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1 Project Objectives 

The project has been established through the cooperation between Danish Clean Water A/S and 

Danish Technological Institute. 

The purpose of the project is to investigate the effect of the water treatment system, which Danish 

Clean Water A/S is delivering to an existing system. 

The project is based on on-site measurements performed at Arla Foods Holstebro Mejeri. These 

measurements are used to compare the efficiency of the water treatment system before and after the 

system is applied.  

In general, on-site measurements have a high degree of uncertainty and all results should therefore 

be evaluated with this in mind.  
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2 Description of the Measurement Site 

The refrigeration system from 2009 used in this project consists of four flooded evaporators, three 

screw compressors and five evaporative condensers. The four evaporators are identical and they are 

all connected to the same pump separator and cold water system. The three screw compressors are 

of the type Sabroe SAB 233 L and they are driven by a 450kW motor with VLT. The condensing 

side of the system consists of four identical Baltimore evaporative condensers from 2009 and one 

older and larger York/Baltimore evaporative condenser. 

This project calculates on one of the evaporators and one of the condensers. Therefore, this report 

only states capacity, theoretical power consumption and possible savings as if it was a one stage 

ammonia system with one evaporator and one condenser. All results are scalable to the size and 

type of system installed at Arla Foods in Holstebro. 

3 Cold Water PHE 

The test subject is a Vahterus PSHE 7HH-368/2/1, which is a shell and tube plate heat exchanger 

used to produce cold cooling water. On the primary side, water is pumped through an evaporator 

and on the secondary side the water is cooled by evaporating ammonia. 

3.1 Description of the Measurement Setup 

A diagram of the system is shown in appendix A. 

  

To determine the overall heat transfer coefficient of the PHE, the following has been measured: 

- Evaporation pressure (temperature) 

- Water temperature in and out of the PHE 

- Water flow 

The evaporator pressure is measured on the liquid separator with a pressure transmitter. 

The water temperature in and out of the PHE is measured by the on-site SCADA system. 

The water flow through the PHE is calculated by measuring the pump head and pump frequency. 

The water flow measured via the pump head is compared with the total flow to the four evaporators 

measured by the SCADA system TA01FT01. 

3.2 Results 

All the results are based on average values above ten minutes. Moreover, the results are based on 

periods of near steady state conditions. 
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The capacity of a heat exchanger is given by: 
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The results for the PHE are presented in Figure 1. 

Figure 1 – Results of the plate heat exchanger 

The results of the plate heat exchanger indicate a tendency of a slight improvement. However, this 

improvement is very small and the uncertainty in the measurements might therefore have an 

influence on the results. 

In laboratory tests of air to air heat pumps, an uncertainty below 5% may be difficult to achieve. 

The total water flow to the four evaporators has been compared with the flow calculated via the 

pump head. The largest difference observed was 1,5 m
3
/hr. 
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4 Evaporative Condenser 

The test subject is a Baltimore Aircoil Model CXV 481, which is an evaporative condenser. This 

means that the main energy is transferred from the condenser to the outside air by evaporating 

water. Ammonia gas is condensing inside the tubes. The tubes are covered with a water film from a 

recirculating spray system. Air is blown past the outside of the tubes and in that way transferring 

energy from the water to the air, see Figure 2. 

Figure 2 - Evaporative condenser 

4.1 Description of the Measurement Setup 

A diagram of the system is shown in appendix B. 

The water treatment system provided by Danish Clean Water A/S only affects the water side of the 

evaporative condenser. Therefore, measurements focus on the air/water side of the condenser. 

The following has been measured: 

- Condensing pressure and temperature in and out of the ammonia 

- Ammonia flow in the condenser 

- Water temperature of the circulating water 

- Air temperature and humidity at the inlet on the air side 

- Frequency of ventilators 

The ammonia temperature at inlet and outlet of the condenser is measured on the outside of the 

tube. The thermometers have been placed on the tube wall and subsequently, they have been 

covered with insulation to prevent the surrounding air from influencing the measurement. 

The ammonia flow is measured with a clamp on the ultrasonic flow meter. 

The water temperature is measured directly in the flow right before the inlet of the spray section of 

the condenser. 
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A sensor for measuring air temperature and humidity was placed at the air inlet behind the sound 

damping material. 

The frequency of the ventilators and, thereby, a relative indication of the air flow were logged by 

the SCADA system. All three ventilators run in parallel. 

4.2 Results 

All the results are based on average values above ten minutes. Moreover, the results are based on 

periods of steady state conditions. 

