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ABSTRACT

ecent surveys of ClIO’s have shown that energy is one of the leading concerns in the operation of

data centers. The IT industry ranks 6th in overall energy use compared to other large industries,
and if the manufacturing of IT equipment, which ranks 11th, is included with the power required to drive
all the IT equipment, then this industry is 3rd on the list of industries which use the most energy in the
us.

The EPA issued a report to the US Congress in August, 2007, as requested through the House of
Representatives, assessing opportunities for energy efficiency improvements to computer servers and
data centers in the United States. Two points stand out in this report: 1) the infrastructure support of the
IT equipment within a data center contributes over one-half of the overall power used for maintaining a
data center, and 2) the rate of growth of data center energy usage is significant.

Since that report a number of organizations have created technologies and best practices that can
improve data center energy use significantly. There have been some significant improvements made to
data centers but much more needs to be done.

Some of the new technologies and best practices applied to data centers will be described in this talk,
along with some thoughts on what the future holds for power and cooling of data centers, and how some
of these will affect the design of servers of the future. Data center technologies and best practices,
which include the deployment of co-generation, higher server ambient temperatures, DC power, liquid
cooling, and use of renewables, will be described.

COPYRIGHT NOTICE

The papers in this publication comprise the pre-workshop Proceedings of the 2011 BiTS Workshop.
They reflect the authors’ opinions and are reproduced here as they are planned to be presented at the
2011 BiTS Workshop. Updates from this version of the papers may occur in the version that is actually
presented at the BiTS Workshop. The inclusion of the papers in this publication does not constitute an
endorsement by the BiTS Workshop, the sponsors, BiTS Workshop LLC, or the authors.

There is NO copyright protection claimed by this publication. However, each presentation is the work of
the authors and their respective companies: as such, it is strongly encouraged that any use reflect
proper acknowledgement to the appropriate source. Any questions regarding the use of any materials
presented should be directed to the author/s or their companies.

The BiTS logo and ‘Burn-in & Test Socket Workshop’ are trademarks of BiTS Workshop, LLC.

BiTS Workshop 2011 Archive




Keynote Address

Thermal Management Applied to Data Centers
with Focus on Energy Efficiency

Roger Schmidt, IBM Fellow
Chief Engineer - Data Center Energy Efficiency

Agenda

v’ Data center energy use
IT technology energy improvements
IT equipment operating envelope
Infrastructure to support IT equipment

Data center designs —
TWELFETH AR K UAL ~ MARCH 6-9,2011

Big issues Hilton Phoenix East /Mesa Hotel
3 MESA, ARIZONA

v
4
v
v
4
v

Q&A

! : v
Burn-in & Test Socket Workshop

Data centers use electricity
How much?

+«+ More video was uploaded to YouTube in the past 2 months
than if ABC, CBS and NBC had been airing content 24/365 since 1948
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World Data Center Electricity Use
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U.S. Data Center Electricity Use 2000 - 2006

Report to Congress on Server and Data Center Energy Efficiency — August 2, 2007
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Electricity Use of U.S. Servers
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Data center Inputs/Outputs

+«+ Over 31 billion google searches were performed — last month — vs 2.6 billion 3 years ago.
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Control Volume for IT Equipment
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Information Technology is
becoming more energy
efficient at a furious pace

++ The computer in your cell phone today is a million times cheaper,
and a thousand times more powerful and about a hundred thousand time smaller

than the one computer installed at MIT in 1965
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Incredible performance improvements

As the number of
transistors goes
UpP

Energy per
Transistor goes
DOWN

Energy per transistor
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Moore's Law: Delivering DC Performance

power5 575

power6 575
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"&EY 79 TFlops

79 TFlops

118 racks 9 racks

300 ft?

