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Download Presentation ENERGY | Ererey Effiency &
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http://datacenterworkshop.lbl.gov/

This Presentation is Available for download at:
http://datacenterworkshop.lbl.gov/
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Introductions to course and instructors

Performance metrics and
benchmarking

IT equipment and software efficiency

Use IT to save IT (monitoring and
dashboards)

Data center environmental conditions
Airflow management

Cooling systems

Electrical systems

Resources and Workshop Summary
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Energy Efficiency &

Challenging Conventional Wisdom: Game Changers ENERGY

REHIE

Conventional Approach

« 23
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Fenewable Energy
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Data centers need to be cool and controlled to
tight humidity ranges

o 23

& F

ULDFRESRER , ANMEE REIERZES

Data centers need raised floors for cold air
distribution
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Data centers require highly redundant building
infrastructure
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U.5. DEPARTMENT OF Energy Efﬁciency &

Challenging Conventional Wisdom: Game Changers ENERGY | renewabie Energy

mEREMAE
Need Holistic Approach

o ITHIIRBERY KRR FRR

IT and Facilities Partnership
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

Introduction
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U.5. DEPARTMENT OF Energy Efﬁciency &

High Tech Buildings are Energy Hogs ENERGY | roncrane trony
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Comparative Energy Costs
High-Tech Facilities vs. Standard Buildings
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HEPORHEEFEI

Data Centers are INFORMATION FACTORIES ENERGY Energy Efficiency &

Fenewable Energy

 BEPLRERESER KR
Data centers are energy intensive facilities
- HENRSSHVERITAEEEI2STR
Server racks now designed for more than 25+ kW
- NHEFEREFENEENEEK
Surging demand for data storage
— HAPNHEPRLO  NI00F R , EEHEFAET20000 R
Typical facility ~ 1MW, can be > 20 MW
— H3%E20065 B HHFER1.5%
1.5% of US Electricity consumption in 2006
- M ERRKSFAE—E
Projected to double in next 5 years
o FEMBIEFOLKREFN
Significant data center building boom
- BENBEROFEHBNG SRS
Power and cooling constraints in existing facilities
- HEREHRE

Utility distribution constraints
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U.5. DEPARTMENT OF Energy Efﬁciency &

World Data Center Electricity Use ENERGY | Renewable Energy

HRER
A9 1%
5;5 Bt
i nim
=] 190.5%
B
HAg
_f_ B me 58+ £ 7
7 (=B 1k Wiz
:F =
153 IR S 58
ﬂj‘_ i AR S5 28 ITH 1
MBS

Source: Koomeg 2008
Source: Koomey 2008
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U.5. DEPARTMENT OF Energy Efﬁciency &

HOW mUCh iS 1528 kWh? ENERGY Renewable Energy

BEXF rtaly
A 3E South Africa

= P4 &F Mexico
AR BIEH O

World Data Centers

H#HRlIran

Eq B2 Sweden

T+ E H Turkey

0 50 100 150 200 250 300
Kiun B NHE (TIZT R )
Final Electricity Consumption (Billion kWh)

2005 BIEKRIR : EFREEIRE , SRR FEH R ( 2007F 4R )
Source for country data in 2005: International Energy Agency, World Energy Balances (2007 edition)
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Development of Data Center in China

I\\ > U.5. DEPARTMENT OF Energy Efficiency &
I:F @ﬁﬁ I:F b kﬁ EN ERGY Renewable Energy

« China has constructed over 500,000 data centers. The number will
rise up to 540,777 at the end of 2012. The market for data center
application in 2012 will be 123 billion RMB with CAGR of 18.6%.

- HEBBCEER TEIS0FMNESR LD |, MiTEI2012F FIK | ™EK
SAFANBEEDH O, 2011 FHEMNATIZHEIRL1020ZT , FESB K
R 18.6%.

Billion RMB

Growth Rate

Data Center Application Market of China (exclusive of infrastructure)

SR3E oh ORI T S ( RaiE R R g e
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Development of Data Center in China

hEREROEE

U.5. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Fenewable Energy

As cloud computing
becomes a key project in
12th FYP, to support the
project, major cities such as
Beljing, Shanghai, Tianjin,
Shenzhen Chongqging, are
going to establish data
centers containing up to
one million servers each.
FIHERRE+ = E L
NMEEIRE. W RELEX
¥, 8FTEmRmadER, Lk
B, KEZE, R, BEXREIT
XERBNILTHELERA
AR S5 2R RV B A Oro
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Development of Data Center in China

E I\\ n U.5. DEPARTMENT OF Energy Eﬁ_lCiEﬂCy &
I:Fl .ﬁﬁ I:F . k@ EN ERGY Fenewable Energy

The annual combined electricity consumption of China’s data centers
accounts for over 2% of China’s total electricity use, or 10% of the

electricity consumption of China’s building sector, almost the same as the
electricity produced by the entire Three Gorge Dam.

FEHIEPIVGEENSREL T2 5B NEEN2Y , eERRFEEEN
10% , A3 F =k KN 2 F = EE,

The PUE of typical China’s data
center is 2.2~3.0, which is much
higher than global average, and the
average utilization ratio is only
20%~30%.

[ S B B AE /ORI PUEX A
2.2~3.0 , IEm&s TR FEIHKE
F BFARNXE20%~30%.
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The Rising Cost of Ownership ENERGY | Sreroy Effiency &

Fenewable Energy

M2000F FI20065F |, ITEMEERS 7254 , ERERINRES 7812

From 2000 — 2006, computing performance increased 25x but energy
efficiency only 8x

— SMX1000X T RS ERFTEAANBEEEIN T 412

Amount of power consumed per $1,000 of servers purchased has
increased 4x

BRI, BAOMBEHOHIRENREACELEY 7TWRITRER TR

Cost of electricity and supporting infrastructure now surpassing capital cost of
IT equipment

R BB —IT AR ERFEF O RERAEE D&

Perverse incentives -- IT and facilities costs separate

3R : The Uptime Institute, 2007
Source: The Uptime Institute, 2007
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FEFABHRANERXRE

o W.5. DEFARTMENT OF E Eff : &
Lawrence Berkeley National Laboratory ENERGY | renonalo Enoray

LBNLETTAE RS , AN EF BN RE
LBNL operates large systems along with legacy systems

Bl RT il , A TRSHE MNARIE
We also research energy efficiency opportunity and work on
various deployment programs
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LBNLERSZ B 7T HFEP OFRNED !

U.5. DEPARTMENT OF Energy Efﬁciency &

LBNL FEEIS the Pain! ENERGY Fenewable Energy
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U.5. DEPARTMENT OF Energy Efﬁciency &

LBNL Super Computer Systems Power ENERGY | Renewable Energy

NERSC Computer Systems Power

(Does notinclude cooling power) B NS
(OSF: AMW max)
NERSC it HH KRG B ON7
( FIIEHREBFE ; OSF: HMANM00TE ) B N6
40 @ NSb
35 O N5a
o 30 W NGF
H © 29 O Bassi
A = 9
£a S B Jacquard
L o 15
= O N3E
10+ O N3
S5 W PDSF
0 B HPSS
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iSC
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H5% , BIINAFANEE

U.5. DEPARTMENT OF Energy Efﬁciency &

First, a Few Words from our Leader ENERGY | Renewable Eneray

o “‘RMNMEZRLT —HEEALF, ”

“We’re certainly in a mess right now.”

o “IXHEMIER...BERMAZEREIR
wRRE .

