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So far, cutting-edge data centers have been preferably located in cold climatic areas, 

to leverage on the cold ambient air, thus increasing the use of free-cooling and 

consequently improving annual efficiency. For example, the best pPUE value that can 

be achieved by a highly efficient free-cooling system in Northern Europe (i.e. CW 

system in Oslo, working with 20°-15°C water temperatures) is in the range of 1.11-

1.15.  

In warm countries, such as the Mediterranean area, the use of free-cooling has been 

traditionally very limited and compressors carried the full cooling load, in terms of 

Kilowatt-hours per year. For this reason, data center managers and designers 

conventionally conceived free-cooling systems as being impractical.  

The recent trend, however, has seen free-cooling becoming increasingly 

convenient, achieving very high efficiency rates and significant operational cost 

savings even in warm weather countries such as Israel. The move to free-cooling 

has been facilitated by the rise in chilled water temperatures alongside the increase in 

data center air server supply temperatures.  

Just a few years ago, the standard working temperature of Israeli data centres would 

have been around 20°C. Due to lack of air containment, the temperature of the air 

intake into the servers actually varied quite a bit. This practice was not only costly to 

operate, but created an inconsistent and unpredictable environment that affected 

uptime.  

Today, it is quite normal to have data centers running in temperatures of 24-27°C (air 

coming into the servers), as confirmed by the American Society of Heating, 

Refrigerating and Air-Conditioning Engineers (ASHRAE) that expanded its data center 

operating temperature guidelines. The data center environment is getting hotter and 

data center management has evolved to incorporate more power and higher 

temperatures.  

Data center designs, in accordance with ASHRAE* guidelines, have thus accepted to 

move to the upper limit of the recommended envelop and in some cases even to the 

allowable ranges (A1-A4). This has had the effect of giving data center managers and 

manufacturers scope to be creative with cooling solutions. This paper will discuss 

one of the most beneficial opportunities from an economic point of view; the 

ability to utilize Free-Cooling even in hot climates where it was not possible 

before. Specially, in Israel.  
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Figure 1. ASHRAE guidelines 

 

 

Using Free-Cooling in Israel 

Whereas the traditional approach considers open aisle architectures with return air 

temperatures to cooling units between 24-26ºC and supply air temperatures between 

10-14ºC from the CRAC units, the use of an intelligent air distribution management to 

the servers allows data center designers and facility managers to increase the CW 

temperatures from the standard 7-12°C, so common in Israel, to 20-26°C.  

The economic benefit of using free cooling is substantial and can be easily viewed by 

using the PUE metric and calculating the cost of the annual electrical bill.  

PUE 

2.4 2.2 2 1.8 1.6 1.4 1.2 

IT Load 

KW 

  

9,676,800  

  

8,870,400  

  

8,064,000  

  

7,257,600  

     

6,451,200  

     

5,644,800  

       

4,838,400  

            

1,000  

 

Figure 2. The Annual electrical bill (in NIS) of an Israeli datacenter with 1MW IT load 

as a function of the PUE (assuming 0.45NIS per KWh) 
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The table in Figure 2 shows that a 1MW (IT Load) datacenter with a PUE of 1.2, will 

pay 4,838,400 NIS annually for electricity but with a PUE of 2.4 (quite common in 

Israel) it will pay double.  

While the electrical bill is a function of several factors, the key cost factor that can be 

influenced is by far the air-conditioning energy efficiency.   

 

Can We reach a PUE of 1.2 in Israel?  

Our analysis shows that using advanced design practices and by implementing the 

Liebert system, an Israeli datacenter can achieve, or come very close to a PUE of 1.2, 

thereby achieving significant economic savings.  

