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THE ENERGY EFFICIENT DATA CENTER

Point Structure

Mechanical

System Selection
Evaluate advantages and disadvantages of each alr conditioning type
basod on tho following criteria por footprint:

G2-1 climato

G2 installation cate

G2-3 maintenance and serviceability
G4 roliabitity

Gi5 scalability

Gi-6 hoat romoval capacity per footprint

G2-7  Reoview redundancy options to find tho most officiont option that moets
avaitability objoctives and install the propor systom.
GL1-8  Study enargy officioncy tradeoffs in oporating the air conditioning syster 3 E:]
Cooling System Design
Chose either Chilled Water or Direct Expansion.

Chilled Water System Design
Choose high efficloncy components in the following arcas:

G2-9 Chillors 1
G210 Pumps 1
G2-11 Fans H
G2-12  Cheock chiller capacity tradeoffs with sinulation softeare 1
G2-13  Dosign pump and piping systom to control pump head prossure i
G214 Determing and implemeont mothods to keop the ECWT as low a5 possible 2

Direct Expansion System Design OR
Choose high officlency componsnts in the following arcas:
G2-15 Comprossors i
G216 Pumps 1
G2-17 Fans 1
GZ2-18  Ensuro proper condonser heat transfor and spacing i
G2:19  Design pump, piping system, and fans to control pump hoad prossure 1
G2-20  Installing an oconomizer coll 2

Closely Coupled
G221 Review local cooling options such as Uquid, in row, or overhoad cooling
Cooling System Maintenance

G2-22  Establish a writton process to maintain officiont oporation 2 ||
at & minfroum, includo manufecturers guidelines for maintonance of;

G2-23 COMPIossors i

G2-24 pumps i

G2-1% fans ]

G226 cooling towers i

Establish a writton process for cloaning hoat transfor aroas of:
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G2-27 Coaling toviors 1
G228 Condonsor coil faces 1
G1-2% Humidifiors 1
G230 Condorsor and ovaporator tubes 1
| Alternative Cooling
Economizer Design
Doterming if an economizor can result in onorgy savings by looking at
2-31 Weoathor bin data 1
G2-32 Reduction in facility cost vorsus added costs 1
Dotormine which typo is suitablo
G2-33 Alr side economizer 1
G234 Water side oconomizer
G2-3%  Imploment economizer with propor envircnmental controls
Economizer Maintenance

G2-36  Install and use monitoring on all economizers
Implement a process for calibration and maintenance of:

G237 Torporature and humidity sensors 1
G238 Control systoms 1
Thermal Storage
G7-3%  Revigw the potential for a cooling storage management systom
, G40 Imploment a cooling storago management system 3
Waste Heat

G241 Asalyze buillding and caleulato waste hoat costs
G242 Imploment waste hoat recovery system oF rouse waste hoat

Electrical

System Selection
63-1  Undorstand sloctricity gonoration and consumption
Werify oloctrical systom dosign losses:

632 Voltago conworsions 1
633 Conductor run lengths, gauge, and heoating 1
G4 Design rodundancy only to the required level 4
{hoose high officlency componcnts
G35 CRAC/CRAH motors with variable air volume fars 1
636 UPS with scalablo/modular capacity 1
G3-7 Othor aspocts specific to your data conter 1
G388 Install monitoring equipment at all points in the electrical network 5
639 Obtaln accurate and dotailod sloctrical mater roadings and bills 1
and perform calculations on onorgy usage and fnvestments
IT Equipment ,
G310 Dovolop an onorgy profile v ]
Choose high officioncy oquipment:
63-11 Povior supplios : []

() v 3
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Gty LUt core processors 2
63 Dynamic povior manageniont
G301 Enable power managomont tools on oquipmont
Alternative Energy ‘
Gits Supplement utility with distributed goneration 5
Giib Combined hoat and povier
G314 Fuel colls 1
Supploment utility with & renewablo energy sourco
G318 Photovoltaic panols 1
G319 Wind 1
G320 Othor i
Totals
Operations
| | Temperature
Gd- b Optimize the return air set point of the CRAC/CRAK
42 Sot highor supply sl tomporature
i3 Use a supply side tomporature control systom
Humidity
Gi-d Choose a system with the loast oporating costs, but tightest control
G455 Sot minimum relativo humidity to lowest allowable lovel
a6 Allow larger CRAC/CRAM humidity control tolorance
GA-7 Use dow point humidity control
G482 Install humidification equipment on make up air units only

