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FOREWORD: The Data Center Energy Efficiency Framework (DCEE)a set ofbest
practicedor reducingdata centeenergy consumptionT he frameworkreflectsextensivanput

on proven energyeduction technologies and stratediesn datacenterprofessionalsyendors
andindustryexperts The frameworkwas developed as part of an initiative by the New York
State Energy Research and Development Authority to provide data center profesgitnal
guidelines forevaluaing facilities and generang practical remediationroadmaps forboth
immediateandlong-term energysavings

The DCEEFexplains not onlyhow to build an efficient facility but also how to run a data
center efficiently. The frameworktakes a holistic approadby including bestpracticesfrom
five distinct domains: facility design andengineering, information technology, process,
governance, anfinance. Each domain establishes requiremiatisare organized intthree
progressively more challengirmgerformancdevels Compliance withhigher levels requires
greatercapitalinvestmentand effort, but providesommensurate efficiency gains

The authors of the DCEE&ncouragealissemination and adoption of the framewds&cause
those who adherto its practiceswill not only reducedatacenteroperating costdut also
demonstrat@a commitment to operating in an environmentally responsible manner.

The most recent copy of the framework can be freely downloaded from
http://www.greendca.org/framework/
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1. About the Data Center Energy Eff

The DCEEFcontaindfive distinctrequirementiomains

1 Facility Designand Engineering i Requirementsn this domainrelate tothe physical
facility, including electrical and mechanical systems suchpawerdistribution and
cooling infrastructure Special consideration is given to the complex issue of wairflo
management, which is often one of the top sources ofceater inefficiency

1 Information Technology T This domain deals with theomputinghardwareitself, rather
than the supporting infrastructur@Vhile an IT operator may view given server as a
madine that provides a set of computational services, thecéatar manager must also
view it as a consumer of eleicity and a producer of heat. CPUad balancing and
virtualization aretechniques that can increase server efficiency without sacrificing
functionality.

1 Processi Process relates to issues like quantifytimg nature of application demand and
establishing maximuracceptable levels of application downtime. The intent is to match
applications to the proper hardwacemaximize energy efficiency. Procemssurs that
the hardwarallocatedfor an application is justified.

1 Governancei The optimal operation of a compledata center requiregeople with
diverse skills and backgroundsdtrive towards a common goal. This domegélates to
techniques for improving employgenotivationand domain knowledge

1 Financei The financial impact ofaducing energy consumptios usually negative in
the short term but positive in the lotgym This domain considergperatingexpenses,
capitalexpensesbook value and depreciatiaf assets

Traditionally, significant focus has been placed on the physical infrastructtine déta center
and its impact on consumption. Whifacility design andengineering is a component of
DCEEEF it is not intended to be the dominant perspecti®eholistic approach drawing from
multiple disciplinesi is essential to minimizdong-term power consumption Although a
remediation projectnayresult in mmediate improvements, an organizatibat fails todevelop
maturity in areadike governanceand processwill eventually revert to inefficient operation.
Practicesvithin DCEEFestablish data centeperatios thatcontinuallyimpactefficiency. New
technologies may impact unit efficiency, but total lelegm consumption should be the focus.
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2.Framewor k Compliance
Theor gani zati on of reghirementss ahovenwndhdigude belotv.h i r t y

Level J Level Level

DOMAINS REQUIREMENTS l I i

 FA 1 | Blanking Panels %
FA 2 Cable Management X
Fa 3 Tile Perforation Placement X
FA 4 Floor Cutout Seals A
Facility Design & FA 5 Equipment Placement & Orientation X
. . Fi B Thermal set poimnt X
Engmeenng {FA} FAT Containment Solution (Cold or ot Adsle) X
Fa 8 CRAC Intake Placement "
FA S Adr or Water Side Economizers X
FA 10 Energy Efficient UPS X
FA 11 Variable Frequency Drivies X
FA 12 High Efficiency Insulation and Roofing X
IT Consclidation X
|nfﬂrmati0n IT 2 Mensurement & YVerification Technology X
IT3 Yirtualization X
Technology (IT) IT4 | Enable Server Sleep Modes X
PR 1 [ata Center Zoning X
PR 2 Configuration Management & Orphaned Servers X
F'r{_] cess {PR} PR 3 Capacity Management & Right Sizing X
PR 4 Service Level & Availability Management X
PR 5 Training & Awareness X
[ Go1 | Enersey EfMiciency Role Defined X
G0 2 Continuous Improvement Program :
E03 EnergyiCSR Palicy
Governance {GD} 204 F:{lgll";—il:iﬁh & Track Performance Against Targets = X
GO 5 Performance Pay X
GO6 Fationalize Operational Risk
Fl1 Energy Efficient [T Procurement X X
Finance {Fl) Fl2 Asser Refresh Rationalization X
Fl3 Customer Charge Back

Figure 1 - Framework Requirements
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Moderate Benefit \ Strong Benefit \
Low Cost & Effort Low Cost & Effort

Requirement B Requirement A
Value ~3.75 Value ~4.5

11043 %2 1S0 )=
1SaMO0]

Requirement D Requirement C
Value ~3.5 Value ~3.75

1saybiH

Moderate Benefit \ Strong Benefit \
Moderate Cost & Effort | Moderate Cost & Effort

4——Benefit (Energy Savings)=———————_p

Weakest Strongest
Figure 2 - Factors Determining Requirement Value

Each requirement is assignetltle and avalue.(The value of each requirement is indicated next
to the requirement deggtion.) Therequiremeri 8alueis a numericalveighting expressed as

a number between zero and fivef the potential energy savingsarrowly defined in terms of
energy cost reductiQmrmeasuredhgainstboth the difficulty of implementatiorand the capitat
investment costiHigure 2 illustrates the relationshiptbese contributing factops.

Higher values are assigned to those requirements that generate significant benefits, require the
least amount of investment, and are easy to implement. Forpéxafor most environments,
raising the thermal set point by °F results in a corresponding drop of3% in the power
required for coolingsystemsBecausemplementing this measure requires no capital investment
and is easy to implement, this requiremesteives a high scoren contrast, installing an air

side economizer can lead to fantastic reductions. However, it requires significant invesgtment
time and capital. Consequently, it does not score as high as the simple practice of raising
temperatre.

This system of rating aligns most closely with ROIl. The actual 6@l measurelepends on
hundreds of factorsincluding the characteristics of the environmeng #xisting level of
efficiency andthe size of the data centerFurthermorepbecause the calculation of value is
narrowly based on hard savings, more committed organizations may wish to include soft benefits
such as contribution to corporate sustainability efforts as part of any actual ROl The
implementation of abatement projediscreasingly based on soft benefits is increasingly
important at higher performance levels (e.g., Level Ill). Regardless, the value shown for each
practice should provide a strong directional indicator of benefit versus effortcapital
investment.
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A requirement is considered fully satisfied if it meets the described condifolowing each
requirement title and value, there dsscriptionsection, which provides detailed information
about the requirementAfter eachrequirementdescription there is a section that describes the
actions necessary to meet the requiremeriollowing eachactions section, there is a final
section titledartifacts which describewhat proof(e.g., tools, documentsharts, reportfprms)

IS necessaryo demonstre that the requirement is actually metn general, artifacts are
byproducs of the implementation of the requirement. In other words, artifacts are usually
manifestations of the requiredtion, and areot tasks irand ofthemselves.

The level of compliance with the framework is measured by determining whether the necessary
artifacts are present for each requiremelftthe artifactsfor a given requiremerdre present,

then the score equal to the value shown forrdwpiirements awarded. Fractional or partial
marks are not possibleAn o r g a ntotal acoreisosimplg thesum of values for each
requirement satisfied within the performance level.

In order to claim compliance with a given DCEEF level, organizations must scdessithan

60% overall on the prescribed requirements for that levadditionally, organizations must
score no less than 55% on the requirements within each discipline. This is intended to
discourage organizations from performing extremely well in ame& and extremely poorly in
another.

. Appl i cabRelgiutiyr sonfe nt

A given requirementmay be applicableonly in certain environmentsfor example, some
requirements pertain only tata centers with a raisdéidor. In suchsituatiors, the exceptions
will be noted in the requirement descriptioDuring an evaluationhe maximum possible final
score for a levelshould be calculated without includingequirements inapplicable to the
evaluated environment

Only operationsowned and controlledy the evaluatedorganizationshould beassessed~or
example systems managed lop-locationor welbrhostingprovidess cannot be evaluated against
IT Requirement No. 3 (virtualization), because thpadty providers cannot be forced to
virtualize customeenvironments
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Green Data Center

ALLIANCE

4.1

mpl ement ati on aMdtdidod olooam@y

Resour

When implementing modifications in order to comply with DCEEF standards, use of a business
process methodology like TQM, Six Sigma, or Lean Six Sigma is recommended. If an
organization hasio such methodologin place,then theDCEEF providesa simplephased
methodology This methodology is shown in Figure 3 and consists of the following phases

= =4 =4 -4

Phasd i Define
Phase I} Analyze
Phase IlIi Implement
Phase IVi Control

Define

- Define Project
— Define Team
- Define Scope

- Collect results
- Communicate
- Benefit

- Repeat cycle

Implement Analyze
- Create Remediation Plan - Gather data
- Plan individual remediation - Perform gap analysis
projects
- Implement individual remediation
projects

Figure 3 - DCEEF Implementation Methodology

Phase | involveslearly definng the programin terms of goals, team members and sc&mpe
includesselectingthetarget sitemandperformance leveb be attainedin Phase I, the DCEEF is
used to performa gap analysishat comparesthe site infrastructure and practices against the
framework requirementsA self-assessmersicorecards provided as part of thHenplementation
Toolkit to simplify assessmentsPhag Ill calls the development and implementation of a
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remediation plan thaaddresses any gaps identified in the assessmenterAdidiation projects

are budgeted, scheduled and implemented accordiagtor gani zati onds pr oj e
practices. In Phase V, the benefits are capturethd communicatedafter which theprocess

begins anew

Regardless of methodology, there are tofluding an implementation guide and self
assessment scorecard) availaiol@ssistwith assessment and remediation. Sdteols can be
found athttp://www.greendca.org/dceef

5.Rel i ability and Limitation of Lia

The practices recommended in this framework are widdlypted and considered to be safe;
however, if caution is advisable when implementing a specific requirement, a warning is
indicatedwith a boldwarning label. The label i$ollowed informationdescribing the rislkand
strategies for risk mitigation

The ultimate responsibility foequipment safetyand reliability remains with thedatacenter
ownerand manager These stakeholderaust consider not only equipmesge and sensitivity
but alsorisk-tolerance otheorganization

If good judgment dictates that a particular best practice is unsuitablethen this practice
should be avoided.

