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Gebaudebestand in Osterreich
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Abbildung 1: Entwicklung Gebaudebestand 1869-2006 in Osterreich (Zeitachse nicht linear)

Q: Statistik Austria, eigene Darstellung e7
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Energy carriers in Austrian households

Energieeinsatz im Sektor Raumwarme und sonstiger Kleinverbrauch
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Quelle: Statistik Austria, (2005)
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Energy use energy demand (EE) of the
sector ,others” and out of this households

(Haushalte)
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Heating values and specific CO,-emissions of

fossil fuels
Lower heatin CO,-emissions
Energy carrier 9 (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
Ignite briquetts 5,35 kWh/kg 0,380 kg/kWh
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
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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 (nutzenergiebezogen)
250
H 200
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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
DMFH-G| 103 106 120 103 104 78 60
DNWG 103 106 120 103 104 78 60

Quelle: Jungmeier, et al. (1996)
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Treibhausgasemissionen wieder gestiegen
Osterreichs Emissionen in Mio. Tonnen Kohlendioxiddquivalenten
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CO,-emissions from space heating of
appartements in Austria
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B 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
use in Austria
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CO,-emissions from the residential sector (Raumwarme
Haushalte) in Austria

Entwicklung der CO;-Emissionen aus Privathaushalten
sowie Anzahl und Flache der Hauptwohnsitze
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CO,-emissions from the residential sector (Raumwarme
Haushalte) in Austria

Komponentenzerlegung Privathaushalte

140

120 1

100

80

Emissionen 1990

60

Brennstoffintensitat
Biomasseanteil

Anzahl der Wohnungen p

Heizgradtage <

40

Basisjahr 1990 = 100 Prozent
Endenergieintensitat fur Warme «

Durchschnittliche WohnungsgroRe P
Emissionen 2007

20

fossile Kohlenstoffintensitat «

A emissionserhchend

v emissionsmindernd

Veranderung 1990 und 2007

Quelie: Umweltbundesamt (2009) umweltbundesamt®

Wolfgang STREICHER UIBK Energieeffizientes Bauen / Erneuverbare Energie Folie: 16



Energieeffizientes Bauen

CZAi’ Win’rer/Summer SChOOl Institut fUr Konstruktion und Materialwissenschaften

Trendscenario of thermal renovation and fuel
switch of all Austrian dwellings (basic data from
Statistik Austria, 2001)
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Quelle: eigene Berechnung
Wolfgang STREICHER UIBK Energieeffizientes Bauen / Erneuverbare Energie Folie: 17



Energieeffizientes Bauen

CZAi’ Win’rer/Summer SChOOl Institut fUr Konstruktion und Materialwissenschaften

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)

— QOutdoor air temperature
dependend (centralized)

— Analog - digital
— Irradiation controlled
— Positioning of sensors

User behaviour
— Ventilation
— Internal Heat gains
— Indoor air set temperature
— Shading
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Energetical System Building
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Building Shape: Ratio of A/V for differetn shapes

Einzelhaus Endhaus Mittelhaus

AN 1,0 09 0,9

Ennergie-
kennwert

ANV

Energie-
kennwert

Energie-
kennwert

AV

Energie-
kennwert

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

U= & = { /(m *K
_ATT(_ 9 [W/(m “K)]

mit A... Heat transfer surface [m?]

& Transferred heat  [W]
A ...Forcing temperature difference [K]

‘&
& A_\: J-A ....specific heat flow [W/m?]
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Bauteil U-Wert
M . [W/m2K]
aximum WANDE gegen AuBenluft 0,35
U'Values Klginiléchige WANDE gegen AuBenluft (z.B. bei Gal_.lpenl, die 2%_ der
Wande des gesamten Gebdaudes gegen AuBenluft nicht Uberschreiten, 0,70
(W/mZK) sofern die _'_:"_':-NDHM B 8110-2 (Kondensatfreiheit) eingehalten wird.
TERENNWANDE zwischen Wohn- oder Betriebseinheiten 0,90
Austria WANDE gegen unbeheizte, frostfrei zu haltende Gebaudeteile (ausge- 0.60
nommen Dachraume) ’
(2007) WANDE gegen 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 Prafnormmaf) und sonstige vertikale TRANSPA- 2,50