| Preventative Maintenance

- 15

G449 Have tho data contor cloaned rogularty by professionals
Schaedule maintonance for CRAC/CRAH units one
Gobo 1l Filtors
Gdnd Pulleys
G412 Bolts
Schedulo maintonance for eloctrical systom o
, G413 Elsctrical connoctions
| Training
' G B Al employoos must complote a tralning course on energy officlency

and bost practices
Set up an enorgy improvemient omployoes rovards program

Commissioﬁing

G416 Ensuro infrastructure has boon fully engincored and tested
G417 Cheok data contor vitals and compare to commissioning data

Totals
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Facilities
Planning
G Show energy cptimization has boen a focus since the beginning of
tho design procoss

(S Involve all stakoholdors in the whole dosign procoss

GU3 o Simulate the data contor with CFD software

Gid Nodel the loctrical system to analyze officioncies i
Verify all tradeoffs in design:

Gi-s High density versus more space 1

Gt6 UPS loading and redundancy for officioncy 1

G1-7 Other tradeo(fs specific to your data conter §

GLB Design data conter 1o bo scalable/modular i

G1-9  Compile and froquontly update a plan for future groweth 1

Building and Construction

G1-10 Kindmize data conter orvolops losses { D
Room design:

G- 11 Mintmize amount of windows i

G112 Uso vapor barriers and insulation on building oxterior 1

Gi-13 Use vapor barriers and insulation or equivatent on piping and val 1

Gi-14 Local mochanical plant as close to data center as possible 1
Architecture:

GH-1% AL toast a 24 in (610 mim) raisod floor

G116 At loast 10 foot {3 m) from raised floor to drop ceiling

G117 At loast 4 foot (1.2 m) from crop ceiling to siab of next floor
Lighting:

G118 Mindmize amount of lighting

Gi-19 Make ail lighting as officient as possible

G120 Apply timors and sonsors to the lighting i

G1-31 install task tighting for low occupancy argas i

Efficient Practices and Innovation Points

Hot Aisle/Cold Aisle

G54 Arrango racks in hot aisle/cold aisle position 1
[ Perforated Tiles
6§57 Have perforated tiles proporty placed within datacenter ' i
G5-3 Corroct amount of porforated tiles based on opon arca i

| Raised Floor
Gh4 Seal unnecessary openings in the raksed floor 1
G55 Minimizo under floor blockages from pipes, cables, 1
poveor whips, etc,
56 Use fillor panels in and botween racks i
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. G5 7 Uso ond bafflos at tho ond of every row and ovor tho top barriers i D
L Above Floor
' G5 8 Utilizo overhead cable trays i
G5 4 fact roturn airflow back to CRAC/CRAH units 2
GH 10 Koop up to dato with best practices i
_Innovation

S,
[EL TR

Overall Totals

Unique enginooring solutions Lo improve onergy officiency 5

L]
Totals

Possible Criteria 130
Criteria Fulfilled 28

Total Percent Obtained 22%

THE ENERGY EFFICIENT DATA CENTER

Detailed Information
Description :

