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Data Center Enerqy Consumption ##7+ .0 GErEE526/5
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US: Comparison of Projected Electricity Use, All Scenarios, 2007 to 2011
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Current efficiency
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Improved operation
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-PUE

o PUE

PUE: Power Usage Effectiveness
DCE: Data Center Efficiency

Bullding Load
— 1T Demand from grid

_ Total Power IT

Facility = Switchgear  Equipment
o Power = UPS Power
= Battery

backup
s Etec.

Cooling

- Chillers
= CRACS
* Etc.

_ Total Facility Power

PUE =
= IT Equipment Power

bcE = L _ [T Equipment Power
T PUIE  Total Facility Power
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PUE: Power Usage Effectiveness
PUE

TotalFacilityPower (B4 #.00 S BEFED
ITEquipmentPower (1T £ S AEFE)
= +

+IT +

PUE

PUE= 1 = Cooling Load Factor (CLF) + Power Load Factor (PLF) + 1.0

Bt E T e AT
DCIE
DCIE
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PUE= 1 =Cooling Load Factor (CLF) + Power Load Factor (PLF) + 1.0
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Sockets

Speed GHz Standard Low Power | Saving
AMD 1 1.8 -2.6 103 W 65 W 38 W
2 1.8 -2.6 95 W 68 W 27T W
Intel 2 1.6 -2.0 80 W 50 W 30 W
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Transactiena / Second (Higher is Better)

Load 1 Load 2 Load 3 Load 4

Weancrwel LV 3148 7.3 OM2 Opearams TTTE I & GHr

Wheadorest 5140 1.7 Gz

Load 5

Chip Makers and
Independent Analysts
Claim No or Negligible

Impact on
Compute Performance

Source Anandtech
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Typically server power supplies are oversized for accommodating
maximum server configuration %4 ik 55 &% FELYE — AR TRk 95 2% 8 K 3K
Even though most servers are shipped at much lower configurations E[I{i
Higher losses associated with oversized power supplies = A (1 oy 5% bl s 1 e FE40 2k

85% -
- ® LBNL reported power LBNLIL
— — supply efficiency ??_j;%f j;f

% - 12%-75% at 30% il )
3 70% —_— o i load i 72~75%
s ew power supplies
2 o5 2 PRIES o e i
w have substantially M AE30% 41 2
= 60% higher efficiencies i J,80-9105

55% — 89%-91% @ 30%

| —e—Average of All Seners| |
- oad
45% Source: Lawrence Eerk!ey National Labora!clr}r, 2005
0% 11]% 21]% 30% 40% SD% 50% ?U‘% BD% 90% 100%
% of Nameplate Power Output

e Right-size your power supply 1% FE5 1 28 5 1 HL A

CHB 0 e 55 s AR
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Efficient Power Supplies Eix7# HJ

v S

ed V7Y

N4

Which Power supply will you choose?
— Power supply A: 91% Efficient at nameplate rating
— Power supply B: 93% Efficient at nameplate rating
Power supplies are never at nameplate rating

M AZAE FEAT A I FE e ?

Dual Pow er Supply

"Typical" Daily Load
<T% 8 hrs
7.5% - 15% 10 hrs
15% - 35% 4 hrs
36% - 45% 2 hrs

Spec the power. supply which is more efflclent at 10% - 35% load

Percent of Full Load

HLYR DR

Do © 2007 Emerson Network Power
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%‘%%LE’J A TEANR W RIS s T RE e, ZEARYE D a8 1% DU FRVR Y B A1
FEA 3 10~359%0,  HLYR ARG B e
“Typical" Load in “Typical” “Max" Nameplate
Redundant Config. Config 100%  Confi guratm Rating
CPU L :
90%
U s, /— / Model A = |rrr; | —
- :Mudel B
o : : | — Mu@el A
E 75% / / E
70% [ /
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Server Virtualization

JZ IR 45
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Before Virtualization

Physical Sewer

. ths!l E‘:éw;r

S
L AZ T M =4

Typical Virtualization Architecture
Logical Servers

- |

VMware Viriualization Layer

Physical Server

e Virtualization increases server utilization by decoupling hardware and
software 5z 01 55 % 18 i ek 55 41 FH 4R 24 i e 454 TR R FH %6
Multiple ‘Logical Servers’ on a single physical server
Energy savings with fewer number of servers i/ ji % 225 5 sz 9 1 s