 

The Roadmap to a PUE of 1.2 in Israel  

To achieve leading edge efficiency, one is required to adhere to best practices in 5 

steps:  

1. An effective hot/cold air containment 

2. An efficient air flow control regime such as the VertivTM SmartAisleTM 

3. Using highly efficient, Eurovent certified, CRAC units 

4. Utilize high CW temperatures of 20-26°C and even 20-32°C  

5. Take advantage of Free-Cooling  

 

Step 1: Air Containment 

Hot/Cold air containment is essential to energy efficiency and contributes to the 

datacenter resiliency. There are several ways to reach effective Hot/Cold air 

containment. While cold aisle containment is often a very attractive option for both 

legacy and greenfield datacenters, other forms of containment can be equally efficient.  

Step 2: SmartAisle™ Air flow control 

With the SmartAisle™ control principle the fans in the CRAC units are controlled via 

the cold aisle temperature, i.e. the supply air temperature for the servers (see Fig. 3).  
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Figure 3. location of sensors for efficient airflow control 

 

The raised floor and cold aisles area is filled almost pressure-less with cold air. The 

servers suck in exactly the amount of air required for cooling. 

A small amount of the cold air flows controlled through the air control opening of the 

angular extrusion of the cold aisle containment in which the T1 temperature sensor is 

positioned. This temperature sensor controls the speed of the fans in the CRAC unit. 

If the servers have a higher air volume requirement than the CRAC units deliver, the 

flow direction on the T1 temperature sensor changes. Warm air flows into the cold 

aisle. The T1 temperature sensor measures this, and the control unit increases the 

speed of the fans in the CRAC unit. The control usually takes place via the sensor with 

the highest temperature. 

To ensure that the cold aisle is not oversupplied, the speed of the CRAC units is 

continuously reduced slowly, until some warm air flows from the warm zone to the 

temperature sensor. The speed is then increased again, and the amount of air 

increases. This cycle is continuously repeated. The control is performed in the "Partner 

Mode", i.e. all CRAC units run at the same speed. 

For more information on SmartAisle™, and the advantages vs. Pressure Control 

algorithms, please see our white paper.   

  

 Step 3: Install energy efficient CRAH units 

 It is a fact that the energy efficiency of CRAH units from different manufacturers is 

very different. For optimized energy efficiency, it is essential to compare between 

energy consumption of the CRAHs at the relevant partial load. Data from reputable 

manufacturers for models that are certified by Eurovent (http://www.eurovent-

certification.com ) can be treated with confidence. Vertiv, with its Liebert product 

portfolio, is leading the pack with outstanding energy efficiency.  

 

https://www.vertivco.com/globalassets/products/facilities-enclosures-and-racks/racks-and-containment/smart-aisle-containment.pdf
http://www.eurovent-certification.com/
http://www.eurovent-certification.com/
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Step 4: Increase the CW water temperature to 20-26°C 

The increase in CW temperatures provides considerable benefits without adding any 

risk to the datacenter’s operation and resiliency. In fact, most greenfield European 

datacenters are designed to these temperatures and many new designs are exploring 

even higher CW temperatures of 20-32°C.  

The benefits of higher CW temperatures are: 

• Significant savings in the electricity bill 

• Higher chiller capacity at smaller foot print 

• Additional Significant energy savings as a result of the free cooling usage for a 

significant number of hours per year 

• Low noise operation 

• Lower piping insulation costs thanks to operation above due point.  

  

Step 5: Take advantage of free cooling 

New generation data centers will be able to provide their customers with unparalleled 

benefits in terms of cost saving on one side, reliability and cooling availability on the 

other side.  

The Liebert® AFC, freecooling chiller, with Adiabatic option, for example will operate 

in one of three modes. Each mode is automatically and autonomously selected.  

1. Free-Cooling Mode: A free-cooling chiller such as the Liebert® AFC will operate 

in free-cooling mode, i.e. will not utilize compressor power at all as long as the 

outside ambient temperature is cool enough.  For example, when using CW 

temperatures of 20-26°C, the chiller will be in Free-Cooling mode as long as the 

ambient temperature is 15°C or less.   

