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1. Summary 

This paper presents a more detailed discussion of the analysis data summarised in ñIT 

environmental range and data centre cooling analysisò. 

 

This paper is a supplement to ñEuropean IT environmental range analysisò summarising the 

analysis data for a set of world climates covering a broader range of locations. 
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3. Overview 

This paper assesses the impact of IT equipment inlet temperature and humidity ranges on 

overall data centre energy consumption with the goal of identifying a suitable set of minimum 

expected ranges for the European Code of Conduct for Data Centres
1
. 

3.1 Scope of analysis 

To perform a reasonable analysis of the issues the factors considered to be in scope for this 

paper are; 

¶ The full Typical Meteorological Year climate data for a representative range of 
European cities

2
 

¶ Three basic types of economised cooling design implementing both dry and adiabatic 
cooling  

o Direct air side with an approach temperature of 2°C 

o Indirect air side with an approach temperature of 5°C 

o Indirect water side with an approach temperature of 12°C 

¶ Server power variation with intake temperature 

3.2 Common arguments 

A number of common arguments for and against increasing IT equipment intake temperatures 

are presented. 

3.3 World climate analysis 

The major part of the paper examines the mechanical cooling requirement and IT fan power 

impacts of four IT equipment environmental ranges across three types of cooling system 

design.  

 

This paper only considers a control scheme where the intake temperature is variable based on 

the external climate with a preferred set point of 22°C. It is inefficient to operate the site at 

artificially increased temperatures for the entire year and so the IT intake temperature only rises 

when necessary. 

Annual chiller hours 

An examination of the achieved annual chiller hours as an indicator of the available cost and 

energy efficiency improvements 

IT equipment power 

An examination of the effect on the annual IT power as impacted by intake temperature 

Hybrid range 

As a final analysis a hybrid IT equipment selection and operating range is suggested and the 

likely performance evaluated over the European climate locations. This range avoids high IT 

humidity and constrains the maximum intake temperature. 
  

                                                     
1
 http://re.jrc.ec.europa.eu/energyefficiency/html/standby_initiative_data_centers.htm  

2
 Climate data from ASHRAE 

http://re.jrc.ec.europa.eu/energyefficiency/html/standby_initiative_data_centers.htm
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3.4 Locations considered 

The following World cities have been considered to provide good coverage of different climate 
conditions; 
 

Group Description Selected cities 

Group A 

 

Tropical ï Megathermal 

(wet and hot) 

Singapore 

Hong Kong 

Madrid 

Mumbai 

Sao Paulo 

Group B 

 

Dry summer San Jose 

San Francisco 

Seattle 

Riyadh 

Group C  Maritime Temperate 

climates   

London  

Amsterdam 

Frankfurt 

Paris 

Athens 

Tokyo 

Group D Continental - 

Microthermal 

New York 

Boston 

Washington DC (Maritime) 

Chicago 

Beijing 

Table 1 World climate locations considered 

Climate data was sourced from both the ASHRAE Typical Meteorological Year (TMY) and 

NREL data sets. 
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4. Cooling system assumptions 

These assumptions are the same as those used in the European analysis document. 

 

To model the performance of the selected cooling system types of IT equipment environmental 

ranges across the range of European climates the following assumptions have been made 

about the capabilities and controls of the cooling systems. 

4.1 Control scheme 

The environmental controls are set run economised by default and to attempt to maintain 22°C 

whenever possible but to allow the intake temperature to rise up to the specified maximum IT 

equipment intake temperature before engaging any mechanical cooling. 

4.2 Air flow management 

Each of the cooling systems is modelled with an approach temperature between IT intake and 

external wet or dry bulb temperature which represents a modern, well operated site with air flow 

containment to ensure even IT intake temperatures and eliminate the need to supply air at 

unnecessarily low temperatures. 

 

Given the reduced savings opportunities by increasing temperatures in existing data centres, it 

is considered that addressing data centre thermal problems by implementing air flow 

containment is a pre-requisite to any discussion of changing IT equipment inlet ranges. 

