
due to
ventilation and
infiltration

Heat supplied
by space

December 21 heating system

h

Passive Heat st
solar gains rleat storage Internal heat
by windows in thermal gains due to

mass persons and

equimpment

Heat losses to the ground
due to thermal conductivity
(transmission losses)
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Building Shape: Ratio of A/V for differetn shapes

Einzelhaus Endhaus Mittelhaus
ANV 1,0 0,95 T
Eieigie. . | e
kennwert 86
AV
Energie-
kennwert 73
AN
Energie- z
kennwert 66
AV
Energie- .
kennwert 62

Quelle: Feist, W., 1998, Das Niedrigenergiehaus
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Heat transfer coefficient for transmission
heat losses

__Q 2
U= (=K [WImK)]

mit A... Heat transfer surface [m®]

Q... Transferred heat  [W]
AT... Forcing temperature difference [K]

= % —U-AT ....specific heat flow [W/m?]
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Bautell U-Wert
M . [W/m2K]
aximum WANDE gegen AuBenluft 0,35
U'Values Kleinflichige WANDE gegen AuBenluft (z.B. bei Gaupen), die 2% der
Wande des gesamten Gebaudes gegen AuBenluft nicht Uberschreiten, 0,70
(WImZK) sofern die _@NOF{M B 8110-2 (Kondensatfreiheit) eingehalten wird.
TERENNWANDE zwischen Wohn- oder Betriebseinheiten 0,90
Austria WANDE gegen unbeheizte, frostfrei zu haltende Gebiudeteile (ausge- 0.60
nommen Dachraume) '
(2007) W%NDE gedgen unbeheizte oder nicht ausgebaute Dachraume 0,35
WANDE gegen andere Bauwerke an Grundstlicks- bzw. Bauplatzgren- 0.50
zen '
ERDBERUHRTE WANDE UND FUSSBODEN 0,40
FENSTER, FENSTERTUREN, VERGLASTE oder UNVERGLASTE TU-
REN (bezogen auf Prifnormmag) und sonstige vertikale TRANSPA- 2,50

RENTE BAUTEILE gegen unbeheizte Gebaudeteile
FENSTER und FENSTERTUREN in Wohngebauden gegen AuBenluft

(bezogen auf Prifnormman) 1,40
Sonstige FENSTER, FENSTERTUREN und vertikale TRANSPARENTE

BAUTEILE gegen AuBenluft, VERGLASTE oder UNVERGLASTE AUS- 1,70
SENTUREN (bezogen auf Prifnormman)

DACHFLACHENFENSTER gegen AuBenluft 1,70
Sonstige TRANSPARENTE BAUTEILE horizontal oder in Schragen ge- 200
gen AuBenluft '
DECKEN gegen AuBenluft, gegen Dachraume (durchliiftet oder unge-

dammt) und tber Durchfahrten sowie DACHSCHRAGEN gegen AuBen- 0,20
luft

INNENDECKEN gegen unbeheizte Gebaudeteile 0,40
INNENDECKEN gegen getrennte Wohn- und Betriebseinheiten 0,90
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Room air temperature — temperature of surrounding
surfaces <~ thermal comfort
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Avoiding thermal bridges

Problematic zones:

 Connection of roof

* Windows
* Floor e.g. cellar\
ceiling

 Balkonies
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Thermal bridges, Thermographie
, SFLIR Thernails :E

B FLIR ThernaCaH

BFLIR ThernaCaH

Window interior edge

4 . 17.6
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Material: Thermal conductivity A and density p

A in W/(K-m)
3 ’é |t:hw."rerbeton
z Normalbeton\;{o /11
A /.,-TNoturstmn
;7 : Leichtbeton3—2 : _ﬁFensterglas
.5 —Z 2 F—FHiittenbimsbeton
0, Mauerwerk.. A2 27X \-Bitumen
0.3 w2/ 7 /] _l |
: _ _ 7 7 —Asbestzement
0.2 Sehr leichter Leichtbeton,] \ 47+ |
] I 1 ”"/n’ | |
Gasbeton -//%_.,S/‘\Kunststoffe
0.1 Pflanzliche Fqsern AV Lol L}
Schuumglas )qr\Holzwerkstoffe
0,05+~ |l VR~ Holz
' S A —>-—Mineralische |Fasern
Pl _——T S Kork
0.03 Y -/<
e — __IL- Schaumkunststoffe

10 20 30 50 100 200 500 1000 2000 5000

Rohdichte pg in kg/rn3
Beziehung zwischen Wiirmeleitfihigkeit A und Rohdichte @,
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Principal of active thermal mass

oT o4 o°T oT
~ 2‘ =P Sp p
OX OX ox?° dt

Needs room air temperature

24 shifts
23 Stored and released heat :
0.076 kWh/(m? d).
O 22
= Significant temperature
2 21 change up to a depth of ca.
g 10 cm (concrete wall)
£ 20
" It is not useful to make this
19 wall thicker
18