10,000 ft2

3.5 MW 0.5 MW
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Supercomputer Trends
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¢ The Envir

Boundary Conditions

onmental Envelope for operation of IT Equipment

is becoming critically important
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Module Level Cooling
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ASHRAE IT Equipment Environment

2004 Version

2008 Version

Low End Temperature | 20° C (68° F)

18° C(64.4° F)

High End Temperature | 25° C(77° F)

27° C(80.6° F)

Low End Moisture 40% RH

55 CDP(41.9° F)

High End Moisture 55% RH

60% RH & 15° C DP
(59° FDP)

*Envelopes Represent Conditions at

IT Equipment Inlet

ASHRAE 2004 — Recommended
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How do we package
electronic within these
boundary conditions?

+ Movement toward smaller size, greater density in data centers
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Packaging Electronics to Meet BC
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Parallel Trends (data center to Test/BI)

Increasing emphasis on energy efficiency of test and Burn-In equipment

Emerging trend of green initiatives and marketing from test equipment vendors
» higher efficiencies in power delivery and thermal management and utilization

Equipment marketed based on Total Cost of Ownership models
» including energy efficiency

Silicon and packaging trends to increasing power density
» Higher compute density on-board, 3D packaging

Trends to fewer chips/components of higher complexity and higher compute capability
» net = performance vs. power gains

Growing Test/BI complexity due to on-chip and system power management infrastructure
» on-board voltage regulation, power throttling, sleep modes, nap modes, power/thermal monitoring
and control, high performance modes, etc.

Higher importance of low power silicon technologies and power/performance trade-offs

Emphasis on high performance and high efficiency power/thermal management (HW and methods)
» Starting at die level, flowing to package level ....all the way to the data center environment
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What infrastructure is required
to support the electronics for a
mission critical data center

Mission critical facilities — must operate absolutely reliably
around the clock, 365 days per year, under any circumstances
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Typical Data Center Energy End Use

« File server link
utilization (daytime)
(Bennett, 2006)

X86 average utilization
5-12%

30 Units

Power Usage Effectiveness(PUE) = (Infrastructure Power + IT Power)/IT Power = 2
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Holistic View
-Total Cost of Ownership-

++ Monitoring and reporting on energy consumption will be expected by 2012
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Capital Cost of Data Center

Mechanical
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Optimize lifecycle costs

B Energy Cost Example:
Bl staffing | One 20,000 square

Bldg. Maint. & Mgmt. - footdata center
R E Tax

= Cumulative cost to
run a data center

= 10% annual energy
increase

= Data center
operational costs are
3-5 times the capital
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%
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= 75% of operation
costs is for energy

Cumulative Cost of Operations ($Millions)
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In spite of our progress in

improving energy efficiency

of data centers, there is still

significant potential for
much more

¢ Data centers can consume 40 to 100 times more energy than the office they support
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Different climate zones - different solutions
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Some Ways to Cool/Power Data Centers

Water Cooled Central Chiller system - traditional
Air side economizer
Water side economizer
Evaporative cooling
Tri-gen — electricity, cooling, heating

Geo-thermal steam plant

Geo-thermal cooling

Many of these technologies are more
common for commercial or industrial
Fuel Cells applications and have not been readily
accepted or applied for data centers

Photovoltaic

Enthalpy Wheel
Liquid Cooled IT Equipment
High Voltage DC
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Three Data Center
examples

¢ Future — it will be about compute power/kw
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he Co-gen Concept-deployed at Syracuse U.

USEFUL ENERG
4.2

OTHER

LOSSES 4.8% EXHAUST THERMAL

LOSSES 21% OUTPUT
44.5%

Offset building thermal loads by recycling the
waste heat energy available at site

= Reduces costs and increases reliability

Increases efficiency and reduces fossil fuel
combustion
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Rack / Data Center Water Cooling

Rear

local chiller Wa1er
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0
%
Air Flow ?
? Water cooled
5 Cold Plates
ﬁ CRWC: Computer Room within Node
Front | Water Conditioning Unit
Top Views Cold Plate
Cover Side Car

Heat Exchanger Heat Exchanger

Base Products Remain Air Cooled
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Why Water Cooling(vs Air Cooling)?

