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Legal Status TUG

EU: - Stationary Applications: ‘restricted’ use of fluorinated
greenhouse gases

- Automotive air conditioning systems: ban of refrigerants
with a GWP > 150

Status: second reading in the EU Parliament passed
(Oct. 26,2005)
Environm. Council should agree on Dec. 2, 2005

Austria: 2008 ban of HFCs in new equipment (Status of a
regulation from Dec. 10, 2002)
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Properties of CO, (R744) ﬂTuc;
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Log p/h-Diagram of CO,
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CO, Cycle
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t [°C]

CO, Cycle TUG
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Heating COP, [---]

Application — Heat Pump Water Heater
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Heat Pump Water Heater TUG

Water Storage Unit
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Legend : HEX: Heat exchanger EXV: Expansion valve MV: Motor valve
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Heat Pump Water Heater
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Heat Pump Water Heater

1,000 Forecast for Eco Cute Market
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CO, Heat Pump Water Heater in Austria

+ Test rigs available
+ Product development at different SME

+ Market introduction?

IEA HPP Workshop, 7. November 2005, Vienna, Austria.

IWT

TUG

13



Application — Hydronic Heating System
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Application — HPWH + Hydronic Heating System
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Hydronic Heating System + HPWH TUG
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HPWH + Hydronic Heating System
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Application — Exhaust Air Heat recovery + HPWH TUG
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Application — Laundry Heat Pump Dryer
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(Klocker et al., 2001)

19



Laundry Heat Pump Dryer
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Application — Heat Pump for Food Drying
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Application — Residential AC
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Application — Two-phase Thermosyphon ﬂTUG
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Measured Temperatures
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Start-up of the Natural Circulation
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Market Experience M-TEC Iwh
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= Secondary System: + no oil in the ground coill
- AT necessary 26



IWT

Application — CO, Collector TUG

Hot Water
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Further Applications — Automotive AC & HP -
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Automotive AC

COP

More than 90% of operation
COP is important

R-134a

Less than 10% of operation
Capacity is important
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Automotive Air/Air-HP
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Further Applications - NH,/CO,-cascade system yir e

(e.g supermarket refrigeration) TUG

+30°C

R717,R404, R134a.....

co,

(Danfoss, 2003 - modified)
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+30°C

A CO,-R717 Heat exchanger

CO, compressor

CO2

(Danfoss, 2003)

-40°C
CO2-evaporator
IEA HPP Workshop, 7. November 2005, Vienna, Austria.

NH,/CO,-Kaskade
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Components — Tube dimensions for refrigeration

application
TUBE DIMENSION FOR CO, AS THE WORKING FLUID
WITH R-404a AND THE BRINE DOWTHERM J.

Capacity 50 kW at - 30 °C air temperature.

FLUID
R =404a Dow J CO,
SUPPLY
LINE Q O
ID =
ID =35 mm ﬁnll
RETURN D = 80 mm |
LINE
ID=
323
mm
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CO,-Components — Automotive AC Compressor ﬂTuc;

R134a compressor R744 compressor

155 ccm 21 ccm

(Parsch, 2002)

IEA HPP Workshop, 7. November 2005, Vienna, Austria. 35
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CO,-Components — Automotive hx "?ue

44— Header pipe
(Hafner, 2002)

44— Folded fin

| ||.HltHl'1u”..Ill‘mu

Possibly suited for residential applications as well
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CO,-Components — Tube in Tube (IHX or GC) ﬂTuc;

CO, or water, low pressure side

e
CO, High pressure side

Bt

EXERGK LIC

SUBSIDIARY OF HUGHES-TREITLER MFG. CORP.

IEA HPP Workshop, 7. November 2005, Vienna, Austria.
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CO,-Components — Examples for HPWH-Gas Cooler

Water

Refrigerant

Refrigerant

X WAN Lt O e L
et A e A S i e R S ety B | A =
TAAATAIAA U NI TR A A TR AN RO VAR RN L A aan
e T T T T Pl e R 2 = Ny | :
(N

IEA HPP Workshop, 7. November 2005, Vienna, Austria.
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Summary and Outlook ﬂTuc;

» Properties: Low critical temperature — Operation close to the critical point
» CO, Heat Pumps: HPWH most promising, further under development

» Further Applications: Automotive AC/HP, cascade systems, vending
machine, ...

» Activities in Austria
 Heat Pump Water Heater: test rig & product development
» Waste Heat Recovery from exhaust air
 Thermosyphon: vertical on the market; horizontal under development
e Automotive AC
« Secondary Loop Systems (super market, ice rink)

» Legal situation in Austria ?

IEA HPP Workshop, 7. November 2005, Vienna, Austria. 39



Thank you for your attention!

IEA HPP Workshop, 7. November 2005, Vienna, Austria.

IWT

TUG

40



