
#CPEXPO   |   CHANNELPARTNERSCONFERENCE.COMASHRAE Indonesia Chapter DL Presentation – December 6, 2024

Air Quality in Data Centers: 
People vs. The Machines

Christopher Muller

ASHRAE Distinguished Lecturer

Director IEQ Technical Services – AAF International



ASHRAE Indonesia Chapter DL Presentation
December 6, 2024

• The phrase “indoor air quality” or 
IAQ, is most associated with the 
health, well-being, and comfort of 
humans in an occupiable space. 

• In mission critical facilities such as 
data centers, IAQ is being considered 
less for human occupants and more 
for the “health” of the critical 
informational technology (IT) and 
datacom equipment.*

Air Quality In Data Centers: 
People vs. the Machines

* Skynet became self-aware 
on August 4th, 1997, and Judgment 

Day ensued on August 29th.
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Indoor air quality, or IAQ, is a term common throughout the 
commercial and residential building sectors.

• Refers to the air quality within and around buildings and structures.

• Relates to the health and comfort of building occupants.

IAQ can be affected by airborne contaminants.

• Fine particulate matter

• Gaseous contaminants

Poor IAQ can result in occupant complaints.

Indoor Air Quality
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• Particulate and gaseous contaminants from outdoors harm not only 
the human occupants of a building.

• They can also damage other building “occupants” such as the 
sensitive electronic and electronic devices.

• The failure of information technology (IT) and datacom equipment is 
almost exclusively caused by pollutants with sources outside the 
building. 

• Sulfur & nitrogen oxides (SOx, NOx) • Hydrogen sulfide (H2S)

• Ozone (O3)   • Chlorine (Cl2)

• Diesel particulate matter (DPM)   • Fine and ultrafine particulate 
      matter (PM2.5, PM0.1) 

       generated from motor 
       vehicle exhaust.

Indoor Air Quality
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• Highly Controlled Environment

• Access /Security, Climate, Schedules

• Support High Availability Systems/Networks (99.999)

• Same Basic Elements

• More Equipment (N+), Very High-Density Electronics, Telecommunication / 
Networks

• Discrete Locations

• Still …an air-conditioned, controlled access room just like in 
the first data center designs.

Technology Centers Today
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• The physical environment surrounding a printed circuit board is 
defined by the temperature, humidity and gaseous and particulate 
contamination in the air. Environmental factors can cause 
failures in two ways:

• First, electrical open circuits can result from corrosion, such as the 
corrosion of silver terminations in surface mount components.  

• Second, electrical short circuits can be caused by:

 (a) copper creep corrosion, 

 (b) electrochemical reactions such as ion migration and cathodic-anodic 
filamentation, or 

 (c) settled, hygroscopic particulate matter contamination reducing the surface 
insulation resistance between closely spaced features on PCBs. 

Data Center Equipment Reliability
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• The Restriction of the use certain Hazardous Substances in electrical 
and electronic equipment” or RoHS was implemented in July 2006.

• Restricts the use of hazardous substances in electrical and 
electronic equipment.

• Lead (Pb)

• Mercury (Hg)

• Hexavalent chromium (Cr(VI))

• Cadmium (Cd)

• Polybrominated biphenyls (PBB)

• Polybrominated diphenyl ethers (PBDE).

EU Directive 2002/95/EC
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• All EU member countries.

• Croatia, Norway, and Switzerland may have similar legislation.

• China RoHS regulations are also in effect.

• Many consider them to be considerably more restrictive.

• The United States, Argentina, Australia, Brazil, Canada, Indonesia, 
Japan, Korea, Malaysia, New Zealand, Philippines, Singapore, Taiwan, 
Thailand, and Vietnam have passed legislation or aligned with RoHS. 

• RoHS 2, RoHS Recast – adopted in June 2011

RoHS Changed the Game!
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• Contamination control for mission 
critical facilities.

• Lead-free products will corrode in 
high sulfur environments. 

• The number and types of corrosion 
failures have increased.

• The most common failures are 
with the most common 
components.

• Hard disk drives (HDD), motherboards, 
graphic cards, DIMMs, capacitors, 
transistors are all failing!

The Lead-Free Transition
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• RoHS and other “lead-free” regulations in place since 2006 
have affected datacom / IT equipment reliability.