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

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

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

DACHFLACHENFENSTER gegen AuBenluft 1,70
Sonstige TRANSPARENTE BAUTEILE horizontal oder in Schragen ge- 500
gen AuBenluft ’
DECKEN gegen AuBenluft, gegen Dachraume (durchliftet 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 \ fffff

T
I

i

A
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Thermal brldges Thermographie

BFLIR ThernaCAH

BEFLIR ThernaCaH

Window interior edge

17.6
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Material: Thermal conductivity A and density p

A in W/(K:-m)
3 ’éﬁlchwerbeton
2 Normqlbeton\?(o I 11
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' Mau?rwerkx A =:18i'tumen
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Principal of active thermal mass
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Energy transmitttance through windows

Bild 3.7: Warmedurchgang durch ein Fenster mit ky= 1.3 WHM2K)

Warmeschutzglas (schamatische Darstellung)
AuBen i
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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 panes filled 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 = S = 0,95 north, 1,65 east/west, 2,4 south

Diffuse g-value (gupise), U-value of the window (U,) and equivalent U-values (U,,)
corresponding to different glazing types (see /3-5/)

8diffuse 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 2.9 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 0.48 0.9 -0.3 0.1 0.4
krypton filling (4 + 8 +4 + 8 + 4 mm)
Triple-glazing with thermal insulation 0.46 06 -0.5 -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
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Shading by internal and external window blinds
(6, ambient temperature, 6, room temperature)

30

23__ @ internal window blind g without shading equipment
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Cooling energy demand for different
shading strategies in an office building

Anderung des Jahreskiihlenergiebedarfs bei verschiedenen Verschattungsvarianten
Basisvariante (schwere Bauweise, mittlere Lasten; Graz 1998; Wirmeschutzverglasung)
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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 e, Well-insulated roof z
, Living space with
‘; Summer insulating glazing
P~ R facing south
Y A Optionally!
: ; lazed I*
> . g -
glfr:“smglce . *_ || Living space loggia . | g
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)
80,0

- ~ N\
ol A /AN
o A N A Y

30,0 / \_/ - .
worl” NN

— Lufttemperatur im Haus
10,0 — Empfindugstemperatur
— Umgebungstemperatur
0,0 T T T T T 1
205,0 205,5 206,0 206,5 207,0 207,5 208,0
Tag im Jahr

Wolfgang STREICHER UIBK Energieeffizientes Bauen / Erneuverbare Energie Folie: 41



Energieeffizientes Bauen

Institut fUr Konstruktion und Materialwissenschaften

CzAt Winter/Summer School

Natural ventilation

Nattrliche Luftstromung durch Gebaude

Schachtwirkung durch thermischen Auftrieb

»:)\—///—\F -10°C
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— Ly Quelle: Bohne, Skript techn.
P

Gebaudeausrustung, UNI-Hannover
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Low-energy lean multi family 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)
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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) =4
maximum ener :
i |
demand of buildings
by the national c
governments D) 2
ES.
* Development of
energy certificates _

for buildings

Wolfgang STREICHER UIBK Energieeffizientes Bauen / Erneuverbare Energie Folie: 49



Energieeffizientes Bauen

CZAf Win’rer/Summer SChOOl Institut fUr Konstruktion und Materialwissenschaften

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

Calculation direction (from the demand to the source)

: Final energy
# (boundary:building)

' Emiss
Distribution¥ Storage G ti i
eneration ! anary
‘ . : s energy
S o

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
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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
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Neue Directive on the energy performance of
buildings 2010/31/EU

 For all new buildings the possible use of renewable energies
has to be evaluated

 All new buildings have to be build as nearly zero energy
buildings by 2020 (public authorities starting with 2018)

* ‘nearly zero-energy building’ means a building that has a very
high energy performance. The nearly zero or very low amount
of energy required should be covered to a very significant
extent by energy from renewable sources, including energy
from renewable sources produced on-site or nearby;
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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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Nutzenergie] Results useful energy,
example Berlaymont, Brussel

