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Binary Cycle Power Generation System for Hot Water Utilizing Unused
Low-Temperature Waste Heat
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Abstract

Binary cycle power generation systems, capable of obtaining power from unused low temperature waste heat,
can be a useful means to utilize renewable energy in the future low-carbon society. In this study, performance
characteristics tests were conducted by selecting a low GWP (Global Warming Potential) refrigerant and
by performing a drop-in test on existing equipment in order to improve environmental performance and
to increase the output in the low temperature range below 80C. As a result, it was confirmed that the power
generation performance exceeded that of the existing equipment at a heat source temperature of 80C or below.
The annual cumulative amount of power generation for an air-cooled system was estimated from the results
obtained, and it was shown that a performance improvement in the interim period was necessary to further
improve the annual average power generation output.
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Table 1 Specifications of binary cycle power generation system
MB-70H for hot water

Model Microbainary™ MB-70H
Maximum generating-end output 72 kKW
Maximum sending-end output 60 kW

Power generator IPM syncronous generator

Standard screw rotor speed 5,500 rpm
Power voltage 200/400 V
Medium HFC245fa
Design pressure 0.97 MPaG
Heat souce 70~95C
Expander Screw expander
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Fig.1 Appearance of binary cycle power generation system MB-
70H for hot water
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Table 2 Comparison of cycle performances of each refrigerant

HFC245fa HFO1336mzz(E) | HFO1336mzz(Z)

GWP - 858 18 2

Heat input kw 797.3 919.0 508.3
Expansion ratio — 2.63 2.34 3.43
Density of Expander inlet kg/m’ 33.0 49.7 22.2
Genrating-end output kW 45.1 48.0 33.1
Refrigerant pump power kw 2.1 3.1 0.9

Sending-end output kW 43.0 44.9 32.2
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Table 3 Results of stability evaluation test for each synthetic oil

HFO1336mzz(E)
PAG synthetic oil A | PAG synthetic oil B POE synthetic oil
Color L0.5 L0.5 LO.5
Acid value 0.01 0.08 0.01
HF01336mzz(Z)
PAG synthetic oil A | PAG synthetic oil B POE synthetic oil
Color L0.5 L0.5 L0.5
Acid value 0.11 0.00 0.01
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Fig.2 Refrigerant solubility of each oil in R1336mzz (E)
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Fig.3 Schematic diagram of air-cooled dry cooler
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Table 4 Main specifications of air-cooled dry cooler

<Approximate dimension>

Width 7,200 mm | Depth 2,280 mm
Hight 2,500 mm | Dry weight 2,850 kg
<Design point data>
Inlet air temp. 6.2°C | Inlet water temp. 36.4C
Outlet air temp. 30.4°C | Outlet water temp. 28.0°C
Cooling capacity 915 kW | Flow rate 100 m*/h
Pressure drop 80 kPa
<Fan specifications>
Flow rate 120,000 m’/h } number of fans 10
<Heat transfer coil specifications>
Heat transfer area 2,954 m? Material of tube SUS 304
Material of fin Aluminum with epoxy coating
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Fig.8 Prediction of system net power and amount of cumulative power generation using annual ambient temperature of Kobe city
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