— YRS 4 L
[ 22 18 4k 55 s
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— Consolidation ratios of 8:1 are typical
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Blade Servers ']/ ([ [[]R45#%

a - ’
= CA & & N/VIp> 7~ 7

Comparison of Hardware for Rack based
Servers & Blade servers  fifi{} 1L

Functional description 14 one-U Blade System

servers (14 blades)
Diskette drive 14 1
CD-ROM 14 1
Fans 112 2
Power supplies 28 4
Line cords 28 4
KVM cables 14 1
Ethernet cables 28 8
Fibre Channel cables 28 4
Systems Mamt cables 13 1

Source: IBM white paper BladeCenter packaging, power, and cooling’
® Blade servers consume about 10% less power compared to equivalent rack

mount server EAHFEINIZE AR TAEG MRS 2%, T R RSS2 v #E HEL RE 241510%
—  Common components in chassis — fans, communication cards, etc. | u 4% i -

® Blades enable high density architecture! RR) = 282 N A

IR AR R R EMERSON
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Power Management Features )i E PEYFIE

AC Power Input Versus Percent CPU Time

50 120 Servers consume
Dell Power Edge 2400 (Web/SQL Server) — Watts , 75%-80% of peak
125 + T ..does not - 100 load power even
I relate to _
! J’" e when the
100 - . - 50 .3
N TR Bovise . processor is idle.
R Sonmupr o b RS AR, s
= E SAHAEIE(E ) 75~80%
50 + ta °
| I2lEe W very
.e _ ' on low power
25 + l ' 120 consumption
0 LT b L_......m.....n...i.u L e 0

Source: EPRI field measurements, page 22 of LBL High Performance Buildings: Data Centers Pub Dec 2005

® Typically power management features are turned off <M ML AL 1) FLYi
® Turning on power management feature reduces processor idle power to
~45% of peak  JT i HLJE R H AT B A HE 2% 25 N HEJR 4 (5 45%
® Some are concerned about response time
18 0 N DU I 55 4 Wi W IS ] i) 0 s
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PUE

Power Load Factor PLF
=ATS + +UPS

ATS

1% 3%

Power Load Factor PLF
=0.02+UPS

2%

0.02
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100KW 2 UPS
UPS 200KVa/180kw PF=0.9
100KW
UPS UPS
UPS

K=50/180=27%
Hipulse U 200Kva/180Kw UPS

25%
0.0937

27%
H=9.37%

Power Load Factor
=0.02+UPS =0.02+0.0937=0.114

50Kw

lupsi nmriE |

IUFS.ﬁ ABLEHE2

UPS E 41
UPS LBES
1y ) — -
| upsymmmiet [ mmimeme = upssmmbiz |
L L L | | I L L]

200Kwa/1 50kow 12 B WESREE
TELEE 0 25% 50% T5% 100%
it 415 4. 65 fi.12 5473 13.01
i MA 0.37% 6. 37% 5.88% 7175
EES MA 00.63% | 93.63% | 94.12% | 92.83%
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- 0% 75%
380V

Conventional AC architecture

480V i [,
3)AC; |

High eﬂimenw 94%

X 86% = 76% EMERSON
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LI NSV
1. ANREFN R TR 25 AR B8 S faf 15 Q1=KF A1
2. AR ZE AL BV A AR Q2=KF 4t2
3. AN K BHEE S 1 g vH 5 Q3=FXgXdXzJn
4, YD R AL IR A AR T Q4=KF At4
5. ANHCIRPIA G vF 5 Q5=N P qnX=0
6. MLIHAT H AT i far 115 Q6=1000n1nONXt
7. B gy o5 Q7= M1G1X
8. FRBIEL il H Q9=0. 28G (i1-i2)
9. WA IV 1 Ay Q9=Q0X

Mt > (q1+++q9)

A
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Qt=Q1+Q2
Qt KW
Q1 = >=<1.0
Q2 =0.12 0.18KW/m2 =< 0.18
0.12

&
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IT 100KW

4Kw/
4kw

100kw/4kw=25
GB50174-2008

2) BEFEEIEERRAETRE, AET AR
A=FN (4.2.3-2)
I F——HRaEESAER, TR 3545 (m /&)
NI RN ENE TR RSN E a#.