Heizwiarmebedarf 63 kWh/(m?.a

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

18 17
50 100 150 200
B Heizwarmebedarf B KUhlwarmebedarf 0O Beleuchtung
O Luftung @ Dampf O Warmwasser
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Endenergie:

Results end use energy,

Heizwarmebedarf und 131 [KWh/(m2.a)] J
example Berlaymont, Brussel

Beleuchtung

Dampf

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

0 50 100 150 200

O Heizwarmebedarf/ Warmwasser B Kihlwarmebedarf
0O Beleuchtung O Luftung
@ Dampf O Luftférderung - Parking
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Energy Certificate Residential Buildings

Energieausweis fur Wohngebaude

Energieausweis fir Wohngebaude
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Energy Certificate Non-Residential Buildings

Energieausweis fur Nicht-\Wohngebaude Energieausweis fur Nicht-WWohngebaude

‘gemB GNORM H 5055 SiB gema ONORM H 5055 [+
OUIEG b o st und Richtlinie 2002181/EG el

GEBAUDE GEBAUDEDATEN KLUMADATEN

Gebdudeart Einfamilienhaus Erbaut 2002 Bruttogeschossfliche 192,00 m? Klimaregion N

Gebidudezone Katastralgemeinde Dornbirn beheiztes Bruttovolumen 576,0 m3 Seehihe 172m

Strake Schillerstrafie 1 KG-Nummer 465 charakteristische Lange (Ic) 1,33m Heizgradtage 3461 kd

PLZ/0rt 6850 Dornbirn Einlagezahl 23 Kompaktheit (A/V) 0,751/m Heiztage 226d

Eigentiimer Karl Schallhas GmbH Grundstiicksnummer 154 mittlerer U-Wert (Um) 0,34 W/m2K Norm-Aufentemperatur -12°C
LEK-Wert 31 mittlere Innentemperatur 20°C

O WARME- UND ENERGIEBEDARF

HWB-WG 109607 KWh/a 57,1 kWh/m2a 114009 kWh/a 50,4 kWh/m2a 65,0 KiWh/m2a  erfill
HWEB-NWG  10960,7 kWh/a | 19,0 kiWh/m3a  11400,9 kivh/a = 19,8 kiWh/m3a 22,5 kWh/msa  erfiilke
HWB-NWGi  8200,5 kWh/a 14,2 kWh/m3a 8563,5 kiWh/a 14,9 kwWh/m3a

— E— WWwe 2452,8 kWh/a 12,8 kWh/m2a 2452,8 kWh/a 12,8 kWh/m2a
57'09 kWh/mza NERLT-H 0,0 kWh/m2a
KB
NERLT-K 0,0 kWh/m2a
NERLT-D 0,0 kWh/m2a
NE 0,0 kWh/m2a
HTEB-RH 1597,6 kWh/a 8,3 kWh/m2a
O O HTEB-WW 5493,7 kWh/a 28,6 kWh/m2a
HTEB 7091,2 kWh/a 36,9 kWh/méa
KTEB
HEB-WG
HEB-NWG
KEB-NWG
RLTEB-NWG 0,0 kWh/mza
BelEB-NWG
EEB
ERSTELLT FEB
€0,
Ersteller Robert Gernhart Ausstellungsdatum 13.03.2006
Organisation Institut fiir Bautechnik Giiltigkeitsdatum 13.03.2016
Geschiftszahl Unterschrift
VO LI WD DI SN SLRTSS TSt S AT TS EAIEnEF (4 Komnen ! et g e e e e e e e
aus Griinden der Lage hirsichtiich Ihrer den hler enen abwekhen 102005 aus Giinden der Geometrie und der Lage WIrGIChIch Ihrer Energiekennzahlen von den hisr angegebensn abwekhen 06 10. 2006
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Energieausweis fur Nicht-Wohngebaude

gemaB ONORM H 5055
und Richtlinia 2002/91/EG PIB Tttt s bmttmih

GEBAUDEDATEN KLUMADATEN

Bruttogeschossfliche 192,00 m2 Klimaregion N
beheiztes Bruttovolumen 576,0 m? Seehihe 172m
charakteristische Lange (lc) 1,33m Heizgradtage 3461 kd
Kompaktheit (A/V) 0,75 1/m Heiztage 226d
mittlerer U-Wert (Um) 0,34 W/ m2K Norm-Aulentemperatur -12°C
LEK-Wert 31 mittlere Innentemperatur 20°C

