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EUWP Workshop
From Energy Efficient Buildings to Smart Cities

Heating and Cooling in a Smart City

Hermann Halozan
Graz University of Technology

ﬂ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 1




ﬁ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 2




ﬁ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 3




ﬁ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 4




ﬁ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 5




ﬁ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 6




ﬁ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 7




ﬁ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 8




ﬂ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 9




ﬁ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 10




ﬁ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 11




Carnot, Sadi (1796-1832)

Bild 80. Link

ﬂ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 12



h o 7y |

n WAAAL-

T L e o o et Lttt
ey (ot |3

200 -

100 -
Nalieistasy. 6 e e Py~ Oyt Py o= B~ Py

9 - - -1

Aabage Knaftwerk Witmtgunge Katraniage
Prace: Wirme - Kraliprore} Warme - Arbieit sprosease

ﬁ—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 13




I

Nulzieistuny.
Anbage
Prazed:

Winme - Kraltprorel Wirme - Arkieitsprosesse

#—

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012 TUG Hal 14




A

T
A

L

£

L

O BESSSGEEG

S S L

& RS
ReSeerate ittt tetatetete

ﬁ::
£505
e
%e%

1::
::
L

FFFFFFFF

ORI i il
fff%fffffff

ey
R
e i

N SR
......... BRI LAY
RLLLAVRLAARR LAY
RN LAARL LAY
Q ﬁ.ﬁ%ﬁ.ﬁﬁﬁ_
—f ML L LY
KRR ALARY
AN AN
. ﬂvvvvvvvvvvvvvva
_ _ _
~=E— 'z ;
- = =
‘.l..l..l-.l-.l-.l..l..l..l-.l-.l..l..l..l-.l-
R
SN
SN <
S
—e= A el
S SN
e S S SN
e
_ | _
= E _
F O

Hal 15

TUG

EUWP Workshop ,From Energy Efficient Buildings to Smart Cieties”, Vienna, March 26, 2012



ldeal and Real Power Consumption E,/Q
for Refrigeration and Air Conditioning and
Space Heating by Heat Pumps and by Cogeneration
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Typical Primary and Useful Energy Ratios

UER = (PER/HB)(nd,,eI/nd,fuel)

Coal (and|Gas Electricity from Nuclear
Biomass) Renewables (hydro, wind)
Efficiencies
Power plant, npp 0.4 0.55 1.0 0.33
Boiler (local conversion), ns 0.8 0.98 1.0 1.0
PER for SPF =4
PER = SPF. npp 1.6 2.20 4.0 1.33
UER = PER/mg 2.0 2.24 4.0 1.33
PER for SPF =5
PER = SPF. npp 2.0 2.75 5.0 1.67
UER = PER/ng 2.5 2.81 5.0 1.67

Renewable Energy Gained

R=Q-E=Q-Q/SPF = Q(1 — 1/SPF)
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C  Compressor

CO Condenser

EV Evaporator

A Accumulator

THX Thermostatic Expansion Valve
AWV 4-Way Valve
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Cooling Cooling and Heating Heating
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Direct Cooling Cooling Cooling and Heating Heating
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Low-carbon energy technology roadmaps
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Contributory factors in CO2 reduction, 2002-2030
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B End-use efficiency gains Fuel switching in end uses
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M Increased renewables in power generation

Improvements in end-use efficiency contribute for more than
half of decrease in emissions, and renewables use for 20%0
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