When determining complianceany requirementskippeddue to a reliability concermwill be
excluded from the score tabulation.

While minimization of energy usage is a worthy gdak ultimate mission of the datarter is
reliable and predictable operation. The Green Data Center Alliance assumes no responsibility
for damagehatdirectly or indirectly results from recommended practices.

6.Framewor k Requirements

The DCEEF consists 080 recommended practices orgaguzinto 3levels. A summary view of
these requirements is presentedippendix A A detailed description of each requirement for
eachlevelis described below.
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Level | Requirements

Level | requirements require little capitahd effortbut can achieveubstantiatesults. Level |
practicesare oftenconsideredi | o w h a n g Implgmerting uevel d practicesan bring
quick success that establishtse benefit ofefficient operationand fres funds for more
ambitiousinitiatives. All organizations, regardless of size or type, should be able to comply with
the practices described:

FA-1.

Blanking Panel (Value 4.0)

ReCIUirement discussion: Side Profile of Computer Equipment Rack

_ T T Blanking
Without blanking panelshot air ‘_> _I _
from behind the rack will mix || —= - || —= -
with cold air in front of the rack a§ __ — - -
shownon the left side oFigure 3 —_— —

| — _I —_— ||
Placing blanking panels in the ) Fli ure4—lBIankin Pgalqlgf&Airflow
gaps betweendevices prevents | ~ . _] 9ra
cold and hot air from mixing.] =—>| —— —_—> |
This maintains J|a=maxi—mum fiDe*ta_—|—>
Td (the interhpbratwredince |~ > — | |/
between the hot and cor). A | ™| —J]— —7|—_|—*
larger Delta T results in mord ~ || —— |~ > ~—|l— | "
efficient cooling. By preventing > > —

Cold and hot a|r from m|X|ng’ the Before Blanking Panel: Air After Blanking Panel: Air

. Recirculation Occurring Recirculation Prevented
temperature rise across thk
IT/Network equipment provides the potential for high return temperaturesR&tuen
Temperature Index (RTI) provides a measure of the actual utilization of the available
temperature differential. This metric provides a yardstick for tracking tHerpemce
of the air managemeststem.

To put the importance of such a metric in perspective, considenitiedf the twelve
measuresn the Facility Design & Engineering domain are directly related to air
management. In additiosix of these nine measurbave avalue of 4 or greater.

Activities Procureand install blanking panels in all unoccupied spaces within the
equipment racks.

Artifacts: The installed blanking panetaust be&isible on inspection of the equipment
racks.
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FA-2. Cable Management (Value 3.9)

Requirement discussionCable managemeshould be used to prevent cablesler a
raised floorfrom preventingcool air from reaching servergir exiting perforated floor
tiles must reach the devices in the radkven partial blockages canhibit airflow
problematically When cabhg reduces the air velocitycool air may lack the
momentum necessaty reach the topf the rack resultingin hotspotsor inefficient
cooling.

A cable management system should be usedad airflow disruption Removing old
abandoned cabldathas accumulated over tingeespecially helpful in older facilities

There are numerous types of cable management system, including overhead trays,

underfloor trays and punchdown blocks. Other factors- such as the amount and
weight of cabling- have little to do with energy efficiendyut must be taken into
account This requirementdoes not mandate @gpe of solution,but ratherrequires
verificationthat a solution is in place and bkage of airflow is minimal.

Activities: Where no existing cablmanagement solution has been previously

implemented.the required activiy is installationof a cable management solution to
control cables and minimize airflow obstructioVhere a cablenanagement solution
is already in place, theequired activity issimply checkng that all cables are properly
using an existing system and minimal airflilockageis occurring. For older sites,

removal of unused cabthat causes blockage is required

Artifacts: The systematic and controlled manipulation of physical cables between server

racks and equipment or distribution panelsst be asily visible upon inspection.
Note This measure isnostrelevant for raiseefloor environmentsWith concrete slab
floors, there are no unddtoor plenums As such,in a concreteslab environment
cablescannotblock undeffloor airflow.

FA-3. Tile Perforation Placement (Value 4.2)

Requirement discussion:In a raisedfloor environment, proper positioning of
perforated floor tiles is essentiddecause aicooling systems work most efficiently

when the return air is hot, directing cooled air into the aisle that contains heat exhaust is

inefficient. Therefore, prforations should be positioned such thatl@t is vented into
the cold isleonly. The sameorinciplesholds for data centers ventilated from above.

It is inefficient to placea perforated tilat theendof a cold aisle unless a containment
system is being usebtecauseold air will travel aroad the corner and mix with the hot

aisle. Therefore, unless a containment system is in place to prevent mixing, do not

position the cold aisle perforations withir2ifeet of the ends of the row of racks.
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FA-4.

FA-5.

Efficiency is further optimized by positionirige perforatios as close as possibie the
forward face ofl T equipmentrather than in the middle of the cold aifReducing the
distance between the forward rack face and the perforatiolesgothan one foot is
ideal.

Activities Verify that all tile perforations are locatezhly in the cold aisles between
racks. If tile perforations are discoveredtsidethe cold aisle, they should be removed
and replaced with a ngperforated tile.

Artifacts: Placemenof perforated floor tiles within the cold aisle only and placement of
nonperforated tiles in all other locations of the data cemaest beeasily observed on
visualinspection

Note This measure is relevant for raised floor environmently. In caseof concrete
slab floors, there are no undélbor plenums and tile perforations are therefore not
used.

Floor Cutout Seals (Value 4.0)

Requirement discussionCutoutsin the floor, normally placed directly under a rack to
facilitate undeifloor wiring, must use blocking technologyp ensurethat the under
floor plenum is segregated from the abde®r area The blocking technologyeed
not provide a full seal but even a partial blocking will provide a significant
improvement in air presse

Activities Procure and instalblocking panels such that thmles located in the floor
under each rack arsubstantially covered. Options includebrush grommets and
blocking pillows but the exact implementatiors left to the data center professal A
complete seal is neither possible nor necessarycables must be allowed to connect
from under the floor to equipment in the racks.

Artifacts: Presence oblocking pillows or grommets covering the cable cutout under
each rack.

Note Thismeasure is relevant for raisdtbor environment®nly. Cutout seals are not
used in data centers with concrete slab floors.

Equipment Placement and Orientation (Value 4.3)

Requirement discussionThe vertical placement of equipment in a rack has a
significant impact on cooling efficiencyWhen cool air leaves the undiéwor plenum it
has a certain velocity based on the uritteor pressure. This velocity is reduced as the
cool air is propelled upward. Also, the cool air mixes with warmersaihigher rack
elevations havéigher air temperatureBecause theoldeg air is closstto the groungd
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FA-6.

equipment with greater powandcooling needshould beplacedlower to the ground
Although this principle holds regardless of floor type, therenis caveat for raised

floor environments Since air fiejectedo frthefanst i | e
on equipment placednly afew inches above the floor mustrainto createthe suction
necessary to direcbol air across the load. Thereforepeeding on plenum pressure, it

F

may be advisable to start placing,wehgui pme

blanking panels in the rack immediately below this equipment

In additionto vertical placement, orientation is important in creating a-distecold-

aisle design. This design practice is described in detail iIlANAI standard 942. In
order to satisfy this requiremerthe frontof all equipmenimust bealigned facing the
Acol d ai sl eo Ieatex hdes te qius pdhieante cd iedl @ in.t o
and cold aisles then alternate between rows. The reason for this is simple:-cooling
equipment efficieay is proportional to thetemperature of returrair. Therefore,
consistent equipment orientation is critical to achieving theesibhir temperature in the

hot aisleand assuringthato n e r o w assnot drawwh &rdmeexhaust air froman
adjacentrow.

An exception to this froffback orientatioimust be madéor networking equipment that

has a sideto-side air intake/exhaust cogtiration. This equipmentshould be
configured in alternating front and back configurations, creating shared hot sides and
shared cold sides. Another acceptable practice is to iafiimlmarketurning vanes on

the hot and cold sides of this equipmenditect intake and exhaust air appropriately.

Activities and Artifacts Arrange computing equipment such that all intake vents are
facing thecold aisleand all equipment exhaust vents are fa¢heghot aisle Also, the

hot aislesandcold aislesof any two adjacent racks should be facing each other in an
alternatingpattern.Finally, the higher the wattage of a piece of equipment, the lower it
should be positioned in the rack. This final regment is difficult to verify by visual
inspection alone.