WARME- UND ENERGIEBEDARF

WAE w7 MR WIS Ao G sus W ss0Whina | andl HABWG 109607 KIVa  iMM/Mea  14009KM/a  sS4KWNER  6sOMM/mea el
WiwwE sz E MRS L 126 WhYTER aszE AN | 126 WAhYIE HWB-NWGE) ~ 10960,7 kWh/a 19,0 kiWh/m3a  11400,9 kWh/a | 19,8 kih/m3a 22,5 kiWh/m3a  erfiillt
HTEE-RH 1207 & Wahya & 3 Wahiea HWB-NWGii 82005 kWh/a = 14,2 kWh/m3a 8563,5 kWh/a = 14,9 kiWh/m3a
HT EE-#¢ saUET BAhfa - 2EE MDY WWWB 2452,8 kWh/a = 12,8 kWh/m2a 2452,8 kWh/a = 12,8 kWh/m2a
HTEE TiELEBARSa  3e Y BshYnEa NERLT-H 0,0 kih/m2a
HEE-#G HEad 0 Whia 10 WehyiEa KB
EEE SMa4 9 Bahfa L BAhY e NERLT-K 0,0 kih/m2a
FER A S NERLT-D 0,0 kW m2a
s I NE 0,0 kitymza
HTEB-RH 1507,6 kiWh/a 8,3 kWh/m2a
HTEB-WW 54937 kWh/a 28,6 kih/m2a
HTEB 7091,2 kWh/a 36,9 kiWh/m2a
EMERGIET& CHOIMETER KTEB
Heitachnanaryibedark Endenengibadarf HEBWG [ D S
HEB-NWG
a 100 100 30 H o 100 o0 300 48] KEB-NWG
359 .1 RLTEB-NWG 0,0 kiWh/m2a
BelEB-NWG
EEB
ERLALITERLINGEN PEB D G
; ; D G
Heisechndenangiabalarf (HTER:  Energieniendgs die bei darid miserzaaguay ind wertsiung varfora gehe 0
ErdancigietseorF{HER = EEH}:  Energimenga dis dem Enenyicsysten des Gabdudes fir Heiding 1nd Wa misaseharsnung
inkiska nots endiger Ena ifienan jen fir die Htfsheicbe bei @ner ppischan
Standa =g =i gefih e = erden muss.
Hiiaw AT aksada IF (HWBE o Haizsystem in dis RInne:a by etan on Wi menengs die bendgt wind, in «3hnnd da
Heicsaison bei eier standardiwr en Hikzing &ne Raparanrvan 20°C a1 fahen
Dle dieses dienen ausschileslich der Autgrund der p EA-01-2006-5W-3
kdnnen bel tatsdchilcher Nutzung erhebliche Abwelchungen auftreten. Insbesondere Nutzungssinheltan unterschiediicher Lage kdnnen EA-NWG
* LR aus Granden der und der Lage Ihrer won den hier abwekhen. 8. 10. 2006
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What can‘t be done with
the calculation via EPBD

Jul: I-Biiro2

 Heating / cooling load

N ® ©
o o o

Raumluftfeuchte [%]
o (<2
o o

(SN
o o
T

» Statistic about over- o
temperature Remuttersporatr £C]

Heat Storage
4T
_ Radiators
DHW
Cold water

» Detailed effects of éﬁ‘“ |

complex hydraulics el | Radiator
and controls Gasboler DHW
Cold water
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 Effect of complex
calculations (big
sunspaces, double
skin facades)

 Consideration of user- T
behaviour (window- |
ventilation, attendance, ! @E w E h nmi

- ik 0§ B¢ [ it B 0% 50 u'C
internal loads ...)

