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ABSTRACT 

In the control of the air-conditioning systems for mobile and fixed line telephone 
exchanges, given the cooling capacities involved, the priority is now focused on intelligent 
and integrated systems that can ensure perfect ambient temperature control and reduced 
electricity consumption of the air-conditioners. 

From this viewpoint, a complete system was developed for the control and monitoring of the 
direct expansion air-conditioners installed at a fixed line telephone exchange operated by 
Telecom Italia, for the purpose of achieving a reduction in power consumption and better 
control over the ambient temperature compared to traditional technology. 

To do this, the eight air-conditioners (total capacity 120 kW) were fitted with controllers 
operating in master-slave mode that through centralised intelligence ensure constant 
temperature control with the minimum number of compressors operating at any one time. 

Moreover, each air-conditioner was fitted with an electronic expansion valve managed by the 
control system that maximises the efficiency of the unit, especially during operation in winter. 

The performance of this system was monitored and compared against the existing control 
system based on a zone PLC and air-conditioners fitted with thermostatic expansion valves. 

The system was monitored over the period from January to July 2006, and based on the 
results a model was established for estimating the annual power consumption of the system in 
question. 
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1. INTRODUCTION 

Energy saving is now more and more important in all air conditioning applications where 
energy consumption is a large portion of the total running cost. 

A typical example is the air-conditioning of telephone exchanges, where both low energy 
consumption and precise temperature control are key issues to be achieved with the most 
efficient control system. 

For this reason, Carel and Telecom planned a joint to monitor the power consumption and 
cooling efficiency of a direct expansion air conditioning installation in a fixed line telephone 
exchange in the north of Italy, and to compare the existing traditional control system against a 
new complete and integrated solution. 

The installation consists of 8 air conditioners made by 2 different manufacturers, with a 
total cooling capacity of 120kW, reciprocating compressors and remote condenser with fan 
speed control (phase cutting). 

The air conditioners are configured to ensure a constant temperature of 29.5°C in the room 
with a constant load of 950A@53.3Volt (51kW) due to the telephone equipment, 43x36W 
(1.5kW) due to lighting system and variable load due to outside air infiltration and solar 
radiation. 

 

2. CONTROL SYSTEMS 

Before the beginning of the monitoring period, all the air conditioners were restored to the 
design working configuration by replacing the old thermostatic expansion valves with new 
ones and refilling the refrigerant to the nominal charge. 

 Carel integrated solution 

Carel has developed a complete and integrated control system based on a Master-Slave 
communication: the Master controller can share data with the other 7 Slave controllers and 
manage the activation of all the compressors and fans using an intelligent algorithm.. 

By using a PID control algorithm with a room temperature set point of 29.5°C, the Master 
controller measures the average room temperature and performs a real time calculation of the 
exact cooling capacity required. In this way, the number of fans and compressors operating is 
continuously adapted to the changes in load, avoiding periods with excessive cooling capacity 
(inefficient frequent on-off duty) or periods with insufficient cooling capacity.   

Each air conditioner is fitted with a electronic expansion valve installed together with the 
existing thermostatic mechanical valve in two parallel liquid lines that can be activated 
alternatively using solenoid valves. The valve driver is connected to the main controller to 
ensure the full integration of the system. 

 Existing controllers 

The installation is controlled by a PLC that can enable or disable each air conditioner 
following a concept based on activation bands referred to the room temperature. Each unit is 
permanently assigned to a precise band. 
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This means that some units are always on (first band), some are enabled in the first control 
band (28-29°C), others in the second control band (29-30.5°C) and the last is enabled in the 
event of a temperature alarm (>30.5°C). 

Overall, the PLC controller can not ensure  a constant room temperature, as it does not 
feature integral control and its logic is fixed and not adaptable to load changes. Consequently, 
there are some periods with a room temperature lower than  needed, with excessive cooling 
capacity and frequent on-off duty of the air conditioners (winter), and some periods where the 
room temperature is higher than the setpoint. 

During PLC control, all the air conditioners are forced to work with thermostatic expansion 
valves for complete comparison between the two solutions. 

 

3. ENERGY SAVING DUE TO THE INTEGRATED SOLUTION 

Advanced Master-Slave control ensures a stable room temperature around the required 
setpoint with the exact number of units running calculated by the master controller. This 
means that on-off cycles are limited and the air conditioners can work for longer periods with 
nominal COP.  

The PLC control system (or stand alone units in general) easily lets the units run with 
frequent on-off cycles, giving a lower average COP due to poor performance in the first few 
minutes after  the compressor starts. 

The integration with the electronic expansion driver can also lower the period required to 
reach the nominal duty of the unit, setting the exact valve position at unit start-up. 

A Master-Slave architecture is also more reliable thanks to the multi-master procedure that 
allows each unit to become a Master in the event of malfunctions. Furthermore, stress on 
mechanical components (mainly compressors) is reduced and unit rotation can equalise 
working duties. 

The use of the electronic expansion valve controlled by a sophisticated PID algorithm 
can increase the units’ COP by optimising the refrigerant flow in the evaporator (lower 
average superheat compared to a mechanical thermostatic valve). Thanks to the wide control 
range (10-100%), it also brings a reduction in energy consumption due to lower condensing 
temperature control when the outside temperature conditions are suitable.  

The compressor performance in terms of cooling efficiency and COP is in fact higher, with 
a lower pressure difference between the inlet (evaporating) and outlet (condensing). 

The superheat will be always controlled at the nominal setpoint both in summer, with a 
high condensing temperature (up to 21 bar), and in winter (down to 10 bar).    