Thermal mass means AREA

0 0.1 0.2 0.3 04 not DEPTH

Wall thickness in m
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Energy transmitttance through windows

ky= 1.3 Wim2K)
ke= 1.4 WiIm2K)

Bild 3.7: Warmedurchgang durch ein Fenster mit
Warmeschutzglas (schematische Carstellung)

AuBen e Innen ge = 062
Keqrhod = 081 W/(m2K)
on
/F“'Q Keqromwest= 0.38 W/mM2K)
keqrses = -0.09 WHm2K)

Sekundarabgabe

ky= 0,40 W/m2K)

ke = 0,67 Wi(m2K)

gr = 0.42
Keqrnora = 027 WImM2K)
durchgslassens Xenon Xenon
Scanenenerge / Keq F Ostest = -0,02 W (M2 K)

Schaban-
zwechen-
raum [SZR)

[
|
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Energy transmittance (g) and heat transfer

coefficient (U) for different glazings

Diffuse U-value
g-value glazing
in W/(m? K)

Insulating glazing (4 + 16 + 4 mm, air) 0.65 3.00
Thermal insulation double-glazing (4 + 14 + 4 mm, argon) 0.60 1.30
Thermal insulation double-glazing (4 + 14 + 4 mm, xenon) 0.58 0.90
Thermal insulation triple-glazing with argon filling 0.44 0.80
Thermal insulation triple-glazing with krypton filling 0.44 0.70
Thermal insulation triple-glazing with xenon filling 0.42 0.40
10 cm plastic capillaries, one cover pane 0.67 0.90
10 cm plastic honeycombs, one cover pane 0.71 0.90
10 cm glass capillaries, two panes 0.65 0.97
2.4 cm granular aerogel, two panesfilled with air 0.50 0.90
2 cm evacuated (100 mbar) aerogel plate, two panes 0.60 0.50

The diffuse g-values were measured for a poor in iron 4 mm front pane, whereas for the U-values an
average sample temperature of 10 °C has been assumed.
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U = Uw . SF g S = 0,95 north, 1,65 east/west, 2,4 south

Diffuse g-vaue (Qgimuse), U-vadue of the window (U,) and equivalent U-values (Ugy)

corresponding to different glazing types (see /3-5/)

Quiffuse UW Ueq Ueq Ueq
(south) (east/west) (north)
in W/(m? K)
Simple glazing 0.87 5.8 3.7 4.4 5.0
Double-glazing (air 4 + 12 + 4 mm) 0.78 29 1.0 1.6 2.2
Double-glazing with thermal insulation 0.60 1.5 0.1 0.5 0.9
and argon filling (6 + 15 + 6 mm)
Triple-glazing with thermal insulation and 048 09 -03 0.1 0.4
krypton filling (4 + 8 +4 + 8 + 4 mm)
Triple-glazing with thermal insulation 046 06 -05 -0.2 0.2
and xenon filling (4 + 16 + 4 + 16 + 4 mm)
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2-panes windows
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3-pane low U windows
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Factors influencing the solar transmittance of

windows
®'Sfra_hlungéi__nfenéi_ftit_:._ | @Fensfergrol’ie und ) Glasarten . Y Sonnenschutz -
; e Glasfldchenanteil ~und -anordnung einrichtungen
22 2L [l de7727 T 2T TITTY AR ) ~0 A= -
AT 1 % o B | ﬁl IE ',I I T
Sonnenstand s e , B | I %1 23 45
Tribung 'O —--.._,:'i R 8 s Rl N ;:I I:: I:I I ? |
Reflexion P ﬁ N ez | AOCRAR A KR XX ERRATES o =t 1=
' .Buullche Mafinahmen @Speacherwlrkung der ' Raumnutzung ((x )
‘ - o Raumflachen | h Ruumuussfaffung
| 2 e _ X 7 Art der Beleuchtung
T LT -~ [temporéirer Warmeschutz .
C /-) " lumkehrsonnenschutz
Sa ' variable k-Zaht. o
' '  |spezielle : {\i\@é\
Fassaden &

Abb. 7._24'_:.EinﬂuBgrSBen auf Sonnenwirme durch Fenster
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Shading by internal and external window blinds
(6, ambient temperature, 6, room temperature)

30

287 @ internal window blind g without shading equipment

26— W L~ @, 0‘0 z O—O—L0—N
A ) Qw —C
) E; A ) e

. . O
0 external window flind l C
O &
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N
o
|

10 T T T T T T ' T T T T | T
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Time in h
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Cooling energy demand for different
shading strategies in an office building

Anderung des Jahreskilhlenergiebedarfs bei verschiedenen Verschattungsvarianten
Basisvariante (schwere Bauweise, mittlere Lasten; Graz 1998; Warmeschutzverglasung)
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Shading of transparent building surfaces by roof overhangs (left:

one family home, right: multiple families home)

Well-insulated roof

South .
Winter|
Summer
Winter Y, Well-insulated roof !
o8 Living space with
‘ Summer insulating glazing
~L i | facing south
A ' N Optionally
. v o glazed %
gj’:"s’nglce P Living space loggia . | ‘
P § <4 | | with insulating
glazing facing Thermal mass
south |

