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Abstract 
Nowadays, data processing and storage are fundamental 
assets. Data centres are wide spreading all over the world 
and their reliability is a very important issue. They are 
characterized by a considerable consumption of 
electricity, some of which is dedicated to the cooling 
system, that maintains the control of temperature and 
humidity in the space that hosts the Information and 
Technology equipment. In this work, an innovative and 
energy-saving cooling system is presented and analysed 
by numerical simulation. This configuration introduces a 
commercial Indirect Evaporative Cooling device, able to 
produce cold air using water instead of electricity. 
Performance of this innovative solution is compared with 
a traditional one. Simulation results, based on a case study 
located in Florence, show that an energy-saving between 
20 % and 30 % can be reached. This configuration can be 
also a suitable solution to improve existing data centre 
cooling systems. 

Key Innovations 
 Use of indirect evaporative cooling technologies 

in combination with standard solutions (DX 
cooling coils) to efficiently cool data centres. 

Practical Implications 
The strategies suggested in this work can maintain tight 
control of thermo-hygrometric parameters in a data centre 
and the meantime can lead to high energy efficiency 
(energy savings and environmental benefits). 

Introduction 
Nowadays, data processing and storage are fundamental 
assets with high economic, cultural and social relevancies 
and have a strong influence on the normal daily lives of 
the people in the most part of the world. Starting from the 
2000s, demand for data processing and storage has 
dramatically grown and consequently a great number of 
data centres has been realized. Data centres are spaces in 
which Information and Communication Technology (ICT 
or IT) devices are located. Generally, there are one or 
more server rooms: servers are a sort of computer able to 
process data. Managing an incredible quantity of data has 
led to the rising of electricity consumption by data 
centres. In particular, between 2000 and 2005, energy 
consumption doubled and has increased by 56 % between 
2005 and 2010 (Capezzoli, 2015). In the last years, thanks 
to an improvement in the efficiency of electronic 
components of servers, energy consumption increasing 

has been more contained. It's possible to state that data 
centres contribute at least at 1% of world electric 
consumption (Ebrahimi, 2013; Capezzoli, 2015), but this 
value should reach the 3% according to other studies (i.e. 
Danfoss, 2017), or it’s higher if we consider specific 
countries, as the 2% of United States of America 
(Ebrahimi, 2013). In data centres, in addition to the 
energy spent on IT devices operations, a relevant role in 
energy consumption is represented by cooling systems. A 
data centre indeed needs systems able to manage the 
thermal load generated by electronic equipment 
(refrigeration function) and control the humidity of the 
rooms in which equipment are located 
(humidification/dehumidification function). If the cooling 
plant isn't properly designed (according to specific good 
practices) it can cover between 30 % and 50 % of 
electricity consumption (Dai, 2014). It’s then crucial to 
design systems that ensure cooling power and humidity 
control with the highest energy saving. If a high-
efficiency system is used, the data centre will be 
characterized by a low value of the index known as Power 
Usage Effectiveness (PUE), defined as the ratio between 
electricity consumed by the data centre (intended as the 
physical structure) and the electricity consumed by the IT 
equipment. A low value of this index (the minimum is 1) 
corresponds to a rational use of the electricity (because it's 
dedicated to the most important target, the energy supply 
to the servers, and not to other utilizations as the cooling 
system). 

 
Figure 1. Repartition of electricity in a data centre with 

a PUE of 1.80 (Dai, 2014). 

