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Gebaudebestand in Osterreich
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Quelle: Statistik Austria, (2004)
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Energy carriers in Austrian households
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Heating values and specific CO,-emissions of
fossil fuels
Lower heatin CO,-emissions
Energy carrier J (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 oill 10,61 kWh/I 0,290 kg/kWwh
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

Energy for:

] heating

] cooling

] ventilation
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[ utilization
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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
E 200
[ |
£
o= 100 4+ —I
2 L 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
D 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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o
vor 1919 (1919 - 1945 1945 - 1960|1961 - 1980 /1981 - 1990 ab 1991
O EFH 580 408 841 2134 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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Trendscenario of thermal renovation and fuel
switch of all Austrian dwellings (basic data from
Statistik Austria, 2001)
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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)

— QOutdoor air temperature
dependend (centralized)

— Analog - digital
— lrradiation controlled
— Positioning of sensors

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

Heat losses

to ambient due to
thermal conductivity
(transmission losses)

June 21

Heat flow
within the building
(transmission,
ventilation)

Heat supplied
by space

December 21 heating system

"/

Heat losss
due to
ventilation and
infiltration
Passive
solar gains
by windows

Heat storage
in thermal
mass

Internal heat
gains due to
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

AN

kennwert

ANV

Energie-
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Energie-
kennwert

AV

Energie-
kennwert

Einzelhaus

Endhaus

Ennergie-

Mittelhaus

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

- Q . 2
U—m(—k) [W/(m“K)]

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

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

(= % =ULAT ... specific heat flow [W/m?]
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Bauteil U-Wert
[W/m?K]
WANDE gegen AuBenluft 0,35
Kleinflachige WANDE gegen AuBenluft (z.B. bei Gaupen), die 2% der
Wande des gesamten Gebaudes gegen AuBenluft nicht Uberschreiten, 0,70
sofern die ONORM B 8110-2 (Kondensaltfreiheit) eingehalten wird.
TRENNWANDE zwischen Wohn- oder Betriebseinheiten 0,90
WANDE gegen unbeheizte, frostfrei zu haltende Gebaudeteile (ausge- 0.60
nommen Dachraume) '
WANDE gegen unbeheizte oder nicht ausgebaute Dachraume 0,35
WANDE gegen andere Bauwerke an Grundstiicks- bzw. Bauplatzgren- 0.50
zen '
ERDBERUHRTE WANDE UND FUSSBODEN 0,40
FENSTER, FENSTERTUREN, VERGLASTE oder UNVERGLASTE TU-
EEN (bezogen auf Prlifnormmaf) und sonstige vertikale TRANSPA- 2,50
EENTE BAUTEILE gegen unbeheizte Gebaudeteile
FENSTER und FENSTERTUREN in Wohngebauden gegen AuBenluft 140
(bezogen auf Prifnormman) '
Sonstige FENSTER, FENSTERTUREN und vertikale TRANSPARENTE
BAUTEILE gegen AuBenluft, VERGLASTE oder UNVERGLASTE AUS- 1,70
SENTUREN (bezogen auf Priifnormman)
DACHFLACHENFENSTER gegen AuBenluft 1,70
Sonstige TRANSPARENTE BAUTEILE horizontal oder in Schragen ge- 500
gen AuBenluft '
DECKEN gegen AuBenluft, gegen Dachraume (durchllftet oder unge-
dammt) und ber 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:
e Connection of rool\
o Windows
\ -BI ,,,,,,,,,,,,,,,,,,,,,,,,,,,,
e Floor e.g. cellar
ceiling \

e Balkonies
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Thermal bridges, Thermographie

B SFLIR Thernaghlh i 8FLIR ThernaCaH

BFLIR ThernaCAH

Window interior edge
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Material: Thermal conductivity A and density p
A in W/(K:m)

3 T ’/; |chwerbeton
2 Normclbcton\m( |
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Beziehung zwischen Wiirmeleitfiihigkeit A und RohdichteQ
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Temperature in C
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Principal of active thermal mass

Wall thickness in m

. oT a4 0°T oT
- A — - = —A - = C.—
d OX ox NG Pe ©p ot
0 0.1 0.2 0.3 0.4

Needs room air temperature
shifts

Stored and released heat :
0.076 kwh/(m?2 d).

