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Experimental Study on Heating Performance Characteristic of 100 kW Heat Pump to
Generate 120C Steam
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Abstract Recently, the development of a heat pump technology to recover process waste heat and to generate steam
of 120°C or higher required for industrial processes, has attracted attention. The research of conventional heat pump
utilizing the available energy is used primarily for air conditioning, and the production temperature is about 60C,
so it is difficult to utilize it for industrial use. Therefore, in this study, we developed a steam heat pump (SGHP)
which recovers the waste heat of process and generates steam at 120°C. The low-pressure refrigerant R245fa, considered
to be an eco-friendly refrigerant, has been selected as the refrigerant for SGHP in this study since its Ozone Depletion
Potential (ODP) is zero and the Global Warming Potential (GWP) is relatively low. A flash tank functioning as a
phase separator was installed in the rear stage of the condenser, and the saturated water of high temperature was
decompressed to generate steam. It was started at the initial temperature of 70°C, and it was confirmed that 120C
steam was produced after the system stabilized. We have conducted experiments by modifying the system, and ultimately
achieved a heating capacity of 101.4 kW and a COP of 3.05.
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HX W5 %7](Internal Heat Exchanger) TOE  : A+3FHE(Ton of Oil Equivalent)
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Fig. 1 Demand heat ratio according to the heating media
temperature of industries in EU-27.
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Fig. 2 Waste heat ratio according to hot water temperature
in Korea industry.
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Table 1 Comparison properties of refrigerants
Cr’tlc[i(lj]temp' C““C&lf:]m“re oDP’ GWP’ Toxicity/Flammability
R245fa 154.0 3.65 0 1030 -/ -
R134a 101.1 4.06 0 1430 -/ -
R744 31.0 7.38 0 1 -/ -
R1234yf 94.7 3.38 0 4 - / Flammable
R1234z¢(E) 109.4 3.64 0 6 - / Flammable
R1234z¢(E) 153.7 3.97 0 <10 - / Flammable
R245ca 174.4 3.93 0 693 - / Flammable
R365mfc 186.9 3.27 0 794 Toxic / Flammable

*ODP(Ozone Depletion Potential),
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**GWP(Global Warming Potential).
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Fig. 3 Front view of the 100 kW SGHP. Fig. 4 The schematic diagram of the SGHP system.
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Table 2 Specification of SGHP
Unit Specification
Compressor 45 kW, Screw, Open type
Evaporator 322 mmx739 mm 62 plates, Brazed type
Heat exchanger Condenser 322 mmx739 mm 50 plates, Brazed type
IHX 4.26 mz, 40 plates, Brazed type
Expansion valve Temperature range : -60~120°C, Motorized type
S A= ZHEE] 7] (phase separator) 9 3HS S, 357] Sthol| AX|Eo] #3ele a1 EE 7S
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Fig. 5 State of steam generation.
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Fig. 6 The temperature variation of system.
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Table 3 Step of SGHP Optimization

Optimization
Initial Condition O O O O O O O O O O
IHX replacement & add the refrigerant O O O O O O O O O
Oil-seperator & Receiver insulation O O O O O O O O
Oil-cooler circulation @) @) O
Oil circulation control @) O
Liquid injection O
Compressor insulation O O O O
EKC driven optimization O O O
Steam pressure optimization O O
Flashing regulator optimization O
Heating Capacity(kW) 74.44  90.75 96.57 9290 92.54 9359 99.05 9898 9945 1014
COP 2.29 2.73 2.93 2.90 2.89 2.87 2.90 2.96 2.99 3.05
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Fig. 7 Heating Capacity of the SGHP according to optimization. Fig. 8 COP of the SGHP according to the optimization.
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