Cooling of data centre could be obtained with "liquid 
systems" and "air systems". The latter is the most adopted 
option: an airflow is sent to the room hosting IT 
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equipment; it enters cold, is heated by the electronic 
devices and extracted from the room. Airflow thermo-
hygrometric parameters must be kept in ranges that 
maintain the operability of IT equipment. The actual most 
popular reference is the technical standard of 2015 of 
American Society of Heating, Refrigerating and Air- 
Conditioning Engineers (ASHRAE, 2015), that rules 
ranges for temperature, humidity (dew point or relative 
humidity) and hourly change of temperature. ASHRAE 
defines six categories for data centres (from A1 to A4, B, 
C): A1 is the most stringent. About the temperature, if 
electronic components are exposed to high temperature, 
or to high-temperature oscillations, they can encounter 
serious malfunctions. Generally, it’s suggested to 
maintain servers at a temperature lower than 45 °C, that is 
considered the upper operative limit of their physical 
memories. Humidity also needs to be controlled: if it’s too 
high electrostatic discharges can originate, if it's too low 
anodic conductivity faults can happen. In both cases, the 
functionality of IT equipment may be compromised 
(ASHRAE, 2009). A cooling air system is composed of 
three fundamental parts: equipment for cooling power 
production, terminal distribution of treated air, an heat 
rejection device that transfers the heat to the outdoor 
environment. Moreover, there could be humidification 
equipment. The two main options to produce cooling 
power are Computer Room Air Conditioner (CRAC) and 
Computer Room Air Handler (CRAH). CRACs are 
composed by direct expansion (DX) coils, while CRAHs 
are composed by water-chilled coils. Generally, CRACs 
are used for data centres with a thermal load up to 200 
kW, CRAHs beyond 200 kW (Capezzoli, 2015). These 
two kinds of coils can also provide air dehumidification. 
Humidification, instead, can be obtained with two 
methods: adiabatic humidification and isothermal 
humidification. Adiabatic humidification leads to a 
decrease in temperature and its control is generally rough, 
while the isothermal one allows a fine control. Air 
systems for A1 data centres are the object of this study. 
Some best practices, as dedicated air distribution systems 
and free cooling, can be by now considered consolidated 
strategies to obtain an energy-saving in data centres 
cooling equipment. Correctly manage the air flows in the 
server room through a well-designed air distribution 
system (ADS) is very important. Traditional ADSs cause 
mixing between the cold supply air and the hot air 
released by servers, consequently a low supply 
temperature is required to reach the right temperature at 
the inlet of servers. If ADSs are dedicated to servers, and 
the traditional air mixing is avoided (using also physical 
barriers in the server room), it is possible to work with 
higher supply temperature (as long as they respect 
ASHRAE prescriptions), so a less quantity of energy is 
required to cool supply air. Dunlap (2012) estimates that 
for equal rack power (rack is the closet in which servers 
are arranged) a dedicated distribution system can ensure 
an energy saving of 50%. A good practice is to arrange 
racks in the server rooms with the configuration known as 
"hot aisle-cold aisle", to keep separate supply and 
exhausted air. Another energy-saving strategy, nowadays 