The efficiency of the evaporative condenser on the air side can be expressed in terms of: 

" �
#$ % #&

#' % #&
I1: Enthalpy of air at inlet 

I2: Enthalpy of air at outlet 

Ig: Enthalpy of air, if it is in equilibrium with circulating water (maximum achievable) 

The results are presented in Figure 3 and Figure 4.

Figure 3 – Results of the evaporative condenser as function of driving potential
1

The capacity of the system is generally higher during the after measurements. When comparing the 

before and after measurements, the data are narrowed down to an area of overlap in capacity as 

shown in Figure 4. 

                                                 
1
 The Efficiency � is a relative value 



Page 6 of 9 

Figure 4 – Results of the evaporative condenser as function of condenser capacity
2

                                                 
2
 The Efficiency � is a relative value 
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5 Energy Saving Potential 

5.1 PHE for Cold Water Production 

In general, the before and after measurements do not show a clear tendency of improvement. The 

relatively high water flow in a plate heat exchanger might flush fouling out of the heat exchanger. 

Furthermore, the operating temperatures do not provide a good environment for biofouling. 

The comparison of the before and after UA values shows an average improvement of 7 %. When 

converted into energy savings for a typical refrigeration system, this gives a result of 0,6 %. 

The calculation is shown in appendix C. 

5.2 Evaporative Condenser 

The improvement on the evaporative condenser efficiency can be converted into a drop in the 

condensing temperature of the refrigeration system. When lowering the condensing temperature, the 

efficiency, COP, improves. 

Condensing temperature 

TC

Wet bulb 

Tw

TC.new Pcomp.old

[kW] 

Pcomp.new

[kW] 

Saving 

[%] 

20 ºC 3 ºC 17,1 ºC 45,5 38,5 15 

25 ºC 6 ºC 21,9 ºC 58,0 50,2 13 

30 ºC 20 ºC 28,1 ºC 71,1 66,1 7 

35 ºC 18 ºC 32,2 ºC 84,7 77,1 9 

5.2.1 Assumptions 

1. Cooling capacity Qe = 400 kW 

The measurement period shows a cooling demand of approximately 400 kW for one evaporator. 

2. Evaporation temperature Te = 1ºC 

The measurements on the PHE show that the evaporation temperature is quite constant around this 

temperature. 

3. Water film temperature Twf = Tc 

All the results show a very small temperature difference between the circulating water on the  

outside of the tubes and the condensing temperature inside the tubes (<0,25 ºC). Therefore, the 

temperature gradient has been neglected. 

4. Efficiency before applying water treatment �old:  0,25 

The efficiency before the application of water treatment is shown in Figure 4 at 450 kW. 

5. Efficiency after applying water treatment �new:  0,32 

The efficiency after the application of water treatment is shown in Figure 4 at 450 kW. 

6. Determination of a new possible condensation temperature. 
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The condenser capacity is used to determine the air flow based on the old efficiency. Subsequently, 

the air flow and the new efficiency are used to calculate the new enthalpy Ig.new. 

�( �  ) *+, � "-./ � 0#' % #&1 �  ) *+, � "234 � 0#'5234 % #&1

The new condensing temperature is a function of the new enthalpy and a relative humidity of 100%. 

TC.new(Ig.new;RH=1) 

The calculation is shown in appendix D. 

5.2.2 Comments 

The stated energy saving potential is a theoretical calculated value. The system at Arla Foods, 

Holstebro, operates after floating condensing temperature until it hits a minimum required by the 

compressor. All measurements have been performed during cold weather and, thus, with a constant 

condensing temperature. Therefore, the before and after tests have shown a drop in air flow and, 

thereby, a lower power consumption of the ventilators. An optimum between lowering the 

condensing temperature and the fan speed should be considered. 

The power consumption of the ventilators has not been measured and a value for the actual energy 

saving at Arla Foods is therefore not provided. 
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6 Conclusion 

This project shows that it is possible to save 7-15% on the energy consumption of the compressors 

when using the water treatment system from Danish Clean Water A/S.  

In terms of the cold water PSHE, no clear improvement was identified. The improvement is, 

however, very clear for the evaporative condensers.

The saving potential for this exact system is used as a test subject in this project. The saving 

potential depends on the level of biofilm in a system which differs greatly from system to system. 

The calculated savings in this report is for a single stage system with one evaporator and one 

condenser. In connection with the system at Arla Foods, Holstebro, the improvement on the 

evaporative condenser used for test should be similar to the three other evaporative condensers in 

that they all share the same supply water. The saving potential is linear scalable with the capacity. 

The savings are calculated at fixed conditions and a dynamic yearly calculation has not been 

performed. 

The uncertainty of the measurements is not dealt with in this project, but when carrying out before 

and after measurements, small offsets are not going to have a significant effect on the results.  
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