Thermal set point (Value 4.5)

Requirement discussionBoth the Telcordia NEBS requirements as well dset
ASHRAE (American Society of Heating, Refrigerating and -Sonditioning
Engineer¥ Technical Committee 90 8Statement of Reliabilityspecify anacceptable
intake air temperature range for computing equipmemih both guidelines, he
recommended dry bulb temperature rangel827 degrees Celsius (@& degrees
Fahrenheit). In orderto reduce excessive operation of the chiller plant as well as
maximize use of aiside economizers, the data center should operdtee midlle-to-
upper level of this range. Given the reliability of modern equipntlkeete is no reason

to operate a datzenter at amncomfortably low temperature

In general, power required for cooling reducedby 1-3% for everyonedegree
reductionin set point However,most servers are designed to increase fan sphed
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IT-1

inlet air temperatureexceed 75-77F.Once hat threshold has been reached any
potential savings in the cooling system will be negated with increased power from the
IT devices Therefore, to avoid crossing this threshold, it may be advisable not to
increase set point beyond8F’, although someorganizations, with care, have
maintained set points of 80 F°.

Activities Gradually increas¢he inlet temperature tthe upper end of thASHRAE
recommendedange. The determination of final target temperature is left to the data
center professionalThere are many reasons why the final temperature set point may be
below the maximum allowedncluding comfort of the human operator, concern for
legacy equipmentand concern about unacceptably high temperature variations in
specific locations (though thiis probably a symptom of other problems such as air
damning or mixing). However, at a minimum, the temperature must be higher than
room temperature or 72 F

Artifacts: The required artifact is simply the visual verification that the inlet set point is
at a level above room temperatuleis not necessary to produce any documentation.

Warning: Althoughoperatingequipment within the recommend&8HRAErange has

been deemed safe by equipment manufacturers, rapid fluctuations in temparature
inadvisable, especially in an environment where devices may have been operating at a
cold temperature for many years. Therefore, it is advisable that any change in
temperature be made gradually. For examplehange from 68 degrees to 73 degrees
should be exetedover a period obpproximately onaveek by changing the set point

no more thanone degreeeach day. Thigjuideline ensuresthat thermal expansion
happens slowly.

Consolidation (Value 4.9)

Requirement discussionThe most effective measure for reducing power consumption
in the data center is consolidation. Invery large organizationthis can refer to
consolidation of multiple data centers into one. More typicalhs refers to
consolidation of multiple serverstd a single server. Regardlesgs intent is to reduce
the total number of servers deployed in producti®ecause roughly onkilowatt of
power is required by data centerfrastructure (cooling, etc.jor every kilowatt
consumed byctual IT equipmemn there is a multiplier effect of benefit for each server
thatcan be removed from production.

To demonstrate compliance with this requiremeant, organization must create a
consolidation documenthat discusses the potential benefits and restrictions of
consolidation. The document must be revisited and revised appropriately asefdtx
conditions changdan annual reevaluation iadvised. Consider combining your
consolidation strategy with your set refresh program (requirement-Zl Newer
equipment will likely havesubstantially greatecapacity than legacy equipment. As
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older equipment is replaced, consider consolidating additional applications rather than
only migrating existingoftwaresygems onto new hardware.

In some casesconsolidation may be limited by legislative requirements that force
organizations to store information or deliver services from cegeagraphicategions
Other factors liming consolidatiorarethe need for exemely low latency and the need
to keep physical infrastructure in close proximity with users. However, these
limitations normally affect only a small portion of total server populati@msl should

not significantly affect most consolidation initiativesThe most common limitations
thatshould be considered in any consolidation effort are:

i Disasterecovery &businesgontinuity
1 Regulatoryrequirements

1 Latencysensitive applications

1 High-bandwidth requirements

9 Connection to local devices

Activities All organizations shouldleterminethe potential benefits and limitations of
consolidation of multiple serve(scluding Wintel, RSC, andmainframe) In the case

of multi-site organizations, required activities include collection and analysis of facility
capacity data such as available cooling, space and power.

Artifacts: Artifacts resulting fromthis analysismustinclude a document enumerating

the capacity and installezbftware content oflata center servers, and the potential
benefis, risks, imiting consideratioa andcosts of consolidationThe document must
conclude with recommendations for either consolidating or not consolidating each
server. For organizations with multiple sites, a similar document should be produced
discussing consolidain of sites. The date of the most recent revishould be no more

than 1 year ago.

The organization may decide that actual consolidation is too risky or not an appropriate
option for the business. If this conclusion was reached through a reasonable
interpretation of the data, thelmg isanacceptableesultand the organization will still
receive the requirement value. The importariteria arethat the organizatiofas
performed the analysis ahds quantifiedhe benefit of consolidation.

PR-1. Data Center Zoning (Value 4.0)

Requirement discussionDifferent srves can have substantially different power
demands.Also, different applicationgary significantly in their criticality.Despite this

it has been common practice to build the data cemtéruniform power and cooling
design throughout the facilityerovisioning an entire data center to a level required by
only a small subset of equipment is wasteful and expensive.
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A common occurrencis provisioningall racks withthe same powerapacityand two
independent power circuits so all equipment can be dual corded. Howseenf
singlepath (rather than dugbath) power canreduce electrical consumption loyp to
8%. Therefore, only applications requiring increase reliability sho@dantduatpath
power infrastructure

Another common scenario is to place CRA®ICRAH equipment on a URfrotected

circuit to ensure coolingystem resilienceluring loss of utility or generator power
Placing all cooling systespn a UPS can increasenergy consumption by as much as

5%. A better approach would be to zone the data center and place cooling systems for
critical application zonesn UPSprotected circuits

Creating and operating data center zones involves subdividing the data cemter int
regionsandphysically groupingquipment with similar powecoolingand application
uptime requirements ito an appropriate regionThe number of zones will usually
depend on facilitywize Largefacilities may contain as many as eighstinct zonesFor

small data centers, the zonesyrba as small as a single row.

For a midsized data center, three suggested zanes

1 Zone 1- high power and higlmedundancy

1 Zone 2- high powerandmedium redundancy

1 Zone 3- low powerandno redundancy
Zones can ab be created for IT/Network equipment ventilated other than-foargar
notsuited for hot and cold aisles.

Activities and Artifacts A definition documenimust define the data center zones and
articulate the difference in powandcooling provisioning for the zone. The document
shouldspecifythe criteria used to determimdnethera server belongs in a particular
zone.

A deployment reporshould identify each zone and the equipment insi@lquipment
descriptionsshould reveal thbardware and software characteristics that were relevant
to the equipmenplacementdecision For example, if a zone was created to support
high power density equipmerttien power densitydata forthe equipment should be
presentn the report In anotter example, ila zonewasdesigned for a higher level of
cooling fault tolerancethenthe report should contaidatarevealing the criticality of
eachapplication running on each server.

GO-1. Energy Efficiency Role Defined (Value 3.6)

Requirementdiscussion: In order to ensure accountability, ktast one individual
should be given responsibility f@nergy efficiency in the data centeNote that this
requirement is for a role and not necessarily a posifidre goal is to create an
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accountable g@rty and a focal point within the organization toward which ideas can be
directed.

In a large organization, this role may be the responsibility of a single individual hired
exclusively for this activity however, it is perfectly acceptable to desigrtht role to

an existing employeevho hasresponsibilityfor other activities For example, it is
acceptable to assign this role to an individual responsible for energy consumption in
other organizational areasincluding office space, customservice fadities,
manufacturing facilities and distribution centerddowever, if the individual lacks
experiencein Information Technologythen this individual may require additional
support and input from a senior member of the IT organization (e.g., Diredior oAt
minimum, it is recommended thatdividuals fulfilling the energyefficiency role be
skilled in HVAC, AC power and other facilitieglated areas.

Frequently, an energgfficiency role with a focus limited to IT will report to someone
respondile for the overall organization. Increasingly, organizations are designating
Chief Sustainability Officers (CSO). If such a position exists in your organization, then
this is a good choice for direct supervisor of the role.

Activities and Artifacts The organization must be able to unequivocally indicate which
individual is responsible for energy management within the IT organization.
Additionally, the organization must be able to produde@menthatclearly describes

the duties and responsibidis of this individualrelating to energy reduction. It is
acceptable for this individual to occupy multiple roles.

Energy Efficient IT Procurement (Value 3.4)

Requirement discussionlLongterm operatingcosts (including energy) should be
considered whe making technology purchases. Many organizations consider only the
onetime capital expenditure. However, studies have shown that energy savings
associated with a higéfficiency model of IT hardware often repay the cost difference
within the first 12 ® 18 months.

Energy efficiency criteriaadvocated byentitieslike US EPA ENERGY STAR® and
Climate Savers Computing Initiativehould be considered.Consideration should be
given to servers thachieve Energy Star certificatiobecause they

- Have ahigh efficiency power supply

- Provide power saving features at the-@&ware level

- Are benchmarked to ensure they are able to perform high workloads for a unit of
energy

To avoid the need for repeated analysis with each technology purchase, common
purchases could be restricted tqpee-selected set of energy efficient servers approved
by the IT department for energy efficiency
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Activities and Artifacts For major IT equipment purchasebetorganization must be
able to producedocumentation indicatingnalysis of annualenergy costover the
useful life of the equipmerfin additiontot h e e q udaptaheostd 16 the case of
a predefined catalog of allowable equipment,gfeuremenbrganization must be able
to producedocumentation showing thdongterm energy costs were considered in
determining the prapproved equipment catalog
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Level Il Requirements

Once all the easyrequirementsn Level | are satisfied organizations maylesire additional
improvements Level Il requirementsrequire more time and investment, but will provide
commensurateesults

FA-7.