Thermal mass
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Solar position plot
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Global radiation incident on surfaces with various alignments
in Central Europe (climate Graz/Austria, 47° latitude)
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Summer Overheating in an office building (simulated)

Temperatur (°C)
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Natural ventilation

Naturliche Luftstromung durch Gebaude
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NatUrliche Liftung Sommer/Winter
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Quelle: Bohne, Skript techn.
Gebaudeausrustung, UNI-Hannover
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Low-energy lean multi faily building

\ &
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Solar houses
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,Passive row houses"
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Solarhouses” — ,Passivhouses”

Gebaudekennfeld fur ein Gebaude mittelschwerer Bauart und einigen
realisierten Gebauden: 7: Solarhaus Freiburg, 2: Passivhaus Kranichstein (a:
Endhaus, b: Mittelhaus), Q"H: spezifischer Heizenergiebedarf (Voss, 1997)

100 e |

=]
=

60 -

40+

Q;, [kwh/(m?a)]

20
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EU Directive on the overall energy
performance of buildings (EPBD) and its
effect on the planning of buildings

Directive 2002/91/EG of the European Parliament and the Commission
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(16.12.2002)

* Reduction of the energy demand and the CO2
emission of buildings (space heating and hot tap
water amounts to 40% of the total end-use energy
demand in Europe)

* Value of buildings not (only) because of the location
but also because of the energy demand and the
operating costs

« European harmonization of standards for calculation
and evaluation (certificates) of energy demand of
buildings

« Reduction of emissions by constant maintenance of
boilers and air-conditioning systems
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* Development of the calculation method (energy
demand of heating (EN 13790), cooling (new),
lightning (new) and losses of the production- and
distribution systems (new)

* Fixing of average,
minimum and Heat demand class | Energy demand

(standardized)

maximum energy Low demand )

demand of buildings

by the national
governments

3

* Development of
energy certificates
for buildings

Wolfgang STREICHER UIBK Energieeffizientes Bauen / Erneuerbare Energie Folie: 45

l High demand




Energieeffizientes Bauen

CZAt Winter/Sum mer SChOOl Institut fir Konstruktion und Materialwissenschaften

Calculation of Final, End-Use (and
Primary Energy) Demand

Calculation direction (from the demand to the source)

—

N2
2

Qs
QV

llllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Final energy
(boundary:building)

Primary
energy

Energy direction (from the source to the demand)
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Possibilities of energetical limits in the building
sector

-U-Values of the components
-LEK- Value of the building envelope

-Useful energie demand

-End-use energy demand
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Content of the Directive

 Application for all new and refurbished buildings
* Private houses: new buildings, (partly)selling, renovation
 Public buildings: right after the directive comes into force

* Increasing the use of renewable energy sources,
combined heat and power plants (CHP) and heat
pumps if economically feasible

Ay 1_’. “ 3
A P x
h il -}
S i
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Content of the Directive

» Regularly inspections of boilers
(>100 kW every 2 / 4(gas) years;
<20 kW every 15 years)

» Regularly inspection of air-
conditioning systems

* Inspection by independent
specialists

 Set into force by

I January 4th 2006 !!!
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*Level A
Calculation of End-Use Energy demand
(predefined user behaviourm, Asset Rating)

* Level B
Measurement of End-Use Energy demand
(actual user behaviour, Operational Rating)

*Level C
Estimation of End-Use Energy demand using
statistical values for different types, architectures
and ages of buildings
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* Mandate to CEN (October 2003) for developing
calculation systems

* Affected Technical Committees (TCs)

CEN/TC 89 Thermal performance of buildings and building
components

CEN/TC 156 Ventilation for buildings

CEN/TC 169 Light and lighting

CEN/TC 228 Heating systems in buildings

CEN/TC 247 Building Automation, Controls and Building
Management

« Till this time big activities in the standardization
bodies

Wolfgang STREICHER
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Q snergy use for heating Chn hsat use
Gha heatfrom other appliances C  ventilation heat loss
Q recovered energy . ventilation heat recovery
Ghe losses from the heating system Cr  transmission heat loss
Qn  metabolic heat Clww heat for hot water preparation
Qs passive solar gains o total heat loss
G internal gains
@, total gains boundary of the heated zone
17 Qg useful gains boundary of the hat water system

1

2

3 boundary of the heating plant
4 boundary of the building
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Energy Certificate Berlaymont Gebaude
Year of errection: 1967 (renovated from 1995 to 2004)

Useful area: 241.515 m?

