
 

Is Data Center Free Cooling Feasible in the Middle East? 
By Noriel Ong, ASEAN Eng., PMP, ATD, PQP 
 
This case study will evaluate the feasibility of data center free cooling in the Middle East using indirect evaporative cooling (IEC). 
 
General Assumptions: 

• 1MW Data Center IT LOAD 
• Cooling demand at 100% IT LOAD 
• The data center is pressurized, with no infiltration of outside air into the white space 
• The analysis focuses on the white space only  
• Energy consumption of cooling requirements of other spaces are not part of this case study 
• Data center cabinets are in hot and cold aisle configuration with containment 

 
Evaporative Cooling 
Evaporative cooling uses water as a medium to cool the air through its evaporation. The adiabatic evaporation of water provides the 
cooling effect which requires less energy than the typical vapor compression system used for air conditioning. 
 
There are two types of Evaporative Cooling - Direct and Indirect. According to ASHRAE HVAC Systems and Equipment Handbook, 
“With direct evaporative cooling, water evaporates directly into the airstream, reducing the air’s dry-bulb temperature and raising its 
humidity. Direct evaporative equipment cools air by direct contact with the water, either by an extended wetted-surface material (e.g., 
packaged air coolers) or with a series of sprays (e.g., an air washer).” 
 
On the other hand, according to ASHRAE: “With indirect evaporative cooling, secondary air removes heat from primary air using a 
heat exchanger. The water does not make any contact with the primary air, in this case, the data center air. In one indirect method, 
water is evaporatively cooled by a cooling tower and circulated through a heat exchanger. Supply air to the space passes over the 
other side of the heat exchanger. In another common method, one side of an air-to-air heat exchanger is wetted and removes heat 
from the conditioned supply airstream on the dry side.” See Figure 1. 
 
 

 
Figure 1. This illustration shows a typical packaged IEC unit for data centers  
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Operation Modes 
Dry Operations: 
When the ambient (secondary/scavenger) air dry-bulb temperature is cold enough to cool the primary (data center supply) air, the 
water sprayer can be switched off to save water. The primary air (completely isolated from secondary air - no mixing) is recirculated 
by the primary fans and passes through the cooling process in the heat exchanger. Concurrently, the secondary air absorbs the heat 
from the heat exchange and rejects it to the ambient air.  
 
Wet Operations: 
When the ambient (secondary/scavenger) dry-bulb temperature is not cold enough for dry operations, but the wet-bulb temperature is 
low enough for IEC without the support of the mechanical cooling, the evaporative cooler switches to wet operation. In this process, 
the primary air (completely isolated from secondary air - no mixing) is recirculated by the primary fans and passes through the 
cooling process in the heat exchanger. While on the secondary side of the heat exchanger, the outside surface is wetted by the water 
sprayer to evaporatively cool the secondary air. Concurrently, the secondary air absorbs the heat from the heat exchange and rejects 
it to the ambient air.  
 
Wet Operation supported by Mechanical Cooling: 
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 
evaporative cooler to achieve the required primary air temperature set point. 
 
Free Cooling Hours 
For the purpose of this case study, we will start in the Kingdom of Saudi Arabia (KSA), particularly in the city of Riyadh. This is a 
good starting point because KSA has the biggest market share in the Middle East and data center industry there is starting to mature. 
 

 
Figure 2. Riyadh’s Weather Bin Data on a Psychrometric Chart 
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The first step in evaluating the free cooling potential is to understand the weather conditions of the city and how it coincides with the 
ASHRAE TC 9.9 Thermal Guidelines. A psychrometric software was used to plot International Weather for Energy Calculation 
(IWEC) Bin Weather Data of Riyadh, KSA. Overlaid on that data is the ASHRAE TC 9.9 Thermal Guidelines Class A1 recommended 
and allowable limits. See Figure 2. 
 
Figure 2. Shows the weather bin data plotted on the psychrometric chart. This refers to the hourly weather data sorted into discrete 
groups or “bins.” Each bin contains the number of average hours of occurrence during a year of a particular range of weather 
conditions, aka the weather conditions in Riyadh, KSA. The red solid lines from the center are the ASHRAE TC 9.9 class A1 
recommended and allowable limits, respectively. The solid vertical black line is the constant dry-bulb temperature line of 48°F [9°C] 
and the diagonal black line is the constant wet-bulb temperature line of 61°F [16°C]. The colors in the chart represent the frequency 
of hours within the specified dry bulb and wet bulb temperature bins in the year, with red representing higher frequency and blue 
representing lower frequency (see legend). 
 