Significant temperature
change up to a depth of ca.
10 cm (concrete wall)

It is not useful to make this
wall thicker

Thermal mass means AREA
not DEPTH
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Energy transmitttance through windows
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Energy transmittance (g) and heat transfer
coefficient (U) for different glazings
Diffuse U-value
g-value glazing
in W/(n? K)
Insulating glazing (4 + 16 + 4 mm, air) 0.65 3.00
Thermal insulation double-glazing (4 + 14 + 4 mngcan) 0.60 1.30
Thermal insulatio double-glazing (4 + 14 + 4 mm, enon’ 0.5¢ 0.9C
Thermal insulation triple-glazing with argon filgn 0.44 0.80
Thermal insulation triple-glazing with krypton fillg 0.44 0.70
Thermal insulation triple-glazing with xenon filgn 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 diffuseg-values were measured for a poor in iron 4 mm fpare whereas for théJ-values an
average sample temperature of 10 °C has been agsume



IWT0 crns Institut fur Warmetechnik TU

Institut fir Warmetechnik Grazm

T U G Graz University of Technology

U,=U, -S:0 S = 0,95 north, 1,65 east/west, 2,4 south

Diffuse g-value @gms), U-value of the window ,) and equivalentU-values Ug,)
corresponding to different glazing types (see /3-5/)

Quiffuse Uw Ueq Ueq Ueq
(south (east/wes (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 15 0.1 0.5 0.9
and argon filling (6 + 15 + 6 mm)
Triple-glazing with thermal insulationand 0.48 0.9 -0.3 0.1 0.4
krypton filling (4 + 8 + 4 + 8 + 4 mm)
Triple-glazing with thermal insulation 046 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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Speicherwirkung der
~ Raumflachen
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spezielle {\?QQQ’Q
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Shading by internal and external window blinds
(6, ambient temperature, 6, room temperature)

287 @ internal window blind @ without shading equipment
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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 ov erhangs
(left: one family home, right: multiple families ho me)
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Well-insulated roof

South |
Winter |
Summer
Winter P, Well-insulated roof ,
¥ Living space with
‘i Summer insulating glazing
L~ N ‘ facing south
" B Optionally
_ RN N glazed "
;)upntlgnglce N Living space loggia . | ‘
b § < | | 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
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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— Umgebungstemperatur

0,0 ‘ ‘ ‘ : .
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Tag im Jahr
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Natural ventilation

Natdrliche Luftstromung durch Gebaude

Schachtwirkung durch thermischen Auftrieb
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Low-energy lean multi family building

I
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Solar houses
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Passive row houses*




IWT0 crns Institut fur Warmetechnik U
TU Graz

Institut fir Warmetechnik
Graz University of Technology

Solarhouses” — ,Passivhouses®

Gebaudekennfeld flr 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 | T T | RS,

80

bt

[kWh/({m?a)]
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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
maximum energy
demand of buildings
by the national

Energy demand

(standardized)
2)

governments

* Development of
energy certificates

3)

for buildings

TU

Grazm
echnolo
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Calculation of Final, End-U&éséaahd
Primary Energy) Demand
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Calculation direction (from the demand to the source)

: 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
wmps 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

e Inspection by independent
specialists A

» Set into force by

1 January 4th 2006 !



IWT0 crns Institut fur Warmetechnik TU

Institut fir Warmetechnik Grazm
Graz University of Technolos

TU Graz

e 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)

e 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

o Till this time big activities in the standardization
bodies
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Q energy use for heating 2y heatuse
Cha  heatfrom other appliances Cx  ventlation heat loss
Q. recovered energy Qe ventilation heat recovery
Che losses from the heating system Cr  transmission heat loss
Om  metabolic heat Cww heat for hot water preparation
Qg passive solar gains 2 total heat loss
a internal gains
@y, total gains 1 boundary of the heated zone
1 Gy useful gains 2 boundary of the hot water system
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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Nutzenergie] Results useful energy,
s N example Berlaymont, Brissel
Kiihiwdrmebedarf 13 [KWh/(m®.a)]

Beleuchtung 18  [kWh/(m?.a)]

Luftférderung 17 [KWh/(m?.a)]

Dampf 7 [KWh/(m?.a)]

Warmwasser 9  [kWh/(m*.a)]

Summe 127[KWh/(m?.a)] spezifischer Nutzenergiebedarf [kWh/(m?2.a)]

18 17 719
50 100 150 200
B Heizwarmebedarf B Kihlwarmebedarf 0 Beleuchtung

O Loftung m Dampf o Warmwasser
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Endenergie:

Heizwarmebedarfund 454 1y a)] Results end use energy,
example Berlaymont, Brissel