“The environment... is the reason |
joined the Dept of Energy.”

o ‘BRI ERK, ~

IH

“We simply cannot fai

KR : BRI ARXEXE R
BERSBTEA RV VT
2009 1H22H

Source: Secretary Chu’s
address to DOE staff
1/22/09
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WBEHOIENR=15% ( HELD )

U.5. DEPARTMENT OF Energy Efficiency &

Data Center Energy Efficiency = 15% (or less) ENERGY | Renewable Energy

(BEM=F Tt B2 b/ — RSB ER )
(Energy Efficiency = Useful computation / Total Source Energy)

B A AR DK im BRI OH #E
Typical Data Center Energy End Use

10047

_;iﬁlé)‘/\

100 Units Source

Energy B8, 7 B FR iR M B ix

Power Conversions
& Distribution

REFS
Cooling
Equipment

33 Units
Delivered
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U.5. DEPARTMENT OF Energy Efﬁciency &

Energy EffiCiency Opportunities ENERGY Renewable Energy

Ak 55 85 23 SRE R Better air management
Server innovation B ##5% % Move to liquid cooling
RE L 1T & Virtualization ca By 1Ry R[4
= BEE T4 High efficiency Optimized chilled-water plants
e power supplies £ B A% Use of free cooling
e f?\ NEEE M E Y Heat recovery
AELLCLER, / F\ Load management

/:_______

BN ERABE ‘ EE BN i
Power T 85E1T A Cooling

Conversion & Server Load/
LT Equipment
Distribution Computing Operations Sl

L _— —_— _— —_— _— —_— _— —_— I

= E B 8 High voltage distribution —— e — - %ZVIEE , BIERAB A TR L
&RUPS ( FEIMTEIR ) R& 'E)ﬁﬂ?\ ) o
High efficiency UPS systems S ok | o n-Site generation Including tue
SRTTRERE ﬂ%::ﬁﬁ\%% cells and renewable sources
Efficient redundancy strategies Power A ERT E'J@Fﬁ ( FAEARS R
{# A Ef B Use of DC power Generation ~  CHP applications

Waste heat for cooling
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Potential Benefits of Data Center Energy Efficiency ENERG“Y Energy Efficiency &

Renewable Energy

o HAITIBEE | 20%-40%
20-40% savings typical

o EIRRAYREE M S ie 7] LASEIE S
50%HY T BE &
Aggressive strategies can yield 50+%
savings

o EKEMIREHNFEASFHNEE

Extend life and capacity of
infrastructures
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U.5. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy
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&35 AGENDA i
U.5. DEPARTMENT OF = Effi &
IS RM ENERGY | ooy Effciency &

e NEBEANARIEREHF * Introductions to course and instructors
o HFIMIBERFN PR * Performance metrics and benchmarking
o IMEEMBHME * IT equipment and software efficiency

- FARET (BARGRER) * 0o vl (montoring and
+ WEROFE R

e Data center environmental conditions

y=e -1
« SREE e Airflow management
YA, 2%
o FHIRRE e Cooling systems
- BRRS e Electrical systems

- SERBNANSES

Resources and Workshop Summary
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Energy Efficiency &

W.5. DEFPARTMENT OF
EN ERGY Renewable Energy

£ 30 18 PR A X AR

Performance metrics and benchmarking
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B PR = BE

Benchmarking for Energy Performance us. ozeasruentor | Eneray Efficiency &
Improvement: ENERGY Renewable Energy

o BERXNIRAULENTRERITEITNL , M
m#S B A1 35 B 7] LUIR & RE AV S SR ER
Energy benchmarking can allow comparison
to peers and help identify best practices

o LBNLXHEI30REBAH OFHIT T :
LBNL conducted studies of over 30 data

centers:
- RIBHFPROHVERRIABRAN
Z=IE

Found wide variation in performance
— FERBFEFPOT N RESKE
Identified best practices
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HBEFONHEBEREETE

W.5. DEPARTMENT OF Energy Efﬁ(:lency &

Your Mileage Wi" Vary ENERGY Renewable Energy

ATF#TitENEELLHIERBEN
BHROLPFERKH XS Compuer 13547 f1

The relative percentages of the energy P fa1 67%
actually doing computing varied
considerably.

MR 2%
Lighting Other  Hfth 13%

206 13%

"_:A X#  office Space

Z1%  conditioning
1%

S =&/ Electrical Room

4% Cooling
4%

HVAC - Air
Movement
7%

3 ——

Lighting E"—:\,‘}ﬁf&b7%

2%

Data Center EBBH 2%

. ling T -
AENIE 4z COOIDO TOWer Server Load Chiler and
4% ) 51% Pumps
RS 24%
BRS5RR A B — —
>1% BIRAR
24%

gﬂg |:|:| T Data Center
*R);Eg?ﬂﬁl CRAC Units
25% 25%
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LBNLIR S HY X PR 45 3R

Benchmarks obtained by LBNL ENERGY Energy Efficiency &

Renewable Energy

SRETERS ¢ BEERI AR (PUE ) = HEBFE/IT B3

High Level Metric: Power Utilization Effectiveness (PUE) = Total Power/IT Power

S15PUE= 1.83
Average PUE =1.83

M | A% e - B

LBNLEEE RN BEP LS
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U.5. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy
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&R AGENDA

U.5. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Fenewable Energy

o« NMEREABTREHIT .
o BEH O BIEFRFFTFR

o ITRBNMERGUR

e FATHTAIT(KUMERETR)
o BEDOLHRESRY .

. EREE :
. HARS :
. ARG :

- SERBNANESES .

Introductions to course and instructors
Performance metrics and benchmarking
IT equipment and software efficiency

Use IT to save IT (monitoring and
dashboards)

Data center environmental conditions
Airflow management

Cooling systems

Electrical systems

Resources and Workshop Summary
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Energy Efficiency &

W.5. DEFPARTMENT OF
EN ERGY Renewable Energy

ITi 2 M B

IT Equipment and Software Efficiency
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IT RS MEEE—— T YIIENRR

U.5. DEPARTMENT OF Energy Efﬁciency &

IT server performance - saving a watt... ENERGY | renewable Eneray

ITIR %

T 1ET

RV HHME

The value of one watt saved at the IT equipment

AR5 8R4 4

W)
(T3
i m
FFRIZE
&5
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U.S. DEPARTMENT OF Energy Efﬁciency &

|V|00re’S LaW ENERGY Renewable Energy

Q Core™ 2 Duo Extreme QX6700

Core™ 2 Duo Processor X6800

Pentium® -D Processor
Q

o) Pentium® 4 Processor EE

Pentium® 4 Processor
Q

Pentium® -Ili Processor
0 Pentium® -1l Processor

Pentium® Pro Processor
o O Pentium® Processor

i486DX2

s BEREABFRMEBIRILE , #FHEEENETENREE
Every year Moore’s Law is followed, smaller, more energy-efficient transistors result.
e 30ZFXR , MBI LERR/ REEXRNRET —BAE
Miniaturization provides 1 million times reduction in energy/transistor size over 30+ years.

- I3 BNERI S AE=> BRI AETENSH

Benefits: Smaller, faster transistors => faster AND more energy-efficient chips.
¥R : EAS/REH Source: Intel Corp.
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U.5. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

IT BEFERE X : BRS58F IT Energy Use Patterns: Servers

NENRZSHRSEEEESNATEEMNS0-60% , MSpecPower XN FR{EFI o
Idle servers consume as much as 50-60% of power @ full load as shown in
SpecPower Benchmarks.

Server Utilization

i MERERI S
%8 Performance Power | eENM=B DM Perforfilance to Power Ratio
Average | Ferformance 0 SR LN L
Target | Actual| . | “Active | ~toPower 100 R
Load | Load |=7=-*= Power Ratio
________________ [W] ElEY 1,063
""" 80% Eral
100% | 99 2% | 308 022 269 1.144 0% PTES
90%| 90.2%| 280,134 264 1063 3 o
80%]| 80.0%] 248,304 256 o71| £ 3 e
F0%| 69 9% |217.096 247 877 % Eﬁ
L = 40% EXE
60%| 60 1% 186,594 238 785 =
H0%| 496%|154.075 227 680 20% EET)
40%]| 39.9%] 123,805 215 575 —
30%| 299%| 92044 203 459 Activ No Load
20%| 201%| 62,364 189 330 = , | *1 | |
1] 50 100 151 200 250
10(:’;1 t_1D'|E£ij° 31'043 1;; 1?3 FIEHERHR ( E ) Average Active |Power (W)
ctive Idle
____________ : < 60% of full Load
2 ssj_ops/ 2> power = 698 B ST H60%
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Lt AR ARSS AR 5E

Decommission Unused Servers ENERGY | renoneoio oy

XA/ ERBAEFAPRHNRS
PHYSICALLY RETIRE AN INEFFICIENT OR UNUSED SYSTEM

e Uptime InstitutefRi8 , H15-30%M RS E3 & B A

Uptime Institute reported 15-30% of servers are on but not
being used

- FIZEN 3T
Decommissioning goals include:
- EHFLANSEN
Regularly inventory and monitor
- BE/TDAREEF AES

Consolidate/retire poorly utilized hardware
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EYLMESIL

Virtualize and Consolidate ENERGY | Rorranio nony
« HE—AB“YEMNHIELLIZ/TH
% ELHY” #1.88

II)

Run many “virtual” machines on
a single “physical” machine

. %Aﬂi% > A AR YIRS |
SR A=
Consolidate underutilized

physical machines, increasing
utilization

. 9€I7H5IE'7’E TRARYLER T

ﬁl:.l/\

Energy saved by shutting down
underutilized machines
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oIt &

or | Energy Efficiency &

CIOUd COmPUting EﬁFETﬁNGY Renewable Energy
RSN =iTE A RE......