• ASHRAE research projects and white papers, manufacturers’ case 
studies, and industry data all support and/or require the control 
of gaseous and particulate contamination to reduce 
equipment failures.

• Outdoor air quality in many parts of the world does not meet IT 
equipment manufacturers’ environmental requirements.

RoHS = Lead-free
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Let’s Look at Data Center Energy Use

• The total number of data centers worldwide is now estimated to be >8,000. 

• Some have put this number at more than 3 million!

• Regardless of how many “data centers” are currently in operation, the energy consumption 
can only be expected to increase. 

• Data storage, process, and creation currently consumes ~1-1.5% of global 
electricity production. 

• In the USA it may be as high as 2.5%. 

• As much as 50% or more goes towards cooling IT equipment.

• Data centers are expected to consume 20% of the world’s power supply by 2025.

• Driving the data center boom is generative AI, which will help triple the electricity 
consumption of those centers from 2.5% to 7.5% by 2030 in the USA.

11
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Breakdown of Energy Use

Cooling systems represent about seventy percent of 
a data center's total non-IT energy consumption.
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Data Center Energy Use - Indonesia

• Data centers are estimated to consume around 0.5% to 2% 
of Indonesia's electricity, based on global averages and the 
country's growing role as a data center hub. 

• Cooling systems in data centers alone account for about 40% of their total 
energy consumption.

Indonesia’s path to be a global leader in green data centers - Opinion - The Jakarta Post

• Significant efforts are being made to reduce the overall 
energy consumption of data centers – specifically the energy 
required for cooling. 

• One data center design approach that can offer tremendous 
energy savings is the use of economizers. 
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Free Cooling for Energy Conservation

• In most climates, data center cooling can be satisfied when the 
ambient air temperature is cold enough to supplement or replace the 
refrigeration equipment.  

• This process is known as an “economizer” or “free cooling” cycle 
because the refrigeration equipment can be shut off and cooling can 
instead be provided from the outdoor air. 

• ASHRAE Technical Committee 9.9 published “Thermal Guidelines 
for Data Processing Environments” in 2004. 

• In 2008 and 2011 the temperature and humidity ranges for data centers 
were expanded so that an increasing number of locations throughout the 
world would be able to operate with more hours of economizer usage.

14
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Air-Side Economizers

• A mechanical device used to reduce energy consumption.

• Recycles the energy produced within a system or leverages environmental  
temperature differences to achieve efficiency improvements.

• Typically includes particulate filters with a removal efficiency of 
40% (MERV 9, F5).
• In areas with high particulate levels,
 60-90% efficient (MERV 11-13, F6, F7)
 filters may be required.

• There is little information on the use 
 of chemical filters in these systems, 
 however, that is changing.

15
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• Best in moderate climates.

• Low initial capital costs.

• Humidity control can be difficult.

• Dust and chemical filters may require 
 high maintenance.

Air-Side Economizers (2)

Wall Installation Roof Installation

16



ASHRAE Indonesia Chapter DL Presentation – December 6, 2024

• In certain geographical locations, economizers can be run using 
100% outdoor air for part or all of the year to meet both the 
cooling and ventilation requirements for data centers. 

• Free cooling is an emerging solution to reduce energy consumption for data 
centers in Indonesia. Given Indonesia's warm climate, implementing free 
cooling can be challenging but not impossible with the right strategies.

• Although this addresses the goal of overall lower energy use in 
data centers, it can come with a hidden penalty. 

• This being an increase in the amount of particulate and 
gaseous contamination coming into the data center along with the 
outdoor air and a concurrent increase in IT equipment 
reliability concerns. 

Air-Side Economizers (3)
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• Three types of gases are the prime suspects in the corrosion of 
electronics.

• Acidic gases, such as hydrogen sulfide, sulfur and nitrogen oxides, 
chlorine, and hydrogen fluoride

• Caustic gases, such as ammonia and amines

• Oxidizing gases, such as ozone. 

• Of the gases that can cause damage to electronic devices, acidic 
gases are typically most harmful.

• Although less of a problem than gaseous contaminants, particulate 
contamination is also being investigated.

Air Quality & the Effects of Contamination
in Data Centers
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• “Environmental Conditions 
for Process Measurement 
and Control Systems: 
Airborne Contaminants”

• Contamination monitoring for 
mission critical facilities.

• Classifies four levels of 
environmental severity for 
electrical and electronic systems.