Beleuchtung

Dampf

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

spezifischer Endenergiebedarf [kWh/(m2.a)]

0 50 100 150 200

Heizwarmebedarf/ Warmwasser W Kuhlwarmebedarf
O Beleuchtung O Laftung
@ Dampf @ Luftférderung - Parking
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Energieausweis Nichtwohngebaude

GEBAUDE
Gebdudeart Einfamilienhaus Erbaut 2002
Gebdudezone Katastralgemeinde Dornbirn
StraRe Schillerstrafie 1 KG-Nummer 465
PLE/Ort 6850 Dornbirn Einlagezahl 23
Eigentiimer karl Schallhas GmbH Grundstiicksnummer 154
57,09 kWh/m

-

O
ERSTELLT
Ersteller Robert Gernhart Ausstellungsdatum 13.03.2006
Organisation Institut fiir Bautechnik Giiltigkeitsdatum 13.03.2016
Geschiftszahl Unterschrift

oie aiznen INTOMSTON, AUTGIUNG der (dealsiEmten EINgagsparamEter
Kinnen be tatsdchlicher Hutzung erebliche et unterschiedlichier Lage kdnnen
BUS GRUNGIEN g2 GECMEtrie Und der Lage NINSIchTlch INTer ENergiekennzah|en von den Nisr angegebensn abweknen.

GEBAUDEDATEN
Bruttogeschossfliche
baheiztes Bruttovolumen
charakteristische Linge (lc)
Kompaktheit (A/V)
mittlerer U-Wert (Um)

LEK-Wert

192,00 m2
576,0 m3
1,33 m
0,75 1/m
0,34 W/ m2K

31

f) WARME- UND ENERGIEBEDARF
\

HWB-WG 109607 kWh/a
HWB-NWGL)  10960,7 kWh/a
HWB-NWGW 82005 kWh/a
[ WHWE 2452,8 Wh/a
NERLT-H
KB
NERLT-K
NERLT-D
NE
HTEB-RH
O HTEB-WW
HTER
KTEB
HEB-WG
HEB-NWG
KEB-NWG
RLTEB-NWG
BelEB-NWG
EEB
PEB
0,

57,1 kiWh/m?a
19,0 kWh/m3a
14,2 KWh/m3a
12,8 kWh/m2a

11400,9 kih/a
11400,9 kih/a
8563,5 Kilh/a
2452,8 KWh/a

1597,6 kih/a
5493,7 kilh/a
70912 kiWh/a

TU

Grazm
Graz University of Technology

KLIMA DATEN

klimaregion N
Seehiiha 172m
Heizgradtage 3461 Kd
Heiztage 226d
Norm-Aufentemperatur =12°C
mittlere Innentemperatur 20°C

59,4 kilh/m2a
19,8 kWh/m3a
14,9 kWh/m3a
12,8 kWh/méa

0,0 kWh/mza

0,0 kWh/m2a
0,0 kih/m2a
0,0 kWh/m2a
8,3 kWh/m2a
28,6 kiwh/mz2a
36,9 kWh/m?a

0,0 kWh/mza

EANIZIGSW-2 1
EA-NWG

Dl dleses aienen o
Kinnen bl tatsichiicher Nutzung srebliche Alreichungen autiretan, Insbes:
. 10. 2006 a5 GIUNJEN der GEOMEtrE UNd der Lige hINsichtiich Inrer

TOSTION. AUTGIUNG der gealisierten
onkre Hutzungseinhelten unterschisdiicher Lage kbnnen
n Dwekn

e ler

65,0 kWh/m?a  erfiill
22,5 kWh/m3a  erfiillt

EA01-2006-SE 2
EANWG

08, 10.2006
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HTEE-RH _m'r_s ur!,-': Lk Hl}fﬁ"ﬂ HW3-NWG 82005 kWh/a 14,2 kWh/m?a 85635 Kih/a | 14,9 kNh/m3a
H!‘EB-_I' BPRT Iih.-‘i 246 W' J— WWWE 2452,8 kWh/a 12,8 kWh/m2a 24528 Wih/a | 12,8 kiNh/m2a
HTEE Tmmhra ELRACLN NERLT-H 0,0 kith/mza
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Jul: I-Buro2

* Heating / cooling load

Raumluftfeuchte [%]

e Statistic about over-

Raumlufttemperatur ['C]

temperature
Heat Storage
I gjﬁ_ b Radiators
DHW
Cold water
» Detailed effects of @Wﬁ |

complex hydraulics s S B O L
and controls Gasboler DHW

Cold water
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o Effect of complex
calculations (big
sunspaces, double
skin facades)

e Consideration of user-
behaviour (window-
ventilation, attendance, |
internal loads ...)