Persons: over 3000 Persons per day

Heating: 3 Gas burners with a total capacity of 7.800 [kW]
Cooling: 4 Compression cooling machines with a total

cooling capacity of 8.900 [kW]
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Results useful energy,
example Berlaymont, Brussel

Summe 127[KWh/(m?.a)] spezifischer Nutzenergiebedarf [kWh/(m?.a)]

18 17
50 100 150 200
W Heizwarmebedarf B Kuhlwarmebedarf O Beleuchtung
o Laftung @ Dampf o Warmwasser
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Endenergie:

Heizwarmebedarfund 444 KW/ (.a)] Results end use energy,
example Berlaymont, Brussel

Beleuchtung

Dampf

Summe 198[kWh/(m?.a)] spezifischer Endenergiebedarf [kWh/(m2.a)]

18 17

0 50 100 150 200

Heizwarmebedarf/ Warmwasser M Kihlwarmebedarf

O Beleuchtung O Laftung
@ Dampf O Luftférderung - Parking
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Energy Certificate Residential Buildings

Energieausweis fiir Wohngebiude
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Energieausweis fur Nicht-Wohngebaude

‘gemaB ONORM H 5055
und Richtlinie 2002/91

Energieausweis fur Nicht-\WWohngebaude

‘gemaR ONORM H 5055
und Richtlinie 2002/81/EG

GEBAUDE GEBAUDEDATEN KLIMA DATEN
Gebdudeart Einfamilienhaus Erbaut 2002 Bruttogeschossflache 192,00 m2 Klimaregion N
Gebdudezone Katastralgemeinde Dornbirn beheiztes Bruttovolumen 576,0 m3 Seehdhe 172m
Strake Schillerstralie 1 KG-Nummer 465 charakteristische Lange (lc) 1,33m Heizgradtage 3461 Kd
PLZ/Ort 6850 Dornbirn Einlagezahl 23 Kompaktheit (A/V) 0,75 1/m Heiztage 2264
Eigentiimer Karl Schallhas GmbH Grundstiicksnummer 154 mittlerer U-Wert (Um) 0,34 W/m2K Norm-Aultentemperatur -12°C
LEK-Wert 31 mittlere Innentemperatur 20°C
HEIZWARMEBEDARF BEI 3400 HEIZGRADTAGEN (REFERENZKLIMA)
O O WARME- UND ENERGIEBEDARF
HWE-WG  10060,7 kWh/a 571 kWh/m2a 114009 kWh/a 50,4 kWh/m2a 65,0 kWh/m2a  erfiillt
HWB-NWG(  10960,7 kWh/a 13,0 kWh/m3a 11400,9 kWh/a 19,8 kiWh/m3a 22,5 kWh/m3a  erfillt
HWB-NWGm 82005 kWh/a 14,2 KWh/m3a 8563,5 kiWh/a 14,9 kWh/m3a
J— N WWWEB 2452,8 kWh/a 12,8 kih/m2a 2452,8 kiwh/a 12,8 kiwh/m2a
NERLT-H 0,0 kih/m2a
57,09 kWh/m?2a ‘o
NERLT-K 0,0 kiwh/m2a
NERLF-D 0,0 kwh/inza
NE 0,0 kWh/m2a
HTEB-RH 1597,6 kiWh/a 8,3 kih/m2a
O O HTEB-WW 5493,7 kWh/a 28,6 kiWh/m2a
HTEB 7091,2 kWh/a 36,9 kih/m2a
KTEB
HEB-WG
HEB-NWG
KEB-NWG
RLTEB-NWG 0,0 kiwh/mza
BelEB-NWG
EEB
ERSTELLT P8
€0,
Ersteller Robert Gernhart Ausstellungsdatum 13.03.2006
Organisation Institut fiir Bautechnik Giiltigkeitsdatum 13.03.2016
Geschiftszahl Unterschrift
INTOTHSTION, AUTGTING d8r deallsErten ENgangsparamster EA01-2006-5Wa 1 INTOIMSTION. AUTGUNG der gealisierten EINGangsparameter EX01-2006-5W-a 2
i, B 5B ) S SO, UL, S Hts et e s Lo o EAHWG Komen B A ot Mo S e, eI, Sbesorcre s e el LAt e age Yormen EANWG
aus Grilnden der Geometrie und der Lsge hirsichtiich Inrer Energiekennzahien von den hler angegebenen abweknen 08 10. 2006 aus Grtinden der der nrer den hler 8. 10. 2006
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Kampaleh et (A7) arsn Haizmage z2ad
mitkkrar U-Wane (Um} 034 W mE Hid N-ALET ESPS EHHE =10
LEE-Wert 1 Mittkare INnaTHET pari iy art

WARME- LMD ENERGIEBEC®.RF
T

1REDT Whia - w71 Bahimea 1REES Bhfa - 594 BWh'mea a5 0 Whma  afill

Energieausweis fir Nicht-Wohngebaude

gemaB ONDRM H 5055
und Richtlinia 2012/91EG

Ritarridrischm st s bmtactmil

GEBAUDEDATEN KLIMA DATEN

Bruttogeschossfliche 192,00 m2 klimaregion N
beheiztes Bruttovolumen 576,0 m? Seehihe 172m
charakteristische Lenge (lc) 1,33 m Heizgradtage 3461 Kd
Kompaktheit (4/V) 0,75 1/m Heiztage 2264
mittlerer U-Wert (Um) 0,34 W/ m2K Norm-Aulentemperasur -12°C
LEK-Wert 31 mittlere Innentemperatur 20°C