The area to the left of the constant dry-bulb temperature line, 48°F [9°C], shows the free cooling potential hours of a dry operation of 
IEC. Between the constant dry-bulb line, 48°F [9°C], and the constant wet-bulb line, 61°F [16°C], are the free cooling potential 
hours of wet operation of IEC. The hours above the constant wet-bulb line of 61°F [16°C] of the psychrometric chart depicts the 
hours of mechanical cooling required. During these hours, evaporative cooling continues while the mechanical system supplements 
cooling to deliver the design supply air temperature. 
 
The constant dry-bulb and wet-bulb temperatures shown in the psychrometric chart were calculated using the equation and following 
assumptions in order to estimate the free cooling hours of the indirect evaporative cooler: 
 
 
 
 

Where: 
WBDE = wet-bulb depression efficiency, % 
t1  =   dry-bulb temperature of entering 

primary air (data center return air 
temperature), °F [°C] 

t2  =   dry-bulb temperature of leaving 
primary air (data center supply air 
temperature), °F [°C] 

ts’  =   wet-bulb temperature of entering 
secondary air (outside ambient air 
temperature), °F [°C] 

 
According to 2008 ASHRAE HVAC Systems and Equipment Handbook Chapter 40, an evaporative heat exchanger is capable of a 
60% to 80% approach of ambient (data center return air) dry bulb temperature to the secondary (outside ambient air) airflow 
entering wet bulb temperature. For the purpose of this case study, t1 = 100°F [38°C], t2 = 77°F [25°C], WBDE = 60% and the 
ambient wet-bulb temperature of each time of the year were considered to further validate the results of Figures 2 & 3. In addition, it 
was assumed that the efficiency of the heat exchanger will be less efficient during dry operations giving an efficiency of 45%, as 
provided by the manufacturer. The ambient dry-bulb temperature will have to be calculated for dry operations instead of the wet-bulb 
temperature during wet operations.  
 
Figure 3 shows the annual hours of different operating modes in percentage, while Figure 4 shows a stacked area chart that 
represents the hours of operational modes per month. Based on these, a substantial reduction in power consumption was realized - 
approximately 82% of the year requires no mechanical cooling.  
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Figure 3. Indirect Evaporative Cooler Annual Operation mode contributions 
 

 
Figure 4. Indirect Evaporative Cooler Monthly Operation modes 
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Free Cooling Hours Checking – Calculation of the Primary (Data Center Supply) Air Temperature 
In Figure 5, the temperature limits for both recommended and allowable supply air temperature limits of ASHRAE TC 9.9 Class A1 is 
shown in red dashed and solid lines respectively. The gold straight line is the target supply air temperature; the blue spiked line 
depicts the hourly supply air temperatures produced by the IEC unit.  These were calculated using the same equation and assumptions 
that were used in calculating the constant dry-bulb and wet-build temperatures in Figure 2 and the hourly dry and wet-bulb 
temperatures of Riyadh, in lieu of the target supply air temperature considerations in Figure 2.  
 

 
Figure 5. Hourly Supply Air Temperature 
 
According to Thermal Guidelines for Data Processing Environment 3rd Edition, ASHRAE Datacom Series 1, IT manufacturers 
recommend that data center operators maintain their environment within the recommended envelope for extended periods of time. 
Exceeding the recommended limits for short periods of time should not be a problem, but running near the allowable limits for months 
could result in increased reliability issues.  
 
The results in Figure 5 show fluctuations of supply air temperatures as a result of the varying capacity available through the heat 
exchanger. Additionally, the calculation has only considered the air volume of the primary and secondary air to be constant. In 
actuality, the secondary air volume is modulated to achieve the target supply air temperature in the primary air flow. More so, the 
energy impact of modulating the secondary fan is not articulated in this case study since the focus is to validate and estimate the free 
cooling hours in Riyadh, KSA. 
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Figure 6 shows the total hours of the calculated supply air temperatures throughout the year as a percentage within a range. The 
target supply air temperature, t2 = 77°F [25°C], is achievable 82% of the year without mechanical cooling. Roughly 18% would 
exceed the desired supply air temperature which would then require mechanical cooling in order to meet the target supply air 
temperature. Same as Figure 5, the results in this figure assumed the primary and secondary air volume ratio is 1, so the energy 
savings of modulating the secondary fan is not covered in this case study. 

 
Figure 6. Annual supply air temperature contribution. 
 