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

» \Worst/best case scenarios regarding climate
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e 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

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

 Detailed guestions to the building still need dynamic
building simulation.
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 Draft Standardization Mandate to CEN, “Development
of horizontal standardized methods for the assessme nt
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 (sustainabl e
building) (KOM(2004)60, 11.02.2004
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Biomass
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Yearly increase of biomass heating systems in Austria

12000
= Stiickholzkessel
10.000 4+— = Hackgutfeuerungen bis 100 kW /\
= Pelletsfeuerungen
If, = Grofiankgen grofer 100 kW / B
;‘?, 8000
c /
=
l’: 6000 /\
- /\J
5
> 4.000 P
E A4
2000
0
18] — o d:

Innovative Energietechnologien in Osterreich, Marktentwicklung 2009, BMVIT
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Kachelofen*

Kachelmantel ® @

Heifluft e newe
Cremieralion
ider Konclh-
difen bat
erorme
technische
Forischritte
arfTuiecisen, ol

Rouchgaszug

Heizeinsats im
Kachelofen oder )y,
pemanerten (fen

Luft-Wassar-Tauscher | |8
{holt Ensrgie 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

Schaltpull mil infegrieriam
. futomatik-Belriebs-Systom

Ralevlgrungsdiinumg
der thermotythischen Mach-

schalthoizliachen — ° LogS and a.Sh IS

Abgas-Bypasskisppe
verhinder Bauchaustrilt

___bedm Clfnen dar Fulitds trans po rted
e gt ot o autmomatically

e Hessebaazser

Primarimkanes downwards

Misch-
e Tur Varmischung

oo » Logs are dries before

__worgmsdrmben Sekundadutt

i O burned
pRrSS— e Burning chamber is

fr vollsidndigen Ausbrand
des Luh-Gas-Gemischos

e NOT cooled

thermohytischan Nachachals-
- PeRlohee:
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Automatic wood chips/pellets burner

Similar maintenance a solil 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

Funktionsschema Warmepumpe
Umw:::lmar!‘c 3/4 + Endenergie/Strom 1/4 = Nutswdme 474

entspannen | : ‘u
verdampfen verfliissigen

Low-temperature range - ‘ —® High temperature range

Drive energy ‘
T 7 \Compressor

47‘4»

From heat source

P To heat sink

Heat ; | Low \ High > Heat
(low Pressure of high
o . | (hig

temperature) - reirigeran temperature)

To heat source From heat sink

Circulating working
medium (refrigerant)

Evaporator Condenser
‘ Expansion valve
|



Leistungszahl
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Heat pump COP and 7

-
-
-

Medium to longterm ,_---

boundary conditions o avallable HP, " 4

Bt ;*/
5
6,5 - 6,5 P _
6 | 6 | Ty / 4 b=~ Currently available -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, or- -/~
. "Luft/Wasser-Warmepumpe N lauftemp. 2~ 3 / heat pump (HP)
R e
1 _ . 2
45 T 45
L y) s 1
4 e 35T Vor-—— "~ g 4
35 ---------- I,ayft,e[n,q ,,,,,,,, % 3,5 0
I g - -15 -10 -5 0 5 10 15 20
S S A e 3 Evaporator inlet temperature in T
25 - =50 T Vor- 2,5 \
- lauftemp. 5.5
R L 2
L r 5 L
15 ! ! ! ! 15 “! ‘ ‘ ‘ : : ‘ Heat source ground/
20 -15 -10 -5 0 5 10 -10 -5 0 5 10 15 20 4.5 /
. o
Lufttemperatur in T Soletemperatur in C O 4
O —
3.5 /
3
2.5 %ource air
Quelle: Kaltschmitt, Streicher, Wiese, 2006 )

5 2.5 0 25 5
Heat source temperature in T
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Development of the Austrian heat pump market
16.000 180.000
m== heat pumps for water heating
T 14000 mmm heat pumps for space haating + 160.000
; e 18T PUMPS StOCK
> 12,000 / TR
5 i g
.ﬂj lrunk!ionss;r?mawarmepu;:ee - 12:..:”]] .E-
g— 10.000 + TP i c
- b 100.000 ==
o M o
= 8.000 4 £
w _ 80000 ¢
= (=1
s 6.000 4 E
o _ 60.000 =
n - g
a 40004
= / 40000 <
= )
® 2.000 ll 20.000
. =
01 I1]1]+11]1]1]111 AL o
2o r 25 2852528525828 2853
5528383333838 88¢8 88