Virtualized cloud computing can provide...
« EEEBM LA AT BHEIR
Dynamically scalable resources over the internet
« A| T BB AEREHA
Can be internal or external
« AT FEARENAIEESN R
Can balancing different application peak loads
EFERINSHAE
Typically achieves high utilization rates
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A FH & 3Ry RIR 45

or | Energy Efficiency &

Use Efficient Power Supplies ENERGY | roncrstie troy
LBNL/EPRI JI| B K7 B R L4530 R

LBNL/EPRI measured power supply efficiency
A B PR S5 ER BB R 4a R

FEPFCEEIR A RI

PFCERJR 4 I

MELDMENEDLE (%)
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ITRAMBLELE.....

U.S. DEPARTMENT OF Energy Efﬁciency &

IT System Efficiency Summary... ENERGY | renewabie Energy

x N kv = 1
AR S5 =5 I —— B E A EHERITR
Servers iy Power Reconsider
Enable power Supplies Redundancy
management =Spec 80 PLUS ke
capabilities! {RFTBEF oR
- 337 u‘\bs‘/\ =]
IFH Rz 2 K Spec 80 PLUS or
5 as .
Use EnergyStar® Climate Savers
Servers products
L
FRiRE # & Consolidation
Storage Devices X
S ROBIET = R A E ML
Take superfluous Use virtualization
data offline  ZE TS
u K| R A ik :
AR RE=ERAR Consider cloud
Use thin provisioning services
technology

38 |[EHKBHLREKITR US/China Data Center Efficiency Initiative




U.5. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy
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EN ERGY Fenewable Energy

o« NMEREABTREHIT .
o BEH O BIEFRFFTFR

o ITIRZFMEFRE

e FATHTAIT(KUMERETR)
o BEDOLHRESRY .

. EREE :
. HARS :
. ARG :

- SERBNANESES .

Introductions to course and instructors
Performance metrics and benchmarking
IT equipment and software efficiency

Use IT to save IT (monitoring and
dashboards)

Data center environmental conditions
Airflow management

Cooling systems

Electrical systems

Resources and Workshop Summary
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

FMAIT, EEIT
Using IT to Manage IT

R OB HTRY I TR A

Innovative Application of IT in Data Centers
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FMAITREEITEE

U.5. DEPARTMENT OF Energy Efﬁciency &

USE IT tO Manage IT Energy ENERGY Renewable Energy

FIAITSEIMEE -
Using IT to Save Energy:

. RBBEFTARRE X BKIE RO B

Most operators lack “visibility” into their data center
environment

¢ BITARTREEEMIDKEMNERNRA

An operator can’t manage what they don’t measure
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FMAITREERITEE -
U.S. DEPARTMENT OF Energy Efﬁmency &

USE IT tO Manage IT Energy ENERGY Renewable Energy
« B
Goals:

— NUETNITER R 1R A R A2 RS A Y A B2 0L M FR 22 |

Provide the same level of monitoring and visualization of the
physical space that exists for monitoring the IT environment

— NEFHIRIRM ISR
Measure and track performance metrics
— EEIMATEE B A IR
Spot problems before they result in:

= ﬁmJ?EJZZIK
High energy cost

o {EHLES[RE]

Down time
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LBNLE& A BRE

W.5. DEPARTMENT OF

LBNL Wireless sensor installation ENERGY Energy Efficiency &

Renewable Energy

v LBNLZZE T7800% /N 2 1& B 4%

LBNL installed 800+ point sensor
network.
v TN E Measures:
e JR/E Temperature
o JZE Humidity
e EH (#IRT)
Pressure (under floor)
B3, Zh # Electrical power

v hﬁ*@—ﬁ‘ﬂi 5 7 SEIE BR

Presents real-time feedback and
historic tracking

v ETEZKRHBE K MAR2EX , #
1T
Optimize based on empirical data,
not intuition

Image: SynapSense

A4 |FREBIEFLOBERITRI US/China Data Center Efficiency Initiative



AR B xR

Visualization getting much better ENERGY | rcranoreny

Renewable Energy

SynapSense™
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AR 4R 5 B A5 Bl

U.S. DEPARTMENT OF Energy Efﬁciency &

Feedback continues to help ENERGY | renewable Energy
SR R 2 R EE SRR
=

Real-time feedback identified cold
aisle air flow obstruction!

46 |[FREBIEFOBEMITRI US/China Data Center Efficiency Initiative



S ERIREHANE (PUE) BR

U.S. DEPARTMENT OF Energy Efﬁciency &

Real'time PUE Display ENERGY Renewable Energy
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U.S. DEPARTMENT OF Energy Efﬁciency &

PUE Calculation Diagram ENERGY | Renewable Energy
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An Emerging Technology...

A

INENITIRS IR E R

E 2 RaR R HI IR

Energy Efficiency &

EN ERGY Renewable Energy

A/ORY 75

Control data center air conditioning using the built-in IT
server-equipment temperature sensors
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U.5. DEPARTMENT OF Energy Efﬁciency &

Intel Demonstration ENERGY | Renewable Energy

o HEFELT , BEPOLHSRBR/B/EAEREBEENEFETE
Typically, data center cooling devices use return air temperature as the
control-variable

- ZEXRBEHIASEFIRMFES ( ASHRAE ) MITHEFEIARTIREZHSE
ERXENEITSH
ASHRAE and IT manufacturers agree IT equipment inlet air temperature is the key
operational parameter

— LR SIRY N ¥

Optimum control difficult
o RFSBJ|HSBRETMICTNG LIRE
Server inlet air temperature is available from ICT network

— ERETAEEEO (IPMI) =
Intelligent Platform Management Interface (IPMI) or

— EEMEZEERDIL ( SNMP)
Simple network management protocol (SNMP)
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U.5. DEPARTMENT OF Energy Efﬁciency &

Intel Demonstration ENERGY | Renewable Energy

e RNEER:
Demonstration showed:
- BREFAIRBHNEFRERERERE
Servers can provide temperature data to facilities control system
- ZRIRFH[/AESREE | RENEE NS T REERGFNRE
Given server inlet temperature, facility controls improved temperature
control and efficiency

—- EREHETHUIRENREHTENREENERLT , ZIAT SR
/Y B 1S 42
Effective communications and control accomplished without significant
interruption or reconfiguration of systems
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REGRBEPONEEZE

Intel Data Center HVAC: ENERGY | Eero Effiency &

Renewable Energy
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BRER

U.5. DEPARTMENT OF Energy Efﬁciency &

DaShboa rdS ENERGY Renewable Energy

BRETREAUNERZSNRENER , MEE A O R MRS 178 N F 43
Dashboards can display multiple systems’ information for monitoring and
maintaining data center performance

° j:IE{/ﬂ\:ITﬂ]HgJEIﬂ/%Jb’EEHB_W-.
Provide IT and HVAC system
performance at a glance

o HBIEITRY AR
Identify operational problems

o HLREFENXIPRMERE
Baseline energy use and benchmark
performance

o« METVFENE
View effects of changes

¢ NEARERERBEENZF

Inform integrated decisions
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REM R & RHI

U.S. DEPARTMENT OF Energy Efﬁciency &

Efficiency Dashboard Example: ENERGY | renewable Energy
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- Energy Efficiency &

Use IT tO Manage IT Energy: Summary EﬁFETﬁNGY Renewable Energy

o TMERENRE , WEZITHNERFIRIEED
Evaluate monitoring systems to enhance operations
and controls

- FRARTE , NEERHETEEM4ES

Install dashboards to manage and sustain energy
efficiency.
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U.5. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy
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RN
*E n AG E N DA W.5. DEFPARTMENT OF Energy Eﬂ'lc'ency &
EN ERGY Fenewable Energy

e NEBEANARIEREHF  Introductions to course and instructors
BRI AR RIS AR e Performance metrics and benchmarking
[ ] enm \

. o e |T equipment and software efficiency
o ITIRBEMEGHE

e Use IT to save IT (monitoring and

o MAITHAIT (BNMETRE) dashboards)

o BIEHOIPESRH e Data center environmental conditions
« SHAEE  Airflow management

- FIRRE e Cooling systems

e BRERS * Electrical systems

Resources and Workshop Summary

- SERBNANESES
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

IhFE R

Environmental Conditions
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IR

Energy Efficiency &

Environmental Conditions ENERGY | Renewable Energy

REZT RN EERI DRI AL?
What are the main HVAC Energy Drivers?

e ITTATAN IT Load

e Ff&R Climate
- BHERENEE
Room temperature and humidity
—~ REBBBEDOLLESH , HERERSIRE

Most data centers overcooled and have humidity control
issues

- AT EEFNZA AR E R

Human comfort should not be a driver
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U.5. DEPARTMENT OF Energy Efﬁciency &

Environmental Conditions ENERGY | renoncoio tnoray

ASHRAEWI R H i85/

ASHRAE’s Thermal Guidelines:

o NITHAIRME 53 T 3% 4 4L 5138 A 1Y E il
Provide common understanding between IT and
facility staff.

o BRNTHIEREHIAT
Endorsed by IT manufacturers

s TRBATHE——ALHERIFEATEESH
Enables large energy savings - especially when using
economizers.

