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Topics for Discussion

A Global Trends

A Singapore National Data Centre Study

A Optimal PUE

A Legacy Problems with Existing Data Centres

A Embedded Energy & Sustainability

A Essential Knowledge for Data Centre Engineers
A New Concepts for Efficient Data Centres

A Summary






What 0s Dr | \Efficregcy deth er gy
Sustainability?

A Soaring Fuel Prices

A Climate Change Social-Economic Pressure

A Government Legislation

A Going Green is a Financial Win for Organizations



Background Information

A Data centres consume vast amounts of power
A Typically 30x an office of comparable size
A'In 2008 data centres €1.5% of US power consumption

ASt orage capacity iIincreased e
Zettabytes in 2010

A Cores per die: 10s, 100s, 1000s?

A 100kW per rack?

A Processing power & energy (ARM vs. Intel)
A Typical legacy data centres PUE > 2



Data Centre Environmental Standards & Guidelines

A Singapore Standard SS 564: 2010
A EU Code of Conduct for Data Centres

A ASHRAE TC9.9 2011 Thermal Guidelines for Data
Centres

A EPA Energy Star Rating for Data Centres
A LEED / BREEAM
A Carbon Tax



Data Centre Types (excluding High Performance Computing)
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Data Centre Facility - Trends

APrefabricated data centres
AFree cooling

AVariable density

AAisle Containment

AHigher Densities

AReal time measurement of PUE

Aariable reliability:-
A Multi-tiering
A Clustering HW/SW
A Network diversity

AWIidening of acceptable server inlet thermal limits



Technology Facility Paradox

Problem Definition

0Technology I1Is typically change
lifetime is

typicallyl5-20 vy ear so

A Assuming a facllity lifetime of 20 years: Tech refresh at yrs
3,6,9,12,15 & 18 1 SIX refreshes

A Assuming a facility lifetime of 15 years: Tech refresh at yrs
3,6,9,12 - FOUR refreshes



Singapore National Data Centre Study



Power Usage Effectiveness(PUE) 1 Old Definition

Utili
> transfot?lme Total data center +) House power
r = power (kw) (kw)

Emergency
generator

Main service

Total data

center power
(kw)

PP-Gen
Mech. Swgear

Generato Data center
r block CRAC units,
Heaters AHUs, Chillers &
& lighting Dry coolers

IT-critical
load

Mech. support

Data center power usage effectiveness Total data center power (kw)

(PUE)

» Total IT power (kw)

16 November
11 2011



Energy Efficiency Assessment

AProvides metrics of data centr

AProvides power efficiency benchmarking data of facility in
comparison

with other facilities
ADetermines the carbon footprint of facility
Aldentifies mechanical and electrical sources of inefficiency
Aldentifies operational practices that affect energy efficiency
AOutlines mechanical and electrical concepts that may improve

efficiency with associated high-level cost-benefit analysis

()



Average Singapore PUE =2.39
DCIE =0.42

PUE Results

H ICT Load (%) B Mechanical (%) Blectrical Losses (%) W Hectrical and Lighting (%)
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Typical Output from an Energy Assessment

Saving energy reduces OPEX which increases the bottom line. Often the ROI is
a

Matter of weeks or months rather than years: Fast ROI

Increase UPS room temperature setpoint T $101,376 12,064 mediate
Increase switchgear room temperature setpoint T $30,660 / $3,649 \ / Immediate
Reduce condenser water temperature setpoint (verify with

chiller manufacturer) T $37,450 $4,457 Immediate
Increase CRAC return air set point and tolerance range T $51,500 $6,100 Immediate
Shut down 3 CRAC units T $109,620 $13,000 Immediate
Shut down 44 CRAC units T $1,599,600 $190,350 Immediate
Raise primary chilled water temperature setpoint T $198,000 $23,500 Immediate
Disable all individual CRAC infrared humidifiers and rely on

centralized humidification in main AHUs T $525,600 $62,500 Immediate
Widen CRAC unit return air humidity deadband to meet

ASHRAE standards $3,000 $158,000 $18,800 0.2

Add air side economizers to AHUs $24,000 $1,260,400 \$150,000” 2

Use liquid-cooled server cabinets in lieu of cabinets cooled

by rejecting heat to data center (large DC) $85,000 $1,280,000 $128,000 0.7

Use chillers with variable speed compressors in lieu of
constant speed compressors with solid state starter $300,000 $6,000,000 $360,000 (0K:]