Innovative Energietechnologien in Osterreich, Marktentwicklung 2009, BMVIT
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Ambient air as heat source

D N NN

/] N /] N / N
Space ? Space Space
heating heating g heating
! pu
= | =) ]
Heat pum l Verdampfer //%4
PP P N Air ducts \
Heat store Compressor, Heat store Heatpump  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 inletair T ——
- air-to-air heat recovery heated ~exhaust
oyt3|de air N
. air
- exhaust air heat pump hot |
- storage v \
| heat [
- solar collector QH —
i exchanger
- earth-to-air heat exchanger { !
IL o
heat pump A7
/
<_
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
system
‘ Parallel fonnecti(ln Shaﬁ\&
B )
Section A-A Section B-B
//k\«\\\\\«\\\\\%\ Filling
Ground /
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/fn
Humid loamy soil 25 — 30 W/
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

w27 (ol —— ©ﬂ© @g@

Hot water ‘ ‘ - » 70-80 mm
storage
. U-probe Double-U-probe
Drilled _ _ Heat pump
probe Pile-driven probe
Ground probe -
A— - 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 WGt 50 W/m
Solid rock with high heat conductivity 84 W/m WO'm
Individual soils
Gravel, sand, dry <25W/m <20 W/m
Gravel, sand, carrying water 65 — 80 W/m 55 W6&
Gravel, sand, strong groundwater flow, for smgfitems. 80 — 100 W/m 80 — 100 W/m
Clay, loam, mois 35-50 W/ 30-40 W/n
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—-85W/m 580 W/m
Alkaline magmatites (e. g. basalt) 40 -65W/m 5-35W/m
Gneiss 70 — 85 W/m 60 — 70 W/m

e requirement for using the table: only heat drighwal (heating incl. hot water) takes place; th
Of the individualground probes between 40 and 100 m; smallest dpetoeeen two groungrobes
vould be a minimum of 5 m for ground probe lengths ot@80 m or at least 6 m for ground probes
vith lengths of over 50 to 100 m. Suitable ground praryesdouble-U probes with an individual tube
liameter 025 or 32 mm or coaxial probes with at least a eét@mof 60 mmThe values given abo
>an fluctuate considerably, depending on rock fdiona such as crevassfoliation and weathering.

Quelle: Kaltschmitt, Streicher, Wiese, 2006, VDI 4640
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Energiepfahl
Rickiaul der == Vaorlauf der
Wirmetriger- " . Wammetrager-
flssigkeit - fussigkait
I’I
Bohrpiahl

Bawehrungskorb

Warmetauscher
befestigt an
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Solar Thermal Systems
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Austrian market development of solar thermal system S
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Spectrum of solar irradiance
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Where to use solar thermal

Domestic hot water (DHW)
Space heating + DHW
District heating networks
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Solar Combisystems
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Solar Combisystems,space heating demand
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Solar heated swimming pools
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Solar assisted cooling

Deccicant system Ab/Adsorption system
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efficiency

1,2
1 4 -
Hot tap Space process heat
water Heating
08 1t ————1 S
—&— Swimming-pool absorber
—— Non-selective flate plate absorber
4 —a— Selective flate plate absorber
0.6 15 1N N L —— Evacuated tube collector
g
=
0,4 TE1T %
£
=
02 4P--f-----
0 1

4
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-N)s - Ta)/lg

Ty

Graz University of Technology

1.00
optical losses
0.80
0.60 thermal losses
0.40
0.20
0.00
0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200
X [Km 3/W]
Ig*Acoll
Q conv Q rad Q re,abs
Transparent
A cover
\ f \ Frame

Heat carrier
|_— Absorber

Insulation

A

y - .
Qcond QcoII

Note : Maximum collector standstill temperature at 1000 W/m?2

irradiance and 30 T ambient temperature: Tabs =
(0,14*1000)+30 =170 C



IWT0 crns Institut fur Warmetechnik TU

Institut fir Warmetechnik Grazm

T U G Graz University of Technology

Solar Domestic Hot Water Stores
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Solar combisystem schemes
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Example of purely solar heated house
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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 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
specific CO2-equivalent-emissions — electricity generation costs
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CO,-Aquvalent- Emissionenint/TJ bzw. kg/GJ

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

specific CO2-equivalent-emissions — fuel generation costs
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