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APC
APC TradeOff Tools™ TRADEQFF 005"

e Simple, automated tools to support specific planning decisions

® Use only those that apply — many projects will not involve [T %

the hard questions they address [e==== ==
Free tools at http://tools.apc.com --

Energy Efficiency Calculator UPS Efficiency Comparison Calculator =

Carbon Calculator IT Carbon & Energy Allocation Calculator
Capital Cost Calculator INRow™ System Selector
Virtualization Energy Cost Calculator Power Sizing Calculator
AC vs. DC Calculator INRow™ Ancillary IT Equipment Cooling Calculator
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http://tools.apc.com/

Simplicity in tool design

e One-screen user interface

e Standardized template

e Users enter their unique data

e Instant output allows for rapid creation of
“‘what if” scenarios
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CONCEPT \Where do the tools come in?
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- BASIC REQUIREMENTS . of the planning process| Budget
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. SYSTEM ARCHITECTURE

y Adjust for
CONSTRAINTS & PREFERENCES

Generate
SPECIFICATION
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Difficult questions can affect or delay
critical planning decisions

s [j Identify ice entrance to support my IT load ®
Y BASIC REQUIREMEN'Ie
cost
4, SYSTEM ARCHITEC
- Adjust for PN
<) CONSTRAINTS & PREF my PUE

Generate -
4N\ SPECIFICATION _ Weedto do to hit a
e ecific efficiency target s
o Generate H\'““--R_M___x_____ 5\\—'\ o
T) DETAILED CONSTRUCTION DESIGN a




Data Center Efficiency Calculator

Data Center Efficiency Calculator APC
mp.

301 OF BUEMALE Dower ] COOMNG JEEFIICNES 0N SNBIGY CoSlY e f—
0 St s ool INPUTS RESULTS

Diata conter capacty C

e Estimate annualized data center efficiency
of new or existing data center |

o Power usage effectiveness (PUE) p— \ —
o Data center infrastructure efficiency (DCIE) T T T} ~mm

." TRADEQEF roces
mtts !

IN
Total data center input power
PUE — pup

~ IT load power
T

e See the efficiency curve of the data center

e Determine efficiency impact of design

decisions
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Data Center Efficiency Calculator
Energy cost drivers

e Oversizing of power and cooling equipment

e Pushing cooling systems to cool densities higher than they were
designed for

e Ineffective room layout

e Redundancy (for availability)

e Inefficiency of power and cooling equipment

e Inefficient operating settings of cooling equipment
e Clogged filters - air or water filters

e Lack of economizer modes in the cooling system

e Raised floor clogged with wires

ArC
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Data Center Efficiency Calculator
Methodology

e Patent pending method for aggregating device data and inputs to estimate
PUE or DCIE

e Based on measured and estimated device loss data
e Fixed losses

e Proportional losses
e Square losses

e Accounts for circular energy flows

e Relevant white papers
e #113 — Electrical Efficiency Modeling for Data Centers

e #154 — Electrical Efficiency Measurement for Data Centers
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Data Center Efficiency Calculator
Assumptions

e Location: St. Louis, MO
e /kW /rack average density
e 18" raised floor with 6” cable obstruction

e Device sizing per unit of rated data center capacity
Humidifier = 1

CRAC/CRAH=1.2t0o 14

UPS=13t01.4

PDU = 2.5

Distribution wiring = 3

ArC

APC by Schneider Electric — Wendy Torell January 2010 by Sehnedder Elsccric




Data Center Efficiency Calculator

Demonstration

Data Center Efficiency Calculator

Impact of alternative power and cooling approaches on energy costs

) aboutthis tool INPUTS
Data center capacity 1000 K
Total IT load ||||||||||,||||||||||50%(500M)

Electricity cost per Kwh | 012 | 3 -]

UPS systern | [ Legacy B
Power redundancy [ Single path power v]
Cooling system [ Chilled water -]
chiller | [ Chiller with cooling tower v)
#ir distribution | [ Perimeter cooling -
CRACICRAH redundancy | (_Single Path CRACICRAH -
Heat rejection redundancy [ Single path heat rejection ]
Water-side economizertime | @—————————— Ohrsiyr
[] standby generator [] craciCRAH on UPS
[] PDUs without transformers [] Coordinated CRACICRAH
D Blanking panels D YFD heat rejection pumps
D Energy efficient lighting [@] |:] YFD chilled water pumps
[ ] Oropped ceiling return (@] [] ostimized racklayout
[[] Deepraised floor [] optimized tile placement
[] uPSinEcomode

e e e

CRCERCRCRERERERE

CEEEEE

by Schneider Electric

RESULTS

|@] Infrastructure efficiency PUE M

Annual electricity cost: $ 1,140,000 at 500 kW load

[@ PUE curve (TPUE curve B

1 o
0% 20% 40% 60% 80% 100%
IT load ( 500 KW )