Shut off 3 CRAC/H units $5,000 $62,500 $5,000 1.0 @



Benchmarking - Key Findings

AHigh Bypass and Recirculation
AMixed aisle configurations

ANo blanking panels/cable skirts
ANo air management strategies

AData centre too cold

AUPS rooms too cold

AToo many AC units/Turn some AC units
off

AControlled on return air

ALow air temp & %RH set points!
AFixed speed fans, no VFDs

AOIld fan motors with low efficiency
ANo centralized communications

A Low chilled water set points

A No VFDs on pumps/CT fans
A Plant maintenance issues

A Plant age

A Chillers sequencing/staging

A Fixed speed chillers, no VFDs
A No free cooling

A No condenser water temp reset

ALow UPS | oads

APlant efficiency, age
ALights on all the time

Nl

0)






Climate Analysis T Singapore

30.0
too cool, .. too warm,
250 | fam) e i "_||. moist
20.0 - proper temperature, proper
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Climate Analysis T Singapore
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Ton-Hours of Mechanical Cooling Required

Jonuary
Nzan
311,556
8,30
312,552
262,585
N237

Fabruary
282,338
e
274,329
282,291
246,003
282,338

March
294
311,383
305,195
N2
277,663
3294

April
302,948
300,244
206,104
302,438
276,924
302,948

Singopore, Singapore

Maximum Supply Air DB (°C) - 18.0

May
Na1Ns
31,271
07,239
32,500
293,410
Na3Ns

June
302,985
01,08
296,766
302,425
285,135
302,985

luly
N 2887
311,352
03,145
312523
283,348
32887

August
N2N3
311,354
305,053
32520
204,648
Nn2ni

September
302,554
301,408
200,544
302,456
263,948
302,554

Octobar
nawez
I0,407
304,243
32,530
278,113
nawaz

Movembar |

302,856
301,508
290,064
302,471
254 497
302,856

December
312,048
311,205
293,930
AN 2044
254,625
312,048

O



Climate Analysis T Singapore
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Ton-Hours of Mechanical Cooling Required

: o, _,‘-d-”'__.-_".‘--.;_‘_.__._'_ p— " E— i -
Lo e = = g e " T —
e
P

Jonuary
naan
nana2
245,220
312,990
188,635
N2371

Fabruary
282,338
281,833
231,103
282,683
183,868
282,338

March
32.94]
31,959
261,524
312,981
212,784
312.94]

April
302,948
301,800
263,375
302,851
217,518
302,948

Singapore, Singaporfe

Maximum Supply Air DB (°C) - 21.0

May
N3N
31,844
278,040
N2.936
230,075
N3N

June
302,985
301,738
272,50
302,837
29,033
302,985

luly
2887
nrer
268,158
312,053
218,508
32,087

August
N2N3
nyew
269,208
AN 2,951
217,779
N2N3

September
302,554
301,967
247,011
302,874
194,768
302,554

Oclobar
naea
.08
262,138
32,962
20,477
naea

Movember |

302,856
302,065
237,039
302,894
182,876
302,856

December
312,048
N
236,304
32,584
179,037
312,048

O



Climate Analysis T Singapore
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AN

Jonuary
Nzan
nazrm
167,201
313,208
105,617
N237

Fabruary
282,338
282,350
164,647
282910
108,041
282,338

Ton-Hours of Mechanical Cooling Required

March
294
312,536
192,369
313,230
131,193
3294
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April
302,948
302,358
198,662
303,140
140,728
302,948

Singopore, Singapore

Maximum Supply Air DB (°C) - 24.0

May
Na1Ns
312,423
209,142
33,260
147,621
Na3Ns

June
302,985
302,295
209,075
303,159
149,836
302,985

luly
N 2887
312,495
197,377
N3247
135,875
312,887

August
N2N3
312,504
196,757
313,249
135,216
Nn2ni

September
302,554
302518
176,123
303,127
(R LY. T
302,554

Octobar
nawez
32550
189,345
N33
127,700
nawaz

Movembar |

302,856
302,622
162,122
303,103
102,411
302,856

December
312,048
312,351
157,446
NZTH0
93,783
312,048

O



Climate Analysis T Singapore
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Ton-Hours of Mechanical Cooling Required
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Jonuary
309,943
N2004
B4, 255
33,058
356,194
N2371

Fabruary
281,739
282,670
80,669
282774
40,245
282,338

March
32924
32924
108,574
313,072
53,148
312.94]