widespread in cooling air systems, is the free cooling: 
outdoor air, when suitable thermo-hygrometric conditions 
are met, is directly used to ensure a free form of cooling 
power. The exploitation of free cooling is directly linked 
to climatic conditions and data centre control set point. 
The greater is the number of hours in the year for which 
outdoor air has these favourable conditions, the greater is 
the energy savings that could be achieved since is possible 
to switch off the equipment that produces cooling power 
(i.e. chillers or direct expansion coils) and directly use 
outdoor air. We underline that, talking about the 
suitability of local climate conditions to make free 
cooling, is necessary to consider both the temperature and 
the humidity. If the humidity is too low humidification is 
required, in contrast dehumidification must be applied if 
the humidity is too high. Since dehumidification is 
generally obtained with the same coil that transfers the 
cooling power to the supply air, cooling equipment 
probably has to be switched on even if the temperature of 
the air is correct, going towards the problem of over-
cooling of the air stream. There are many examples of 
direct air-side free cooling utilization in data centres: in 
the data centre of Laboratory of Subatomic Physic and 
Cosmology in Grenoble for the 85% of time free cooling 
is utilized (Prime Energy, 2012), it was estimated that 
Australian data centres have the potential of outside air 
cooling of 5 550 hours per year and in a standard data 
centre in Guangzhou free cooling has led to 50% of 
energy-saving (Zhang, 2014). In this study, a comparison 
between a traditional energy-saving configuration and an 
innovative one is presented. Those two configurations 
could be generally applied to data centres of different 
dimensions and thermal load and, in this work, they have 
been thought for a university server room. Both of them 
implement the two best practices introduced and control 
the humidification with an isothermal humidifier. The 
first system, called "standard system" is based on 
traditional cooling technologies (direct expansion coils). 
The second one, called "alternative system", is based on 
an alternative cooling technology, known as Indirect 
Evaporative Cooling (IEC). An IEC device (IE cooler) is 
a mass and heat exchanger where there are two air 
streams: the primary air stream (supply air) is cooled at 
constant specific humidity in the dry channels (heat 
transfer), the secondary air stream is first cooled (and 
humidified, mass transfer) by the evaporation of water in 
the wet channels and it can cool the primary stream 
through the exchange surface of channels. Keeping the 
separation between wet and dry channels, there is not an 
increase in water content in the supply air. In particular, 
the exchanger considered in this work is the Climate 
Wizard, by Seeley International. As we’ll explain better 
below, in Climate Wizard the primary air and the 
secondary one enter in the same section of the exchanger 
(dry channel): at the exit of the dry channels, a part of 
supply air is driven back through the wet channels. This 
configuration can obtain very low temperatures for the 
supply air. The manufacturer suggests combining this IEC 
device with a traditional Air Handler Unit (AHU) in a so-
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called "Supplementary cooling" scheme, where the 
Climate Wizard covers a part of the cooling load. 

 
Figure 2. Supplementary cooling scheme (Seeley 

International, 2020). 

Case study 
Cooling systems studied in this work are designed under 
the perspective to be applied in a university data centre 
located in Florence (in the building that hosts the School 
of Engineering). Two cooling systems, named “standard” 
and “alternative” have been studied and compared. Both 
plants ensure that the supply airflow (point 5 of Figure 3 
and Figure 4) be compliant with the indications of 
ASHRAE for data centres of category A1. ASHRAE 
distinguishes between "recommended" and "allowable" 
parameters. Recommended thermo-hygrometric 
conditions can be summarized as follows: 

Table 1. ASHRAE thermo-hygrometric conditions for 
data centres category A1 (ASHRAE, 2015). 

Parameter  Min Max 
Temperature (°C) 18.0 27.0 
Dew Point (°C) -9.0 15.0 

Specific humidity (g/kg) 2.0 11.0 
Relative humidity (%) 15.0 60.0 

Temperature hour change (°C/h) / 5.0 
 

It’s also suggested to maintain a relative humidity 
variation lower than 5 % per hour (ASHRAE, 2009). In 
this case study, we have decided to work with slightly 
tighter ranges for supply air: temperature between 20.0 
and 25.0 °C, to respect the prescription on temperature 
variation, and a minimum value of humidity equal to 3.0 
g/kg, to avoid accentuated oscillations of humidity. 
Simulations are lead for all the 8 760 hours of the year. 
For each hour the thermo-hygrometric parameters at each 
section of the cooling systems and the consumptions have 
been calculated. Software used to study the two schemes 
are Energy Plus and Matlab. With Energy Plus DX coils 
and isothermal humidifier has been modelled. The IEC 
device has been analysed with Matlab (version R2019b), 
where performance curves and technical data provided by 
the manufacturer have been imported. At this point, it has 
been possible to solve the two configurations. 

Cooling schemes and components modelling 

Figure 3 is a representation of the standard scheme.  

 
Figure 3. Representation of the standard scheme. 

The mixing system M1 manages the entering of 
recirculation (2) and outdoor (1) air when free cooling is 
possible. If necessary, the air exiting the mixer is just 
cooled or cooled and dehumidified by the DX coils group. 
DX coils are studied considering (Energy Plus, 2020): 

 A modulating functioning with simulation model 
based on cooling capacity and energy consumption at 
non-rated-conditions and at partial load; 

 The model based on Sensible Heating Ratio (SHR) 
and Apparatus Dew Point/Bypass Factor approach 
(ADP/BF) to determine the repartition of sensible and 
latent heat of the coils. 