4.3 Direct air side 

It is assumed that the direct air side economised data centre; 

¶ Has an approach temperature of 2°C between the achieved IT intake and the external 

temperature 

o In dry bulb mode there is no adiabatic cooling of intake air 

o In wet bulb mode there is adiabatic cooling of intake air subject to the IT 

equipment upper relative humidity and dew point limits 

¶ Can use heat exchangers or exhaust air remix to warm (and reduce relative humidity 

of) cold intake air to the set IT equipment upper limit or below 

¶ Can use adiabatic humidification through recirculation of hot exhaust air to maintain a 

minimum humidity level without resorting to mechanical cooling or electrical heating 

¶ In dry or wet bulb mode mechanical chillers will be used to reduce the humidity where 

the intake air dew point exceeds the IT equipment dew point limit, the dehumidification 

will reduce the intake air to below the required IT intake temperature 

4.4 Indirect air side 

It is assumed that the indirect air side economised data centre; 

¶ Has an approach temperature of 5°C between the achieved IT intake and the external 

wet / dry bulb temperature 

¶ Is able to work against either the dry or wet bulb external temperature (using adiabatic 

cooling of the external air) 

¶ Make up air humidity ratio is controlled at the point of intake ï humidity control in the 

main CRAC units is neither necessary nor desirable 

4.5 Indirect water side 

It is assumed that the indirect water side economised data centre; 

¶ Has an approach temperature of 12°C between the achieved IT intake and the external 

wet / dry bulb temperature 

¶ Is able to work against either the dry or wet bulb external temperature (using adiabatic 

cooling of the external air) 

¶ Make up air humidity ratio is controlled at the point of intake ï humidity control in the 

main CRAC units is neither necessary nor desirable 
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5. IT intake temperature distribution 

The control scheme for these analysed cooling system designs attempts to maintain a 22°C IT 

equipment supply temperate. In order to consider the impacts on fan power or reliability it is 

useful to understand the behaviour of this type of system in terms of the number of hours spent 

at different IT intake temperatures. 

 

The model used to perform the analysis for this paper uses the NREL or ASHRAE full Typical 

Meteorological Year climate data for the cities shown. This data is processed as per the cooling 

system assumptions, including the approach temperatures of the economiser systems in use 

and the number of hours that the IT equipment receives intake air in each 1°C band determined. 

 

Note that in this part of the analysis the IT equipment intake temperature is determined without 

any mechanical cooling for the indirect air and indirect water side economised designs. Chillers 

are required for the direct air side designs but are used only to reduce intake humidity. 

5.1 Seattle 

The basic climate data for Seattle (Washington State USA) gives the external temperature 

distribution below; 

 

 
Figure 1 Seattle annual external temperature distribution 

 

The Typical Meteorological Year data has been sorted into 1°C bins and the number of hours 

counted for each bin. The horizontal axis shows 1°C bands whilst the vertical axis shows the 

number of hours per year (8,760 total) during which the external temperature falls into that 

band. For example the tallest blue bar shows 782 hours per year where the wet bulb 

temperature is between 11°C and 12°C. 

 

The dry bulb temperature is that perceived by a normal thermometer, the wet bulb temperature 

is generally lower than the dry bulb temperature and represents the effective air temperature for 

a system which relies on evaporating water for cooling such as a cooling tower. 

 

Note that these charts are based on Typical Meteorological Year data and are not suitable 

for use in sizing the cooling system of a data centre which should consider peak 

conditions. 

Direct air side economised ï Class 2 

Using the assumptions given for the cooling system an air flow contained, direct air side 

economised data centre in this climate would, in a typical year achieve the distribution of intake 

IT temperatures shown in the chart in Figure 2 below. 