WARME- UND ENERGIEBEDARF

— HWE-WG 100607 kNb/a 571 MWh/m?a 114009 kWn/a 584 kWh/mia 650 kAh/mia erfilt
W i MAhia | aZEmAhI sl M a3EMAhne HWE-MWG  10960,7 kNh/a 19,0 WWh/m3a 114009 kWn/a 16,8 kWh/mia 225 kWh/mia  erfilt
HTEB-RH 1507 6 Bahia &3 MahyIea HWE-NWGm  8200,5 kNh/a 14,2 kwh/m2a 35635 kWn/a - 14,9 kWh/m*a
HTEE-#& =ET WAhva - 266 BAhYmEa J— WWWE 2452,8 kih/a 12,8 kWh/n2a 24528 kWn/a - 12,8 kWh/mia
HTEE T2 WAhva - 369 BAhSmEa NERLT-H 0,0 kWh/mza
HEE-WT: 440 WAhGa 11 AR IFa KB
EEE Had, 0 WAhya 101 Mehy nea NERLT-K 0,0 kWh/ma
FEB I NERLT-D 0,0 kih/mea
o I NE 0,0 kiwh/m?a
HTEB-RH 1597.6 kWn/a 2,3 kWh/mia
O HTEB-WiW 34537 KWn/a 28,6 kithymia
HTEB 70912 kWn/a 36,9 kWh/mia
EHERGIETSE CHOMETER —
Heibachndanania bedar Endenargiabadark HEBWG D
HEB-NWG
[} 100 M T ] 0 o 100 00 1 5] &0 T
BEE XL RLTEB-NWG 0,0 kih/m:a
BelEB-NWG
EEB
ERLALITERUNGEN PEB G S
Heistachndanaryia hedarFHTER:  Energian engs di bei dar Wi mesrscapuiy and ertsiling variora qehe. €, G G
EndancigictedarFHEE= EEH):  Enerdieniendga die den Enenyicssien des Gebdudes fir Heisung and W mbsa s enarsan g
inkishva nots endiger Enayiemenen fir die Hifshericbe bei @iner bpischan
Starda rdmi=ng =i gefile = erden muss.
Hiisse Dmchsata f (HAH: Wor Heaizsys e in i R ane ab e cban on W mienienaga dic hendeigesind, i w3 hrend dar
Heicsaison bai ciner sandandiwren Hiang sine Tnparauryon 20°C =0 haben
Dile clesas dienen der | Adatgrund der EA-01-2026-5W-3
kfSrnen bl tatsSchlicher Hutzur it . Lage k&nnen EA-MWG
H"‘”’-’- aus Griinden dar Gecmairie une der Lage hirsichtiich Inrer 7 den Flar 8. 10. 2005
vyt T e o e N .
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What can‘t be done with
the calculation via EPBD

Jul: I-Biiro2

100

o
0

« Heating / cooling load

~
o o o
T

Raumluftfeuchte [%]
n
o

IS
o
T

- N W
o o o

 Statistic about over-
temperature

_o
N

Raumlufttemperatur [°C]

Heat Storage

I %_33 b Radiators
DHW
Cold water

» Detailed effects of %r%
Com pIeX hyd raU I I CS Pelets- / Jm Radiators
and controls Sasholer DHW
Cold water
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 Effect of complex
calculations (big
sunspaces, double
skin facades)

« Consideration of user- 0 T
behaviour (window-

ventilation, attendance, @ l l & E 1 @_ E

internal |OadS - .) 0°C 0§% i §ne 15 B0

Space heating energy for varying indoor air
temperature in a Passive house

=

* Worst/best case scenarios regarding climate
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* Energy demand for heating and cooling will be
relevant already in architectural competitions.

* As the first sketch of the architect fixes about 40 %
of the energy demand of the building, integrated
design approaches (architect, civil engineer,
mechanical engineer...) will become relevant

* Building codes and subsidy schemes will use the
EPBD certificates.

* Detailed questions to the building still need dynamic
building simulation.
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* Draft Standardization Mandate to CEN, “Development
of horizontal standardized methods for the assessment
of the integrated environmental performance of
buildings” (into force presumably 12/2007)

 Directive on energy end-use efficiency and energy
services (into force presumably 6/2006).
(1 % increase of end-use energy efficiency per year)

* Thematic strategy for urban environment (sustainable
building) (KOM(2004)60, 11.02.2004
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Yearly increase of biomass heating systems in Austria

12.000
= Stiickholzkessel
10000 1 == Hackgutfeuerungen bis 100 kW /\
' = Pelletsfeuerungen
§ = Sroltankagen groler 100 kW
on 6000
|-
=
K /\
- w o
=
=
5]
2 4000
T \/
<
2000 /L—/
0
T 28228 s g 58 2
— — — — — — o [ od o N o™ ol o o o

Innovative Energietechnologien in Osterreich, Marktentwicklung 2009, BMVIT
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,Kachelofen*