Performance and consumption of DX coils at non-rated 
conditions and at partial load are simulated through 
operation curves as functions of inlet air wet-bulb 
temperature and condenser air temperature (Energy Plus, 
2020). SHR is the ratio between sensible heat and total 
heat removed by the coil from the air, ADP is the 
calculated coils surface temperature (depending on 
refrigerant temperature levels), BF is the ratio between the 
airflow that enters in contact with the coils and the part 
that bypasses it. If the ADP temperature is lower than dew 
point temperature of inlet air, the DX coils provide also 
the dehumidification (wet-mode), otherwise it makes a 
sensible cooling (dry-mode). The isothermal humidifier is 
activated if the humidity is too low.  The air in (5) is at the 
correct thermo-hygrometric conditions and could be sent 
to the server room, where is sensibly heated by the heat 
generated by servers (6). The heated air could be 
recirculated or expelled outdoor. Figure 4 is a 
representation of the alternative scheme.  

 
Figure 4. Representation of the alternative scheme. 
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This scheme is organised in two lines: the standard line 
with the DX coils group and the IEC line with the indirect 
evaporative cooler. The IEC device selected for this case 
study is a specific commercial model known as Climate 
Wizard, produced by Seeley International (Figure 5). It 
includes a patented heat exchange core (Figure 6) in 
which the primary and secondary air have not different 
sources, but they enter the exchanger simultaneously as a 
single flow (1).  

 
Figure 5. Representation of the studied indirect 
evaporative cooler (Seeley International, 2020). 

 
Figure 6. Representation of heat exchanger and 

psychrometric transformation made by Climate Wizard 
(Seeley International, 2020). 

Hot air enters the cooler via the inlet, after which a 
powerful, energy-efficient, electric fan moves the air 
towards and through the core. The core is an air-to-air heat 
exchanger consisting of alternating dry and wet channels. 
All of the air passes along the dry channels (1) and gains 
no additional moisture. As the air exits the dry channels 
(2), a portion of the conditioned air (45%) is returned 
through the wet channels. Through evaporation and 
conduction, it gains both humidity and heat. The wet 
channels are continuously soaked with water, and this 
moist, warm air is then exhausted to the outside of the unit 
(3). Heat – but not humidity – is transferred across the 
membranes between the dry and wet channels. The heat 
passes out of the air in the dry channels through the 
membrane and into the air passing through the wet 
channels. In this way, the air in the dry channels becomes 
progressively colder. Higher performances (lower 
temperatures of the supply air and lower water 
consumptions) are obtained when the ingoing air is hot 
and dry. With Climate Wizard is possible to cool the 
entering air below the entering wet-bulb temperature 
(sub-wet bulb temperature process), that is the limit of the 

traditional direct evaporative cooling systems.Talking 
about consumptions of the IEC device, they are related to 
electric power for the air fan and to the water circulation 
pump but also a water consumption needs to be 
considered. Electric power is very low and can be 
assumed constant, equal to 1.8 kW at on-design mode, 
neglecting its reduction at non-rated entering air 
conditions and partial airflow rates. Water consumption 
depends on temperature and specific humidity of entering 
air and will be hourly calculated by the simulation. 
Moreover, for both schemes: 

 Mixing systems (in the practice, adjustable dampers) 
are modelled in according to conservation of mass and 
first thermodynamic law, without heat and work 
transfer towards and from the outside;           

 Isothermal humidifier raises the humidity of the air to 
a set value without a temperature change: it's clear that 
if the set value is beyond the saturation point at 
constant temperature, the maximum humidity 
obtainable is the saturation one; 

 The distribution of supply air, in both schemes, occurs 
through Constant Air Volume (CAV) devices; a 
dedicated air distribution system is considered, then 
hot air is recovered at servers exit and sent to the air 
treatment. 