- BUMEBEXMERIL8°C to27°C ( 80.6°F)
B A HRE N E S
Recommends temperature range of 18°C to 27 C
(80.6°F) with “allowable” much higher

60 |FEHKTBHLREKITRI US/China Data Center Efficiency Initiative



MR R

Environmental Conditions ENERGY | 5reroy Effciency &

Renewable Energy

« ¥THY (2011 ) ASHRAEFSE
New (2011) ASHRAE Guidelines
— AMEFELWNIRE O  BETERN T AFEE ,
M32°C to 45°C (113°F)

Six classes of equipment identified with wider
allowable ranges from 32°C to 45°C (113°F)

- AEBWXBEEN (AEATFEEA ) WE1T
RREHEZHERH
Provides more justification for operating above
the recommended limits (in the allowable range)

- REERNEEXIE

Provides wider humidity ranges
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2011 ASHRAE R HFEF

U.5. DEPARTMENT OF Energy Efﬁciency &

2011 ASHRAE Thermal Guidelines ENERGY | renewable Energy

RERHENE

B

A fLFEY

2011 FHIBA B IR ENR D IER——T KBNBEPOLERMAIAHIERE. ASHRAE EREZERLTC.9RENB R,

2011 Thermal Guidelines for Data Processing Environments — Expanded Data Center Classes and Usage Guidance.
White paper prepared by ASHRAE Technical Committee TC 9.9
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2011 ASHRAET] A2 iF X Bl

U.S. DEPARTMENT OF Energy Efﬁciency &

2011 ASHRAE allowable ranges ENERGY | renewable Energy

;‘EE
7k
ﬁl:ls

CHIHH Jo

=

/
:F
& %
¥ F
z
E\'

TR

Dry Bulb Temperature
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2011 ASHRAE # HIEF

or | Energy Efficiency &

2011 ASHRAE Thermal Guidelines ENERGY | renewale Eneray

EREN (EATFN ) BET , @NHNHERN ATEEM |
ASHRAE{EHH Y KRB L 1R :

ASHRAE’s key conclusion when considering potential for
increased failures at higher (allowable) temperatures:

Z2 S FN 2K Y 7 0 318 R T B TR R T 48 K %% B 3E B K
MR, ERERS - MEEEIEHR/OE20 CHERIR
SATHHERZHEIR, ”

“For a majority of US and European cities, the air-side and water-
side economizer projections show failure rates that are very
comparable to a traditional data center run at a steady state
temperature of 20°C.”
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U.5. DEPARTMENT OF Energy Efﬁciency &

Environmental conditions: Summary ENERGY | renewable Energy

o« —ANEAHBEFR L= BRIV EFRE
A cold data center = efficiency opportunity

« ETEFARBNMNE , TRTHSWBEFEFL , ARBRENEEXE ——
XBEBENET
Perceptions, based on old technology lead to cold data centers with tight
humidity ranges — this needs to change

o WZITHIERRIRIT BN EEASHRAEEEMER TR EZMN

Many IT manufacturers design for harsher conditions than ASHRAE
guidelines

« BEHOLMZITEZERITIRZNME—MTIRANTTEE
Design Data Centers for IT equipment performance - not people comfort.
- ERERENMANERZESREERH

Must address air management before raising temperature
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U.5. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy
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RN
*E n AG E N DA W.5. DEFPARTMENT OF Energy Eﬂ'lc'ency &
EN ERGY Fenewable Energy

e NEBEANARIEREHF  Introductions to course and instructors
BRI AR RIS AR e Performance metrics and benchmarking
[ ] enm \

. o e |T equipment and software efficiency
o ITIRBEMEGHE

e Use IT to save IT (monitoring and

o MAITHAIT (BNMETRE) dashboards)
 BIEHOINERY e Data center environmental conditions
« SHAEE  Airflow management

- FIRRE e Cooling systems

e BRERS * Electrical systems

Resources and Workshop Summary

- SERBNANESES
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

ShEE

Airflow Management

Effective Application and Use in Data Centers
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B X . LBNLEY+X1
Air Management: The Early Days at

Energy Efficiency &

LBNL EN ERGY Renewable Energy

Be , ERILBERHN X
It was cold but hot spots were everywhere KRN BT R NS HERIET =5ED
High flow tiles reduced air pressure

NANERREZSS @

Fans were used to redirect air
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LREE

U.S. DEPARTMENT OF Energy Efﬁciency &

Air Management ENERGY Renewable Energy

= BABRT , ZERRBIZS TS
Typically, more air circulated than
required
s TREANSHER S
Air mixing and short circuiting leads to:
> RESERE
Low supply temperature

> K DeltaT
Low Delta T

» FMARBEENLEE
Use hot and cold aisles

\ N \A\ N N \,
- A A B I I ROBIE/ mBBR B ERE T
Improve isolation of hot and cold aisles SAMNBESOBREE ' ST
> BIERHEE Bt
Reduce fan energy . .
> WEEENE Hot aisle / cold aisle
Improve air-conditioning efficiency configu ration decreases mixing of

> REHSRE

_ . intake & exhaust air, promoting
Increase cooling capacity

efficiency.
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U.5. DEPARTMENT OF Energy Efﬁciency &

Reduce Bypass and Recirculation ENERGY | renewabie Eneray
EEES/ERER...... BER....
Bypass Air / Short-Circuiting... Recirculation...

>

N

C)/ HE Leakage

REFHIABE BT RS RRRVESRE
Wastes cooling capacity. Increases inlet temperature to servers.
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U.5. DEPARTMENT OF Energy Efﬁciency &

Maintain Raised-Floor Seals ENERGY | renonalo Enoray

NS R FFEB TR , E1TEEZRFE
Maintain sealing of all potential leaks in the raised
floor plenum.

R H B L EF i FEH B I

Unsealed cable penetration Sealed cable penetration
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U.5. DEPARTMENT OF Energy Efﬁciency &

Manage Blanking Panels ENERGY | Renewable Energy
- EERFSFHIRMNRSIFEEEN,

Managing server blanking and side panels is very important.

- BEZEMN AT OEHNBRERZESTAZSNIBEREE
Any opening between the aisles will degrade the separation of hot and
cold air.

> X AR 55 8a 42 Ak A M Al 2t 1T 42 47
Maintain server blanking and side panels. HUB TR top of rack
EhN—3R12%E~FRY AR
EREREKTHN20E
One 12” blanking panel added
Temperature dropped ~20°

Inlet Outlet SynapSense™
SR BER HLAE A EB middle of rack

M Recirculation

H O
Outlet

SynapSense™
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U.5. DEPARTMENT OF Energy Efﬁciency &

Reduce Airflow Restrictions & Congestion ENERGY | renenasic Enoray

Rikxdia

PR H2R N
RRRET oo

<— ==

AR

ZRPENRRERE RN Z
PERIMARFD  Consider The Impact That Congestion & Z= i dik Fl K6 4R

RKIGIREZE Has On The Airflow Patterns bR =
Congested Floor & Empty Floor &
Ceiling Cavities Ceiling Cavities
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U.5. DEPARTMENT OF Energy Efﬁciency &

Tune Floor Tiles ENERGY | renewabie Energy

#e 4% T T E S under-floor pressures

SynapSense™

- T ZHEEILER L
Too many permeable floor tiles
o  MBRMHEALKA if airflow is optimized
— AR N EE D A
under-floor pressure A
— HEMFRERK Y
rack-top temperatures W
- BREPLEERS
data center capacity increases
o ONERELML R LA BYET

Measurement and visualization assisted tuning process

MLZR TR 558 Erack-top temperatures

SynapSense™
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RS

U.5. DEPARTMENT OF Energy Efﬁciency &

Resolve Airflow Balancing ENERGY | renonatio Enorgy

" _\,uu.E’JﬁEﬂS EX_J/_:\,/};'T. quﬁf
BALANCING is required to optimize airflow.

s TINITIRBR B R R EEEHHITRA T

Rebalancing needed with new IT or HVAC equipment
5 111 EW?%%?LH’Ji&‘Eg

Locate perforated floor tiles only in cold aisles

AR THEDBE , HHRELTLERR

Under-floor pressure map with wireless sensors
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T—% : BXE

U.S. DEPARTMENT OF Energy Efﬁciency &

Next step: Return-Air Plenum ENERGY | renewabie Energy

B 1N Bz _ B N
B e N e . NEz
R B
Hhfik Hthik
AR AR
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U.S. DEPARTMENT OF Energy Efﬁciency &