Thermostatic valves normally force the unit controller to maintain the nominal conditions 
both in winter and summer, due to the limited working range and the poor adaptability of the 
mechanics. As a result, the condensing pressure will be controlled at a constant 17 bar 
setpoint irrespective of the outside temperature.  
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4. TEST CONDITIONS 

The purpose of the monitoring test is to compare the two different technologies, and was  
performed by automatically switching all the units from the system to PLC-TEV control 
every 24 hours. 

In this way, each technology statistically worked in every condition for the same amount of 
time. Cooling demand is represented by the constant contribution of the electronic equipment 
and the variable contribution of the outside weather conditions that affect room temperature 
and the air conditioner condensing pressure and COP.  

The test is based on the power consumption measurement using a power meter connected 
to the real time monitoring system. 

The installation was monitored from January to July 2006. 

The power consumption for the rest of the year was calculated using a model based on the 
outside temperature provided by the nearest weather station and on the measured data referred 
to the related working conditions. 

 

5. TEST RESULTS 

From the data gathered we first of all saw better room temperature control with the system 
(Figures 1 and 2), due to the PID algorithm that allows stable and precise control around the 
required 29.5°C. 

The simple PLC proportional band control brings both an uncertain average temperature in 
the room and often poor stability due to the continuous start-stop behaviour of the air 
conditioners, especially when room cooling demand is low. 

Secondly (Figure 3), we measured constant differences in superheat and generally air 
conditioner performance when using the electronic expansion valves: both unit stability and 
average cooling capacity were normally higher compared to the data measured using 
thermostatic valves in each period of the year. 

Figure 4 and 5 show both the recorded data (January to July) and the extrapolated data of 
energy consumption and energy saving achieved with this technology. 

  

6. DETAILS ON ENERGY SAVING ISSUES 

To separately evaluate the contribution associated with Master-Slave control and the user 
of the electronic expansion valve in the total energy saving, we considered that generally the 
better cooling efficiency of the air conditioning units is due to the use of electronic valves. 

We calculated the unit cooling efficiency by measuring the temperature difference between 
the evaporator air inlet and outlet with constant air flow.  

We considered 4 units (2 made by each manufacturer) and we measured the air 
temperature difference in the same outside and inside ambient conditions for both electronic 
and thermostatic mechanical expansion valves. The difference in shown in Table 1, for certain 
outside temperature conditions: as already explained, with lower outside temperature, the 
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contribution of the electronic expansion valve reaches its maximum value of energy saving, 
due to the reduced compressor operation. 

It can be observed that with the same condensing pressure, electronic expansion valves are 
still 3-4% more efficient due to better evaporator control (lower superheat and more stable 
evaporation) 

We assumed that this difference directly affects the power consumption of the system, 
considering that the room temperature is the same in both technologies, and better efficiency 
means lower consumption to reach the same temperature setpoint.  

The contribution of Master-Slave control relates to the difference from the total energy 
saving. 

Figure 6 shows the profile of energy savings as a percentage during the year for both 
contributions, compared against the traditional system.. 

 

7. CONCLUSIONS 

After six months of monitoring the installation, we estimated an average annual energy 
saving of 28%, with maximum values reached during winter (36%) and minimum values in 
summer (21%). 

The Master-Slave system gives an almost constant contribution (16%) by operating the air 
conditioners for longer periods at maximum efficiency and in more stable conditions. 

Electronic expansion valves further contribute to energy saving through precise superheat 
control and adaptability to lower condensing pressures during night and winter, with 
maximum values in winter (20%) and minimum in summer (4%). 

With a total cooling demand of 120kW and a total annual power consumption of 280,000 
kWh with traditional technology, we found a total energy saving of 75,000 kWh per year, 
equal to a saving in running costs of � 7,000 (at an energy cost of 0.09 � /kWh ) and a 
consequent reduction in CO2 emissions of 38,000 kg per year. 

Final considerations: 

 

Integrated Master-Slave controllers (pCO3 series) can improve: 

·  Room temperature stability and control  

·  Air conditioner reliability by unit rotation, multi-master management and lower 
start-stop stress 

·  Energy saving of up to 16% constantly throughout the year 

Electronic expansion valves (E2V series) and drivers (EVD series) can improve: 

·  Air conditioner cooling capacity, COP, stability and reliability in general. 

·  Adaptability of the system to load changes both due to outside or inside conditions 

·  Energy saving from 4% (summer) to 20% (winter). 
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Fig. 1 – Comparison between room temperature management with both technologies. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2 – Room temperature stability with Carel integrated control system (1 month). 

 

PLC+TEV  pCO + E2V 

Room temperature 

Compressor and fan duty 

 

Room temperature 

Compressor and fan duty 



Intelligent control system with integrated electronic expansion valves in an air-conditioning system operating at a Telecom telephone exchange 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 – Air conditioner superheat control with both technologies. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 – Average annual power consumption profile with both technologies. 
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Fig. 5 – Power consumption for annual temperature profile with both technologies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 – Carel system energy saving profile compared to the traditional system. 
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Tab. 1 – Increased cooling efficiency due to electronic expansion valves (EEV) against thermostatic 
expansion valves (TEV). 

 

 

Outside 
ambient 

temperature

TEV working 
condensing 

pressure

EEV working 
condensing 

pressure

EEV cooling 
capacity 

increment

5 17 11 17.5%

11 17 13 13.5%

22 17 17 4.0%

26 19 19 3.5%

31 21 21 3.4%