. R BN
Kachelmantel e P Y
achelmante ‘® BN ) ®

Heifluft Die newe

- Crenieralion
der Keolwi-
difen bt
CHOFTE
technische
1 Fortschritte |
anfTuneisen. g

Rouchgaszug

'l Feuerraum
|

Heizefnsalz im
Kecbelofen oder )y,
Lemauerten Ofen

Luft-Wosser-Touscher |
{holt Emprgie ous dem Ofen)

« Positioning that several rooms can be heated, with water HX inside a
coupling to a water heating system can be done

« Efficiency about 60-70 %

« High startup emissions (cold burning chamber)
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“Kaminofen”

« Positioning that several rooms can be heated, with water HX inside a
coupling to a water heating system can be done

« Efficiency about 60-70 %

 High startup emissions (cold burning chamber)
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Log wood burner with downward flame

daer thermotythischen Nach-
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A  Logs and ash is
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o Aopsevie o autmomatically
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e burned
Hote Sromtammer Burning chamber is
e NOT cooled
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|
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Automatic wood chips/pellets burner

Similar maintenance a soil or gas burners

Similar emissions as oil burner

Slightly higher investment than oil burner

Biomass store has to be reached yb the blowing tube of the truck
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Heat pumps

Low-temperature range ~4— — > High temperature range
Funktionsschema Warmepumpe .
Urnwel e 3/4 + Endenergle/Strom 1/4 = Nutzwinme 4/4 Drive energy ~a
\ i .- : ~_Compressor
A Il
| I
Vapour
From heat source P ‘ Vapour To heat sink
Heat ‘
ea | Low | High Heat
(low Pressure of (high
temperature) - refrigerant temperature)

Evaporator Condenser

To heat source

From heat sink

—
entspannen ) . \" Circulating working
verdampfen verflissigen medium (refrigerant)

Expansion valve
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Heat pump COP and
boundary conditions

4 ——-------- 35°C Vor---—~~--
T lauftemp.

-50 °C Vor-
lauftemp.

20 15 110 -5 0 5 10
Lufttemperatur in °C

Leistungszahl

———————————— 35 °C Vor- / -
T lauftemp.

50 °C Vor-
lauftemp.

-5 0 5 10 15 20
Soletemperatur in °C

Quelle: Kaltschmitt, Streicher, Wiese, 2006
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Development of the Austrian heat pump market

16.000 180.000
= heat pumps for water heating
5"; 14 ooo 4 | mmmmheat pumps r space heating 1 160.000
; e €8T pUMPS stock
3 12000 1 + 140.000 0
a3 & ]
?_} Fuukﬁom:::amaWémepur:;:e 1.1][":[] .g-
S 10.000 + NV : -
= Y =
o 100.000 X
= 8.000 ¢+ ﬁ
g7 80.000 o
S £
= 6.000 + entspannen
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=
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1979
1981
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w
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Innovative Energietechnologien in Osterreich, Marktentwicklung 2009, BMVIT
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Ambient air as heat source

N N N

/] N / NG /1 N
S
Space Space heating
heating heating-?
() <=
e |
Heat pump  ||L Verdampfer Air ducts \
Heat pump  Heat store
Heat store Compressor, Heat store

condensor

Quelle: Kaltschmitt, Streicher, Wiese, 2006
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Compact heating and domestic hot water unit

compact tank solar collector
ventilation unit

outlet air inlet air

- air-to-air heat recovery heated exhaust
oytS|de air N
. air
- exhaust air heat pump hot
water
- storage \
heat
- solar collector QH )
i exchanger
Annrth +fA Air hant AvAahAanAaAar ' '
= <cdallui~tu=aill 11Icadl TAuIlIal IUUI + *l
| | =
heat pump | -) )
= “«
cold water
outside air
earth-to-air heat exchanger <

Source: Fraunhofer-Institut fir Solare Energiesysteme ISE, 2000
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Ground as
heat source

.a Parallel connection Shaft

Section B-B

Filling E\%\&/

Ground // \\\
Type of sail Withdrawn heat capacity
Dry, sandy soil 10 - 15 W/m*
Humid, sandy soil 15 — 20 W/m?
Dry loamy soil 20 — 25 W/m?
Humid loamy soil 25 — 30 W/m?
Water saturated sand/gravel 30 — 40 W/m?

Quelle: Kaltschmitt, Streicher, Wiese, 2006, VDI 4640
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Ground as heat source

Section
Floor heating system - 2%‘%2 <A-A / \
7 7 O Q0
Hot water ‘ ‘ <2070 mm 70-80
storage -
U-probe Double-U-probe
Drilled . . Heat pump
probe Pile-driven probe / \
Ground probe -7
A= A
~46 mm ~ 70 mm
- -
Coaxial probe Complex coaxial probe