Return Air Plenum ENERGY | renewable Energy

- SEIEXFEAL
j] 2 \\ﬂ IE' JIL
Overhead plenum
converted to hot-
air return

e YJLEZEAFH X O
ERKR S
CRAC intakes

extended to S
overhead E&)“ E

e FEHEFRIMER
HIEEF
Return registers 23 i

laced over hot
f;s,e Before
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U.S. DEPARTMENT OF Energy Efﬁciency &

Add Air Curtains for Hot/Cold Isolation ENERGY | renewabie Energy
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U.5. DEPARTMENT OF Energy Efﬁciency &

Isolate Cold and Hot Aisles ENERGY | renewable Energy
[=] X, FIEARE 2o P SBEERZSERER s
Return Air Interstitial Ceiling Space Air Barrier —
35-44°C vs. 46-21°C (Plastic Sheet)
.~ Open Ceiling Tile Xfe AR 7 A
L | I | | |
.— Air Barrier
HEE SBRZESRER
Hot Hot
Aisle
Cold
CRAH Aisle
ESLLEE T mEE
L IR I
RER (ZREASRK)
Air Barrier ——,
Raised Floor HiR2EE (Melamine Board)
21-27°C vs. 7-13°C
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Energy Efficiency &

Raised Floor Not Required ENERGY | renoncolo Enorey

= 72 AR AR RIDEEN XIEFA RS , 5B it A 6
IT-'/ S

Localized air cooling systems with hot and cold isolation can
supplement or replace under-floor systems

Bl +FE

Examples include:
ITHREISRE
Row-based cooling units

> AR T HLRAY AR AR

Rack-mounted heat exchangers
> TR AR ERE

Both options “Pre-engineer” hot and cold isolation
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BlF : TRBBRE

Example: Row-based Cooling

W.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

.l
i

nE  HE e N

xR MR ME AR

l

N,
i
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BEER - RERBEMLEE

U.5. DEPARTMENT OF Energy Efﬁciency &

Best Scenario - Isolate Cold and Hot ENERGY | renewable Eneray
KIvARiE Z= g R&EE
Interstitial Ceiling Space Air Barrier,
Retorn Air 35-419C vs.
16-21°C
{ wEE :
Hot e
Aisle -””i Oy
. \ \ \E
g Cold
CRAH f:l Aisle
AL T %
: : Hu,= ,\, ; /\
SUDD YAIN  21-27°C vs.
—— Do B i
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BM : SAEBEAES

e Energy Efficiency &

Review: Airflow Management Basics ENERGY | Renewabie Energy

RREBRKI:
Air management techniques:
— X AR ST Hth 5 AR T Ak 3 (40 B8 4 R 1)
Seal air leaks in floor (e.g. cable penetrations)
— PR EAE MR L ZE R =X EH
Prevent recirculation with blanking panels in racks
— X EA R FE PRI ITE IR (MNRBEE T A 2 AL18)
Manage floor tiles (e.g. no perforated tiles in hot aisle)
— IERSRAZER S RNAEWEXNKX, BRATERTERER)
Improve isolation of hot and cold air (e.g. return air plenum,
curtains, or complete isolation)
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U.5. DEPARTMENT OF Energy Efﬁciency &

Review: Airflow Management Basics ENERGY | renewable Eneray

T2 R B R 4L - Impact of good isolation:
- BPIMERRNAE
Supply airflow reduced
o MALTIBE75%EA L
Fan savings up to 75%+
- RS EAFNEE
Overall temperature can be raised
- FIRREENIES
Cooling systems efficiency improves
s THREBEEANTEER H(“RTFHH
Greater opportunity for economizer (“free” cooling)
- HINBRERS

Cooling capacity increases
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U.5. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy
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*E I%I: Em AG E N DA U s e o » | Energy Efficiency &

EN ERGY Fenewable Energy

e NEBEANARIEREHF  Introductions to course and instructors
BRI AR RIS AR e Performance metrics and benchmarking
[ ] enm \

. o e |T equipment and software efficiency
o ITIRBEMEGHE

e Use IT to save IT (monitoring and

o MAITHAIT (BNMETRE) dashboards)
 BIEHOINERY e Data center environmental conditions
o RREM o Airflow management

- FIRRE e Cooling systems

e BRERS * Electrical systems

Resources and Workshop Summary

- SERBNANESES
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

BlRRE

Cooling systems
ERBER OGRS

Removing heat from data centers
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NEZEETEESLERT

Computer Room Air Conditioners (CRACs) and Air Handlers (CRAHs) EﬁEﬁEﬂ! E’;iregiaiflgcs;:éf

HEZEHETT
CRAC units

— XA, EERKNn5%E RS ETESHE

Fan, direct expansion (DX) cooling coil, and
refrigerant compressor

« BERNERT
CRAH units

— ERAEY-RYLSBH KL E
Air handlers - fan and chilled water coil

— BERLTFEAFEENXREI

Typically in larger facilities with a chiller plant

« X—HRFBEELSEZIEIRSE , FHEL ZIRMABRKERE
Both often equipped with humidifiers and reheat for dehumidification
“MiRENEEERE RIS FF

Often independently controlled
~-BERIAEL, FRBRETER , SERX-MRZFMEETI

Tight ranges and poor sensor calibration lead to units fighting
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P55 22 2 o AT R ANER RS A

U.S. DEPARTMENT OF Energy Efﬁciency &

CRAC Units Reject Heat Outside ENERGY | renewable Energy

T35 8FDX (Dry-Cooler DX) KA 3DX (Air-Cooled DX)

# Z 5 HIDX (Evaporatively-Cooled DX)

Air/Water Vapour Drift

Drift Eliminators
Water Sprays
Hot Gas from

Relrig. Machi

Condensed Liguid
to Refrig. Machine

|
Make-up = e Cireutating
Pump

Bleed 0N

7k DX (Water-Cooled DX)
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U.S. DEPARTMENT OF Energy Efﬁciency &

CRAH UnitS Use Chilled-Watel’ ENERGY Renewable Energy

KA AHE Air-Cooled Chiller

2o QLR 5T cy
k%A AEEE Water-Cooled Chiller

=x7)

A Cooling Tower

REHBHR AHEBE Evap-Cooled Chiller
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LRz

U.5. DEPARTMENT OF Energy Efﬁciency &

Optimize the Chiller Plant ENERGY | renewable Energy

« RIY—NMEINNI (MEAXNTERAZHRNAH)
Have a plant (vs. distributed cooling)
- ERARKHB(ZEIR)
Use “warm” water cooling (multi-loop) N
o BHBA/PNES , K RRT HH 10%
Size cooling towers for “free” cooling AR
- EEMBAXZEHNESEEN M T secondamciw
Integrate controls and monitor efficiency
of all primary components

. BMETE

4%
Thermal storage

YR AT
o HEUTRBZREWIHRERLXZE A0H

CWPump  13%
5%

13%
Utilize variable speed drives on: Chiller

- R#l, R, &, milH ~

Fans, pumps, towers, chillers

RENE
5%

Cooling Tower
5%
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RS REIURH

° ° ° W.5. DEFPARTMENT OF E E‘ﬂ-' H &
Select Efficient Chillers ENERGY | Renowablo Enoray
447152 EZ% 9 (T E/")
Pie)
Chiller Compressor (kW / ton)
25% 50% 75% 100%
400ME ;530 A EN 1
400 Ton Air Cooled 0.69 0.77 0.96 1.25
12000 K B AT AT AEIE S ER)
1200 Ton Water Cooled w/o VFD 0511 041 0.45 0.55
1200M 7K /5 3 /R 2D 88 (B W iR I 20 8])
1200 Ton Water Cooled with a VFD 0.34 ) 0.30 0.43 0.57

TR/
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W.5. DEPARTMENT OF Energy EﬂiC[EI‘IC‘j &

Increase Temperature of Chiller ENERGY | renewable Energy

0.9

D KA /51K , URERK70E BEHRERKETH RN
1,000 Ton Chiller operating at 42 F CHWS Temp and 70 F CWS Temp

/

0.8

0.7

o
o

o
>

Efficiency (kW/ton)

BEM(F FL/m)

\

02 DA K60 REIK |, R4 K70E A HBERKIZTHHREH
1,000 Ton Chiller operating at 60 F CHWS Temp and 70 F CWS Temp

0.1

200 300 400 500 600 700 800 900 1000

BIEXRR  ARERAT I Tons

Data provided by York International Corporation.
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Emerging Technology: Liquid Cooling ENERGY | o9 reenoy &

Renewable Energy

fEEREEREM , ARG EBEBRXZEREE

As heat densities rise, liquid solutions become more attractive (again):
ARARELR

Volumetric heat capacity comparison

[5380 m3]
400 H0& 7K it ~ 190,000 3 5 R BB = /) KR
~190,000 cubic foot blimp
[1.5 m3]
7K Water
ZES Air
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A ALERRAE R D2