Containment Solution (Value 4.2)

Requirement discussionContainment solutionswhich ensure hot airemains in the
hot aisle and cold air remains in the cold aislee a substantial improvement over the
common practice obvercooling the entire data centéContainment solutions range
from selfcontained racks to plastic vinyl sheeting between rowSontainment
solutiors drastically improve Power Utilization Efficiency (PUE) by isolating an area
and ensuring thatold air is delivered directly without mixing - to IT equipment.
Whencold air is allowed to mix in a large ared@th heat exhausthe result is wasted
energ in the form oflukewarm air returnetb the cooling units

There is no universal agreement in the industry whether it is better to contain the hot
aisle or the cold aisleln many cases, organizations have selecteexpediensolution

based onthe eisting geometryof their data center However, note that hot aisle
containment (especially when combined with raised thermal set points) can make it
extremely uncomfortable for personnel to work behind the servers. In some cases,
bypasses are installeth operators can temporarily redirect hot exhaust when accessing
equipment.

It is often not feasible to deploy a containment solution universallg. this case
containmentshould first be deployed to areas of high power consumptiaith
expansions totber areas as circumstances allow

Activities and Artifacts Acceptable ontainment solutions may be installed to isolate
either the hot or cold aisle.

Acceptable solutions include h J — h

partial full, and rackbased

containment. - P

Partial containmentgenerally
will not form a full seal with
either the ceiling or the floor.

Full containment solutionthat

- [ o
‘\t tr
) ~

) ~
include a cap or ceiling pane ‘\1 t"
that forms a complete seare =

recommended and are of courg q —

acceptable.

Pttt
SERED.

= 3

Figure 5 - Cold Aisle Containment
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Rackbased solutions characterized ibgtalation of chimneyunits at the top of each
rack are also acceptable.

This requirement is satisfied by visual inspection of a containment solution deployed in
a select area of the data center.

Measurement & Verification (Value 3.9)

Requirement discussion: It can bedifficult to achieve and maintain significant
efficiencyimprovementgescribed in this framewonkithout computationally complex
automatediatacenter measuremetdols While spreadsheets and homemade databases
can be usedotmap eerrgy usage to utilizatioand identify stranded power capacity,
these tools do not scaleurthermore, the storage and reporting of pereeuction data

is essential when pursuing utility incentives.

There has been significant growth in the maturity amphsstication of the solutions
available. Data center management solutions gather data on power usage, temperature
and humidity from sensors leveraging protocols I&CNet, Modbus and SNMP.

Most modernsensors(such as the PDUare IP enabled allowing transmission of
environmental status through existing networl&so, price points have improved as
adoption has grown.

Regarding poweusage monitoring, although brancincuit monitoring is possible,
intelligent power strips that measure power usage at the plug level are ideal for
identifying servers with the greatest power/utilization ratio.

Of coursemerely installng measurement equipment withauiplantingcorresponding
processes will not in itself reduce energy consumptidhe data must be acted upon
For this reason, this requirement is-looated in the same performance level as
configuration, availability, apacity and serviekevel management. Each of these
processes greatly benefits from the data generated dramonitoring and verification
system.

Activities and Artifacts This requirement is satisfiedy information systemghat
monitor power consumptivat the server level. The tool must minimgtisovide a
central information systemthat collects and storespowerconsumptioninformation

from distributed dat&ollection devices At regular intervals, sensors musansmit
power consumption informatidie the management centédeally, systems will contain
smart PDUs that report the power consumption of individual sockets; however, more
general solutions are acceptabléhere are no protocapecific requirements

The information system may optionaltollect information on power consumption of
data center infrastructudevices like CRACs, CRAHs and UPSs.
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Furthermore, dtareporting devices mayoptionally include specialized sensors
designed to report on temperaturamidity and utilization

Virtualization (Value 4.1)

Requirement discussionVirtualization has enormouspotential to reduce energy
consumption Giventypically low serverutilization resulting fromincreasingserver
capacity, itis oftenquite practical to run multiple virtuaerverson a singlephysical
server Consolidating multiple servers to one machine boosts efficiency in part because
the average idlingerver machineonsumes roughly 70% of the power required by the
same server working at capacit{zurthermore, at only does virtualizingfive servers

onto a single plation eliminate the need to power fodevices, there is a significant
multiplier effectbecause facilities overhead (cooling, etevhich accounts for up to

50% of data center energy consumpticenbereducedy a proportional amount

Virtualizaion has additional benefits, including the ability to moveprocessing load
amonghosts and the ability to adjust capaatynamically Virtual environments do
create some management challenges the need focomplementary practices like
configuration, capacity and availability management increaSkmture management
processeare requiredo support virtual environments.

Not all servers need to be virtualized. There will be some mission critical sy&&ms
tradingmanufacturing systemendwebk-mail serversjhatmustrun 24x7 and are used
continuouslythroughoutthe day. However, thermre oftenmanyservers dedicated to
applications used infrequently only during specific timeglike core busings hours)
There may be tremendous benefit to virtualizing and consolidating these servers.

If your servicemanagement practices support the practigeto identify candidates that
have peak requirements at different times of the day. For instabegctaprocessing
system may only operate after hours while the HR system is only t&sed 9

It is neither necessary nor recommendedirtualize your environment in a single
massive effort. Consolidating even a small number of servers satisfies thismemu,
and demonstratess commitmento virtual technology.Initial adoption of virtualization
often sparks continual improvement in this area.

Activities and Artifacts This requirement can be satisfied through confirmation that
virtual machines represent some portion of the deployed server popullliznerous
virtualization technologies exist, and anyone may be used to satisfy this requirement.
Since each organizatiomay be in different state of adoption, there is no minimum
percentage of infrastructurkardware that must beirtualized. There is also no
minimum number of virtual machinéisat mustun on a singléostservermachine

An optional recommended process defining server candidates for future
virtualization. It is advisable to leverage capacity and availability information if
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available. Systems with low utilizaticare prime candidatesthis is especially true if
multiple systems can be identifiedtivicomplementary usage patteiesg., different
time-of-day usage requirements)

IT-4 Enable Server Sleep Modes (Value 4.2)

Requirement discussionAccording to the Green Grid, servers can save as much as
20% by operating in a reduc@dwer mode IT departmentscan save energyy
deploying serverhardware with powesaving features and ensuring thagerating
systens installed on thesserversbe configured toenableserver sleep modesduring
server idle time

Most new servers have a variety of powsaving utilitiesthat can be leveraged by IT.

For example, servers with muttore processorsan shut down one or more unused

cores. As shown in Figuré, processors can account for
consumption, steing able to shutdown unnecessary processing capacity can add up to
significant savings. Additional componentgsuch ashard drives, which accountor

another 16% of server energy consumpticar) also be powered down.

The goal of this requirement t® ensure sleemode is enabled on all servetsat
support it. New servershouldhave sleegmodeenabled by default Postdeployment

the server populatioshould beperiodicallyreviewedfor compliance. The selection of
specific sleep periods is letd the organization. In order to prevent the system from
going into sleep mode during critical periods, most utility software will allow the user to
specify times of day when switching to sleep mode is acceptable. Some organizations
may define multiplestandard sleep windows (e.g., Aomsiness hours, neextended
business hours, and weekends only) and configure servers with the appropriate sleep
window. Acceptable exceptions are servers hosting critical applications.

If the organization has system management tools available, these tools can be
configured to scan servepgriodicallyon the network and ensure their sleep mode has
not been disabled.

Activities and Artifacts Three artifacts satisfy this requirementhe first artifact is a
detailed report listingll serverstheir ability to supporsleepmode, and theitarget
configuration. All servers capable of sleep state should have sleep mode enabled for at
least a portion of the day. If servers are classifiecbrding to the criticality of their
applications, it is acceptabie have multiple sleep states defined.

The second artifact is a report, generated periodically, showing the actual configuration
of devices. The reporting period may be weekly, montbiyeven annually. The
choice of period will likely be dependent on the method used to gather the report
information.
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The third required artifags a practice statement requiring all new servers to have sleep
mode enabled unless specific business reqents prevenit. Platformspecific
instructions for enablingsleepmode on new server deploymergbould also be
available In organizations that rely on disk imaging for deployment, it is acceptable if
one or more base server disc imagesprovidedvith sleep mode enabldyy default

PR-2. Configuration Management and Orphaned Servers (Value 3.8)

Requirement discussionTraditional assetmanagemenitnvolves information about
physical hardwarde.g., servery. Configurationmanagementas defined bythe IT
Infrastructure LibraryITIL ), extendsasset managemetd involve non-physical assets
such aspplications service levels, documents and procedures.

Although the ITIL description ofconfigurationmanagement is quite broathere are
only a few relevant elements that relate directly to energy efficiembgrefore careful
attention should be focused dime artifacts and activitiess described in thesection
below.

It is common inlarge data centerf®r applicationsto continue running long afteheir
usefulnesshas ebbedT he phenomenon is known as @Azoml
applicationso and i s eld% of datatcentdr resaurcds.a pr e s e n
large data center with hundreds of servers and #mulss of applications, careful

tracking is necessary t@void continuedhosting of unnecessary serviceBy

maintaining detailed records on all servers and applications, the IT department should

be able to easily identify which servers are no longer peifgroseful work and can be
decommissioned.t is necessary to maintain a databtss identifies, at a minimum,

perserver listings of physical location and hosted applicationse primary focus of

this practice is preventing orphaned servers by capgtunformation on business

owners, applications, and business requirements, and being able to relate this to the
servers.