Documentation/Submittal

Syster : ges of the differsnt types and quantities of air
Selection (2.2 |conditioning with vespect to efficiancy and the facilities strategy that considers
G230 Jehmate, metallation, maintenance, serviceability, relisbility, scalability, and heat
(2.4 Jremoval capacity per footprint. Options include chulled water and direction expansion
G5 (D with aix cooled, water cooled, or glyeol cooled condensers. Tustall or vetrofit the
G et afficient air conditioning system according to the stated enitenia,
(2.7 [Review redundaney options such a n+1 1 the nuntber of componants operating i [Doctament the choices and the rationale.
series or paralel, or 2n in the piping avangemsent to determine the most efficient
oparating points while meeting availability objectives.
G285 [Swdy energy eg‘icm tradeof?s 1 the operation of the air conditivning system. For  [Detesmine the optinm operating point via
eample, sofwave sinulation or analy«s of historical
~Raising the chilled water temperatire reduces cooling coil capacity which could operating data. Docunsent satagies that make the
vaize the air temperature in the data center, resulting b air conditioning wmt fans aiy conditioning system enevgy efficient.
opexating at a higher speed to vemove the heat.
-Rabsing the clulled water temperatice increases the amownt of chilled water that
nust be pumped to the cooling cotl to remove 3 ziven heat load.
~Lowering the condenser water temperature could increase the fan speed in the
cooling tower.
JChilled Water TGeTect mdividual high eRACIEncY COMPONENts i the a1r CoNtONEE sy et Record make, model, and specifications for the
- Design G2.9 ~Chillers — review efficiency as a fonetion of chiller type and size available from  Jeomponents reviewsd and selected. Document the
ASHRAE 90.1 Energy Standard final clioica of equpnient brand same, make and
odel; melude efficiencies at 20%, 50%, §0% load
G210 | -Puaps (chilled water loop, condenser water Joop) and the normal expected operating point for the
G211 | -Fans {cocling towers, (RAH) components,
G212 [Study chuller capacity based on condenner water 1n/out temperatures a5 well as chulled  [Record the results of the conditions reviewed via
vater in/oul temperaties, chiller manufacturer computer aided software
G213 fi-(eep system pusnsp prassure low with regulation vaiver that modudate water flow o t pipiag and pup desizn
control paup head presawe. The punyp and piping nuust be sized appropuiately.
G2-14  [Study metheds to keap the ECWT as Jow as possible within the acceptable linur of the  JRecord methods reviewsd and document preforred
chiller and keep efficiency at a high level A possible method meludes, but is not approach.
Limited to, mutaliing a lager cooling tower with increazed surface area and Hee e
athin the tower fill to veduce the size of the fan motor, Axother possibility 15 to take
Ezlw::age of wet bulb conditions in the cooling tower system.
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Category

Number

THE ENERGY EFFICIENT DATA CENTER

Detailed Information

Description

Documentation/Submittal

Direct G2-15  [Select mdividual high efficiency components i the air cond.:mxmg systeny: Racord make. model. and rpecifications for the
Expansion - G216 -Tha number and nype of compressors per aw conditioning wnit (CRAC) ponents reviewsd and zelected. Document the
Design G217 -Punps (flud cooler loop) final choice of equipnyent brand nanse, make and
i Fane (cooling towers, air-cooled condenzer, or fluid ccoler) odel; mclude efficiencies at 20%, 50%, 80%,
100% load and the normal expected cperating
point for the components .
GI18  [Rewew air cooled condenter haat nantier aea and mtallaton spacing 1o educe Document tae aw-cocled condenser des:gn and
ing remparatures and aveld alr recizeniation that raises compressor power installation plans for affective heat removal.

G2-19  [Keep system pusp p Tow with o Taives that modulate Dow (o control | Docwmsent pipinz, pump design, and fan curves

ap head presawe to fhud coolers and cw&mg wrwers, dielerwics 1o keep heat
rejection pumping nsage small, o manage air-side satic pressure, The pump and
ipmg mat be sized appropeiataly.
G20 [ctall an econonuzes coil that can be wsed 1o oypass the CAAC heat exchanger when  |Document the make and model of the CRAC and
ambient conditions pet the ziyeo! in the Puid cooler to substituge the refiizerati ihe 1 strasegy for use of the economizer coil.
eyele.
Closely Ga-31 TReview loos] cooling OPTions o reduce T POTWEE OF 317 beat 10ad ) the Qata CENter. |Detemsne faasibility of mmplementing options that
Coupled Ojﬁim, inchade, but ave zot linited to, lquid cooling, in-row cooling, and overbead  [huprove energy efficiency.

cooling.
1"6111}1& {i’amz Eonly  [Hlamtain an accurate and detarled daily operating log of the aw condiioning system rLcyg Gata 1 & foruaat that 15 eacy to wse for trending
amd DX . " [ncluding flow rates. Regularly compare the data to the design and tuitial stat-up and detailed analyzs.
Operation information to detect problen or mefficient control settings.