. . - W.5. DEFPARTMENT OF E Eﬁ- i &
Why Liquid Cooling? ENERGY | Rencwable Energy

o RIEHSEIERNR , BRARERRS
Heat removal efficiency increases as liquid gets closer to the heat
source

- RIEBATHED
Liquids can provide cooling with higher temperature coolant
- REAAME
Improved cooling efficiency
- EKTeERENERF0
Increased economizer hours
- ¥ RRAMAZE

Greater potential use of waste heat

96 |FEHKTBHLREKITRI US/China Data Center Efficiency Initiative



A ALERRAE R D2

. - - W.5. DEFPARTMENT OF E Eff i &
Why Liquid Cooling? ENERGY | Renewable Eneray

o BDEHIREFE

Reduced transport energy:

RiRiE b= £ R BEIR TR

EE
AR
AR TOE SEER miprmon

MESR
7K

10Wg
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In-rowiE JB Bt £& [8] R 448 /5 &)

U.S. DEPARTMENT OF Energy Efﬁciency &

In-row Liquid COOIing ENERGY | renewable Energy

BB HRittal B FF e

Graphics courtesy of Rittal
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U.S. DEPARTMENT OF Energy Efﬁciency &

In-raCk quuid cooling ENERGY Renewable Energy
EMBLBEATEIBNIE

Racks with integral coils and full containment

- X

R

Fan = | ]

RES
<«|—Cool Air

RES

Hot Air . PR EMIT
BE

[~
-« IT
X Equipment

in Rack

—
—
—
:E | pely -

Cooling A
Coil o | Bboling

Coil
- At
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U.S. DEPARTMENT OF Energy Efﬁciency &

Rear‘Door LiqUid COOIing ENERGY Renewable Energy
BINFRIRE) BT ARA)

Rear Doors (closed)

Rear Door (open)

RAR S HIE B ELiquid Cooling Connections

HEBHLEERD Hx , 90EFF B
Inside rack RDHx, open 90°
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On Board Liquid Cooling ENERGY | Eero Effiency &

Renewable Energy
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“E =B R H” TG

“Chill-off 2” evaluation

W.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

BIEPOAHRZHIMEITHEE
Data Center Cooling Device Relative Performance
1.55
1.45 .’M CRAC  BDXHYHL
w/f DX comp. EZRERT
T 135
=
CRAHEstimate
2 ~ Rack  mamam
= 1.25 Cooler
A / In-Row In-Row
L 115 / Cooler AHH
S Rear Door =iz
Heat Exchanger #(#zh)
1.05 {passive)
\ X 4____‘__,_.---' Direct Touch ﬁﬂ*ﬁg_t il]
v Cooling
0.95 T T T T T T |
testiID# 1 2 3 4 5 B 7
chilled water temp. {"F) 45 45 50 55 (1] 60 60
server air inlet temp. (°F) 60 72 72 72 72 80 a0
Test ID Number - Test Parameters
Wi — Wik S M
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XARFERH :

U.5. DEPARTMENT OF Energy Efﬁciency &

Use Free COOIing: ENERGY Renewable Energy
TRESBIA S

Cooling without Compressors:
o NEBZESTTEERR
Outside-Air Economizers
o JKMIFTEE
Water-side Economizers
> EHMFEHER O AHIF[E

Let’s get rid of chillers in data centers

A HBY 5 8EFE (Ave. Power for Cooling)
BEZ &S 23% (HVAC Cooling  23%)

BEZZEMXAY. 8% (HVACFans 8%)
Bt 31% (TOTAL 31%)
S EPE AT BERS (Using 100% Economizer)

T 8ER : 23 /31=74% (Energy Savings = 23 / 31= 74%)
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AR ST RERR

U.S. DEPARTMENT OF Energy Efﬁciency &

OUtSidE'Air Economizers ENERGY Renewable Energy

TR

Advantages
« BEFRE

Lower energy use

- REESHSRENZ A
Added reliability (backup for
cooling system)

http://cooling.thegreengrid.org/namerica/WEB_APP/calc_index.html
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RS T RERR

U.5. DEPARTMENT OF Energy Efﬁciency &

Outside-Air Economizers ENERGY | renewable Energy
BTERIE Potential Issues
I ZE (]
Installatlon space.
Dust

— WA13 MMerv BRAEE |, FBHRMA K

Not a concern with Merv 13 filters
« SATRY
Gaseous contaminants

- SBEAFKX
Not widespread

- BESEMELTHHHEEH O
Impacts normally cooled data centers as well

« MEBMEIMERFEROHNE , ABRXADAZMBIE T

Shutdown or bypass if smoke is outside data center.
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D0 K B CRTIR B

UC’s CRT Facility ENERGY | 5o Sroenore

Renewable Energy

RERIT &
System Design Approach:

% T Hln
Free cooling

2 S5 BERR ([Z 1T B Al 1Y 93%)
Air-side economizer(93% of hours)

« ATINEEMERSHIEREZRFS

Direct evaporative cooling for
humidification and pre-cooling
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BN K= B CRTIR B

’ ome W.5. DEFARTMENT OF Energy Efﬁclency &
UC S CRT FaCIIIty ENERGY Renewable Energy

RERIT A
System Design Approach:

e LNRBE B RMAEEAI8E
Liquid cooling also available
o BHNEFIER T 8E
Tower side economizer
e MEXRS
Four pipe system
« EEFHRM
Waste heat reuse
o FERF|HME PUE=1.1(Fits)
Annual PUE = 1.1(predicted)
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2SR EN: 12

U.5. DEPARTMENT OF Energyr EfﬁCIEﬂCF &

Water-Side Economizers ENERGY | Renewable Energy

TR

Advantages

ETARETEARIIE
Cost effective in cool and dry
climates

- BERNELRAEZ
Often easier retroflt

- RMEEBRS (T —RIINHFE
AT E N & H)
Added reliability (backup in
the event of chiller failure)

o ToI5 3R]

No contamination questions
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BN RHE D

U.5. DEPARTMENT OF Energy Efﬁciency &

Potential for Tower Cooling ENERGY | renevable Energy
M £ &lis
ET&%4 On-Board Cooling
Rear-Door Cooling
IR 5 B
Water-Side Economizer e A N
AN

4 A\
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LBNL 3E41 : J/I1ES

e Energy Efficiency &

LBNL Example: Rear Door COOIing ENERGY Renewable Energy

MAHEZRETT
Used instead of adding
CRAC units

XBRIEXNHET 1ok &5
(EEEFEAPRAE)

Rear door water cooling
with tower-only (or
central chiller plant in
series).
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U XY R E R

U.5. DEPARTMENT OF Energy Efﬁciency &

Improve Humidity Control: ENERGY | renowabie Eneray
o JHERBAWERE

Eliminate inadvertent dehumidification
— TTEYARI 2 BEN
Computer load is sensible only
- FRAXEXEFASEZRAIBTZSHENTERNERH)FIEE
Use ASHRAE allowable ranges
— FZHEEATERNEETE
Many manufacturers allow even wider humidity range
o JHRRRZBWAMAM
Eliminate equipment fighting
— A
Coordinate controls
- EFH—8IEZE AR t/ZREFHEE T , A REFINEERNEE
Disconnect and only control humidity of makeup air or one CRAC/CRAH
unit

- 2EMFER(RZ A EX LM

Entirely disconnect (many have!)
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FRHEHE

P SR BY B AR

The Cost of Unnecessary Humidification

W.5. DEPARTMENT OF

ENERGY

Energy Efficiency &

Visalia Probe CRAC Unit Panel #] 522 iF 2 5T E i
Temp Tdp Temp RH Tdp Mode
AC 005 84.0 27.5 47.0 76 32.0 44.1 |Cooling #ll /& A o RO
AC 006 81.8 285 46.1 55 51.0 37.2 [Cooling & Dehumm <=
AC 007 72.8 38.5 46.1 70 47.0 48.9 |Coaling &4 HAEE | <=
AC 008 80.0 315 47.2 74 43.0 50.2 |Cooling & Humidification
ACO010 77.5 328 46.1 68 45.0 45.9 [Cooling #ll/% <=
AC 011 78.9 314 46.1 70 43.0 46.6 |Cooling & Humidification
/ )
Min 72.8 27.5 46.1 55.0 32.0 37.2
Max 84.0 38.5 47.2 76.0 51.0 50.2
Avg 79.2 317 46.4 68.8 435 45.5

Renewable Energy

<H

Al.mg-l: %3%
Humidity down 3%

PEZ BT F28%
CRAC power down 28%
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i/ E R E R