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
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,Kachelofen*

HeiBluft 1Me newe
Rizachgussia Cretieralion
daer Keaclhed-
difen bt
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techmische
Fortschritie
anfTueisen. a0
Heizelnsatz im

Kiacbelofen -m‘.m‘ >
pemeeerten Ofen

Luft-Wasser-Tauscher |
{holt Energie ous déem Dfen)

» 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

Reinlgungssiinung
dar thermolythischen Mach-
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2
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__vorgowarmton Sekundadutt

|
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Abgaskanal 1u den
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 Logsand ashis
transported
autmomatically
downwards

* Logs are dries before
burned

* Burning chamber is
NOT cooled
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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

Funktionsschema Warmepumpe

Llrrlwnllw&r!‘e 3/4 + Endenergie/Strom 1/4 = Nutrwdme 474

Drive energy

From heat source

Heat
(low
temperature) »

To heat source

——
entspannen |
verdampfen

verflissigen

Y

Circulating working
medium (refrigerant)
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——

T~

—® High temperature range

—
High

Pressure of

refrig

Evaporator

erant

Expansion valve
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Quelle: Kaltschmitt, Streicher, Wiese, 2006 s 0 5
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Development of the Austrian heat pump market

20.000 200.000

C—Luftungswarmepumpen
18.000 4 . N 180.000
mmm Heizungswarmepumpen

=

S 16.000 | mmmBrauchwasserwarmepumpen | 160.000 ~
& 5
= ==Anlagen in Betrieb > %
= 14.000 - 140.000 £
g | =
5 12.000 | - 120.000 S
o ©
= <
5 10.000 - - 100.000 4
> 5
£ 8.000 - 80.000 E
= 5
© o
w» 6.000 - 60.000 o
= 2
5 4.000 - L 40000 &
£ =
(0

 2.000 - - 20.000

0 - - 0

1975
1980
1985
1990
1995
2000
2005

Innovative Energietechnologien in Osterreich, Marktentwicklung 2011, BMVIT

Wolfgang STREICHER UIBK Energieeffizientes Bauen / Erneuverbare Energie Folie: 76



Energeefﬂmen’res Bouen

CZA'I' Win’rer/Summer SChOOl Institut fUr Konstruktion und Materialwissenschaften

Ambient air as heat source

N N N

/ N / N d ™
Space Space Space
heatingiﬁ Hoatin .g-g heating
<=
Heat pump —L[ Verdampfer L—L Air ducts N

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
oyt8|de air N
. air
- exhaust air heat pump hot
water
- storage \
&
- solar collector GH N—
exchanger
- earth-to-air heat exchanger I
" l heat pump / Jl:f
= “—
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

=

Section A-A Section B-B

%&\\\\\\\\\\%\ Filling
Ground W /

‘ﬁ Parallel connection Shaﬂ\%

Type of soil 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

¢ et i S AR @
HIZI g // s QQ T @—J @@

Hot water ‘ ‘ 50-70 mm 70-80 mm
storage
Double-U-probe
Drilled . . Heat pump
probe Pile-driven probe

Ground probe -

A-T"A
~ 70 mm

Coaxial probe Complex coaxial probe

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

[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
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L& Sfmembaungen o der Booctulle -t
EMFPEn ELEF Flas < &1 =

Bewehrungskorh

Ersmrilingr o & B

Warmetauscher
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Bewehrung
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Quelle: Sauerwein, Bilfinger Berger,
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Energy poles
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Solar Thermal Systems
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Spectrum of solar irradiance

3000

m]

2500

JV

visi

ble Infrared

2000

near far

1500

1000

500

20,C

N

Energy content [W/m?

H,0

CO,

0

Wave length [um]

0 02040608 1 12141618 2 22242628 3 32

Wolfgang STREICHER

UIBK Energieeffizientes Bauen / Erneuverbare Energie

Folie: 86



Energleeffmen’res Bouen

CzAt Winter/Summer School

Daily global irradiation
(on a horizontal surface)

and hourly ambient temperature of Graz climate
9 GRAZGA. kLI 35 QRAZER
3
:
: “ 25 i L] { A
07 T I |
L
A6 | g 1§ ‘ { ’
R
R 5 i I E 10 il l f I 1
A 2 :
D 4 I [
I i/ / 5 0 1 |
A ] i - i
T 3 ‘jt} /l'/ f E 5 ]
] Vi mxw -10
0 4 LR AT A SR AR RREs EaAT . ¢ 1
N I 1 /m/w i -18
1 . RN T
411y | R T A R LT ////// TR -20
i a4 AR
0 L L L L L L U L L L L L i Bl L L L L i A i '25
JN OFEE MR AR MAY SN JL A SEP O OUT NV DEC JNGFER MR AR MAY  JN UL AUG SEP O 0CT MOV DEC

