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ABSTRACT

This paper focuses on the natural refrigerants which strongly contribute to the reduction
of energy-consumption and significant reduction of the CO2 emissions.

The different system applications are presented in the ‘NATURAL 5 LINE-UP’.

The second part presents the use of natural refrigerants with high pressure
compressors in an industrial plant.

The plant belongs to an international Dairy Group installed in Denmark by the contractor
Svedan Industri Koleanlaeg A.S. and was installed in 2013 for 3 mW hot water
production at 90°C by applying high pressure NH3z compressors.

The NHsz compressors are installed as second stage ammonia heat pumps on the water
chillers producing approx. 2mW at 1.5°C using the heat rejection from the chillers as
heat source for the hot water heat pump.

The total heating performance coefficient is designed at 6,64.

The paper evaluates the results of this plant after 8000 hours of operation and is
supported with technical details and photos of the system including energy efficiency,
investment and operating costs summary.

By using this high stage hot water heat pump the energy cost for production of hot water
was reduced to a quarter compared to a conventional gas boiler system.
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1.INTRODUCTION

Starting point for the project was to produce 2Mw chilled water at 1,5°C and 3Mw hot
water at 90°C to be operational from February 2014. The choice was made for 2 sets 2
stage NHs reciprocating compressor system in complete factory produced modules with
minimum site installation works, using the N8M 30 bar piston as low stage and the
N6HS 66bar piston compressor as high stage. Time frame

The picture 1. shows the hot water buffer tanks of each 150.000 liters for the chilled
water and the hot water.

Picture 1.

Hot water 90° C
2 x 150.000 liter
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2. OVERCOMPRESSION HOT WATER HEAT PUMP

The table 1. Shows the equipment with design data.

Total Cooling capacity-: 2060 kW
Outlet water temperature:1.5C

Total Heating capacity : 2950 kW
Outlet water temperature:90C

3. PRINCIPLE

The production process requires heating of milk from 60°C to 85°C.

UNIT1 |UNIT2 [TOTAL
CHILLER PART
Cooling Capacity [kW] 1030.1] 1030.1] 2060.2
Evaporative Temperature [C] 0.0| 0.0|
Inlet Water Temperature [C] 10.0] 10.0|
Outlet Water Temperature [C] 1s 1 .SI
Intermediate Temperature [C] 45.0| 45.0
HEAT PUMP PART
Heating Capacity [kW] 1452.6] 1496.0| 2948.6|
Condensing Temperature [C] 81.0| 92.0
Condenser
Inlet Water Temperature [C] 67.1 78.7|
Outlet Water Temperature [C] 78.7 90.0
Liquid Sub Cooler
Inlet Water Temperature [C] 65.0| 65.7|
Outlet Water Temperature [C] 65.7| 67.1
C.0.P cooling [-1 4.22) 4.22| 4.22
C.0.P heating [-1 7.49) 5.99| 6.64)

The 2 chillers are used in parallel to cool down the water from 10°C to 1,5°C. The heat
rejection of the low stage is used as heat source for the heat pump. The high stage
condensors + subcoolers heat up the water in serial flow from 65°C to 90°C as is

illustrated in picture 2.

Picture 2.
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The overall COP of the compression hot water heat pump is calculated at 5,31.Each
compressor is executed with suitable oil system (cooler,filter,separator),
evaporator(plate heat exchanger with external suction separator for chiller) and
openflash intermediate vessel or heat source tank (heat pump). Plate in shell heat
exchangers are used for the condenser and liquid subcooler on the heat pump part. Unit
layout is visible on picture 3 and 4.
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Picture 4.

N6HS HIGH STAGE COMPRESSOR ‘

| HEAT SOURCE FLASH TANK | | LIQUID SUBCOOLER |
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4. OPERATION

To-day the units have operated approx.. 10.000hours. The picture underneath shows
the screen shots of the control boards showing detailed operation data.

MAYEKAWN . 12/1/2014
MYCOM |System status - Machine 11000 v \ 11:56:20
Press: 16.57 BarG 51.85BarG
Temp: +44.5°C +134.7 °C
Press: 3.31BarG 1705BarG T Sat: +44.6°C SR +928°C
Temp: +0.6 °C +114.9 °C SH:  -0.1K /0006 ) +41.9K
TSat: +03°C W +45.6°C 823Rp
i \ DOP: +2.49 Bar
SH: 403K ((ogap +69.2K A0 % G Lot
pop: {4°RPIY. 5 88 Bar 467 A
TOil: e +52.3°C 247 Kw 124m3/h
géw N +90.10
44.7 °C
< 5% +83.16°C
47 %
66m3/h 124m3/h
+1.82°C Start time:0 Sec COP cold: 4.9 740556
Run Hours: 4507 COP hot: 3.2
DP -0.2Bar N6HS Water: 50 °C  COP unit: 5.6
+12.46°C Three-way: 35 % COP total: 3.1 40% +73.96 °C

5. MERIT OF HIGH STAGE HEAT PUMP

When comparing the conventional gas boiler system with the hot water heat pump for 1
year operation 20hrs/day, 310 days/year with a heating capacity of 2948 kW per hour
the yearly energy consumption will be 21.507.296 kWh for the gasboiler and 3.607.000

kWh for the heat pump.

Based on an energy cost of 0.064 €/kWh for gas and 1,184 €/kWh for electricity this
represents a yearly running cost of 1.376.462€ for the gas boiler and 367.040€ for the

heat pump or a merit of 1.009.422€ !
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