Quelle: Kaltschmitt, Streicher, Wiese, 2006
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1 800 h/a 2 400 h/a
Genera guidelines
Bad subsoil (dry lose rocks) 25 W/m 20 W/m
Solid rock subsoil, water-saturated |ose rock 60 W/m 50 W/m
Solid rock with high heat conductivity 84 W/m 70 W/m
Individual soils
Gravel, sand, dry <25W/m <20W/m
Gravel, sand, carrying water 65 — 80 W/m 55 —-65W/m
Gravel, sand, strong groundwater flow, for small systems. 80—-100 W/m 80 -100 W/m
Clay, loam, moist 35-50 W/m 30-40W/m
Limestone (solid) 55—-70 W/m 45 - 60 W/m
Sandstone 65— 80 W/m 55-65W/m
Acidic magmatites (e. g. granite) 65— 85 W/m 55 —-70 W/m
Alkaline magmatites (e. g. basalt) 40 — 65 W/m 35-55W/m
Gneiss 70—-85W/m 60 — 70 W/m

I'he requirement for using the table: only heat withdrawal (heating incl. hot water) takes place; length
)f the individual ground probes between 40 and 100 m; smallest space between two ground probes
vould be a minimum of 5 m for ground probe lengths of 40 to 50 m or at least 6 m for ground probes
vith lengths of over 50 to 100 m. Suitable ground probes are double-U probes with an individual tube
liameter of 25 or 32 mm or coaxial probes with at least a diameter of 60 mm. The values given above
>an fluctuate considerably, depending on rock formations such as crevasses, foliation and weathering.

Quelle: Kaltschmitt, Streicher, Wiese, 2006, VDI 4640
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Energy poles

Energiepfahl
Rilcklauf der = Vorlauf der '| i .J' llI
Warmetrager- ' l.- Warmetrager-
fllis=igkeit flussigkait

| Py = )Detum 1

Bohrpfahl

| Scimebounge o der Bocockulle mid
| EdaPan ELEF Plus o &3 s
I

Bawehrungskorbh

Erenrtlingr en E B

Wiarmetauscher
befestigt an
Beawshrung

x Firstetoffr-onrrapeses FE 1D =0R 14,
S S5 PH = o BS mm
In werd geferdgd Fakbe Hs # BEEFTODLA

Quelle: Sauerwein, Bilfinger Berger,
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Vorgefertigter Bewehrungskorb Energy poles
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Solar Thermal Systems
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‘Austrian market development of solar thermal systems
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Innovative Energietechnologien in Osterreich, Marktentwicklung 2009, BMVIT
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Spectrum of solar irradiance
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Daily global irradiation
(on a horizontal surface)

and hourly ambient temperature of Graz climate
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Principle of Solar
Thermal Energy Use
Natural Circulation

Systems

Heat carrier

warm upward
flowing
collector

collector
fluid

Expansion device
Frame
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Where to use solar thermal

» Domestic hot water (DHW)
» Space heating + DHW

= District heating networks

* Swimming pools

= Cooling

* Process Heat

= Electricity production
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Solar Combisystems
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Solar Combisystems,space heating demand

3000 - 3000
[kWh/month] Excess irradiation m Excess consumption
H Usable solar energy === |rradiation
2500 = Reference consumption 2500

2000 2000
1500 1500
1000 1000
500 500
0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Solar heated swimming pools

2,5 mm Verbindungssteq
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Solar assisted cooling

aux.
heater

aux.
heater

cooling AbCh cooling AbCh /
tower AdCh tower AdCh
*F F HF warm, humid *F F HF warnT'l, humid
I 3
cooling loads cool?g loads
‘ /\ /\ (ED coad dry ‘ ‘ /\ /\ (SD coad dry

heat recovery  cooler heater heat recovery  cooler heater
(summer) (winter) (summer) (winter)

Deccicant system Ab/Adsorption system
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Process heat
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Principle of Solar Thermal Energy Use
Forced Circulation Systems
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Collector characteristics
1,2 optical losses
0.80
1 ‘ \ ’g 0.60 thermal losses
Hottap| Space process heat £ 0.40
water | Heating °
_ 0,8 - - 0.20
o —o— Swimming-pool absorber
> —— Non-selective flate plate absorber
2 2 —a—Selective flate plate absorber 0.00
e 0613 —»— Evacuated tube collector 0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200
& o X [Km3/W]
o
u 0,4 - E Ig* A coll
E
&
0,2 1 Qcony Qg Qre,abs
Transparent
A4 oa \ _~cover
0 ‘ } ‘ i 1 1 = - \ / \ \ > Frame
o0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18 0,2( 0,22 0,24 “ Heat carrier
(Taos - Ta)/ |g Absorber
Insulation

v . .
Q cond Q coll

Note : Maximum collector standstill temperature at 1000 W/m?
irradiance and 30 °C ambient temperature: Tabs =
(0,14*1000)+30 = 170 °C
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Solar Domestic Hot Water Stores

L a Provision
\ volumen of el.
auxiliary heater

Provision
vqum.e. J\/ \ Domestic hot
of auxiliary water outlet
heater
- Heat exchanger
4 T auxiliary heater
Volumen N Insulation
for solar plant
only Temperature
sensor

Heat exchanger
solar plant
\l:l(;)ltumsee:ble I Cold water
|nIet
("Dead volume")
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Domestic hot water forced hydraulics