In both schemes, operations of each device are ruled by 
the thermo-hygrometric conditions of outdoor air and 
recirculation one. Hourly climatic data for Florence have 
been used (Alabisio, 1985). The local climate seems very 
suitable to apply air side direct free cooling, indeed we 
can state (taking in account the limits set by ASHRAE) 
that for 6 751 hours/year outdoor air has a temperature 
and a specific humidity under the upper limits for the 
supply air, so it can be used as cooling medium. So, both 
the systems studied are designed to implement air side 
direct free cooling. The general settings of the schemes 
are therefore carried out as follows: 

 When outdoor air temperature is lower than 25.0 °C 
and specific humidity lower than 11.0 g/kg (mode 1) 
the cooling equipment (DX coils group in the standard 
scheme, DX coils group and IEC device in the 
alternative scheme) are shut off and direct air free 
cooling is applied; outdoor air, if it’s too cold, is mixed 
with recirculation one; 

 When outdoor air temperature is between 25.0 °C and 
33.0 °C and specific humidity lower than 11.0 g/kg 
(mode 2), the airflow entirely consists of outdoor air; 
in the standard scheme DX coils are activated; in the 
alternative scheme airflow is split in the two lines, IEC 
device is activated and DX coils take action when 
further cooling power is required; 

 When the outdoor air temperature is higher than 
33.0°C or specific humidity higher than 11.0 g/kg 
(mode 3), in the standard scheme the airflow entirely 
consists of recirculation air and it’s treated by the DX 
coils; in the alternative scheme the IEC line works 
with recirculation air and the DX line integrates the 
additional airflow required by Climate Wizard with 
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outdoor air; also in this case, DX coils are switched on 
to integrate the cooling power request. 

In all three cases, the isothermal humidifier is activated 
when humidity is lower than 3.0 g/kg. 
Selection of simulation scenarios 

Five scenarios have been investigated: they differ for the 
electric load installed into the server room. In each 
scenario, a power density P.D.is defined as: 

 P.D.=P/A (1) 

where P is the electric power installed (W) of IT devices 
and A is the floor area of the room (m2) that hosts these 
devices. P is calculated by taking in account different 
types and number of servers, that have different electric 
consumption. The floor area in our case study is equal to 
22.6 m2. When P.D. is set, the thermal load is: 

 Q=P.D.*A (2) 

 

Table 2. Scenarios investigated in the work. 

Scenario 
Power Density 

(W/m2) 
Thermal Load 

(kW) 
1 1 230.0 27.8 
2 2 160.0 48.8 
3 3 080.0 69.5 
4 4 000.0 90.2 
5 5 000.0 112.8 

 

 

Hypothesis common to the schemes  

The most important hypothesis for the study of the 
cooling systems are: 

 Thermal load is only in the form of sensible heat (in 
the server room there aren't sources of latent heat, so 
the supply air is here heated at constant specific 
humidity); 

 Sensible thermal load originated by servers is equal to 
their electric power, according to many indications 
found in the literature (i.e. Capezzoli, 2015); 

 The air distribution system prevent the mixing of cold 
and hot air, so the thermo-hygrometric conditions of 
the supply air correspond to the air conditions at 
servers cooling section inlet; 

 Recirculation air has the same thermo-hygrometric 
conditions of the air at servers exit.  

In our scheme, the electric consumption of IT equipment 
is constant likewise the thermal load. So, it’s possible to 
calculate, for each scenario, the necessary airflow m as: 

m=Q/(cp*ΔT)   (3) 

where Q is the thermal load, cp is the specific heat at 
constant pressure of air (1.0 kJ/kg) and ΔT is the 
temperature difference between supply air and air 
extracted from the server room. This temperature 
difference has been set at 13.0 °C as the on-design mode. 
This value lets to remain under the maximum temperature 
at which the servers can operate (45.0 °C, as suggested by 
Ebrahimi, 2013), indeed the temperature of air extracted 
from the servers does not exceed 38° C in our simulations. 

 

Table 3. Airflow needed for each scenario. 