4mz2/
25 >x<4m2/ =100 m2

0.15 KW/m2
Qt=Q1+Q2=100kw+100><0.15=115kw

g
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— P2060 24°C 50%
60.6kw 121.2kw

Qt=115kw

GB50174-2008
N+M M=1 2

2+1 3 P2060

N+1

I._.jntiiiiilm

EMERSON
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| CONDENSER |
[OUTDOOR COIL)

[ ]
a 3.3 35
, 115kw 3 P2060
iCom
— 2 P2060 121.2kw 3 4
P =P  /EER=121.2kw/3.4=35.64kw
[ ]
- P2060
9.6kw

P =9.6kw %
EMERSON
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CLF

+P  =35.64+9.6=45.24kw
=CLF=45.24/100=0.452
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e |T loads will have a larger variation in cooling and airflow requirements IR
— Range of available equipment (kW), Virtualization, Power Saving Mgmt
e Need to match the Cooling capacity with the I T load ¥4 & 75 22 51T 91 47 &= VLA
— Eliminates over cooling and improves cooling efficiency with reduced
oycling IR AR AL B[V LA AR FR KL F A SR AR

Compressor EER

| Energy Cost, 10hp
Fan motor with VFD P

Enerqy Efficiency Ratia (FER)

Annual Operating Cost
|
|
|
\
% |

Saturated Condensing Temperatur
: B = - =

Floor Mount
. R e T Cooling Unit
IS

Chilled Water Units
o Valve (CW) /airflow it = 1) fi k]
¢ Variable Airflow 75 x| &

DX Units H #2577 20

¢ Compressor

: Unloading / Airflow
e 9 w3 =
i plewl s e e e Variable Compressors " 22 [E4iHL 7 it
50% 5%% )}L:‘@gzo% , 1] DLBEE AL FES0% - Myltl-step / Dlg!tal s AR
—  VFD retrofit kits are available - Higher EER point EREAL I

I P ] 3 5 i
AR EMERSON
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. Power required to Cool
2 £ 1KW of Sensible Load
Oy~ &

T g N 30+%

= -
74 \ < 0.5 Lower
0.25
0
Traditional High Density
Chilled Water Supplemental
Cooling Cooling

e Higher Efficiency Gains from “Cooling closer to the Source™  fily& 21T A
— Lower Fan power —65+% K XWLI%, PFAE65%
— Higher performance cooling coils 513025 &K
* Design
* Higher enter air temperatures
— 100% Sensible coolin 100% &%
e Cooling modules reduce 5iequired fioor ;pace il £ i G i ML AR 2 1)
e Cooling density available over 30kW 1 V& £ 5 1 1 SOKW/H LAE

T
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11’y 2> /]
i 1 71 B VL L
Teamwork: None
Humidifier ON Humidifier ON Dehumidification ON
. Units can work differently depending on load in a
Unit 1 Unit 2 Unit 3 Eﬁ“ﬂﬂnﬁ.u’m N3 particular zone, but don't “fight"
"1 I *

Control Disables Heaters

> HS

UNBALANCED LOAD | NOLOAD

Unit & Unit s it Linit 4 4
Humidilier ON Dehumidification ON

IR R4 Ll it T B = RA R

Use monitoring and optimization tools to improve efficiency

Share data across multiple cooling units % & 2= =4

Set rules to adapt cooling to the load ua%méﬂ@ﬁ?ﬁﬁ%ﬁmu
— Manage compressor load across units £ S L4144 HLsh &% B
— Manage humidification & dehumidification i3 Fl1 [ 55 2
— Cycling of units HL41 H 85K

&
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PUE
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PUE

o
— PUE=1+PUE +PUE
=1+PLF+CLF=1+0.114+0.452=1.566
o
PUE
3.5 1 25
0 EW
2.5 4
w 204 1
T 1.5 4 1
104
[1R3]
0.5 o -- -
0.0 r r r r r r . r . , 0
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% v"g (ﬁﬁ ?95‘:’ ng@ Oa“’ﬁ: ?‘Qﬁ: vf QQ;?? ?95\ ?\gé\

% IT Load

Mirosoft's experimentatiorEMERSON.
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P.

$24.

8 Billion in sales (2008)
248 2008

- —
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NYSE: EMR Diversified global ApprOX|mater 141,000 Heaquua_\rteI\r/ls in St.
2B ALRFHAT 5 A manufacturer employees worldwide _Louis, Mo.
EMR and technology provider SRR TA14.1T74 REALT SR X S i
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3%

UPS-Power
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