To satisfy this requirement repository generically referred to as the Configuration
Management Database (CMDB), must conteamfiguration items for all deployed
applications t h e a popsinésg cavhefmadithe ervers themselvespplication
configuration items should reference relevant server configuration items, where
applicable. At root, theCMDB must providethe informationrequired to verify easily
whethera server isnecessarpased on the status of its applications.

A secondary focus is providing information to enaldgpacity andavailability
managementln addition to storing server configuration informatitme CMDB should
contain information abouthe physical racks themselvedVhile information such as
server components can be used to optimize system capacity, rack information such as
height and available powéacilitate elimination of stranded capacity
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Activities and Artifacts A detailed inventory must be available of all applications and
servers. This inventory information can be stored in a single monolithic repository or a
federated repository consisting of one or more smaller databases.

Each erver record should contain details abouh e s eentraleproéessing unit
(CPU), memory, hard drive configuration and power supply. Server records should also
contain purchase informatiprnincluding date of purchaseand initial asset value
Finally, the physical location of each senarould be recordedIn the case of raek
based servers, server locatishould be specified by identifying the rack and rack
height.

Each application record should contain details abolite a p p purpose, busiess 0 s
owner and negotiated service level agreement.

Hosting information should indicatehich serversare involved in deliveringwhich
applicatiors.

A process should be defined that ensures the CMDB is updated with each server
acquisition or decommissiorg. Another process should be defined to identify and

el i mi nate i or phisgpmcess shouldeimclside .generating a list of all
applications and contacting the business owner to verify continuing requirement. This
process should be run perioaliy and documentation should be presented detailing the
most recent run. This process should be run no less than annually.

PR-3. Capacity Management and Right Sizing (Value 3.4)

Requirement discussioriNot only does oveprovisioning wastefully raise capital costs,

it also causessignificantly higher energy consumptidbecause electrical consumption

is roughly proportional to machine capabilityFapacity management iee process of
understandin@ppi ¢ at i o rasdéensariaghad ssupply matchesdemand. Because

the average servero6s CPU wutilization is
platforms like mainframes show greater utilization than RISC or distributed systems),
proper capacity managemt is worth the difficulty.

The first opportunity to match supply with demand is during original system design.
Figure 6 below shows a typical server in terms of the energy consumed by its various
components. Configurable components such as @ithoryand hard drive account

for a significant portion of totaknergyconsumption. In fagta server configureat
maximum capacity caconsumetwice the power of thesame server in a moderate
configuration. Therefore, oveprovisioning a server with momesources than required

by the application has a very direct impact on loergn energy use. Professionals
involved in deploying applications should be made aware of the need to balance
infrastructure capacity against application requirements.
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Ideally, guidelines should be established which relate leadeasured in terms of
estimated users or simultaneous transacttorhardware platform.

Server Power Usage by Component

7% @ Electrical Loss
m CPU
O Fans

9%

O Drives
m PCI Cards
= Memory

16%

™% 19% m Chip Set

Figure 6 - Server Energy Usage

Even if original estimates were overgonservative measuring and adjusting capacity
postdeployment can rectify the situation. This is especially easy viithal servers
than can be reconfigured dynamically, as well as adding additional images to a host.

If the infrastructure permits, a report that lists the power consumption and utilization of
each server can be extremely useful in identifyargl corredhg cases of over
provisioning.

The final type of capacity analysis is performedha&trow andrack level. Facilities are
designed to provide cooling, power and space. However, deployment of certain devices
can fully consume one resource (e.g., coolwy)le leaving ample amounts of other

local resources inaccessible (e.g., power and space). This is referred to as stranded
capacity. By some estimates, most data centers could accommodate as much as 30%
more equipmena f t er t hey r e if dehiceshiwiene bptimalty apaaged to y o
take full advantage of availabtesourcecapacity. Identifying and accessing stranded
capacity requireanalysis of power, space and cooling aba andrack level. Analysis

of available power capacity at a rack lewhould be based on the actual energy
consumption of devices based on their current configuration (not their nameplate value).
Reconsidering of server placement based on current actual consumption may help
identify additional capacity.

Activities and Atifacts:

There are three vengpecific artifacts that must be presenthe first isone or more
capacity modda that are used by system engineers and other IT professionals to
determine the appropriate system configuratiaiative to the businesgquirements
These documents determine the initial configuration of systems used to support the
service.
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Once in productionthe second artifacta portfolio of utilization reports mustassess
how accurately system capacity meets business n&éese reports shoulte updated
regularly Ideally, the reports would show capacity vs. utilization on esperer basis,
although at minimumust perserverutilization over timecanbe shown.

Capacityinformation shouldoe analyzedperiodicallyat therack and ideally, the zone

level. Low-utilization servers should be identified, and compoievel data provided

by configuration management should be available for further consider&iemnerating
racklevel reports that provide information on poweooling capacity, and space
availability is ideal for identifying stranded capacity and suggesting alternate equipment
placement.

Thethird artifactthatmust be present is@pacitymanagemenplanthatleverages the
report portfolio (plus additional information like business forecagtsto identify
opportunities and recommend activities to optimize capacity use.

The required activities focus on the capture, analysis;essing and reportingf the
capacity data.

PR-4. Service Level and Availability Management (Value 3.9)

Requirement discussionOrganizations should practice the formal capture of business
user requirements in the form of service level agreements (SBAAs definewhich
services are provided and the service level customers cantexgeeen if an
organi zati onods n eexceeddbothrcapacitydnd@eaihbilisyehaving c e
these requirements formally documented assists the organization in takingirattien

future Other practicebke customer charge back can greatly ptament this process

when things are freeiserswantFerrars evenwhen theyonly needFords. Evenif your
organization does not practice charge back, explain to the customer that there is a cost to
overprovisioning, unnecessary redundancy, and 99.999% uptime and push to establish
reasonable SLAs that reflect business need.

To demonstrate compliance and facilitate operation, it is recommended that a formal
Service Level Agreement (SLA)e created for ach application deployed. The SLA
should clearly describe the applicationinimum uptime metrics and capacity of the
supporting hardware.Each SLA should be signed to indicate the application owner
understands and accepts the documented service.

SLAs dould also capture the temporal characteristics of application dem&athe
applications like email may legitimately be required 24x7. Other applicatiay be
accessed from various locations around the globe and require similar treatment.
However,it may not be the cagbat all applications must run at all times in all places.
There is no reason that an application that is accessed by local office staff exclusively
during business hours should run 24x7. Many organizasignkesitant tghut offany
devices due to concern that the systeithnot resumeproperly One suggestion is to
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group applications by criticality. While some critical applications can be excluded from
system sleep modes, nornitical systems can be shut do¥an significant saings

One option increasingly being adoptedadding active power strips that can power
down servers during periods of raee and bring them back up for use

Regardless ofwhether an organization empkoyserver sleep technologieslearly
documentingapplication availability is crucial to other activities such jastifying
redundant infrastructure designs.

One commonly employed practice is the indiscriminate dual cording of all devices.
While this practice camcrease energy consumption &, thedifference inmean time
between failure (MTBF) is about 6.8 minutes per year. Prior to implementing this
measure, business availability requirements should be considered.

Activities and Artifacts The organization should be able to produce a detailed report of
all applications and theiregotiated service level agreemeihe service \wmdow is one
important part othe SLAs thatshould be specifiedThe informationcan similarly be
extrapolated tdhe server (where server availability is defined based on the applications
it enables).

The availability can be expressed in a number of ways. If the organization defines
standard availability windows, then this categorization should be indicated.

The availability report should listoofiguration detailghatimpact availabilitysuch as
dual versus singleorded configurationsr reliance uporRAID architectures

GO-2. Continuous Improvement Program (Value 4.1)

Requirement discussionContinuousimprovement(Cl) is perhaps one of the most
important practices in maintaining haedrned improvements losigrm. Organizations
should commit themselves to regularly examining their operations, identifying potential
improvements, antemediating where nessary(often as separate projects)here are
many methodologies ranging from the simple Deming Cycle to more elaborate Six
Sigma practices. That an organization has adopted Cl as a core practice is more
important than which system is select&tis onging program will help ensure gains
are vigilantly maintained and improved up&uch a program should establisietrics
andperiodically collect and report them to management

Most organizations will be strong in some domains and weak in others. pfo@hm
can help identify and target improvemernds weaker domains. Figure 7 depi@s
sample maturity welhatillustrates performance in each domain.this case, it is clear
that governance is a weakness.
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Activities and Artifacts The first artifact for any continuous improvement program
should be documentatiasf the adopted methodology. This can be represented with a
process diagram, work biedown structure, etc. In the case wherenaexisting
methodology has been adoptédis acceptable simply to document the application of
the methodology to the organization.

Next, output fromat leastone iteratiorof the Cl methodology should be present. This
may include final output such as a gap analysis or remediation plan. Multiple
intermediate outpstsuch as time and motion studiddpnte Carlo simulationgnd
Pareto analysisay be present.

Finally, highlevel planning documents for the next iteration of the continuous
improvement plan should be present. This document should briefly mention the
outcome of the previous cycle, and describe the-legél objectives for the next cycle.

GO-3. Energy Policy (Value 3.9)

Requirement discussioriThe IT organization mustlearly andwidely communicatehe
existence and content ofpmlicy that articulates the I'B r g a n i zommitment f s
reducing energy consumptionlf the organization has a high&vel policy, then the
data center policy should reference or align withsdorganizationaoals.