 

The bars on the chart show the number of hours spent in each 1°C IT intake temperature band, 

as shown for Seattle water is used only to make up any missing humidity and not for additional 
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cooling (dry bulb) the IT equipment can operate at 22°C for 8,039 hours per year out of 8,760, 

this equates to around 30 days per year where the intake temperature is higher than the 

preferred set point. 

 

Using adiabatic cooling up to the imposed limits of 80% relative humidity and 21°C dew point it 

can be seen that in a typical year the site achieves 8,760 of 8760 hours at the target 22°C IT 

intake. 

 
Figure 2 Seattle direct air side IT intake temperature hours - Class 2 

Note that for these charts each horizontal gridline represents 730 hours, approximately one 

month. 

Direct air side economised Class 1 Recommended 

Performing the same analysis for a site which requires the Class 1 recommended range upper 

limits of 60% relative humidity and 15°C dew point severely constrains the non-chiller operation 

of the site as mechanical cooling is required to dehumidify intake air for much of the year. 

 
Figure 3 Seattle direct air side IT intake temperature hours - Class 1 recommended 

The growth in hours above the 22°C target is due to required heating of intake air (through heat 

exchange with the exhaust air) to reduce it to the relative humidity limits, or constraints on the 

amount of adiabatic cooling available without exceeding the relative humidity or dew point limits. 
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Indirect air side economised 

The chart below shows the achieved intake temperature hours using the indirect air side 

economised cooling design. Note that this achieves similar performance to the direct air side 

economised design but as the majority of the air is re-circulated there is no significant penalty to 

operating within a narrower humidity range such as 5.5°C dew point to 60% RH. 

 
Figure 4 Seattle indirect air side IT intake temperature hours ï no chillers 

A significant result here is that using adiabatic indirect air side economised cooling the Seattle 

site can operate without mechanical cooling and still maintain the ASHRAE Class 1 

recommended IT equipment range. 

Indirect water side economised 

It is immediately evident from Figure 5 that the indirect water side economiser places far greater 

demands on the IT equipment, even in a moderate climate such as Seattle, as less than half of 

the year is at the target IT intake temperature for dry cooling. 

 

 
Figure 5 Seattle indirect water side IT intake temperature hours ï no chillers 

Whilst the performance of the indirect water side system is less impressive it can still maintain, 

with adiabatic cooling, the ASHRAE Class 2 IT equipment intake range without chillers. 
  

0

730

1460

2190

2920

3650

4380

5110

5840

6570

7300

8030

8760

10 15 20 25 30 35 40 45 50

H
o

u
rs

IT Intake Temperature ( °C )

IT intake temperature hours (SeattleIndirect Air Side)

Dry

Adiabatic

Cumulative 
Dry

Cumulative 
Adiabatic

0

730

1460

2190

2920

3650

4380

5110

5840

6570

7300

8030

8760

10 15 20 25 30 35 40 45 50

H
o

u
rs

IT Intake Temperature ( °C )

IT intake temperature hours (SeattleIndirect Water Side)

Dry

Adiabatic

Cumulative 
Dry

Cumulative 
Adiabatic



 

©  2011 Liam Newcombe                   http://dcsg.bcs.org                         Version 1.0.0  11 of 32  

5.2 Riyadh 

In the European analysis the moderate London climate profile was compared with Rome, in this 

World analysis the moderate Seattle climate may be compared with a hotter climate such as 

Riyadh. 

 
Figure 6 Riyadh annual external temperature distribution 

Interestingly whilst the dry bulb temperature is, as expected much higher, the wet bulb 

temperature is remarkably comparable to London and Seattle. 

Direct air side economised ï Class 2 

Using the assumptions given in the cooling system assumptions an air flow contained, direct air 

side economised data centre in this climate would, in a typical year achieve the distribution of 

intake IT temperatures shown in the chart below. 

 

 
Figure 7 Riyadh direct air side IT intake temperature hours - Class 2 

The performance difference between Riyadh and Seattle is substantial; the Riyadh site 

manages only 2,700 dry bulb hours per year at the 22°C set point. 