Eonly [Reviewthe opsating performance of the ar condifoning sysiem to determine the Track the diilerence 1 operation and ehHciEncy
mont energy efficient operating point. Make the necessary adjustnents to components, [from menitoring before and after any siv

strols, valves, and building automation systenys to merease efficiency based on : mdzémmg systens. Wote the most efficient
Arommsental conditions, i 3

Category
Clalled Water
sad DX -
Preventatye
Namtenance

Number

G222
G2.23

3224
G213
)n
Eonly

THE EXERGY EFFICIENT DATA CENTER
Detailed Information

Description
j w&ﬁw wat of proceuie: o adupanely st aficient operanion, tearblity, apd
ifepan of the sir conditioning syams A2 s sl comgeesions dhonld be seaed
%z Seaks and pmps pooparly hubscated

st s msake avaciable o 2] wained
soasnel the writen matuteninos procedures and
sehedale for toaintenance fur il equaptant,
sefermncing monufscturers 3y pecessny. Setapa
censeal vepositery for a1l the naslmesanre sctvity

Loty good maintenaoe meccnds that shew prevestatve muatenance setions 3 well 30
wschedided maintenance sotiows. [denndy componants with Beguent sty

ot can b moed for data mdniny. Obtamn owe poant

G2-27

[Fee s consdibomung systems Shal use 3 cooling tower, clean 10 nuimuze diops 2 2
nd water pressure, have an aggresie water reatuoent progeams. sud cleon the stake
AR

[ mrp—— ——— e o gy ey

or 35 COBAITABING ST That U A1 aL cocted conduya, kieep e S0 Tages clean
o pressots bast waefer offichency. Blodhed s con incresse upeatees, pressines
i Compresioe ey

G229 e bumsdfers and wipletsene 2 wates £lration 2ystenn to reduce busldup and
i :Wﬁaﬁm
G230 W«Ww vy tubes b0 Reep temperatures oo the biat yater
urfsoes Sous increaring with nesling and foling,
Alterniative Gio.31 [Eavestgane the weathes Dotk Gats, icouig Dipattue, to determmi of mr-nde ana ot [Locunent S vesits of the wieather svestigaicn,
Cooling - catezeside erosmirers oxn vesnlt i enirgy savings for the dats cete loutining the potential mumber of days an
Econonsizer s be sun
Design
.3l potenmal reduction 1 faciley energy cozt should be cotpared 1o the potennial ﬁmg@ct the eapetal, motallanon, and
coats of buidding space, seliability, calibratcon, sd mastenance. opersticn costs to deterrnue the pasback pared
baed oo ensgy taving
G2.33  [Sedess an sirande ecoucmizer with &y balb neepenatme conpol (senuble) o E;ecoz& the voake and model of econcutes md
e anare o husmdiny cowmol femhalpsd. Propar ssodyan sed desigs e secessay fesaate 2 mechazceal drawing with wheaatio of itz
to aume the tepenanire and Inusadity nuset enteria o partially or fully maset the hest  Tlocation and srvangensent with othar equupsuat.
load yequuremanty.
« A sis-side sconossze with 3 dwl enthalpy conmel stens, wiadh attively
crpares 1o outide aur s retars s enchalpy, Can oplimIDe sconomIzE SPEABIOD.
- Bvaporative cooled si-side exonomivers that use » ditect evaporative conler 1o add
et 0 the au can Sather enhance economirer SpeIticn
Gooad [Woternde scononuzers thenld be conndered when s supphed to e Dolay st be

oept withen gt humnidaty Hosts, expeesally if 1t offers move free coolung howrs than ai
ride evonopmrers, The water-side econcaune best exchonger, wheo wied with »
ciﬁ”' , whould be xranged ks veries wuth the condenser water loop 1o intrease the See

M R P TP e P Jmﬁumvmwd;wgm
Wmm gm ride) ox momonzed contrel valve: (mater-sade} baced on the

TR erord e cparating Aats 3o COneLIte WILh Tk
conols,

() X P
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THE ENERGY EFFICIENT DATA CENTER
Detailed Information

Docamentation/Submittal
Record the operating dats sod corvelsts with the

cntyods.

Category Number Description )
Alternanve G366 Plowonag of aeside and water-ade sconomurer elenmnts not be done to encvze
otvect operation xod o maximmze the smoest of energy savings.

