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Increasing Energy Efficiency by Proper Selection and Operation of Evaporative Condensers 

 

Summary 

 

Oxford Cold storage operates a total of 11 evaporative condensers in three plant rooms, Freezers 1-

10, Building 11 and Building 12.  

 

Plant discharge pressure is controlled by the available condenser capacity. The condensers at 

Oxford are arranged in banks from 1 to 4 condensers per plant room. All condensers have been 

selected to maintain a relatively low discharge pressure during peak summer conditions. The lower 

the discharge pressure the less the amount of energy that is consumed by the compressor motors. 

The plant discharge pressure has to be high enough for liquid feeds to the evaporators to be 

maintained and for the hot gas defrost to operate properly.  

 

During cooler periods the plant discharge pressure is currently controlled by: 

 

 Manually turning off condenser fans (all the fans on one condenser) 

 Cycling condenser fans on and off with pressure switches 

 Variable frequency drives with manual fan speed adjustments 

 

Oxford’s ammonia refrigeration systems use a fixed head pressure control procedure. A single set 

point head pressure is maintained regardless of the system load by controlling the condenser fan 

operation. If the head pressure drops to the minimum allowable, condenser fans are then modulated 

to maintain the minimum head pressure as in fixed head pressure control. 

 

We are in the process of retrofitting Variable Speed Drives to all condenser fans and to control the 

fan speed proportionately to the deviation of the discharge pressure from the set conditions in our 

SCADA system. 

 

Most condensers have a number of fans and all the fans on a condenser must operate together and at 

the same speed to prevent bypassing the condenser coils. In practice no more than half of the fans 

are ever turned off giving a maximum 50% reduction in fan energy use. The same energy savings 

can be achieved by a 20% reduction of the fan speeds on all the condensers for a plant. A 20% 

reduction of the fan speed drops the condenser capacity by 15%.  VFDs will allow even lower fan 

speeds to be used saving more electricity.   

 

The discharge pressure can be more accurately controlled when all the condenser fans of a plant 

room operate at the same speed. Under these conditions the condensers will perform at maximum 

efficiency as the possibility of liquid locking in the coils is eliminated.  
 
Discharge Pressure Control 

 

The total condenser and compressor power demand is a function of two opposing effects. If the 

head pressure set point is increased, the condenser fans have to run less (or at lower speeds) and 

result in savings in condenser fan energy use. On the other hand, increasing the head pressure set 

point increases the compressor discharge pressure necessitating more compressor power to provide 
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a given refrigeration capacity. In order to maintain the lowest running cost discharge pressure, the 

capacity of the evaporative condenser must be adjusted to match the required system heat rejection 

rate. The preferred method for modulating the capacity of an evaporative condenser is by varying 

the flow rate of air through the unit. The most energy-efficient approach for varying the air flow 

rate through the evaporative condenser is by controlling fan speed with a variable frequency 

drive.  
 

An alternative control method is the use of two-speed motors and cycling fans on and off. In the 

case of on/off fan cycling, the evaporative condenser capacity matches the necessary system heat 

rejection rate on a time-average basis over the period of fan cycle time.  

 

At part-load conditions, the evaporative condenser fan(s) will require less electrical power; 

however, lower condenser capacity translates into increased condensing pressure and compressor 

energy. The equation below is used to relate the capacity of the evaporative condenser to the power 

needed to operate the fans. 

 

 

 

 

 

Heat transfer theory suggests that the coefficient, N, should be between 0.5 (for laminar flow) and 

0.8 (for turbulent flow) [Mitchell and Braun, 1998]. The paper suggested a value of 0.76 for their 

evaporative condenser units [Kollasch, 1999]. 

 

Using N= 0.76 the condenser capacity is decreased as shown in the table on the next page: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference: 

Evaporative Condenser Control in Industrial 

Refrigeration Systems 
K.A Manske, D.T.Raindl and S.A.Klein 

Mechanical Engineering Department, University of 

Wisconsin - Madison 
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EXAMPLE 

HUME ROAD PLANT ROOM FREEZERS 1-10 

 

SYSTEM 
I.D. 

NUMBER 
MAKE MODEL 

SERIAL 
NO. 

FAN kW 
TOTAL 

FAN KW 
YEAR  

SITE  
ID 1103 

SYSTEM 1 
CTS 1951   

CT 1 
 

BAC 1574kW CXV-288 06 JO 513 
2 x 11kW  

4 pole 
22 2006 

CT 2 
BAC 

1620kW 
RCC 111110R 

VS DRIVE 
08J0328 

1 x 18.5kw     
4 pole 

18.5 2008 

 CT 5 
BAC 

1170 kW 

Series V 
Model 

VC1-N315 
960441 

1 x 22kW  
4 pole 

22 1996 

CT 11 
BAC 

1000kW 
CXV-253 01J0436 

1 x 18.5kW  
4 pole 

18.5 2001 

Total Fan Power 81kW  

 

Based on the fan laws formula for power v speed  

  

kW1/kW2= (N1/N2)³ 
 
Reducing the fan speed will reduce the fan motor power and condenser capacity by: 
 

Fan speed % Motor kW Cond.Capacity % 

100 81 100 

90 59 92.3 

80 41 85.0 

70 28 76.3 

 
If we average a conservative 20% reduction in fan speed averaged over a year (8760 hours) we can 
save at an average cost of 10.5 cents/kWh 
 
   8760 *(81-41)*0.105= $36,792 per annum 
 
Other benefits of using VFDs and reducing the average running speed are: 

 Reduced mechanical wear on condenser fans due to slower speeds 

 Elimination of starting torque by VFD slowly ramping speed 

 Much reduced wear on Vee belts and pulleys 

 Eliminating stopping and starting fan motors as discharge pressure changes 

 Constant discharge pressure as fans gradually speed up to maintain discharge pressure 
when refrigeration load increases and vice versa. 

 Reduced water treatment chemical use  
 

Other considerations that may affect the choice and operation of refrigeration condensers 
 

 Danger of Legionella Bacteria contamination 

 Location and available space for condensers 

 Load bearing capacity of mounting platform 

 Closed loop systems – shell & tube or plate heat-exchangers and cooling towers 

 Electricity costs 

 Availability of water 

 Air in the system 

 For most application refrigeration condensers should be oversized 
 