UIBK Energieeffizientes Bauen / Erneuverbare Energie



CzAt Winter/Summer School

Deventer i

Mantle
tank

Heat carrier

warm upward
flowing
collector

collector
fluid

Expansion device
Frame
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Principle of Solar
Thermal Energy Use
Natural Circulation
Systems
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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
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Solar heated swimming pools

s/

2,5 mm Verbindunassteq
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Solar assisted cooling

O—

aux.
heater

cooling AbCh cooling AbCh /
tower AdCh tower AdCh

F HF warm, humid * r HF warr%, humid

cooling loads cooli%g loads
/\ /\ (SD coad dry ‘ /\ /\ (3] coad dry
heat recovery cooler heater heat recovery  cooler h?ater
(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
| | g 0.60 thermal losses
Spa.ce process heat g 0.40
Heating ®
o —o— Swimming-pool absorber 020
> —— Non-selective flate plate absorber
2 4 —a— Selective flate plate absorber 0.00
o o < —— Evacuated tube collector 0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200
(3] o 2
E > x [Km“/W]
w - Ig* Acoll
’ £
E
&
0,2 \ Q conv Q rad Q re,abs
Transparent
4 cover
0 f ; f f f f ; = \ f \ Frame
0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18 0,2| 0,22 0,24 i Heat carrier
(Taos - Ta)/lg |_— Absorber

Insulation

v . .
Qcond QcoII

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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Domestic hot water forced hydraulics

A Deventing (manual) Thermostatic
mixing valve B3
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| p—
Hot water
Storage §-|
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o i D
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‘ 5
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o Mano&eter / Thermo- il S)vgs 5 2
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Solar combisystem schemes

Two stores with Tank in tank storage with } Single storage with inegrated
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Systems for Multi Family House
~Legionella free“, ONORM B 5019

& Energiespeicher

E E b Radiatoren

L- WYanmwasser
Falbwasser

% E b Radiztoren

u WSS er
Walhwasser
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Example of purely solar heated house
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Renewable Energy Regene;twe

in Austria Energien
_ in Osterreich
— Perspektives and T

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 iicht-technischer Restriktionen

Technisches Potenzial

( Avgsborspotenzial Y Nachiragepotenzial )

L A

V4 ~

Berucksichtigung

konkurrierender
zusatzlicher energiepolitischer allnahmen

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

70 B Angeb.pot.
Demand 2006: 62 TWh (gross 67,4 TWh), e-control B Nachfr.pot. |
B Nachfr.pot. Il
B Nutzung

O Erschl. Pot.

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
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Trendscenario for the Austrian province of Styria for
various measures in the building sector

16000 -
14000 - Solarthermie
12000 - Erneuerbare
S 10000 - Gas
© 8000 - =0
6000 Kohle
4000 Fernwarme
2000 Strom
O rrrrrrrrrrrrrrrirrrrrrrrrrrrrrrrrrrrrrrrrrorrrorrornoruon
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o — — AN
=) =) o o o o S S o o
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» Renovation rate to todays standard, in the first 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
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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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Electricity
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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

Warmegestehungskosten in €/ kWh
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Biofuels

specific CO2-equivalent-emissions — fuel generation costs
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Boundary Conditions S
-
Only Potentials of Renewable Energy Carriers from Austria ebexamdindstedif

(biomass, water, wind, sun, ambient heat, deep geothermal heat)

Daily and weekly electricity exchange with neighbouring countries (European
Context)

Seasonal storage of electricity and Bio fuels in Austria

Constant agricultural area for food and animal feed

No fossil energy carriers, no nuclear energy

,Backpack® from imported food and goods is NOT taken into account (about 44 %
of today fossil energy needs).