April
302,818
302,789
115,845
302,945

63,808
302,948

Singapore, Singaporfe

Maximum Supply Air DB (°C) - 27.0

May
N30
N2
126,002
32,000
66,488
N3N

June
302,637
302,778
128,960
302,920

71,548
302,985

luly
311,820
32,930
114,583
1N3015
50,482
32,087

August
311,880
N 2952
113,609
313,050
56,7046
N2N3

September
300,440
302,862
05,005
302,955
45,005
302,554

Oclobar
2,825
2042
106,126
313,035
50,953
naea

Movember | December
302,680 309,044
302,900 N5
81,605 74,451
302977 312,666
33,447 30,279
302,856 312,048

O



Cooling System Comparison Singapore

Server Inlet Temp18°C

Air-Conled DX Indirect Air Econ

Annual Tatal - 14,900,357 KWH

J3257.0%
BBL 9%, &%

PUE = 1.70

BT Lewsd
B Elnctrizal Digtribution Loase:
B ompressors
B Fan:
B Hemidfi cation
Blighting
B Tthar Bactried
Singapore, Singapore
Mazimum Supply & DB (°C) - 18.0

ME00.TLT, ZEE

Air-Cooled Chiller Indirect Air Econ
Annual Todal - 14,183,024 KwWH

gasgp, 7HL S 0% %

B76,000, Singapara,

i Supgly Alr D |°C) - 18.0

Air-Cooled Chiller with Free Cooling Module

T Annual Todal - 13,747,177 KWH

192,953, 2% 33,257, 0%

1,107 42%, B, 44,342, 0%

PUE = 1.57

BT Laad

B Besiriea Digridoon Labes
WA Cooled Chilers

O Fans

B Chilled Wigter Pumps

B Humidfication

Wlghing

B CFher Elecirical

2,733,138, 20%

Singapore,

874,000, 5% 4 Mz Supply Al DB (°C) - 1820

Water-Cooled Chiller - Closed Circuit Tower

Annual Takal - 13,536,015 EwH

PUE = 1.55

BT Lesd

B Bedrical Digribution Loeses
B'WalerCoded Chilers
Ofens

B Chillad Witer Pumps

H Condarmar Widor Pumps
B Cading Tower Fan:

W Humidfication

Singapore, Singapone

Mo mum: Supply Air DB (*C) - 180




Cooling System Comparison Singapore

Server Inlet Temp 21°C

Air-Cooled DX Indirect Air Econ

Annual Total - 14,296,141 KWH

33257, 0%
BB5 091, &%

PUE = 1.63

&8, 551, 26%, BT Leesd

@ Elnctrizal Digribulion Loaser
B Compressors
BFan:
B Hemidfication
B lighting
W Crhar Badrica
Singapore, Singapore
Migximum Supply A DB ("C)- 21.0

Air-Cooled Chiller Indirect Air Econ
Annual Todal - 13,617,061 kKwH

E85,991, ﬂs'!ﬁ' =

Singapare,
Mavieem Supply Air 08 (°C) - 21.0

Air-Cooled Chiller with Free Cocling Module

e Annual Todal - 13,747 177 WH

192,953, 2% 33,257, 0%

1,107 42%, BY, 44,347, 0%

PUE = 1.57

BT Lasd

B Hesiriea Disribidoon Ledes
B ArCocled Chilers

EFons

B Chilled Wier Pumps

B Humidfication

Wlighting

W CFhar Elecirica

2,733,138, 20%

Singapore,

874,000, &% 4 e Supphy Alr DB (°C) - 21.0

Water-Cooled Chiller - Closed Circuit Tower

Annual Tatal - 13,526,078 EWH

PUE = 1.54

BT Lesd

B Badrical Disribution Leses
B'WaterCoded Chiler
Ofens

B Chillad Wiser Pumps

W Condarmr Wiaer Pumps:
W Cading Tewer Fan:

W Humid ficafion

Singapone, Singapore

Moodmum Supphy Air DB () - 21.0

@




Cooling System Comparison Singapore

Server Inlet Temp 24°C

Air-Cooled DX Indirect Air Econ

Anrwal Tolal - 1.3, 264, 7460 EWH

33,257, 0% 44,342, U
285,591, 74

PUE = 1.51

2,667,170, 20K,

BIT Load
DElectrical Digribedion losss.
B ompreson
BFara
B vl oo
BLiging
B Cther Hedricol
Singapore, Singopare
Maximum Euppl',' Air DB [MC] - 24.0

