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1 Introduction 3 Results

- Theoretical analysis of The amount of waste heat iIs assumed to be infinite and free.
different steam  generation The compressors are assumed to have isentropic efficiencies
concepts. of 75% and a maximal pressure ratio of 4.

Energy efficiency, CO, The high-temperature heat pump Is simulated using
emission, and operating cost Isopentane (R601a).
for Switzerland and USA. Heat sources for the heat pumps are fixed to 18°C if no waste
Using free waste heat with 30- heat.
80°C. A pinch point of 5K Is used In all heat exchangers.

After the compression steps, the steam Is cooled down using

_ heat exchangers (HX) or water injection (WI).
2 Method overview

The methods can be separated 4 Assumptions

without waste heat |with waste heat (55°C)

d Iffel’e nt Ste am Steam generation method kJ kJ

direct heating

10"}

N two mechanisms: high-
te m pe ratu e evapOrath N & |OW' A N a.l yS | S O.I: the Energy consumption, CO2 emission, and operating cost per kilo of steam
/ / / / / / S generation concepts. |  [Natural gas-fired (Us)
Natural gas-fired (CH)
10%} w — e EN ergy
PY Electrical heating (CH)
10°} o - COZ _ High temperature HP (US)
R  Operating cost High temp. HP (CH)
. . HP using HX cooling (CH)
with & without waste | [us usine wi cooling (05)
G heat HP using WI cooling (CH)
‘IOD/ | | | | | . | | | A | | | Waste heat evap. with HX (CH)
0 200 1000 1500 2000 2500 3000 3500 Waste heat evap. with WI (US)
h [kJ/kg] Waste heat evap. with WI (CH)

temperature evaporation.
10°
Electrical heating (US)
10°} nitiaVIvalues - for SW|tzer|and & US HP using HX cooling (US)
Waste heat evap. with HX (US)
Figure: p-h diagram of water

vapour compression

. Schematic: 5 Conclusions

> Steam
(133°C, 3 bar)

High- . . . .
temperature Geographical location has a huge impact on the operating cost.

evaporation (25,1 ban Waste heat evaporation emits

o gas-fired boiler

2 Eleﬁtrical he:ting IeSS COZ — p Steam

o high-temp. heat pum . o
srreme, heatpume If the waste heat is not constant (133°C, 3 bar)

—( O stear through time, a compromise

(133°C, 3 bar)

Low- technology Is a multi-
Water

temperature temperature heat (25°C, 1 bar)

' Water Waste heat (30-80°C)
evaporation e i pump.

¢ heat pump
o waste heat evaporation

H 7" NTB B 7 HSR

) ucerne University of
L ] Applied 5ciences and Arts e -
. . Interstate University of Applied . . ”':":|'r5':’1'-_' LE FUR TECHNIK H D C H Sc H U LE f. ﬂ*f UNIVE R"‘EITE
Sciences of Technology Buchs RAPPERSWIL ECOLE POLYTECHN IQUE N DE G ENEVE
FHO Fachhochschule Ostichweiz Ty : ; :

FEDERALE DE LAUSANNE LUZERN

University of Applied Sciences
of Eastern Switzerland



http://www.epfl.ch/
http://www.epfl.ch/

	Slide Number 1