2. Mixed Mode:  in this mode, the outside air is cool enough to utilize the free-cooling 

coil of the Liebert® AFC but some compressor power will be consumed. For 

example, when using CW temperatures of 20-26°C, the chiller will be in Mixed 

Mode mode as long as the ambient temperature is between 15-23°C.    

3. DX Mode: When the ambient air temperature is high, the chiller will operate fully 

on its compressors, identical to standard chiller. For example, when using CW 

temperatures of 20-26°C, the Liebert® AFC chiller will be in DX Mode as long as 

the ambient temperature is above 23°C.  
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Figure 4. The hours during the year the Liebert AFC chiller operates in Free-Cooling 

Mode, Mixed Mode and DX (100% Compressor Mode) in Tel Aviv and Jerusalem. Air 

intake into the servers is at 22°C. The chiller is operating in Dry mode (i.e. without the 

adiabatic option). 

 

In figure 4 we see the number of hours per year the Liebert® AFC chiller can operate 

in free cooling, Mixed or DX modes in Tel Aviv and in Jerusalem. The analysis is based 

on 20-year climate data in both cities. Figure 4 also provides insight as to the difference 

in potential savings when using different CW temperatures.  

As figure 4 shows, there are many hours during the year, both in Tel Aviv and 

Jerusalem, that make free cooling a very attractive proposition. In fact, in both cities 

the chiller will operate more than 60% of the time when using CW temperatures of 20-

26°C.  The savings will be even larger when using 20-32°C as done in some advanced 

datacentres in Europe.    

It is important to note that the analysis in figure 4 assumes server intake air 

temperature of 22°C.  

 

Conclusion - The Thermal Management Product Portfolio  

With the introduction of the Liebert® AFC adiabatic free-cooling chiller and the Liebert® 

EFC indirect evaporative cooling unit, Vertiv (formerly, Emerson Network Power) 

completes its Thermal Management product portfolio, thus addressing any ASHRAE 

Thermal envelope both within the recommended and the allowable ranges. This allows 

Vertiv to offer its customers the solution that better meets their needs (i.e. maximized 

availability, reduced TCO, higher efficiency, lower installation costs, unit modularity or 

outdoor space limit) independently of the application: 
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• Direct expansion systems (with Liebert® PDX floor mount range, Liebert® CRV 

in row units combined with Liebert® MC outdoor micro-channel condensers) able 

to operate at high return air temperatures suitable for the increased temperatures 

within which the IT equipment works; 

• Chilled water systems with the high efficiency chilled water floor mount range 

(Liebert® PCW) and free-cooling chillers (Liebert® HPC) that maximize free-

cooling operation all year round; 

• Adiabatic chilled water systems with the new range of Liebert® AFC, the first 

adiabatic free-cooling chiller, combining three cooling technologies in a single unit, 

and achieving pPUE down to 1.08; 

• The indirect evaporative free-cooling unit (Liebert® EFC) including the indirect 

air-to-air heat exchange and evaporative cooling technologies all in one footprint. 

 

 

 

 

 

 

Utmost Efficiency at the Data Center System Level with VertivTM ICOMTM 

Control  

The last remarkable aspect of the Thermal Management solutions lies in their 

innovative ICOMTM Control which exploits the function of a single unit operation as well 

as multiple units working together (the teamwork mode), extremely important to 

maximize energy efficiency within a data center environment. In addition to teamwork, 

on Liebert® AFC and Liebert® EFC, the user-friendly ICOM Control also exploits the 

management of energy and water by collecting information from the different units’ key 

parameters and operating modes while considering water and electricity costs. The 

DIRECT  EXPANSION 

CHILLED WATER 

ADIABATIC CHILLED WATER 

EVAPORATIVE 
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control predictively calculates and then implements the combination which optimizes 

operating costs. 

When considering the entire data center scenario, involving indoor and outdoor units, 

the control becomes the key driver in terms of delivered efficiency at the data center 

system level. The software logic, embedded in the control, ensures the perfect 

coordination of the entire system, thus leading to superior energy savings at the entire 

data center level. 

 

 