Scenario Airflow (kg/s) 
1 2.0 
2 3.7 
3 5.4 
4 7.0 
5 8.9 

 

In the alternative scheme, the repartition of airflow 
between the two lines is the following: 

Table 4. Repartition of air flows: alternative scheme. 

Scenario m stand. (kg/s) m IEC (kg/s) 
1 1.0 1.0 
2 2.7 1.0 
3 4.1 1.3 
4 5.7 1.3 
5 7.6 1.3 

 

Main results 
In this section, we present the main results obtained by the 
two cooling schemes for the different five scenarios. The 
results are presented in terms of thermo-hygrometric 
conditions of the supply air and comparing electric energy 
consumption for cooling. DX cooling energy 
consumptions are only considered, neglecting those of 
other equipment (isothermal humidifier, air movement 
fans) that are quite the same in both the schemes and so 
do not affect the comparison. The IEC device has an 
electric consumption related to its air fan and water pump: 
this consumption is near 3.6 MWh for each scenario, 
mainly for the air fan. This consumption is quite 
completely compensated by the reduction of that of the 
DX line fan that reduces its airflow rate. The total airflow 
rates are quite the same for the two schemes, then the air 
fans electric consumptions are not considered. In addition, 
we also consider the water consumption of the indirect 
evaporative cooler (as the water effectively evaporated in 
wet channels needed to obtain the requested air cooling in 
dry channels). In the standard scheme, concerning the 
thermo-hygrometric parameters, all the ASHRAE 
indications are completely respected, eventually 
considering the “allowable” ranges (Table 5, referred to 
scenario 4, but similar results have been obtained for other 
scenarios). We can note that the maximum hourly 
variation of relative humidity is higher than the 5 % 
suggested by ASHRAE, 2009. This oscillation is probably 
related to the large use of free cooling (so to the possibility 
to have quite high hourly variations of relative humidity 
in the outdoor air) and to the fact that DX coils, in our 
simulation model, are activated by a control on 
temperature and not on humidity (activation is ruled by 
refrigeration and not by dehumidification). We decide to 
accept these variations due to the following reasons: 

 The average hourly change of relative humidity during 
the year is 1.2%; 

 There are few hours in the year in which the average 
hourly change is higher than 5 %; 

 Humidity (as dew-point temperature or specific 
humidity) is always in the right range. 
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Table 5. Standard scheme, scenario 4: thermo-
hygrometric parameters of supply air. 

Parameter Min Max 
Temperature (°C) 20.0 25.0 

Temperature hour change 
(°C/h) 

/ 4.6 

Dew point temperature (°C) -2.8 15.6 
Specific humidity (g/kg) 3.0 11.0 
Relative humidity (%) 17.9 75.0 
Relative humidity hour 

variation (%/h) 
/ 21.0 

 

Data in Table 6 (scenario 4) indicate that, in the 
alternative scheme, the thermo-hygrometric parameters 
are in the correct range. 

Table 6. Alternative scheme, scenario 4: thermo-
hygrometric parameters of supply air. 

Thermo-hygrometric 
parameter 

Min Max 

Temperature (°C) 19.4 25.0 
Temperature hour change 

(°C/h) 
/ 5.3 

Dew point temperature (°C) -2.8 16.0 
Specific humidity (g/kg) 3.0 11.3 
Relative humidity (%) 17.9 78.2 
Relative humidity hour 

change (%/h) 
/ 26.3 

 