It is acceptable for the policy tanake a generaktatenent on environmental
responsibility and noelectrical consumption explicitly. The ideal policy empowers
empbyees to seek ways of reducing overall consumptighile recognizing that

el ectrical energy consumption represents
footprint.
Activities and Artifacts A policy documentt h a't states t he | T

commitrrent to reducing energy consumptishould be readily available. It should
highlight how IT can contribute to the overall company objectives.
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This statement should be widely distributed gmablicly displayed in prominent
locations. Recommended locatidnsludelunchroomand department bulletin boards.
Posting to a public intranet is also advisable.

GO-4. Establish and Track Performance Against Targets (Value 3.9)

Requirement discussionOrganizationanust establishenergyconservationgoals and
measure their performance against then@areful measuremenmormally reveat
whether an manizationis meetingts goalsandidentify wherecorrective actiorcan be
taken This practice requires tools and measurement infrastructure as auiezeq
although tools are not enoughpolicy and commitmentre required to leverage the
toolsto their fullest potential

One effective approacto performance measuremastcreating a balanced scorecard

that is populated with select metrics. Thisosecard is then regularly updated and
reviewed by senior management to ensure performance is treth@ingght way If
negative deviations are noticed, the organization can analyze root cause and take
corrective action.

Such a scoreboard should at a imitm track and report all data and metrics required to
meet the organizations sustainability objectives and feed into the reporting framework.
Additional items of interest to the data center operator and IT department may include:
total facility power, PUEnumber of applications, total IT asset and allocation, IT asset
utilization rates (average, peak, -piak, weekend, idle), number of VMs, data I/O
rates, network traffic (peak, average, min), network and storage utilization rates, SLAs,
IT productivityand others as deemed appropriate.

A significant benefit to gathering metrics on the data center portfokassringthat a
Continuous Improvement program can be conductedeftesttively. Visiting all sites
in a multisite environmentan becostprohibitive By collecting metricsegardingsite
performanceand conducting comparative analysisnyissues can be identified.

Activities and Artifacts The organization should be able to produce a series of reports
that show one or more targetnd the organizati@ga performance. The choice of
metrics, targets and period are left to the organization.

No more than 46 metrics are advisable. A higével metric sich as total energy
consumption or consumption per unit of work is advisable. t&hget should also be
displayed.

A monthly period is recommended.
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Fl-2

Asset Refresh Rationalize (Value 3.5)

Requirement discussionNewer computingsystems are usually more energy efficient
thanolder systems. In addition, newer systems may have newer techndlixgebe
ability to go into hibernation or other lepower mode when not in us#)at enable
more effective power management

To retire inefficient systemg a timely mannerthe organizatiorshould practice a
rational approach tequipment swap ouand server replacement. A recommended
approachs torecord the book value of server assets and depreciate this value based on
useful equipment life.The EU Code of Conduct recamends using a-$ear lifecycle

to accelerate new equipment purchases. Whatever stélected lifecycle, the
organization should traclesserdepreciation yeaoveryear, and be prepared to replace
serversvhen their book value has depreciate&@o

Activities and Artifacts The activities involved in this requirement are the daily entry
of IT equipment purchasing data into existing financial systeriRer each device
recorded, data enteresthould include an equipment identifier, an initial purchase price
and the remaining book value based on depreciation. A field showing the remaining
value of the asset should atgalculate. On a regular basis, a report should be
generateghowing the assethathave depreciated to zero and are potential targets for
replacement.
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Level lll Requirements

The average value for requirements in Level |, Il, anddig 4.1, 39, and 3.6 respectively.
Valuesare composite indicators based on cdficulty and benefitand Level | requirements
correspond to thgreatest ROI. A fair question is whiyould an organizatiormplementLevel

[l requirements? The answer is that practices in Level Il can result in significant energy
savings and they have a positive ROIl. On avertgy simply have a longer pdoackperiod

than requirements in Level | or Il. Therefobecause e qui r ement s i n Level

hanging fruito and shortest payback period,

organization that has had a green IT program in placenémy years, requirements in Level IlI
can suggest additional practicést have not yet been implemente¢h addition values were
calculated using harslaving values only. Highly committed organizations that are interested in
Level IlI compliance will likely already place significant value on th@orporate Social
Responsibility CSR aspects of energy efficiency. Therefore, they may value practices in Level
[Il much higher.

For an organization to achieve Level Ill compliance, it must first satigiyirements for Level |
& Il plus therequirements that follow.

FA-8. CRAC/CRAH Placement (Value 3.3)

Requirement discussion:The
physical placement of thé CRACICRAH  CRAC\CRAH  CRACICRAH
CRAC/CRAH wunit has an Exhaust Exhaust Bt
impact on the efficiency of thd
cooling. The location of thg
unit as well as the cold ai
exhaust should be placed

minimize the distance to th
server.

There are different types
designs including ducted and
flooded layouts. In caseof
ductedoverheaddesigns(where
air is directed to specifig
locationg the destination should
align with the cold aisle

between racks. craccRan  CRACCRAH

Exhaust

Activities and Artifacts This
requirement can be satisfied
based on visual inspection. The cold air exhausts dhmilsubstantially aligned such
that they exhaust along an axis in the middle of the cold aisl¢he case of a raised

Figure 8 - CRAC\CRAH Placement
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floor, the exhaust will vent under the floor, but align with the location of the cold aisle
above the floorFigure 8 illustrates thigonfiguration. In the eventthat the number
CRAC/CRAH outlets are less than the number of cold aigtesthe exhausts should
remain aligned with a cold aesl however, rather than a 1:1 relationship, the
CRAC/CRAH exhausts may be aligned with evergroaisle, every third aisle, etc., as
appropriate.

An engineering diagram showing the placement of the CRAC/CRAH exhaust is helpful,
butis not necessary.

FA-9. Air-or Water-side economizers (Value 4.4)

Requirement discussionn many locations, the outsigar temperature is less than the
cold air produced by a mechanical cooling system (e.g., outside air temperatif§ < 55
for a significant portion of the yeailn waterbased cooling systems, a similar concept
applies where there is a source of cold wagarby.

For example, in New York Stateehexternal air temperatuis sufficiently coolfor
approximately 76% of the year. Rather thaairculatingthe warm air exhausted from
the data center and expending energy to cool this supply, it may begheféo vent

the warm air exhaust outsider into adjacent building spaces for heatjl use the cold
outside air instead. This is refesomred
waterside economizers be installed to reduce reliance on argchl cooling and use
free cooling instead.

With free cooling, there are risks relating to introducing humidity and particulates into
the data centetdumidity is considered a risk because it increases the occurrence of
Electrastatic Discharge (ESD)To combat this, iis recommended that the outside air
economizer be protected by adequate air filters and contreilkbdenthalpy or dew
point controls(rather than dry bulb temperature contyol§ his reduceshe amount of
waterthat would needo be removedrom the data center air througlondensation in

the HVAC equipment. This latent effect consumes energy without sensible cooling.

If, on the other handhumidification is necessary, consider using coordinated humidity
controls. It is obviously extremely wasteful when one CRAC undesumidifying
while its neighbor is humidifying Also, recent research has shown that wriststraps are
much more effectivéhan humidification in preventing ESD, so there is little benefit to
wasting energy (and introducing additional water hazards) to manedainve humidity
above 2@ in data centers. This is in accordance to new ASHRAE recommendations.

To minimize theimpact of unconditioned outside aspme designs use dinat has
already been conditiondcbm surrounding office space outside the data center

While the amount of power used for air conditioning decreases, economizers do
introduce a new power load terms of additional fans or water pumps to circulate the
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FA-10.

coolant We recommend a detailed engineering study be performed to validate any
potential energy savings of either an- or waterside economizer and determine if this

is costeffective for the faitity. Air -side economizers require significant reatate that

may not be available in every data center.

Note While air and waterside economizers can greatly redwmmling costs, retrofit
installation of these devices can be extremely expensivaimny legacy facilities. For
example, these solutions are usually quite large and may not be feasible in a space
constrainechigh-rise data center. Therefore, this requirement is only applicable to new
facilities undergoing design and build. Given the significant potential benefit,
committed organizations are encouraged to explore this opportunity based on their
specific circumstancesut it is not broadly applicableOrganizations considering this
abatement are especially urged to explore locally available funding incentives.

Warning: Air-side economizers magxpose thdT equipment taincontrolledoutside
air. Early warning detedrs should be installed within the inlet airstream and around
the perimeter of the data center facilityAlso, diligence should be exercised when
installing and operatingvaterside economizers to minimize risks.

Activities and Artifacts This requiremen can be satisfied based upon visual
presentation of the economizer. A demonstration must be provided of the system in
normal operation. Therefore, any independent assessment should be sickedule

that conditions are favorable for demonstration.

An engineering diagram documenting details of the systemiesirable but not
necessary.

Energy Efficient UPS (Value 3.4)

Requirement discussionin most data centers an Uninterruptible Power Supply (UPS)
ensureghat safe, predictable and reliable poweale/ays available to missiecritical
systems.In the eventhatutility power is disrupted, computing devices can continue to
operate as the UPS seamlesshljtchesthe load to a battery plant for some period of
time. This will provide the necessary grfor an alternate power souradtén adieset

or naturalgaspoweredgenerator) to come dme to carry all facility loadsintil utility
poweris restored.