TTE Rev

Vd @ 2003 Amsrican Powsr Converslon, Al ights reserved, Nio part of i p mayba Used, rap @_ . ,E_
TRADWF TOOLS- transmitted, or vtored In ang retle val syatem of any naturs, without the arithn pemiolon of e copmmmr

http://www.apc.com/tool/?tt=6
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Data Center Capital Cost Calculator

e Quickly set budget expectations

Data Center Capital Cost Calculator A?CTRAD%W y
Impact of physical infrastructure design changes on capital costs (not including building shell) TOOLS
@) Bnoutinie tool INPUTS RESULTS
Data center environment Capital cost summary [(Local cumuncy |
e Decide priority among competing |1 R = e+ i 1
p y g p g Data certes design || 1000 | kv =) $ 9,820,000 $9.82
gy T — — )
. Average power density| @RI eswirg (@) 1@)] % deployed capacity = T T 100%
requirements B e S '
- - o Cost by system [Comtymamm 4]
Cooling system | [ CRAH with VFD chilsrhowsr v @
H Ar type | | Perimeter cooing -l @
o Capacity : S
A W Fower
RS T—z a M Cooling
Redund level @ omer
edundancy levels )
o Budget e
Power| [N (][ N -] N v
CRAH  Chled wterpumys Gl ot jection
Cooling| [ W =] [N i) [N ][ N I+ Power system cost by subsystem  [Fer 1+
o Growth plan
Included in cost @
- . [ 1 enciosures [# switchgear [ panelboards W RS
[ standby generator [ Fire suppression f detection W Generator
o Criticality ot S
W Critical power distribution
. . Data center values computed @
Design rack quaritity Design data center size
o Efficiency e
Fowsrad by APG INTE R T E GG o v v s e st o st prron 1 ot o [0 _Next steps_#] Rert

e Rough order of magnitude cost estimate
(+/- 20%)

e Not a quoting tool!
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Data Center Capital Cost Calculator
Capital cost drivers

e Data center design capacity S
o Redundancy Ievel 2 0 AN EE NN
e Installation labor rate -

e % Deployed capacity

e Data center location - MAX
e Power density mnm; MIN

e Cooling architecture

RAMP-UP -
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Data Center Capital Cost Calculator
Methodology

e Costs derived from actual configuration costs, quotes
from 3™ party suppliers & partners

e Cost trend lines based on at least 2 capacity points
(40kW and 3MW)

e Cost trend lines based on at least 2 density points
(1kW/rack and 15kW/rack)

e All subsystem costs are either $/W, $/sq ft, or $/rack
e Sizing multipliers
e Redundancy multipliers
e Density multipliers
e Capacity multipliers
e Scalability factors

ArC
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Data Center Capital Cost Calculator
Assumptions

e Data center size based on 27 sq ft / rack (2.5 sq m / rack)

e Country-specific labor rates from US Dept of Labor, Bureau of Labor
Statistics, January 2008 report

e Currency conversions based on data from http://oanda.com

e Elements with no scalability:

Engineering design

Perimeter CRAC / CRAH materials & labor
Chilled water pumps and piping materials & labor
Fire detection / suppression materials & labor
Raised floor materials & labor

Security system materials & labor

Lighting materials & labor

ArC

APC by Schneider Electric — Wendy Torell January 2010 by Schneldar Eleccric



Presenter
Presentation Notes




Data Center Capital Cost Calculator

Demonstration

About this tool

Data Center Capital Cost Calculator

Impact of physical infrastructure design changes on capital costs (not including building shell)

INPUTS

ArC FF 100Ls"

RESULTS

Data center environment

Location of data center [ North America -J[

Unted States | v]

Data center design 1000 K
capacity
i 4 Knirack
IIIweragepcrwer‘:ieﬁsm‘l|||!||||:||||||||||| (148Wjﬂ’)
Installation labor rate [TYDiCaI(SQO-OO per hour ) _-]
Coaling system [CRAmeVFD chiller tovwer -

Air distribution type [ Perimeter cooling

UPS architecture [ Traitionsl, non-scalable UPS =

)
%
)

© © o e o & &

Redundancy levels
Distribution to load UpPs

Generator/ switchgear

Power [ N -][

v ()

CRAH Chilled water pumps Chiller

Heat rejection

Cooling| [ N v)[ N

®) (SEIE) ()

©

Capital cost summary

Data center cost per watt

$9.82 |

—@ 100%

Data center cost

. $9.820,000

[@) % deployed capacity

Cost by system

Cost by system |

B Power
Il Cooling
Other

Included in cost
[M 1Tenclosures
[V standby generator
[V Raised floor

[M switchgear/ panelboards
[V Fire suppression / detection

Data center values computed
Design rack quantity

250

Design data center size

6780 |fe2

@)

Power system cost by subsystem

[ uPsS
B Generator
Switchgear
B Critical power distribution

Poweredby APC INTERACTIVE #:# LOGIC™

@ 2008 msrican Power Converdon, 21 nights reserved. No partof this p
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Additional information

APC White Papers — ) Browse all APC white papers

=| 114 — Implementing Energy Efficient Data Centers

126 — An Improved Architecture for High Efficiency,
High Density Data Centers

154 — Electrical Efficiency Measurement
for Data Centers

142 — Data Center Projects: System Planning

APC TradeOff Tools™ [@ Browse all APCTradeOff Tools™(tools.apc.com)

£+ | Data Center Efficiency Calculator

£ | Data Center Capital Cost Calculator
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