Similar considerations could be done for the hourly 
variation of relative humidity. If we consider the scenarios 
2 and 3 there are some hours (less than 10) in the year with 
a quite high relative humidity (over 80%, the limit for 
ASHRAE category A1-allowable range) but this should 
not be a problem for the reliability of the servers, because 
specific humidity is always in the correct range. In 
scenario 1 relative humidity is higher than 80 % for many 
hours (220, with a maximum value at 87.4%): the 
utilization of the alternative scheme for this scenario 
(generally speaking, for scenarios with a low value of 
thermal load) should be subordinated to a finer humidity 
control ability. For example, during the hours with high 
specific humidity (both for the outside air and the 
recirculation one), IEC device could be used at not full-
load condition, with a more consistent part of airflow 
treated in the standard line. For the alternative scheme, the 
thermo-hygrometric parameters of supply air are shown 
in Figure 7 (temperature) and Figure 8 (specific 
humidity), in a typical summer day with night free cooling 
and a daily cooling mode with the activation of IE cooler 
and DX coil. In these figures the thermo-hygrometric 
parameters of outdoor air and recirculation one are also 
presented. Operative modes are indicated, (mode 1: use of 
external air only, mode 3: use of recirculation air and 
integration with outdoor in the standard line). In Figure 8 
supply and recirculation specific humidity is the same 
because the heat in the server room is only sensible. We 
can observe the respect of ASHRAE prescription in 
absolute and hourly fluctuations terms, showing a tight 
control of the cooling system.  

 
Figure 7. Alternative scheme: temperature during the 

representative summer day. 

 
Figure 8. Alternative scheme: specific humidity during 

the representative summer day. 

Figure 9 presents the hourly cooling powers and thermal 
loads during the same summer day that in Figure 7 and 
8.It is interesting to note the repartition of cooling power 
between the two lines. 

 

 
Figure 9. Alternative scheme: repartition of cooling 

power during the representative summer day 

In the early hours of the morning, all the cooling function 
is performed by free cooling. For the other hours, the 
cooling load of IE device is quite constant. The maximum 
contribution of DX group is in the first hours of the 
afternoon when the system works mostly with 
recirculation air: in these hours the DX coils group must 
integrate the airflow with external hot air (since IEC 
device uses part of the incoming recirculation air to 
supply the wet channels and this flow rate will be 
discharged outside) and it provides a cooling power 
higher than would be required to cool only the 
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recirculation air, so higher to the thermal load of the 
server room. Concerning the yearly electric 
consumptions, a comparison of the traditional scheme and 
the alternative one is presented in Table 7. 

Table 7. Annual electric consumption: standard and 
alternative schemes. 

Scenario 
Standard 

DX (MWh) 
Alternative 
DX (MWh) 

1 8.9 3.1 
2 15.4 8.7 
3 21.6 13.0 
4 28.3 19.1 
5 34.6 25.2 

 

It's useful to discuss the electric consumption of the 
alternative scheme by noting that the percentage reduction 
in the utilization of electric energy is higher than the 
percentage of airflow treated by IEC device respect to the 
DX coils group, as Table 8 shows. 

Table 8. Percentage of airflow treated by the cooling 
lines (IEC/DX) and energy-saving: alternative scheme. 

Scenario IEC/DX (%) 
Electricity 
saving (%) 

1 50.0 65.2 
2 27.0 43.5 
3 24.0 39.8 
4 18.6 32.5 
5 14.6 27.2 

 

When IEC line is switched on, the Climate Wizard can 
ensure, in many cases, an exiting temperature very low, 
far below the minimum temperature acceptable for the 
supply air. So, the DX group, with its modulating 
functioning, has to ensure a reduced cooling load (in some 
situations, it can be completely switched off). In this way, 
downstream of the mixing system M3, the right 
temperature conditions can be obtained, using principally 
the IEC line (mainly water consumption) despite the DX 
group line (electric consumption). This fact is explained 
in Figure 10 and 11, referred to some hours of a day in 
which this behaviour is particularly accentuated: Figure 
10 shows the temperature of the air at server room supply 
and at the outlet of standard and IEC lines; Figure 11, for 
the same hours, presents the cooling power performed by 
the two equipment. 

 
Figure 10. Alternative scheme: temperatures of air at 
server room supply, outlet of standard and IEC lines, 

when Climate Wizard “over-cools” the airflow. 

 
Figure 11. Alternative scheme: cooling powers when 

Climate Wizard “over-cools” the airflow. 
 

Finally, about the water consumption needed for the wet 
channels of  IEC device we have: 

Table 9. Annual water consumption: alternative scheme. 