In a traditional UPS, electricity passes through rectifier and inverter circuitry in a
process known as fAdAdouble conversiono.
does not follow a propesinusoidalwaveform can be properlgonditioned prior to
feeding andcomputing devices. Unfortunately, the double conversion circuitry results
in some power losand heat

Since power utilities within North America usually provide power that is properly
conditioned, this measure is usually unnecessary. Theradfiigent UPS solutions
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only subject power to double conversion iistnecessary. Electricity normally flows
straight through th&PSwith minimal loss but the UPS switche® double conversion
instantly and automaticaliywhen theUPSdeems it neceasy. This allowghe UPSto

operate at a much higher efficiency for the majority of the time. These are called hybrid

or ECO-modeUninterruptiblePowerSupplies

Another consideration is that the efficiency @fUPS is maximized at maximum
utilization. The closer the UPS load is to its specified maximum capdb#gygreater it

efficiency. For example, operating a legacy UPS at 30% utilization will result in only

92.6% efficiency. However, while running anergyefficient UPS at lower capacity
also esult in waste, it is less pronounced than witagacy UPS. This is illustrated in

the figure below.

—e— Traditional
—8—ECO

Efficiency to Utilization - Eco vs. Traditional
100.0%
96.0% /./
94.0% /’/’//z/‘f —— o ~
92.0% ';
90.0%
88.0%
86.0% T T T T T T T
20%  30% 40%  50% 60%  70%  80% = 90%

Figure 9 - UPS Utilization to Efficiency

When selecting a UPS one can explore current EPA ENERGY STAR and IEC/EU Code
of Conduct specifications to find those topologies and systems with the appropriate

l evel of performance

620403 provides a benchmark rating system to evaluate energy efficiency by

performance crédria (faultprotection capabilities).

and efficiency to

IEC 62048)defines several modes

of operation, commonly referred to as E@®de hybrid UPS,delta conversion or
offine UPS, which enable higher levels of efficiency while changing the fault

protection characteriss of the UPS.

Warning: While hybrid UPS systems are generally quite safe and capable of switching
to double conversion within a few milliseconds, there may be an extremely small risk

especially in regioeawhere utility power is unreliable. In suclses, the organization
may choose to accept the added power ld8@se should perform a thorough
engineering and risk analysis when considering such modes of operation.
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FA-11.

FA-12.

PR-5.

Activities and Artifacts Operation of theJPS in hybrid or econode isrequiredto
establish compliance with this requirement. In addition, the manufacturer and model
number of the system should be provided. A product manual from the manufacturer
confirming the features of the UPS is desirable, though not necedeahe event that
multiple UPS are deployed for the site, different UPS models and manufacturers are
acceptable. However, all UPS systems must support hybrid enede operation.

Variable Frequency Drives (Value 3.7)

Requirement discussionin tradition CRACs andCRAHSs, the motorsthat powerfans

and pumpoperateat a single consistent speetien activated Newer devices operate
through a spectrum of speeds depending on need. These are called variable speed or
variable frequency drives (VSD or VFEDrespectively VFDs are increasingly
becoming popular in IT devices (servers) themselves.

To satisfythis requirementfans and motors found in the primary cooling infrastructure
must be replaced with VFDReplacing thdans(and pumps used in liquid cooling and
heat exchanges)is mandatoiryside Computer Room Air Handlef€CRAHS) and
Computer Room Air Conditione(€RACSs) consistent with the caveat below

Note: Not all CRAC and CRAH units are suitable for VED/SD or Electronically
Commutated Motor§CM) upgraces. One must conls with the manufacturer first.

Activities and Artifacts Since visual inspection of théFDs isusuallynot possible, the
purchase and installation invoices for all VFDs should be presented. The number of
devices installed should cespond to the number of fans and motors used in the
cooling infrastructure.

High Efficiency Insulation and Roofing (Value 3.3)

Requirement discussionThe installation of higkefficiency insulation can help reduce
cooling requirements. This includdsermal insulation of the walls as well as thermal
protection installed on the roof (i.e., higéflectance, lone mi t t ance fAcool r

Activities and Artifacts Since visual inspection of the insulation and roofingueseally
not possible, the purchasind installation invoices for aflaterialsshould be presented.
Theamount of insulatiomstalled should correspond to thiege of the facility

Additionall vy, a manufactur er 6 Rvaueao tthey c t de

material.

Training & Awareness (Value 3.9)
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Requirement discussionA training program should articulate the issue ewiergy
efficiencyin the data centewhy this issudas important, and examples of some of the
activitiesthatIT personnel can undertake to redposver consumption.

While the organizatiommay alreadyhave a broadly applicable training prograftrthe
organizationlevel, this training program should bspecific to the data center and be
provided to staff involved in the design and development pliGations. It is important
thatIT personnel realize that their actions have a direct impact on power consumption in
the data center (even if they do not have actessr have ever been insidethe data
center).

This program should be provided $elect personnel on an annual basidiere are
many excellenexternally availabldrainn ng pr ograms such as the

CNet 6s CDCCP. However, this requirement
provided training). (temayde advisiblerfoathenorganizagiontor a i n e
have a few fAexpertod resources, but t he €

awareness$ especiallyfor nonrdatacenter professionalsho may exacerbate inefficient

energy practices and without even realizing Ror example, whilgroject manages

may thinkthat obtaining an oveprovisioned servewith attractive pricingg s a @A good
t h i, thig actually double or triples the power that Vit be consumed by the device

over its useful life.

Activities and Artifacts To demonstrate internal training and awareness, a sample
training curriculum and associated training matemalist be presentedt is acceptable
to have multiple trainingurriculatargeted at multiple groups.

At a minimum, the training materiahust state te documented objectives of the
organization, identify members of the energy reduction team, identify specific
opportunities to reduce energy consumption, and explainthewactions of various IT
roles affect the efficiency of energy consumption. Suggested roles for discussion
include project management, suppaapplication architectsbusiness analysts and
system engineers.

When training is delivered online, the tramy module must be demonstrated by
accessing it online.

A report must be presentédat identifies all individualswho are required to take the
training. Since most IT stafinembers havesome impact on data center energy
efficiency,thereport mustdemonstrate that significant percentage of IT personaet
required to take the training.

Another report must be presented listing all trairattgndees The report must indicate

the personés name, title, nRemsanneloshouldtake r i ¢ u |
this course on an annual basis for the finsi years of employment, and then every two
yearsafterward
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GO-5.

GO-6.

Performance Pay (Value 3.5)

Requirement discussionin organizations where pdgr-performance programs are in
place, it isexpected that electrical consumption or operating expenditaracor used

to determine the annual performance fawyseniorlevel data centemanagerdqe.g.,
director or vicepresident of infrastructure). This measure will significantly encourage
theseindividuals to lead the organization and approve projects ¥t an overall
reduction in electrical consumptioWhenmultiple factors are involved in determining
performance pay, thealueof this factor will be no less than 1/X where X is thenber

of criteria being used.

To avoid sukoptimizations (e.g., encouraging one behavior at the expense of another),
it is suggestd thatmultiple metrics chosen to represent both energgvings and
delivery performancehe combined. For example, thercent of negotiated availability
versusactually delivered availability is one potential performance measure.

Large energy savingshould not come at the expense of critical application availability.
Rewarding individuals foproducing an usafe thermalenvironment high humidity
levels, unreliable electrical supply, etc., is clearly undesirable

Activities and Artifacts An incentive plan must be producdtiat details how
performance pay is calculate®erformance pay must be determined usingastone
metricthat isrelated tceitherenergy consumptioar efficiency.

Ideally, the performance plan should be offeasdbroadly as possibte all senior IT
executiveswho control energy efficiencyof the data center. This includes data center
managersserver and infrastructurengineersand projectmanagers When multiple
individuals impact a single metric, it is suggested that the weight be reduveever,

at minimum, energefficiency metrics sbuld be included for determining the
performance pay of the person responsible for energy efficiency and the person
responsible for data center operations.

The organization must also be able to demonstrate that the metric used to calculate
performarce paycan be determinebased on the existing reporting infrastructuiieo
demonstrate this, reports containing all metrics used in performance pay calculation
should be generated.

Rationalize Operational Risk (Value 3.8)

Requirement discussionOrganizations that do not systematically rationalize energy
costs versus operational risk often feel that all systems should be designed for maximum
possible redundancy, without consideration of the {mgn costscaused bgver
provisioning. While theras a legitimate reason critical devickke core network
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switches have triple-redundant power supplies, it is probably not justified for an
application server runningon-missioncritical applications to be deployed on clustered
systems. Organizations #te highestlevel of maturity should have a systematic
method or framework for balancing the leteym operating expenses of electricity
against the added risk of ndawlt-tolerant designs.

Activities and Artifacts A risk-assessment templatibat consders he increased
operationalisk of a proposed measure versus the energy savings beuoetibe in use
All system engineers involved in deploying new applicatisheuld use this risk
assessment templateA collection of completed risk assessments gast projects
should be available.

FI-3  Customer Charge Back (Value 3.4)

Requirement discussiorResources that are free are ofteisusedor taken for granted
When negotiating service levels for an application, application owners that are not
charged for power costs ofterantall their applications to run 24x7. However, as soon
as electricity cost ismigrated to the user,the userimmediately begia serious
consideration ofvhether 24x7 availabilitys necessary anghether smaller application
availability windows are acceptable.

To encourage users to camai the cost of energyt is highly encouraged for data
center professionals to passme fractiorof energycosts to the application owner. If
the administrative burden for this is too high, a fixed offering of application availability
and varying annual operating cosdsalso acceptable. The goal is not to penalize the
user or create administrativeovk for IT; rather,the goal is to encourage the application
owner to make responsible decisoby recognizing thatincreasd application
availabilityand capacity havenampact on energy consumption

Activities and Artifacts Initially, when the IT department and a business owner are
planning for the deployment of a new application infrastructure, cost estimates based on
the selectednfrastructure configurationption should be observable. A configuration

list of eachdeployment optiomandits corresponding price must therefore exist.

