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Overview: 

Data centers consume high amounts of energy.  In fact, second to information and communication technology (ICT) 
equipment, the mechanical cooling system is the highest energy consumer in a data center. Any reduction in the 
mechanical system loads will have a significant impact on the energy usage of the entire data center.  

Many climates around the globe can reduce energy and costs by taking advantage of outside environmental conditions 
to cool down ICT equipment using outdoor air, a process known as “free cooling.” However, this is not typically the 
case in the harsh Middle East environment, where high winds, extreme temperatures, humidity and dust storms have 
made taking advantage of free cooling almost impossible.  

But with careful design and considerations, data center free cooling in GCC countries is achievable using a 
technology known as indirect evaporative cooling (IDEC). 

Case Study: 

This case study compares and analyzes the operational cost impacts of IDEC on a 1MW data center in the major cities 
of the GCC using a traditional air cooled chilled water system.  

Below are the following assumptions and calculation parameters: 

General: 

 Fully loaded at static condition. 
 Data center cabinets are in hot and cold aisle configuration with containment system. 
 White Space Supply/Return Air Temp; 77°F [25°C]/100°F [38°C]. 
 Power and Water Tariffs are based on the local utility slabs. 

Dubai:   DEWA 
Abu Dhabi: ADDC 
Qatar:  KAHRAMAA,  
Oman:  MEDC & PAEW,  
KSA:  SEC & NWC,  
Bahrain: EWA 
Kuwait:  MEW 

 Weather bin data based on IWEC 2. 
 White space is pressurized by a DOAS. 
 The analysis focuses on white space only. 
 Redundant equipment was excluded in the calculations. 

 

Indirect Evaporative Cooler: 

 5 Nos. of 200kW IDEC with 34 Ton Integral Dx system.  
 Each IDEC has 8 Nos of primary and secondary fans and 1 No. of the water pump. 
 Power Consumptions 

o Fan power consumption, 13.2 kW. 
o Water pump power consumption, 6 kW. 
o Dx system power consumption, 18 kW. 

 IDEC Operation Modes 
o Dry operation ambient/outside air DBT @ < 48°F [9°C]. 
o Wet operation ambient/outside air DBT @ > 48°F [9°C] and WBT < 61°F [16°C]. 
o Partial free cooling ambient/outside air WBT @ > 61°F [16°C]. 
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 Wet bulb depression efficiency =60%. 
 Air to air heat exchange efficiency = 45%. 
 IDEC primary and secondary fans speed are constant.  

 
Chilled Water System: 
 1 No. of 287 tons’ air cooled chiller 
 1 No. of chilled water pump 
 5 Nos. of 60 Tons CRAH units 
 Power consumptions 

o Air cooled chiller power consumption, 407 kW. 
o Chilled water pump power consumption, 18 kW. 
o CRAH unit power consumptions, 13.2 kW. 

 

Figure 1 shows a graphical representation of the available free cooling hours of each operational modes of the IDEC 
per GCC city. The majority of the cities weather conditions cannot benefit from IDEC dry operation mode free cooling 
(green bar), except Riyadh and Kuwait. Given the wet bulb temperature conditions of Riyadh and Kuwait City, its wet 
operation free cooling hours (blue bar) are far greater than other cities being analyzed.  
 
Although Figure 1 displays that majority of the cities studied have a very limited full free cooling hours (Dry and Wet 
Operations), data centers in these cities could still take advantage of the partial free cooling.  

 

Figure 1: Available Cooling Hours: 

Figure 2 represents the operational utility cost impacts of the IDEC. The yellow bar denotes estimated electricity 
cost savings, the red bar represents the cost of water to operate the IDEC at the given operational conditions, and 
the green line represents the total operational utility savings of the data center using the IDEC. 
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Dhahran UAE, Dubai UAE, Abu

Dhabi Qatar, Doha Bahrain Oman,
Muscat

Dry Operation 379 273 80 0 2 3 0 0

Wet Operation 3771 6913 2682 1631 1784 1927 1946 1018

Partial Free Cooling (Wet + Mechanical Operations) 4610 1574 5998 7129 6974 6830 6814 7742
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The results in Figure 2 revealed that Riyadh, Kuwait, and Dhahran can shave off the most operational utility cost, up 
to 50%, 42%, and 41% respectively. While the rest of the locations being analyzed could reduce operational utility 
cost within the range of 25% - 37% as shown in the figure. 

As mentioned in figure 1, although some places in the region have only demonstrated the minimal availability of full 
free cooling hours, it can be seen in figure 2 that significant amount of operational utility cost savings could still be 
realized because of IDEC partial free cooling. 

 

Figure 2: IDEC Operational Utility Impacts 

IDEC partial free cooling is the combination of wet operation with the support of mechanical cooling. This takes place 
when the ambient wet-bulb temperature is not low enough, to achieve the required primary (data center supply) air 
temperature set point, the mechanical cooling system (direct expansion, in this case) will be operated to work in 
tandem with the wet operations of the IDEC to achieve the required primary air temperature set point. Since the 
mechanical cooling system only needs to supplement - it does not need to be sized for 100% of the load. Therefore, 
the size and power consumption of the mechanical cooling system is less.  

 

Conclusion: 

This case study has revealed that IDEC free cooling can help reduce the mechanical system electrical consumption 
in data centers within GCC countries. In addition, even with very limited full free cooling hours, data centers in this 
region can still benefit from IDEC by means of partial free cooling. Moreover, further operational utility cost savings 
could be achieved by increasing the design temperature setpoint (i.e. 81°F [27°C]) as this will increase or expand the 
available full free cooling hours. Thus, decreasing the operational hours needed for mechanical cooling. 

 

The IDEC may also have significant savings in capital expenditures (CapEx) as CRAH units and chillers may not be 
required. In addition, chilled water piping installations can be minimized or completely eliminated especially for 
IDEC with integral DX system. Accordingly, the mechanical system does not need to be sized at 100% because the 
indirect evaporative cooler can be operated at all times when the weather is not favorable for dry operation mode. 

Kuwait KSA, Riyadh KSA, Dhahran UAE, Dubai UAE, Abu
Dhabi Qatar, Doha Bahrain Oman, Muscat

Electricity Cost Savings -58% -64% -55% -52% -52% -53% -53% -51%

Water Cost 16% 14% 14% 19% 16% 28% 16% 25%

Ops Utility Cost Savings -42% -50% -41% -33% -37% -25% -37% -26%
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Therefore, electrical system capacity/size, such as generators and fuel storage can be reduced and further CapEx 
reduction can be realized. 
 

In addition, IDEC eliminates the risk of particulate and gaseous contaminants intrusion in the data center, because 
the heat transfer between the outdoor and data center air is done indirectly via a heat exchanger. Although there are 
other considerations that need to be examined, such as water storage, water treatment (although no known cases of 
Legionella were recorded), system operation during dust/sand storms, maintenance of heat exchangers to mitigate 
fouling and architectural and structural design (units often need to be placed outdoors or on the roof), and even 
though the use of IDEC for data centers in the region is still in its infancy, risks are minimal since local support is 
available from the leading manufacturers who are based in the region. Therefore, the use of free cooling strategies 
such as IDEC should be considered because they make good economic sense, even in the relative heat and harsh 
environment in the Middle East. 
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