Energy Efficiency &

COOIing Ta keaways"' ENERGY Renewable Energy

¢ ﬁéi E“E’E--}_(PU%J;%*R/?‘:‘ M: + ﬂé E)VS *ILJ%EEﬂEI
BT
Use a central plant (e.g. chiller/CRAHSs) vs. CRAC units
« NIBEZREET/ZERAE L TKAPRESTTE
Use centralized controls on CRAC/CRAH units
— Jf_ﬁ =] H-J'l_ jJI]/J.L’%B%/J.L

Prevent simultaneous humidifying and dehumidifying
- AL TN BEF ST

Optimize sequence and staging
- WABREHEIS(ER. B PR, &FH)

Move to liquid cooling (room, row, rack, chip)

T
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il /n B S E B

or | Energy Efficiency &

COOIing Ta keaways'" ENERGY Renewable Energy

o ZRENM. R. HKIAERINERZEAEEREK
ol 25
Consider VSDs on fans, pumps, chillers, and towers

o RAIBEFEAZESRMKMTIEEER
Use air- or water-side economizers where possible.

o REEESUE A NEXN T E RS2 )
Expand humidity range and improve humidity control
(or disconnect).
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U.5. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy
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HRERHN

U.5. DEPARTMENT OF Energy Efﬁciency &

AG E N DA EN ERGY Fenewable Energy

e NEBEANARIEREHF * Introductions to course and instructors
o BRSO RR T AR e Performance metrics and benchmarking
. TIREFER YR : IJqu_L:_Ifment a:-rruzl softx:/ar.e efflc(;ency

o« FATHAT (BURBRTE)  gahboardy

o BBHORHEFRHF e Data center environmental conditions

« SREE e Airflow management

- BIARE e Cooling systems

e BRERS * Electrical systems

o SERBAFITLELE  Resources and Workshop Summary
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

BRRE

Electrical Systems
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BRREMNLiInfER -HEEREXE

Electrical system end use — Orange bars ENERGY E’;ﬁfﬁaﬂcgﬁgﬁ

¥ TABLE
RIAA®

A B HE4FR 2 T Michael Pattersonft 7 12 4
Courtesy of Michael Patterson, Intel Corporation
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B8, 0 Ee %

U.5. DEPARTMENT OF Energy Efﬁciency &

Electrical Distribution ENERGY | Renewable Energy

o BEAOKRN , SSHINERRRERANEI

Every power conversion (AC-DC, DC-AC, AC-AC) loses some
energy and creates heat

o NERDHE , 2R ERSHIRE
Efficiency decreases when systems are lightly loaded
— ARATFTFINZEIANENTE (N+1E2NE R KX 5)

Redundancy should be used only to the required level (N+1 is much
different than 2N)
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B8, 0 feix

Energy Efficiency &

EIECtricaI DiStribUtion ENERGY Renewable Energy

- SEEBENEMES , AABREGFERRD)

Distributing higher voltage is more efficient and saves capital
cost (conductor size is smaller)

e, FEMEHEUPS), TESEFEVIEREE 2 B8 JT(PDU)
WEER BB TR —EiEEIEF

Power supplies, Uninterruptible power supply (UPS),
transformer, and PDU efficiencies vary — carefully select

« BROBEIENEERK , weemDHRFrERNHERMA

Lowering distribution losses also lowers cooling loads
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FHMEBRRS, ZEa, YIRERD L THREN

U.5. DEPARTMENT OF Energy Efﬁciency &

UPS, transformer, & PDU efficiency ENERGY | renewable Energy

71~ [R] W7 BB JR R 4 R SR Y (R S0 I
(RHERFENI)

oL Sh A g ML
¢ Ebl)‘&ﬁlz/\éﬁlx-d_\ ..
Factory Measurements of UPS Efficiency

iﬁ% Eﬁﬁ EI‘J Z: |E.| y (tested using linear loads)
2 7 o

Efficiencies vary with 9% ]
system design, o0% |
equipment, and load | § 4,

. TRAFMATMEER § s
Redundancies impact = oo oms.
efficiency

Percent of Rated Active Power Load

HMERNAHTHNE DL
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AU B 2 By 7 B W BB IR R ST RY R

U.5. DEPARTMENT OF Energy Efﬁciency &

Measured UPS efficiency ENERGY | renewabie Energy

T EI M B IR R SR R
UPS Efficlency

100
A
oo " - A
80 . 4 ®
¢
_ 3= 60 ;i
S B
B & —
& E 40
TURIEE
20 Redundant
Operation
u I
0 80 80 100

20 40
AT RE(%) Load Factor (%)
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LBNL/EE D WFSEFT ( EPRI ) U 2 B Y 28,505 4L 7 3 =R

LBNL/EPRI Measured Power Supply Efficiency u.s. DEPARTMENT OF | Energy Efficiency &

EN ERGY Renewable Energy

A BB 8 AR S5 BR BIR AN MR (FTE VA X)

JEPFCHtE

PFC fit&

FREERHIIE(%)
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JUR

Redundancy

e Energy Efficiency &

W.5. DEPARTMENT
EN ERGY Fenewable Energy

o THTARTMREKA——RBERE?
Understand what redundancy costs —is it worth it?
c BMBRIFREHEMBIRYBINR?

Does everything need the same level of?

. TR

REE

TR ERYEERRIRR (4N, 2N vs. N+1)

Different strategies have different energy penalties (e.g. 2N vs.

N+1)

o BHADE RN ITRMEEEEN
Redundancy in electrical distribution puts you down the
efficiency curve
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MNER  ERBEE

Emerging Technology: DC Distribution ENERGY Energy Efficiency &

Renewable Energy

“HS"H R BEIX....
“Today’ ” AC distribution...

XARE/ERE  EiRE/RE

B &S
BHGtEE o e
A4S0 S0 I BT
T8 PSU VRM | sV USing
egacy
480 V. AC %gﬁg B IR L R B o] sav Voltages
building
power VRM | 12v
B5s8s VRM Silicon
Server vgy | Voltages
VRM
BEEEE
RAGET
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MNBEAR : ERBEIE

Emerging Technology: DC Distribution ENERGY | 5reroy Effiiency &

Fenewable Energy
380 B EBALER
380V. DC power distribution

o FRAIERBAEEZRNE DR
DC power can eliminate several stages of conversion
« URATRE, AARKINF[UARINZ LB

Also use for lighting, variable speed drives, and , and on-site generation

EmH/ERE | EBEA A
480 VAC 380 VDC 12v 12
Bulk - - -
Power FERESN
Supply PSU BEASRE
Exnme e
E iR Mﬁ%ﬂﬁﬁﬁz%ﬁ
BREs
EERS
IR&28 R
Server

126 |FEHEHOREXITR US/China Data Center Efficiency Initiative




B HEN RS E R E B

or | Energy Efficiency &

Key Electrical Takeaways ENERGY | Renewable Energy

c EREERINETERE
Choose highly efficient components and configurations

o BB DEBIXNB(XMRE-ERE, ERB-XMEB, XHREB-
RmE, ERBE-ERS)
Reduce power conversion (AC-DC, DC-AC, AC-AC, DC-DC)

. EEEFHMEEBEEE’\JE%W'% , ARRGHRMALDE , BE2

Consider the minimum redundancy required as efficiency
decreases when systems are lightly loaded

- FHRES
Use higher voltage

c ERBREMDHERITHRERIRFE

Direct Current (DC) systems can reduce conversion losses.
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U.5. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy
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RN
*E n AG E N DA W.5. DEFPARTMENT OF Energy Eﬂ'lc'ency &
EN ERGY Fenewable Energy

e NEBEANARIEREHF  Introductions to course and instructors
" " — — e Performance metrics and benchmarkin
o WP OSIEFR NI AR oot , .
. " * IT equipment and software efficiency
+ TS R Jee T 10 omve 1 (monitorin anc
. _ e Use IT to save IT (monitoring an
o FMAITHAT(ENMERE) dashboards)
o BFHOMERML e Data center environmental conditions
« SREE e Airflow management
- BIARE e Cooling systems
« BRERS  Electrical systems

Resources and Workshop Summary

- SERBNANESES
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Energy Efficiency &

W.5. DEFPARTMENT OF
EN ERGY Renewable Energy

ZERBANA N ESE

Resources and Workshop Summary
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XHEAHY B MBERTA

US Programs/Resources

W.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

SE 3t $l1E 7 22 2 (Advanced Manufacturing Office)
s BEVELFEANERIESHAE
Tool suite & metrics for baselining
o FYIEHBHTLAR
Training Qualified specialists
o RPIFFZE
Case studies
- METREERKNIY
Recognition of high energy savers
o TiR-HEARFXK
R&D - technology development

B R(GSA)
o WHT4 (Workshops)
o RIRMFEATBEIERE
(Quick Start Efficiency Guide
e IR #E (Technical Assistance)