• Now requires the use of silver 
corrosion rates as a metric for 
determining overall severity 
levels.

ANSI/ISA Standard 71.04-2013

Classification of Reactive Environments
Class G1 G2 G3 GX

Severity 
Level

Mild Moderate Harsh Severe

Copper 
Reactivity

<300Å <1,000Å <2,000Å ≥2,000Å

Silver 
Reactivity

<200Å <1,000Å <2,000Å ≥2,000Å

Comments

Corrosion not a 
factor in 

determining 
equipment 
reliability.

Corrosion 
effects are 

measurable, 
and corrosion 

may be a factor. 

High probability 
that corrosive 

attack will 
occur.

Only specially 
designed and 

packaged 
equipment will 

survive.
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• Each site may have different combinations and concentration levels of 
corrosive gaseous and particulate contaminants

• IT failure equipment can occur rapidly in weeks or months!

Particulate and gaseous contamination guidelines 
for data centers (ASHRAE 2011)

Data centers must be kept clean to ISO 14644-1 Class 8 (ISO 2014). This level of cleanliness can generally be achieved by 
an appropriate filtration scheme as outlined here:

1. The room air may be continuously filtered with MERV 8 filters (G4/F5, 25-30% dust spot).

2. Air entering a data center may be filtered with MERV 11 (F6, 60-65% dust spot) or MERV 13 (F7, 80-90% dust 
spot) filters.

Sources of dust inside data centers should be reduced. Every effort should be made to filter out dust that has 
deliquescent relative humidity greater than the maximum allowable relative humidity in the data center.

Gaseous contamination should be within the ISA-71.04-2013 severity level of G1-Mild that meets:

1. A copper reactivity rate of less than 300 angstroms (Å) per month, and

2. A silver reactivity rate of less than 200 Å per month.

For data centers with higher gaseous contamination levels, gas-phase filtration of the inlet air and the air in the data 
center is highly recommended.

20
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• Dell PowerEdge Servers: Airborne Contaminant 
Level Update. 

“Airborne Contaminants Level Class G1…”

• HP Integrity Superdome 2: Environmental 
Specifications.

“Gaseous contaminants must be at the G1 level or less…” 

• IBM Power7 Systems: Environmental Design 
Criteria.

“Severity Level G1…”

Environmental Specifications for Leading 
IT/datacom manufacturers

Most companies have changed their environmental specifications to ISA Class G1.

21
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Leading IT/datacom 
manufacturers

Cisco Systems, Inc.: “Guidelines 
and Best Practices for the Installation 
and Maintenance of Data Networking 
Equipment.”

• Dedicated content on environmental 
factors including airborne pollutants.

• Section on corrosion that includes 
assessment, control, and monitoring 
guidelines.

Environmental Specifications

22
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• Active sulfur compounds (H2S)

• Sulfur oxides (SO2, SO3)

• Nitrogen oxides (NOx)

• Inorganic chlorine compounds (Cl2, ClO2, HCl)

• Hydrogen fluoride (HF) 

• Ammonia and derivatives (NH3, NH4
+)

• Photochemical species (O3)

• Strong oxidants

Corrosive Chemical Gases
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• There are six main classes of gaseous contaminants which are 
routinely described in motor vehicle exhaust.

Motor Vehicle Exhaust

Chemical Types* Automobiles Diesel Engines

Aldehydes (RCHO)
Carbon monoxide (CO) 
Hydrocarbons (HC) 
Oxides of nitrogen (NOx)
Oxides of sulfur (SOx)
Organic acids (as acetic)
Particulates

4
2300
200
113

9
4

12

10
60

136
222
40
31

110
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The rapid expansion of the IT equipment market in the 
polluted geographies of Asia with high levels of gaseous 
and particulate contaminants and the increasing use of 
free cooling has resulted in an increase in corrosion-
related IT equipment failure rates that had been 
declining in previous years.

Is “Free Cooling” the Answer?
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CASE STUDIES: IT/Datacom 
Equipment Corrosion
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Indirect Evaporative Cooling Drives Data Center Efficiency
(ASHRAE Journal – June 2020)

• +35 MW of technical space across four data center buildings. 

• First building built in 2017 and has been operational since January 2018. 

• Kao Data maintains the internal environmental conditions to ASHRAE’s most stringent Class A1 
Recommended Environment, without the use of any mechanical refrigeration.