A Deventing (manual) Thermostatic
mixing valve E
Temperature sensor
/ —
Hot water
Storage 2%1
o
(o) s
©) ()
g Heat from c%
= auxiliary >
%) Boiler =
3 — T
3 Control N
o Safety
} s | valve
o l
| S | Temperature
O 3 | — sensor
| | )
1 : =
. Manometer / Thermo- He i 82)9/ © o
ump meter valve § ©
. (@)]
E E (O} (e
* Emptylng 5 -g
I I =
closing va V valve Cold water O
Emptying/fllllng valves Expansion device b4 Ny o)
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Solar combisystem schemes

Two stores with
oil or gas-fired boiler

Tank in tank storage with
solid fuel boiler

Single storage with inegrated
gas-condensing boiler

] ]
; i
‘ :
i |
i i
‘ :
; i
Collector i Collector : Collector
E i
i i
‘ i
. []
! Space : i
heating ; i Combistore
storage i Solar- : Solar-
; controller i controller
Dom. i ; Domestic
Solar- hot ; Domestic i LY hot Gas-
. (] .
controller water i [ | v:]act); i Dom. hot | ) water condensing
? i water ; »é'_‘ boier
; storage i
: i Cold ﬂ' I ,
i ;g o ! water >
2 i £i 1H]
H = -al ! [ g"
1 i o ! e =
i < j [ 3
i = S L X.:
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- ‘ H P | AE 8
Cold i > : r e
Dom. hot | water ! i r——<
water ! Cold  Main storage : o )
sto;gge E water (tank-in-tank) i Stratifying units
£i i
Boiler External i i
heat exchanger 2 i
- o i !
o i
©
o
n
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Systems for Multi Family House
~Legionella free®, ONORM B 5019

& Erergiespeicher

EE 6 Radiatoren
u WYanmwasser
Walbwasser
%E b Radiztoren
|
Rl iE =
Katwasser
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Renewable Energy Re;ene:natp:::e

in Austria Energien
in Osterreich

— Perspektives and R
Potentials —

Martin Kaltschmitt, Wolfgang Streicher

Studie im Auftrag des Verbandes der
Elektrizitatswerke Osterreichs

Verlag Vieweg&Teubner
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Definition of Potentials

Theoretisches Potenzial

Berucksichtigung technischer und &icht—technischer Restriktionen

Technisches Potenzial

' Angebotspotenzial Nachfragepotenzial |
N I - o

Berucksichtigung

konkurrierender

konkurrierender zusatzlicher energiepolitischer VEINER !

Wirtschaftliches ErschlieBbares
Potenzial Potenzial
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Electrical Energy — Medium term potentials in Austria

70
Demand 2006: 62 TWh (gross 67,4 TWh), e-control

Potenziale in TWh/a
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Thermal Energy — Medium term potentials in Austria
Demand 2006: 592 PJ (DHW+SH), 251 PJ process heat

900 \\ B Angeb.pot.
800 @ Nachfr.pot.
200 \ B Nutzung

O Erschl. Pot.

600
500
400
300
200
100

0

Potenziale in PJ/a

A

e
< )
2 /‘OZP Se
® s oA
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Trendscenario for the Austrian province of Styria for
various measures in the building sector

16000
14000 Solarthermie
12000 - Erneuerbare
é 10000 - Gas
O 8000 m 0
6000 Kohle
4000 - Fernwarme
2000 Strom
0 I D N N T T e e e e e R e e e O
' N~ N N~ N N~ [ N~ o\ N~
o ~— ~ AN
o o o o o o o o o o
N N N N N N N N N N

» Renovation rate to todays standard, in the firt years 4 % renovation rate , then reduced
* New builidngs: no new CO2 Emissionen

» 4 — 1 % switch of heating fuel to renewables, district heat and gas, increase of efficiency
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Trendscenario of on Austrian province for various

2 000 000 measures
1 800 000
ﬁ 1 600 000 m W-Heizungsswitch
8 1400 000 W-Sanierung
g 1 200 000
€ 1000000 V\FNeubau
)
= 800000 W-Solar
600 000 [ | _Gesamtemission CO2e
400 000 inkl. FW
= W-Strom
200 000

Stabilisierung Strom

0 1T T T T T T T T T T T T T T T T T T T T T T T T T T T 11
0 ™ 0 ™ 0 92] 0] ™ 0
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» Renovation rate to todays standard, in the firt years 4 % renovation rate , then reduced

* New builidngs: no new CO2 Emissionen
» 4 — 1 % switch of heating fuel to renewables, district heat and gas, increase of efficiency
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specific CO2-equivalent-emissions — electricity generation costs
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Heat generation

specific CO2-equivalent-emissions — heat generation costs
Example of EFH-1 with 8 KW heating load

Warmegestehungskostenin €/kWh
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Biofuels
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specific CO2-equivalent-emissions — fuel generation costs
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Gestehungskosten in €/GJ

Gestehungskosten in €/GJ
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