v' Water Advantages ™
¢ Order of magnitude lower unit thermal resistance

* 3500X heat carrying capacity Greater Performance

e Total control of the flow

>' Greater Efficiency

e Lower temperature
o Lower power(less leakage)
o Better reliability

Better Quality

v' Water Disadvantages
e Added complexity

¢ Added cost(but not necessarily cost/performance)

¢ The perception of water cooling
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In Rack Water Cooled Rear Door Heat Exchanger
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In-Rack Cooling Heat Exchanger - Rear Door

Water cooling is 3500x more energy efficient than air

O_inmase 2w

Capabilities

* Designed to remove heat generated from the back
of your computer systems before it enters the room

Benefits

= Increase server density without increasing
cooling requirements.

* Patented “rear heat exchanger” can reduce heat at . . L
= Effective solution for a data center wishing to

the source ! |
. = »A deal with computer room “hot spots,” or is at the
= Utilizes chilled water to dissipate heat generated by limit of its cooling capacity, but still has useable
computer systems while requiring no additional floor space to add racks of systems.

fans or electricity!
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U. of Illinois/NCSA Green Data Center

Blue Waters will be an unsurpassed national asset, delivering
sustained performance of 1 petaflop (that's 1 quadrillion
calculations every second) for many science and engineering
applications that researchers use every day—not just benchmarks.
Blue Waters is being developed and built with a $208 million grant
from the National Science Foundation and will be a resource for
scientists and engineers across the country.

Blue Waters will deploy IBM's POWER?7 architecture, which is
based on advanced multicore processor technology.
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New Power 775 Water Cooled System

Power 775 Water Cooling System

* More than just the processors are water cooled
- Bulk power - DCCAs
- Memory - VIMs
- Hub Modules
- Air within Disk Enclosure

Designed for Rack heat loads up to 270 kW
System water temperature = 15 — 24 °C (59 — 75 °F)

Supply Retun varies based on
Manifold Disk Encloswre |- JPRRTETR]

ST Rear - room dew point
— Compute i
CEC - Compute : Door - customer inlet water temperature

CEC - Compuie Heat - rack power level
CEC - Ci s \
e Exchanger Customer Building Chilled Water (BCW)

CEC - Computs § (RDHx) - inlet temperatures 2 — 20 °C (36 — 68 °F)

CEC - Compute - designed for flow rates up to 120 gpm/rack
CEC - Compute  *

CEC - Compute

CEC - Compute u

CEC - Compute 100% Heat Load to Water
s Compuile TGS N

waer 3 N RO O R

Conditioning oJyoleolgp
Units —
(WCUs) Heat Load to Air

Building to Water via RDHx Heat Load

Chilled . (<5%) Directly to

Water
Water (>95%)
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Zero-Emission Data Center - IBM Zurich

Hot-water cooled BladeCenter
a. Micro-Channel Liguid Coolers
/ b. Heat Exchanger
N c. Direct “Waste”-Heat Usage
_‘;’ |

wach moro than
B5 degres C

CMOS 85°C

Water 60°C

nflre

3/2011  Thermal Management Applied to Data Centers with Focus on Energy Efficiency 38

19
2011 BiTS Workshop ~ March 6 - 9, 2011




Keynote Address

Big Issues

v IT_demand continues to grow rapidly

v' IT energy efficiency continues to dramatically improve

v Low IT equipment utilization

v’ Low infrastructure efficiency improvements remain

v Need to take a holistic view of IT & supporting infrastructure

v' Energy cost will continue to be #1 business concern

v/ TCO needs to be included in any new technology

v' Embedded carbon/energy vs usage carbon/energy
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Q4&A

Thank you for your
attention

3/2011  Thermal Management Applied to Data Centers with Focus on Energy Efficiency 40

20

2011 BiTS Workshop ~ March 6 - 9, 2011




	Thermal Management Applied to Data Centers with Focus on Energy Efficiency
	by


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