 

Whilst the very low external humidity and low wet bulb temperature in Riyadh would allow for 

very effective adiabatic cooling, water availability and the cost of water relative to energy for 

cooling strongly mitigate against this. 
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Indirect air side economised 

The chart below shows the achieved intake temperature hours using the indirect air side 

economised cooling design. Less than 1,900 hours per year are available at the 22°C target IT 

intake temperature without chillers. 

 
Figure 8 Riyadh indirect air side IT intake temperature hours - without chillers 

Indirect water side economised 

The indirect water side economiser is not a credible option for Riyadh with only 386 hours at the 

22°C set point. 

 
Figure 9 Riyadh indirect water side IT intake temperature hours - without chillers 
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5.3 Singapore 

Another useful comparison against the moderate climate of Seattle is the warm and wet 

equatorial climate of Singapore which would not normally be considered a good candidate for 

economised cooling. 

 

 
Figure 10 Singapore annual external temperature distribution 

Due to the high humidity and equatorial location both the wet and dry bulb distributions are 

tightly bunched between 20°C and 35°C. 

Direct air side economised ï Class 2 

Using the control strategy given in the cooling system assumptions an air flow contained, direct 

air side economised data centre in this climate would, in a typical year, achieve the distribution 

of intake IT temperatures shown in the chart below. 

 
Figure 11 Singapore direct air side IT intake temperature hours - Class 2 

This, apparently counterintuitive result is due to the upper relative humidity and dew point limits. 

The climate in Singapore is never, in a typical meteorological year, dry enough for the external 

air to be supplied to the IT equipment without first being dehumidified requiring chillers to 

operate continuously. 
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Indirect air side economised 

The chart below shows the achieved intake temperature hours using the indirect air side 

economised cooling design. Whilst there are no hours at the 22°C target IT intake temperature 

the TMY peak with adiabatic cooling is 4 hours at 34°C which is within the Class 2 allowable 

range. 

 

 
Figure 12 Singapore indirect air side IT intake temperature hours - without chillers 

Maintaining the upper IT intake temperature at 32C, 3C below the allowable Class 2 limit results 

in an opportunity of 4,425 and 8,616 hours per year of entirely economised cooling for dry and 

adiabatic economiser systems respectively. 

Indirect water side economised 

As shown in Figure 9 below the indirect water side economised design is not a realistic 

proposition providing zero hours per year below the 35°C upper limit. 

 
Figure 13 Singapore indirect water side IT intake temperature hours - without chillers 
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6. Annual chiller hours 

These definitions are the same as those used in the European analysis document. 

 

The charts in section 5 examined the IT intake temperature distribution if chillers were not used 

to constrain the IT supply temperature to understand the extent of the exposure to increased 

temperatures and therefore the requirement for mechanical cooling.  

 

In this section the analysis uses the maximum IT intake temperatures of the four examined IT 

environmental ranges and the output shows the required chiller hours to maintain each. The 

analysis is performed for each of the European locations identified in Error! Reference source 

not found.. 

6.1 Definition of a chiller hour 

For this section a chiller hour is recorded whenever mechanical cooling would be required to 

maintain the maximum allowable IT intake temperature. This includes both the region where the 

data centre is cooled entirely by chillers and the transitional region where some of the cooling 

load is met by the free cooling system and the remainder is met by the chillers. 

6.2 Operating ranges 

The analysed operating ranges are shown in the charts below; 

ASHRAE Class 1 

The ASHRAE Class 1 range is specified as both a recommended, shown by the red outline and 

an allowable, shown by the larger blue outline. 

 

The recommended range is between 18°C to 27°C temperature with lower humidity limit at 

5.5°C dew point and upper humidity limits at 60% relative humidity and 15°C dew point. 

 

The allowable range is between 15°C to 32°C temperature with lower humidity limit at 20% 

relative humidity and upper humidity limits at 80% relative humidity and 17°C dew point. 