Scenario Total (m3) 
1 69.4 
2 77.2 
3 76.2 
4 79.6 
5 79.6 

 

It is possible to observe that water consumption is very 
similar for all of the scenarios because the same Climate 
Wizard size is used and switched on for the quite same 
number of hours.  

Conclusions 
Data centres are structures that require particular thermo-
hygrometric conditions that let to IT equipment to works 
properly. In this study, we analyze by a numerical 
simulation the performance of two solutions to cool data 
centres. We have considered the cooling systems known 
as "air systems", in which an airflow with correct 
conditions of temperature and humidity is sent to the 
server rooms of the data centre. The case study taken as 
the reference is a hypothetic university data centre in 
Florence-Italy. We have then compared two cooling 
schemes: the first is based on traditional cooling solutions 
(direct expansion coils), the second consists on adding an 
indirect evaporative cooler that works together (priority) 
with the DX coils. The IEC device is a commercial model 
provided by Seeley International, that is a partner in this 
study. In the two schemes, the air distribution system is 
thought to prevent the mixing between cold supply air and 
hot air exiting the IT equipment. In this way is possible to 
maintain higher supply temperature, so to save energy to 
cool airflow. Both implement free cooling: locale climate 
conditions are favourable to exploit outdoor air as the 
cooling medium. During the hours in the year in which 
outdoor temperature and humidity are in correct ranges, 
it's possible to switch off the cooling power production 
systems using direct external air cooling. Climate Wizard 
is performing thanks to the managing of inlet air (mixing 
system M2 in Figure 4). The choice of air source (outdoor 
or recirculation) based on specific humidity leads to 
having a quite dry entering air when IEC device activation 
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is required, so it can work to the best of its ability. This is 
possible thanks to the utilization of recirculation air in 
summer hot days, in which the outdoor specific humidity 
would be too high (while the recirculation one does not 
exceed the ASHRAE limit of 11.0 g/kg). As we have 
mentioned above, some problems in the control of 
thermo-hygrometric parameters have been reported for 
the simulation of scenario 1. In this case, when the thermal 
load is quite low and therefore the total airflow rate is 
limited, a high percentage of airflow is treated in the IEC 
line (the size of the IEC device is oversized for this 
scenario). Since the IE cooler doesn’t provide 
dehumidification, as a result of the mixing of the IEC line 
airflow with standard line one, the specific humidity is 
higher than ASHRAE prescriptions (even when the DX 
coils group is activated providing dehumidification). This 
happens mostly in scenario 1 (thermal load 27.8 kW, total 
airflow rate 2.0 kg/s, 50/50 airflow repartition in IEC/DX 
lines), but is not remarkable in scenarios with a higher 
thermal load. It is possible to state that the convenience in 
the utilization of an indirect evaporative cooling 
equipment is significant if it is used alongside a traditional 
cooling technology. The reduction in electricity 
consumption depends on the simulation scenario, but in 
our case study is, at least, 27.2 % (scenario 5). For 
scenario 4, that could be considered a reference case for 
the data centre object of the study, the reduction is 32.5%. 
The proposed alternative scheme is easily applicable to 
new data centres as well as on upgrading of cooling 
systems, based on air systems, of existing data centres. 
Energy saving is obtainable without an alteration of the 
global performances of the scheme in terms of thermo-
hygrometric parameters of the supply air and so without 
impacts on IT equipment operations. The water 
consumption necessary for IE cooler is not so high and is 
compatible with a cheap utilization of a local resource. 
Moreover, water doesn’t need additional treatments 
respect to the mains water and groundwater could be 
suitable. Less utilization of electric energy involves an 
improvement in the environmental performance of the 
cooling system. Less electric energy means a reduction in 
resources consumption and a less quantity of CO2 
emissions, two targets that are not more postponable in 
the environmental challenge in which nowadays we are 
involved. In this sense, the utilization of indirect 
evaporative cooling technologies should be a very 
interesting solution, towards "eco-friendly" data centres, 
improving their environmental footprint.  
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