Cooling ~
Economizer
Mainsenance !
G2-37  [Calbeaticn xnd nusmtenance of xir-sude temperature and or bundity sensors a2 well »s [Document procedure for calibration and
G238 peateride meotorized contel values wast be done frequantly 10 encie pecper s o, referencing wosafitaers 3%
Glternanve G139 Jor OL-pask andl vk ST0PEA COOLBA WATHE, 108, OF CLOEE Ebas GUIAE PRIk : %Mwlmwuw,ﬁmmﬁamm&
{Cooling - gy tanes of the day to contarve energy when there 143 dpniflonn dffiesce i Joparation costs o determing extinated savings of
Thermal gy detnsnd batween peak and off-pesk bows. The thermal soragpe ¢am also be hussng ioted ensrgy o paxk demand enngy.
Storage hasad 3t 3 reserve m the wvent of o cheller falure. baclude Ssevers such & availabilioy of spoce fe
storage medis, cooling load profile, rate whadule,
G240 ’ sad existing equipene in the sy, Tuplasent
% thermal sorape system i the sealy=s is frrsble.

mxf‘ammmﬂmw

+ G Ioond vaesatson of the dats center snd ratch 11 %0 3 thevmal storage system.
éu»mwawbam

wwwwwwmmmmwmgwmmwm
a&mwmmamuwmmm Caleulane
Wﬁw bm&&%umcfwvgwwéatmmwm

£ omy
Mmm G4l
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THE ENERGY EFFICIENT DATA CENTER

Detailed Information
Description - ‘ _ Docu matatiniSubmittxl

Optimize the returs air w;mm cf e CRAC amdmr CRAH 1w prov zsﬁa t@a@ m;my
cooling. Iammng the remun sat-point above the traditional 70°F can tncrease the
claney of the CRAC/CRAH,

W tEanpetatiae 1o Vo contimowsly QelnEmAEying the 317 to
which moisture must be added. This could potentially avoid the need for reheat
eims, a%ﬁwng%z some hxmn&:ﬁmm iy be necessry, Incressed supply air

&wdv ami zwl»mem P pmwi% emgv v
efficiency benefits.

ree |5y feacibility of implementing,

ontrel to mantan & constant disch
ﬁ%m&ﬁy 344 C}m‘;ﬁ' 2 m&:ﬁcmw syzsem that hos the Jeast operating costs with tight control Compare bunudification systems such a5 electie

o the snvionment F.m%ﬁfm.
st 15¢ relatrve hunadity to the lowest level based on AOHRAE Thermu Guideimes | [otudy and smplessent if 1t roviaes energy
for Data Processing Bovironments o to 2 minimu Jevel based on external climate  Jefficiency benefits,

Ga-6 [Allow 2 large hannidity conto] tolersace and use dew point CoRTo] o HammIze
simltaneous hunddification and dehunsdification of adizcent CRACCRAH wuts.

G4-7

a8 [[Fihere i 2 ceed for s fieation, COnsass MeTalling DRmREicanen SqEpHEt on

make-up 2iv wits used for positive pressisization.

THE ENERGY EFFICIENT DATA CENTER
Detailed Information

Number Description Documentation/Submittal

Category

7 equipment efficiency and performance.
Perform reguiarly, sohaduled mamtenanee on the CRAC and/or CRAH filters, pulleys, |Document 3 plan to complete CRAC/CRAR
and belts. maintenance veriodically.

Gé.11 <A filter’s air resistance increases as the flter becomes dirty which increases fan
static preseure and enagy wie, Ensure that there ave 5o akr bypass pathways.

G4-12 ~Pulleys should be adjusted to provide the appropriste CFM based on the fan cwve,
-Belts should be checked fir wear and tear fo minimize slipping and debris.
Ga-13  [Electrical connections with fitings should be checked for damaged of joose

ioms and hot spots via infrared imaging.
M'E' y o ofwwmmwshm&be&ommmmmm
o AR SR T A QORI e ill‘ﬁ'a 'i? %
'ffainin;g E only [Encure that the IT and facility operations staff recerve sducafion on identification and

roper operation of all systers and their energy efficiency fastures.

ICommission e&e&mhsmﬁmymgmﬁmm [Document a plan for commmusomng to establish 3
baseline of the mechanical md electrical systens.

dﬂnmulﬁ:nﬂmdmﬁewhwh@smmxy

G4-17 E amnmmmkwéﬁmtbephnﬁor
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THE ENERGY EFFICIENT DATA CENTER
Detailed Information

Fac
tmduce energy optimization at the exrhiest possible phase of the design process to  [Document a strategy to follow which outlines the
husinimize opemimg expenses. continuons need o yeview the energy
consciowness of all aspects ofdw@m,; a:ad
operating the data center. L

x‘olmai%i’f facilities, and muanagement in the design process to ackieve solutions Cmnaﬁmmmtm&a'mmﬁmptm
tha tmemgywbﬂemwmgwhzbﬂm pufezmmmzcom Mo@armm:«%“ . T
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