Air-Cooled Chiller Indirect Air Econ

Annual Todal - 12,750,392 kKwH

44,347, 05
o, 0%

PUE = 1.4&

an ood

BE kcticn Diskibuion lomn

W refireed fir fir Coobed Chilers
aFans

1 Thi Bod Wber Pusmps
WHwiedbcakon

Woighisg

ke Elactical

Singapare,
Mmoo Supply Air DB |*C) - 24.0

Air-Cooled Chiller with Free Cocling Module

nE Arnual Takal - 13,747,177 B&H

192,953, I% 33,257, 0%

1,107,489, B'% 44,342 0%

PUE = 1.57

BT Lexad

O Elesiricnl Dislrbvulion Legse
BarCooled Chilers

B Fans

BEChilled "Wober Punps

B Humidficatian

m lightng

B Trher Bedriod

2,733,138, 20%

Singopore,

arﬁﬂm.a'x.-"\ Messimum Suply Al DB (*C) - 24.0

Water-Cooled Chiller - Closed Circuit Tower

Anrwal Talal - 13,567,037 EwH

FUE = 1.55

T Lessd

B Blecirical Digrbuion Loesses
B'WalnrCoded Chil e
Bfens

E Chilad Wter Fumps

W Cordermsr Wiger Pumps

W Cading Tewer Fan:

B Humidfication

Singapore, Singapore
Pcod mum: Supply Air DB (*C) - 24.0




Cooling System Comparison Singapore

Server Inlet Temp 27°C

Air-Cooled DX Indirect Air Econ

Annwal Talal - 12,095,764 EWH

1,496,176, 13%

PUE = 1.38

BT Lood
DEkectrical Digribaion losses
B Compreson:
@Farz
B vl ot o,
BLigHing
W Cther Blodnios
Singapore, Singopare
Maximum Euppl'r Ajr DB [C] - 27.0

Air-Cooled Chiller Indirect Air Econ

Annal Todal - 11,810,273 KwH

44,343, 0
0. 0%

PUE = 1.35

an ood

BE kecvicnd Diskibadion Lomn

W rfireet Bir dir Coobed Chilers
EFans

B Chillod Waber Pumps
WHuvedbcakon

Woighing

Ot Elacticl

Singapare,
Mevsimemn Supphy Air D8 [C) - 27.0

Air-Cooled Chiller with Free Cooling Module

mE Annual Takal - 13,747,177 WH

192553728 33,257, 0%

1,107 489, 8% 44,342, 0%

PUE = 1.57

BT Lesaed

D Elestriznl Dislriion Leases
B arCooled Chilers

E Fans

B Chilad Waoher Fumnps

B Humidtication

mlightng

W Tthar Bedriodl

2,733,134, 20%

Singapare,

S.Tm.-&'r....‘ Peteasimum Sepply Al DB (50) - 270

Water-Cooled Chiller - Closed Circuit Tower

Anrmal Talal - 13,683,066 EWH

PUE = 1.54

ET Lessd

B Blecirical Digrbution Loeses
B'Wolnr-Coded Chiler:
Ofens

H Chillad Worer Fumps

W Cordgraar Wiger Purmps:

W Cading Tewer Fan:

B Humid fication

Singapone, Singapore
Mcodmum Supply Air DB () - 27.0

@




Summary of Energy Analysis

All analysis based on a 1 MW IT load with a 10% electrical distribution loss

= Indirect Air Economizer - Air-Cooled DX
Cooling PUE

m Indirect Air Economizer - Packaged Air-
Cooled Chillers PUE

m AirCooled Chiller with Economizer
Module PUE

m Waier-Cooled Chillers with Closed
Circuit Evapordtive Cooling Towers PUE

18.0 21.0 24.0 27.0
Supply Air Temperature (°C)
Indirect Air Economizer - Air- Indirect Air Economizer - Air-Cooled Chiller with \(/:\/Igtsg(-jcc(:)i?clzii (Iécgle;?a\i\i,cg
Supply Air Cooled DX Cooling Packaged Air-Cooled Chillers Economizer Module - P
. Cooling Towers
Location Temperature
°C)
Annual Energy Annual Energy Annual Energy Annual Energy
(non-IT) kWH a1 (non-IT) kWH FUIE (non-IT) kWH RUE (non-IT) kWH e
21.0 4,662,141 1.63 3,981,061 1.55 4,111,177 1.57 3,890,078 1.54
Singapore
24.0 3,630,760 /]:'31\ 3,114,392 /:'46\ 4,111,177 1.57 3,931,037 1.55
27.0 2,459,766 1.38 2,174,273 1.35 4,111,177 1.57 4,027,066 1.56

@



Does Increasing Server Inlet Temp Increase Server
Fan Power Consumption

A Between ASHRAE recommended temperatures, Server Inlet Ambientvs. Server Fower
there is a marginal change in power (1% i 2%)