• The primary cooling system incorporates indirect evaporative cooling (IEC) 
technology to maximize energy efficiency, while reducing the environmental 
impact.

• The IEC technology is comprised of modular air-handling units, each with an epoxy-coated 
aluminum air-to-air heat exchanger to optimize the approach temperature between external and 
internal air temperatures. 

• Key functionality of the IEC technology utilizes adiabatic cooling via integrated water spray bars, 
under extreme external ambient conditions. 

Kao Data Campus
2020 ASHRAE TECHNOLOGY AWARD



ASHRAE Indonesia Chapter DL Presentation – December 6, 2024

• Indoor Air Quality

• Data centers must be maintained to ISO 14644-1 Class 8. 

• The recirculated air filtered with MERV 8 filters (G4/ F5) 

• Outside air filtered with MERV 11 (F6) or MERV 13 (F7) 

• Real-time corrosion monitoring for both copper and silver reactivity 
measures airborne contamination levels in accordance with ISA-71.04.2013, 
ensuring the customers’ server and storage equipment warranties are never 
put at risk. 

• Environmental Impact

• The absence of refrigeration systems has minimized the potential global-
warming and ozone-depleting impact on the environment, in addition to 
carbon emissions.

Kao Data Campus
2020 ASHRAE TECHNOLOGY AWARD
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• Conclusions

• It has been demonstrated that through innovative application of 
appropriate technology and taking an opportunity-risk based approach, the 
ASHRAE thermal guidelines can be maintained without the use of a 
mechanical refrigeration plant.

• The implementation of a refrigerant free cooling design - which reduces both 
carbon dioxide and harmful fluorinated gas emissions – meets the stringent 
ASHRAE TC 9.9 environmental guidelines and delivers a power usage effectiveness 
(PUE ) of 1.2 even at partial loads.

• The absence of a refrigeration plant introduces a range of benefits in the 
form of both energy efficiency and sustainability, as well as longer-term 
OPEX savings for both the data center customer and operator.

1st UK multi-tenant data center to provide 100% free-cooling.

Kao Data Campus
2020 ASHRAE TECHNOLOGY AWARD
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• Located in Ferrera Erbognone (Pavia) the ENI Green Data Centre 
hosts all of Eni's central computer processing systems, both for 
information management and seismic simulation processing (HPC4).

• It will provide up to 5,200 m2 of usable space, up to 30MW of IT power 
and up to 50kW/m2 of energy density.

• The data center cools its computers using air directly from 
outside for at least 75% of the year. 

• This direct free-cooling technique means the air conditioners are 
switched on less than 25% of the time.

• It consists of 6 individual modules each with 825,000 cfm (1.4MM m3/hr) of 
air being delivered to the data center when in free-cooling mode.

Eni Green Data Centre - Italy
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Eni Green Data Centre - Italy
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The data center was built in the immediate vicinity 
of the Enipower Ferrera Erbognone power station!

It appears that we have a problem…
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What They Didn’t Tell You…
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“Moreover, the free-cooling technique returns cleaner air to 
the external environment. Before reaching the computers, the 

air from outside is filtered, thus removing about 3,000 
kilogrammes of dust per year.”

There are Benefits… (sort of)
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Final Thoughts
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• IAQ is a term that is not only important 
to humans but also for the health of the 
nonhuman “occupants” of mission critical 
environments such as data centers. 

• Miniaturization of electronic components.

• Reductions in feature spacing on PCBs.

• Loosening of the data center temperature 
and humidity envelope to save energy.

Data Center IAQ
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• Increasing the maximum allowable temperature 
and RH ranges for IT equipment means free 
cooling can be used in more locations than 
ever before. 

• Can provide for dramatic energy savings and 
overall lower operational costs.

• In many locations this has come at the cost of 
equipment reliability. 

Free Cooling and IT Equipment Reliability
3
8
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• Although climatic conditions may allow for the use fee cooling, other 
factors now have to be considered. 

• Local and regional air quality.

• Free cooling should be considered where feasible.

• Additional steps are required to assure reliable operation of datacom 
equipment.

1. Determination of the types and levels of particulate and gaseous 
contamination.

2. Establishing a monitoring program inside the data center to check 
against standard levels and equipment warranty requirements.

3. Upgrading or adding the required filtration to remove and reduce 
contamination to manufacturers’ requirements.

Conclusions
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