 

 
Figure 14 ASHRAE Class 1 recommended and allowable IT environmental ranges 

ASHRAE Class 2 

The ASHRAE Class 2 range is also specified as a recommended, again shown by the red 

outline and an allowable, shown by the larger blue outline. Note that Class 1 and Class 2 share 

the same recommended range so this will be analysed only once. 
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The allowable range is between 10°C to 35°C temperature with lower humidity limit at 20% 

relative humidity and upper humidity limits at 80% relative humidity and 21°C dew point. 

 

 
Figure 15 ASHRAE Class 2 recommended and allowable IT environmental ranges 

ETSI range 

The ETSI range is much broader and allows IT equipment to operate without any environmental 

controls in most regions. 

 

The specified range is; ñair inlet temperature and relative humidity ranges of 5°C to 40°C and 

5% to 80% RH, non-condensing respectively, and under exceptional conditions up to +45°C as 

described in ETSI EN 300 019 Class 3.1ò 

 

 
Figure 16 ETSI IT environmental range 
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6.3 Class 1 Recommended range 

In Figure 17 the required chiller hours for each location are shown for the ASHRAE Class 1 

recommended IT intake range with the upper limits set to 27°C, 60% relative humidity and 15°C 

dew point. 

 
Figure 17 Chiller hours (dry cooling) - Class 1 recommended 

The addition of the hot climates has substantially increased the number of locations where large 

numbers of chiller hours are required and therefore where significant cooling energy overhead 

is present.  

 
Figure 18 Chiller hours (adiabatic cooling) - Class 1 recommended 

Using adiabatic cooling it is noticeable that the indirect air side economiser design outperforms 

the direct air side design. This is due to the restricted humidity range of the Class 1 

recommended range as this requires chillers to reduce intake humidity and decreases the 

amount of adiabatic cooling available in the direct air side economised design. These 

constraints are not an issue for the indirect air or indirect water side designs.  
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6.4 Class 1 Allowable range 

Expanding the control range to the ASHRAE Class 1 allowable range, with a maximum IT intake 

of 32°C and upper limits of 17°C dew point and 80% relative humidity gives the chart below.  

 
Figure 19 Chiller hours (dry cooling) - Class 1 allowable 

It can be seen that this range has only a minor impact on the direct air side economised 

systems compared to the recommended range but the improvement for the indirect air and 

indirect water is significant.  

 

Figure 20 below shows the required chiller hours using adiabatic cooling. It is evident that 

simply using the full current Class 1 range instead of interpreting the recommended range to 

mean ñnever operate outside of ñ reduces chiller hours to below the four months per year point 

where most of the energy savings have been delivered. The use of adiabatic cooling almost 

eliminates the use of mechanical cooling in a typical year. 

 
Figure 20 Chiller hours (adiabatic cooling) - Class 1 allowable 
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6.5 Class 2 range 

In this section the required chiller hours are shown for the ASHRAE Class 2 range with 

maximum IT intake temperature of 35°C and an upper humidity limit of 80% relative humidity 

and 21°C dew point. Using this small increase in IT intake temperature allows most of the world 

to operate without mechanical cooling where adiabatic cooling can be used. Note that there are 

many designs of hybrid dry cooler available which only use adiabatic cooling when required. 

 

It is also notable that at this IT equipment humidity control range the performance of direct air 

side (fresh air) economisers is almost as good as indirect air side except for the Group A 

tropical megathermal climates. 

 
Figure 21 Chiller hours (dry cooling) - Class 2 

Note that there are areas where water cost or scarcity would count against its use to assist 

cooling and operators in these cities might be constrained to dry cooling. Even so there is still 

less than five months per year of mechanical cooling required even in Riyadh.  

 
Figure 22 Chiller hours (adiabatic cooling) - Class 2 
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6.6 ETSI Range 

In this section the required chiller hours are shown for the ETSI EN 300 019 Class 3.1 or Class 

4 range with a maximum IT intake temperature of 45°C, maximum 80% relative humidity with no 

upper dew point limit.  