Operating Cost Impact 
The basic operational cost of maintaining a 1MW data center environment using a traditional chilled water system and an IEC unit 
were compared and analyzed. 
 
For the comparison, the annual power consumption of a chilled water system composed of an air-cooled chiller, chilled water pump 
and computer room air handling units were compared with the IEC system. 
 
The data center is assumed to be fully loaded and static. The redundant units and ancillary equipment supporting the data center were 
neglected and only the active components supporting the cooling of the white space were accounted for. The operation of the 
mechanical cooling unit of the indirect evaporative coolers were assumed to operate when the wet-bulb temperature exceeded 61°F 
[16°C]. 
 
For both systems being compared, a dedicated outdoor air system (DOAS) was assumed to provide humidity control and room 
pressurization when supplying the code minimum of outside air. Therefore, the energy associated with the DOAS of each cancels each 
other out and need not be considered in this study. 
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Assumptions and calculation parameter: 
Indirect Evaporative Cooler 
No. of Indirect Evaporative Coolers 5 
No. of Primary Fans 8 
No. of Secondary Fans 8 
No. of Water Pumps 1 
Primary (Indoor) Fan Power Consumption, 
kW 

13.2 

Secondary (Outdoor/Scavenger) Fan Power 
Consumption, kW 

13.2 

Water Pump Power Consumption. kW 6 
34 Ton Integral Dx System Power 
Consumption, kW 

18 

Water Consumption, m3/h 0.6 
Chilled Water System 
No. of Air Cooled Chiller 1 
No. of chilled water pumps 1 
No. of CRAH units 5 
287 Tons Air Cooled Chiller Power 
Consumption, kW 

407 

Chilled Water Pumps Power Consumption, kW 18 
60 Tons CRAH unit Power Consumption, kW 13.2 
Tariffs 
Power, $/kWh 0.069 
Water, $/m3 1.6 

 
 

 
Figure 7. Annual power and water consumption cost comparison 
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Conclusion 
This case study has analyzed the available free cooling hours in Riyadh, Kingdom of Saudi Arabia using its bin weather data.  
 
Results: 
Increasing the target supply air temperature limit will increase the number of hours of free cooling, allowing mechanical cooling to 
be reduced or eliminated. Selecting a higher supply air temperature, i.e. 77°F [25°C], will improve the economics of the economizer 
without even considering the option of using the "allowable range." 
 
The supply air temperature results and the water consumption of the IEC may vary depending on the efficiencies of the heat 
exchangers as selected by the IEC manufacturer. However, it is expected that the performance of IEC units, as provided by several 
manufacturers, would be similar in performance to each other, and all would show significant improvements and cost savings when 
compared to the traditional air-cooled or water-cooled chilled water systems. 
 
Other benefits of using IEC: 

• CRAH units and chillers may not be required.  
• Piping, both in distance and size, is reduced, especially for IEC with integral DX system.  
• Less equipment installation since IEC comes as a package or module. 
• Approximately 50% less in annual cost of power and water consumption. Note that the results are based on a constant air 

volume of the primary and secondary fans. More savings could be realized if the modulation of secondary fans are accounted 
for. 

• No mixing of outside and inside air. This eliminates the risk of introducing particulate and gaseous contaminants, which very 
likely would damage the IT equipment. 

• Since the unit is in economizer mode at all times, when mechanical cooling is being used, the mechanical cooling only needs 
to supplement - it does not need to be sized for 100% of the load. Therefore, the size of the mechanical system is smaller (i.e. 
<285 tons), and the electrical infrastructure to support it is reduced in size, too. This helps reduce the cost of the installation. 

  
This case study has revealed that free cooling in Riyadh is feasible. Although not included in this report, the bin weather data of the 
other Middle East countries and cities have also revealed that free cooling may be feasible. 
 
Although the results seem favorable, data center free cooling is still at its infancy in the region.  
 
Other considerations that need to be examined include: 

• Water storage.  
• How the system will operate during dust/sand storms. 
• Although no known cases of Legionella were recorded, water treatment may be required. 
• IEC may not be practical for locations with higher water tariffs and some regulation restrictions. Careful cost analysis is a 

must. 
• Regular maintenance of heat exchangers to mitigate fouling. 
• After sales support and spare parts. 
• Equipment is larger and may often need to be placed outdoors. 

 
In the long run, free cooling strategies such as IEC should be considered because they make good economic sense, even in the relative 
heat of the Middle East. 
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