A From 27°C to 35°C increases are more significant
increase)

A Parametric analysis using Server 2 as an example:

300.0

i Vary inlet temperatures: 12.8°C, 18°C, and 27°C
i 2U server, 20 servers per cabinet

Bandsrepresent min and
max power between Y
ASHRAE min and max

z
K
2
]
2
4
]
I
A

i Assume 250 cabinets commended enpertes
i From 12.8°C to 18°C, server power is constant at | m : |
250 watts : — g
i From 18°C, to 27°C, server power increases — s
from 250 to 255 watts

50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94

U TOta| ICT pOWGf = frOm 1280C tO 180C, 1250 System Inlet Temperature [°H
kW; at 27°C, 1275 kW




Legacy Problems with Existing Data Centres



Legacy Data Centre I Typical Problems

A Energy costs dominate OPEX and TCO

A Pressure now to measure, manage and reduce energy

consumption
A Pressure to make data centres last longer
A Virtualization limited by power and cooling available
A Built to the highest Tier Level - resulting in over-engineering

A 1T and Facilities misaligned



Legacy Data Centres

AOpen plan data halls (not modular)

ARIgid design - not easily scalable

AFi xed density (tdypically 01000C
AFixed tier (reliability) level

AQver-provisioned (over designed)

ANo account taken of PUE/WUE in design

APUE typically a 2.0 or higher



Embedded Energy & Sustainability



Embedded Energy

Life Cycle Assessment Concepts
Analyzing total environmental foot print

Need to look at entire life cycle to determine total energy and
environmental impact
Includes material embodied energy and operating phase contributions

Technigues are not new, but data sets and standardized techniques are
still emerging

General findings:

AThe operational phase of a data center has the greatest impact to
life cycle energy use and CO,, emissions

AMaterials used in structural and ACMV systems are the two largest
contributors when looking at embedded energy



Embedded Energy in a Data Centre

T ——————
'«._«—'.-.*‘, == S .
o T
cproa R
ot T
proo

Computers
34%

]

Windows

1%

S Construction

3%Exterior Waills Sitez\o’\f'ork e
1% s <9
C i IOe— Raised Flaor Interior Walls

25
3% R 1%



Essential Knowledge for Data Centre Engineers



Avallability vs. Capex. What about Opex?

$5,000
$4,500
$4,000
$3,500
$3,000
$2,500
$2,000
$1,500
$1,000

$500

500 1000 1500 2000 2500 3000 W/m2

There are many ways of achieving rel
essential to understand what level you need and how many levels you need

HP data, based on a 4,000 sg.m raised-floor data centre

Tier IV

Tier Il

Tier Il



Air Management Metrics- Bypass & Recirculation
Benchmarking
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36 HP DISCOVER 2011, © Copyright 2011 Hewlett-Packard Development Company, L.P. w



Aisle Containment

False ceiling

Return duct opening

Air supplied from side walls through
cold aisle

Air is returned above false ceiling
Enclosed Hot Aisle

Eliminates Bypass Airflow
Eliminates Recirculation/ Hot Spots
Variable Supply Airflow to Match

Hot aisle containment

o Do Do Do Io

fj server Airflow

37 HP DISCOVER 2011, © Copyright 2011 Hewlett-Packard Development Company, L.P. @



The Impact of Cloud on Facilities

\A facility with variable degrees of reliability and power density
UKFd OlFly | O02YY2RIGS W2y RSYI

Electrical Challenges
Dynamic IT scale and load variation the electrical infrastructure will ne
to be designed to compensate.

Mechanical Challenges
Cooling 6100% full load on demand without excessive modulation and
maintain a suitably stable environment for IT Equipment.

Space Challenges
Rapid scaling and flexibility of purpose



In the Cloud a Near ConstantL o a d
Realistic

Watts

AC Power Input Versus Percent CPU Time

120

Dell Power Edge 2400 (Web/SQL Server)

— Watts
— Proc Time %

Very Low
Processor
Activity does
not relate to

very low power
consumption

+ 100

- 80

- 60

140

+ 20

% CPU Time

| s nNoO

(Source: EPRI)



An Energy Problem or an |

There arevast opportunities for energy savings through impro
Infrastructure utilization with dynamic: load allocation, dynamic ¢
dynamic processor power throttling and capping.

P N f Bl
i Power model of Server B 100 A \40de|o il
Iz po‘ ‘ T i ) poy
—p1
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OptimizingReliability and Efficiency

Analysis of UPS system alternatives

Electrical Exergy Loss (% of total UPS)
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Effectof Part Load Ratio on Efficiency