 
Figure 23 Chiller hours (dry cooling) - ETSI range 

 

As shown the use of the ETSI or Class 4 range virtually eliminates the use of mechanical 

cooling; however the benefit is questionable. As for the European analysis the benefit is 

primarily in capital cost and not efficiency. As shown, the chiller energy penalty at these low 

numbers of chiller hours per year is very small. 

 
Figure 24 Chiller hours (adiabatic cooling) - ETSI range 
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7. IT equipment power 

The IT equipment fan power curves used are the same as for the European analysis. 

 

One of the major concerns when allowing increased IT equipment intake temperatures is the 

increase in IT equipment fan power consumption and whether this will exceed any energy 

saving by operating in economised mode. 

 

A simple analysis of the IT fan power was conducted to investigate the IT equipment side of this 

issue. The fan power was determined through the use of a simple model and then weighted by 

the number of hours per year spent in each 1°C intake temperature range to determine an 

annual average percentage of the IT fan power for the servers. 

 

As for the analysis in section 6 the control system is assumed to activate the chillers to 

constrain the temperature at the specified maximum IT intake temperature. 

7.1 Fan power model 

The fan power model is simple and uses only two parameters, the system exhaust air 

temperature which is assumed to be constant and the maximum intake temperature. From this 

the required air flow volume is determined by keeping the product of air flow volume and delta T 

across the server constant. A cube law relationship is assumed for the IT fan power with air flow 

volume. 

7.2 Applicability, intake temperature and workload 

Note that this model for fan power assumes that the server is under 100% workload and that the 

key cooling components such as the processor(s) are at full thermal output at all times. The fan 

power growth modelled in this section represents a worst case full workload scenario. This is 

not the case in most data centres and therefore the fan power growth should be smaller than 

shown as the cooling load will be smaller.  

7.3 Class 1 Recommended range 

Using ASHRAE Class 1 recommended range with the maximum intake temperature set to 32°C 

and the system exhaust constant at 42°C. 

 

The server represented has a base power consumption of 200 Watts plus a peak additional 

cooling power consumption of 25 Watts giving a full load power consumption of 203 Watts at 

20°C intake. 

 

 
Figure 25 IT device air flow and power - Class 1 recommended 
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This fan power consumption curve when applied to the intake temperature hours count from the 

cooling system models produces the annualised percentage of total IT fan power shown in the 

charts below. 

 

 
Figure 26 Annualised server power (dry cooling) - Class 1 recommended 

 

As can be seen within the Class 1 recommended range the additional temperature related 

power consumption is fairly well controlled with the servers drawing an annual average of 204 - 

209 Watts. This is an increase of 1 to 4 Watts per server or 0.5% to 2%. There is little apparent 

difference between the dry and adiabatically cooled data centres due to the upper thermal limit 

being below the serversô maximum design temperature. 

 
Figure 27 Annualised server power (adiabatic cooling) - Class 1 recommended 
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7.4 Class 1 Allowable range 

Using the full allowable range for the Class 1 equipment buys substantial economiser hours and 

in many areas eliminates the need to purchase or maintain mechanical chillers. Against this 

must be balanced any increase in IT equipment fan power. 

 

 
Figure 28 IT device air flow and power - Class 1 allowable 

Note that all of the server parameters are the same as for the recommended range but in this 

case the intake temperature limit is moved up to the full 32°C allowable which allows the server 

to reach its full cooling overhead power of 225 Watts at 32°C intake when under full load. 

 

 
Figure 29 Annualised server power (dry cooling) - Class 1 allowable 

As shown in Figure 29 there is a noticeable growth in the overall annual power consumption of 

the servers in dry cooling mode in the warmer climates. The annualised power is well controlled 

in the direct and indirect air economised designs for all climates except Sao Paolo through to 

Singapore where the annualise power peaks at the maximum 225 Watts. 
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