Once an application is deployed, a regular bill including the electrical cost of the
applicationmustbe prepared and delivered to each business owner. A sample of these
bills should be presented.

The goal of this requirementistda er a busi nes otopunishtes b e ha
end user. Therefore, it is critical that the initial ebased sizing template be used for

new application deployment. The configuration tool presents a direct cammecti
between the configuration decisions made by the business owner artériongnergy
consumption.
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7. Additional Hel pf ul Practices

The measures listed below are helpful in pursuing energy efficidwayever, theyare not
required bythis framework.

Measure and Track PUE - Power Usage Effectivene§BUE) provides a measure of

the amountof energy used by the data centempared tahe energy used by the
actuallT equipment. PUE is calculated by dividing the annual electricity consumed
by the entire facility by the annual electricity consumption measured at the output of
the UPS or the input to th@ equipmentpower distribution unitsThis metric was
established by the GreeniGand adopted by the EPA as a useful measure of cooling
efficiency.

Although PUE isan important metri¢reporting it to theJS EPA ENERGY STAR for

Data Centers prograns recommended total energy consumption, IT productivity
and availability are ofterof greater importance. Many energy efficieragtivities

such as consolidation, virtualization and IT refresh can significantly reduce total
energy consumption and increase productivity by an order of magnitude while PUE
remains constant

A metric closéy related to PUE is Data Center Infrastructure Efficiency I®C
DCIE is simply the inverse of PUE.

Measure and Track server-utilization -to-power ratioi A server continues to
consumeelectricity when idle If servers are underutilizedpmsider addingvirtual
machines or applications to increase processing load per.server

Thermal Imaging T A recommended practice is periodicanningof the data center

with a thermal camerto identify thermal anomalies and hotspots. Because of the
expense of the equipment and expertise necessary to perform Computational Fluid
Dynamics (CFD), it is often most cesffective to outsource this work to a
professional.

Energy Efficient Lightingi Installation of energy efficient lighting and controls can
reduce energy consumption. The reason this requirement is not part of the core
framework isbecause thdROl (Return On Investment) igenerally poar In an
average data center thedudion in total energy consumption is judt%. ROI can

be improved ifsubstantial utilityincentives or alternate funding arrangements (e.g.,
ESCO modelsare available

Leverage Financial Incentives Althoughincentive availabilityaries significantly
by project and geographmanyprogramgproviding cash payments and tax breaks)
areoffered bylocal utilities orregional state or federajovernmentgencies In

2010 $6 billion wasofferedfor energy efficiency funding.
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While these funddy themselveare generally nagufficient to justify efficiency
modifications the fundsmay improve the ROI of your project or enable projects that
would otherwise not happe website listing all programs available by state is
included inthe implementation kit.

Lower Server Fan Speed While lowering fans speeds may not be appropriate in all
circumstances (e.g., weak plenum pressure, poor air circulationjtescpossible to
work with the computer server OE\Mo optimize farspeed cotmol algorithms. While
the observed savings were only about 1% per server, thisdstxapproach can result
in a cumulative benefit diundreds of thousands kifowatt-hoursin a large data
center.

Cloud Computing & Collocation Providersi Deployingapplications to a third party
does not automatically imply an energy savingasergy savingdepends on the
performance of ththird-party provider.However, providing efficient application
availability isusually acore competencgf major service praders As such
deploying an application to a provider with a high efficiency is one technique to
reduce energy consumptidmwever, it is up to the customer to enssgeection oan
efficient provider.

Hosting applications in the cloud also benefitsrf high availability standards offered
by most service providersRather than building out all or a significant paradfata
center to five nines of availabilifpr the benefit of a small subset of servidés,

client data center can be built to avkr level of redundancy while applications
requiring extra reliability are deployed to a cloud provider.
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Appendi x A: Gl ossary

Aisle - The open space between rows of racks in a data centerprBesites dictatethatracks
should be arranged with cortsie nt or i ent ati on of frontbéammind bac
0 haaisles. Only the front intake air of you servers and devices should be cooled.

Capital Expenditure (CapEx) - A capital expenditure is incurred when a business spends
money to buy onimprove assetthat have a useful lifeextendingbeyond the taxable year.
Examples of CapEx atée purchase of physical assets sucke@sipment, property or industrial
buildings. CapEx can be contrasted WthEx

Cold Aisle Containment (CAC) - A solution that segregates and encloses cold air within the
cold aisle and directs it to the front intake of computing equipment. This prevents unwanted air
mixing, thereby increasing cooling efficiency.

Computer Room Air Conditioner (CRAC, pronounced ficracko) i A device specifically
manufactured for coolindeating and humidifyingomputerooms

Computer Room Air Handler (CRAH, pronounced ficrayo) i A CRAH provides the same
function as a CRAC, but@RAH does not hava compressor to perform the actaabling To
remove heat, a CRAH musdly on a coithat is cooledy an upstream devigsuch as a chillgr

Hot Aisle Containment Systemi A solution that dects heated air from the exhasste of
racks to airconditioning return ducts in a highly efficient manner.

Liquid Cooling - A general term used to refer to cooling technology that uses a liquid
circulation systenfas opposed to ait) evacuate heditom the rack

Operating Expense (OpEx)- The ongoingoperatingexpenses related tanninga data center.
Labor and electrical costs are examples of OpEzg.opposed to CapEXQpEx does not have
book value beyond the current tggar.

Plenum - A space used to direairflow. A typical plenum in aaisedfloor environment is the
space under the floorAlthough raised floors are a common feature in modern data centers,
some data centers use a concrete slab.flods such,raised floors are not an explicit
requirement othis framework.

Rack T A radk (also called acabine) is a avice for holding IT equipmenRack height is
typically measured in units (U) with a "full rack" being 42U in height.

Variable Frequency Drive (VFD)i A VFD (also called avariable Speed Driver VSD)is a
type of alternatig current motothatcan adjust its rotational speed basedheatload.

A complete glossary is available on the Green Data Center Alliance website at
http:///www.greendca.org/glossary/glosgaspx
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TableAT Summary View of Framework Requirements by Domain

ID Requirement Value | Level | | Level Il | Level lll
Facility Design & Engineering (FA)
FA-1 | Blanking Panels 4.0 a a a
FA-2 | Cable Management 3.9 a a a
FA-3 | Tile Perforation Placement 4.2 a a a
FA-4 | Floor CutoutSeals 4.0 a a a
FA-5 | Equipment Placement & Orientation 4.3 a a a
FA-6 | Thermal set point 4,5 a a a
FA-7 | Containment Solution (Cold or Hot Aisle) 4.2 a a
FA-8 | CRAC Intake Placement 3.3 a
FA-9 | Air or Water $le Economizers 4.4 a
FA-10 | Enerqgy Efficient UPS 3.4 a
FA-11 | Variable Frequency Drives 3.7 a
FA-12 | High Efficiency Thermal Insulation and Roofing 3.3 a

Information Technolo IT

Process (PR)

IT-1 | Consolidation 4.9 a a a
IT-2 | Measurement & Verification Technology 3.9 a a
IT-3 | Virtualization 4.1 a a
IT-4 Enable ServeBleep Modes 4.2 a a

Governance (GO)

PR-1 | Data Center Zoning 4.0 a a a
PR-2 | Configuration Managem& Orphaned Servers 3.8 a a
PR3 | Capacity Managaent &Right Sizing 3.4 a a
PR4 | Service Level & Aailability Management 3.9 a a
PR5 | Training & Awareness 3.9 a

Finance (FI)

GO-1 | Energy Efficiency Role Defined 36 |a a a
GO-2 | Continuous Improvement Program 4.1 a a
GO-3 | EnergCSR Policy 3.9 a a
GO4 | Establish & Track Performance Against Targets 3.9 a
GO-5 | Performance Pay 3.5 a
GO-6 | Rationalize Operational Risk 3.8 a

Fl-1 Energy EfficieniT Procurement 34 a a a
Fl-2 Asset Refresh Rationalization 34 a a
FI-3 Customer ChargBack 34 a
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TableB 7 Summary View of Framework by Performance Level

ID Requirement Value
FA-1 Blanking Panels 4.0
FA-2 Cable Management 3.9
FA-3 Tile Perforation Placement 4.2
FA-4 Floor CutoutSeals 4.0
FA-5 Equipment Placement and Orientation 4.3
FA-6 Thermal set point 45
IT-1 Consolidation 4.9
PR-1 Data Center Zoning 4.0
GO1 Energy Efficiency Role Defined 3.6
Fl-1 Enerqy EfficientT Procurement 3.4
Level Il (All Level | requirements plus the following)
FA-7 Containment Solution (Cold or Hot Aisle) 4.2
IT-2 Measurement & Verification Technology 3.9
IT-3 Virtualization 4.1
IT-4 Enable Server Sleep Modes 4,2
PR-2 ConfigurationManagement and Orphaned Servers 3.8
PR-3 Capacity Management and Right Sizing 3.4
PR4 Service Level and Availability Management 3.9
GO-2 Continuous Improvement Program 4.1
GO-3 Enerqgy Policy 3.9
GO4 Establish and Track Performance Against Targets 3.9
Fl-2 Asset Refresh Rationalization 3.4
FA-8 CRAC IntakePlacement 3.3
FA-9 Air or Water &le Economizers 4.4
FA-10 Enerqgy Efficient UPS 3.4
FA-11 Variable Frequency Drives 3.7
FA-12 High Efficiency Thermal Insulation and Roofing 3.3
PR-6 Training and Awareness 3.9
GO-5 Performance Pay 3.5
GO-6 Rationalize Operational Risk 3.4
FI-3 Customer Charge Back 3.4
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