Included sectors: Buildings, Mobility and Production (Industry)

NO economic analysis

2 Scenarios

» Constant-Scenario: Constant Energy service until 2050 (conditioned m?
building surface, Pkm, tkm, constant gross value added of the industry)
» Growth-Scenario: Increase of the energy services by 0,8 %/a (ca. 40 % total
growth from 2008 to 2050)
=> No reduction of population needs
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Current Use and Technical Potential
of Renewable Energies in Austria
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® Techn Potential
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Deep Geothermal
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Solutions:
Reduction of Energy Demand
Buildings

« High Level Thermal Renovation of
Old Buildings

« Building Codes, Spatial Planning
MFH rather than SFH
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Solutions:
Reduction of Energy Demand in Mobility

« Spatial planning (Mixed Land Use)

 Modal Sp

and Non Motorized Traffic)
(= Infrastructure)

* Low Fleet Fuel Demand, E-Mobility

Interregio
WL

Wolfgang STREICHER

lit (Switch to Public Transportation

nal/International transport 100 % on rail
.

UIBK Energieeffizientes Bauen / Erneuverbare Energie

Institut fUr Konstruktion und Materialwissenschaften

Folie: 115



Energieeffizientes Bauen

CZAf Win’rer/Summer SChOOl Institut fUr Konstruktion und Materialwissenschaften

Solutions:

Reduction of the Energy Demand in Industry

« European Union Energie Efficiency Directive = 1
%/a Increase of Efficiency per Country

« Technological Progress
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Energieflusshild Osterreich 2050 100 % energieautark
Wachstum der Energiedienstleistung um 0,8 %/a

chcnsminislcr'i:um_al
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Results: Primary Energy
Renewable Energy Carriers

lebensministerium.at
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» Potentials are nearly used up in the Growth Scenario
» Strong Increase for PV, Wind, Solar Thermal, Ambient Heat, Deep Geothermal

* Increase of the power of Pumping Power Stations by 85 % bzw. 130 %
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Results Buildings

Natural Gas lebensministerium.at
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m Oil

M Electricity for SH and DHW

M Elektricity for Cooling and Household

M Electricity for Heat Pumps

Ambient Heat (HP)

End-Use Energy Demandin PJ/a

Solar Thermal

B Biomass and District Heat

« Ca. 50 % Energy Demand Reduction =>
High Level Thermal Renovation of Old Buildings, New Buildings as Passive Houses

« Switch to Solar Thermal, Heat Pumps, Reduction of Househol Electricity Demand
(Biomass is used mainly in Mobility and Industry, especially in the Growth Scenario
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Results Mobility
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+ Ca. 70 % Reduction of Energy Demand =>
Non Motorized Individual Traffic, Public Transportation, E-Vehicles (lightweight)
12 kWh/100km), Cars < 3 Itr/100km, Long Distant Good Transport on Rail

« Strong Increase of Public Transportation (Infrastructure)

* Fuels and CH, from Biomass as well as CO, from Athmosphere and H, from water
(Fischer Tropsch)
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Results Industry
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* Ca. 35 % reduction (Constant-Scenario) e.g.
constant demand (Growth Scenario) =>
this equals the EU Energy Efficiency Directive
* Low Temperature heat also from Solar Thermal,
High Temperature Heat from CH, (from EIl. + CO,) , Biomass, Electricity
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Results =
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 Energy Autarky is Theoretically Possible Without a Reduction of the Energy
Services

 For a growth of the Energy Services (due to an increase of the population or
an increase per person) over 0,8 %a a complete coverage of the energy
demand will need additional effort in energy demand reduction

 The Needed Increase of the Energy Efficiency for the Scenarios of this Study
already imply a Crucial Change of the Energy System and the form of the
Energy Services

 The Degree of Freedom is Relatively Small, as the Potentials of Renewable
Energy Carriers have to be Used Nearly Completely

* The Electricity Economy has to be seen always in a European Context

 To be able to Reach Energy Autarky in 2050 the Political Framework
Conditions have to be set Already Today
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