B e REERIA

(Federal Energy Management Program)
14 £ (Workshops)
Bx FBZR B 3T (Federal case studies)
H K $E 5l (Federal policy guidance)
EE R EHE T (Information exchange & outreach)
R AR 12 (Access to financing opportunities)
H R E Bi(Technical assistance)

B RE (EPA)

o HERAE (Metrics)

o RS AT D &BERZ EFRIR
(Server performance rating &
ENERGY STAR label)

o IR OIIHR (Data center
benchmarking)

Tl (Industry)

TE (Tools )

B ERE ( Metrics )

il ( Training )

RERKER

( Best practice information )

HH SIS ( Best-in-Class guidelines )
ITZAE4 7= H¥RAHE (T work productivity standard)

ROUNDTABLE

131 |FEHBEHROREXITR US/China Data Center Efficiency Initiative




Bx B = TEI B 289 R /OME B &R

U.5. DEPARTMENT OF Energy Efﬁciency &

Federal Data Center Resources ENERGY | renewable Energy

« JEXKREM

Best Practices Guide
= WHRiEFE
Benchmarking Guide
= BTEP O REER
Data Center Programming Guide

» BARROIFZRER

Technology Case Study Bulletins
= XM

Procurement Specifications
= HEER

Report Templates
= TZhREFH

Process Manuals

- REFEAEE

Quick-Start Guide
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EEBERBLHFEDNE

DOE Advanced Manufacturing Office ENERGY Energy Efficiency &

Renewable Energy

EERERBH AR FEDLNBERER R TALFHARL B ")
FEHR O BRESHIESEERE , AWt LESEES
i :

DOE’s AMO (was ITP) data center program provides tools and
resources to help owners and operators:

DCPro 4T ES
DC Pro Software Tool Suite
- ATXIEsERELEH XBE NS

Tools to define baseline energy use and identify energy-saving opportunities

{5 B m
Information products
- BB THREHBDESITERAE , ANEEHEROEMEBIREDNFMR. =6
5 HE R IR
Manuals, case studies, and other resources to identify and reduce operating costs,
and regain data center infrastructure capacity
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EEBERBLHFEDNE

U.5. DEPARTMENT OF Energy E‘fﬁciency &
Renewable Energy

DOE Advanced Manufacturing Office ENERGY

LW R, BETRER
End-user awareness training
— A8 ASHRAEMI T &
Workshops in conjunction with ASHRAE
2 #E /0T BESKER & (DCEP) TAETH B
Data Center Energy Practitioner (DCEP) certificate program
— HMET AN T A ALTIAE
Qualification of professionals to evaluate energy efficiency opportunities
X EHBEARBITH RS RE

Research, development, and demonstration of advanced technologies
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EEgEREoCcPro IHETES

DOE DC Pro Tool Suite ENERGY | Rorranio nony
BRELZTMSERERETE

High-Level On-Line Profiling and Tracking Tool
o EEMKEEI(EB 1= AR AZHPUE))

Overall efficiency (Power Usage Effectiveness [PUE])
o KiumfER S ER R

End-use breakout
o« BEHREREEMNILNAE

Potential areas for energy efficiency improvement
o BUAWTRED

Overall energy reduction potential

RESHIE S VR

In-Depth Assessment Tools — Savings

T=ESEE BLHRE ITIRE 5 i)
Air Management Electrical Systems IT-Equipment Cooling
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TAR‘BERZE"?
U.5. DEPARTMENT OF Energy Efﬁciency &

What is ENERGY STAR? ENERGY Fenewable Energy

—AHBFRRERRVEES
ER T B
A voluntary public-private
partnership program
o BIN
Buildings
* mm

Products
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ERAEIR

U.5. DEPARTMENT OF Energy Efﬁciency &

Resources ENERGY | renewable Energy

http://www1l.eere.energy.gov/femp/program/data_center.ntml

| A
';_\l\‘m http://hightech.Ibl.gov/datacenters.htmi

BERKELEY LABE

http://www.energystar.gov/index.cfm?c=prod_development.
server_efficiency

http://www1l.eere.energy.gov/industry/datacenters/
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FREPOBREXRBEE

U.S. DEPARTMENT OF Energy Efﬁciency &

Data Center Best Practices Summary ENERGY | renewabie Energy

1. BEFEMEFXFR
Measure and Benchmark Energy Use
2. HHITTEENS
Identify IT Opportunities
3. BOITREHITIRZREEFE
Use IT to Control IT
4. BERR
Manage Airflow
5. MLALIRRZRMH
Optimize Environmental Conditions
6. WAFISHIE
Evaluate Cooling Options
7. BREBIEN
Improve Electrical Efficiency
8. KT EERE it
Implement Energy Efficiency Measures
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BEPORERER

or | Energy Efficiency &

Data Center Best Practices ENERGY | roncuaio Enorny

1. BEFEN E T FR
Measure and Benchmark Energy Use
» EAZIISRRNEREN
Use metrics to measure efficiency
 CFHEERRIAETIIR
Benchmark performance
» BYRENHEBR
Establish continual improvement goals
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BEPOBRERR

or | Energy Efficiency &

Data Center Best Practices ENERGY | roncuaio Enorny

2. BHITTEENL &
ldentify IT Opportunities
» BRREASRERM RS S (S BIREN)
Specify efficient servers (incl. power supplies)
E LML
Virtualize
= ERMTRZBARAANREXRANIRE
Refresh IT equipment, and decommission unused
equipment.

|
Z 1
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BEPOEESER

Energy Efficiency &

Data Center Best Practices ENERGY | roresatio tnony

3. EAITREHITIRZ R EE
Use IT to Control IT Energy
» RN RGN RI | BE{CSEREE AR S EE
£

Evaluate monitoring systems to enhance real-time
management and efficiency.

« FRELMCTE@ , HoOH)
Use visualization tools (e.g. thermal maps).
» FHETEUEEEMERFTERR

Install dashboards to manage and sustain energy
efficiency.

L

< 1

I'I'
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BEFOREXR

U.5. DEPARTMENT OF Energy Efﬁciency &

Data Center Best Practices ENERGY | renonatio Enorgy

s = 3
A BESRR

Manage Airflow
» XTRBESHBEE
Implement hot and cold aisles
I £ 2
Fix leaks
« EEHIE
Manage floor tiles
= SEARSR

Isolate hot and cold airstreams
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BEFOREXR

or | Energy Efficiency &

Data Center Best Practices ENERGY | roresatio tnony

5. RLER R R4

Optimize Environmental Conditions
» RAASHRAEFEFE N FIE R R ER B ER
Follow ASHRAE guidelines or manufacturer specifications
= E1TEY, RAASHRAEERWE LR
Operate to maximum ASHRAE recommended range.
» FEIRSSHRBRAEARITFHNERNZT
Anticipate servers to occasionally operate in allowable
range.

» BAORTETAEERS

Minimize or eliminate humidity control
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BEPORIERER

Data Center Best Practices ENERGY | Rorranio nony

6. TGS AHY JLIP 5%

Evaluate Cooling Options

» EAPREINRS
Use centralized cooling system
» RBEFRESI] BEEN
Maximize central cooling plant efficiency
 RERMEBRARN G E
Provide liquid-based heat removal
= LEESHYVAIE S

Compressorless cooling
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BREPOBRERE

or | Energy Efficiency &

Data Center Best Practices ENERGY | roncuaio Enorny

7. REE DU

Improve Electrical Efficiency

- IR R M R A R R G ST
Select efficient UPS systems and topography

» REARNEE
Examine redundancy levels

= NG EB B FHR A B DRI
Increase voltage distribution and reduce
conversions

/,)&
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BREPORERE

or | Energy Efficiency &

Data Center Best Practices ENERGY | roresatio tnony

8. SEHER/ER 7 BEFE i
Implement Standard Energy Efficiency Measures
» RREREFNERB
Install premium efficiency motors
= EEFNERBIEE RS
Upgrade building automation control system
- BEYEZRE T HIThEE
Integrate CRAC controls
» —YIXATREIGEE
Variable speed everywhere
= LA HERIEEN

Optimize cooling tower efficiency
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BREPORERE

Data Center Best Practices ENERGY | Rorranio nony
FEZHWE..
Most importantly...
BEARONITHE RS EA R
BESEN

Get IT and Facilities People Talking
and working together as a team!!!
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BRI

U.5. DEPARTMENT OF Energy Efﬁciency &

COntaCt |nf0rmatIOn ENERGY Renewable Energy

EBE  EMIFEIF Dale Sartor, P.E.
RIFA T2 /A Applications Team
A=A, FREERAMERERE
Lawrence Berkeley National Laboratory
MS 90-3111

University of California

Berkeley, CA 94720
DASartor@LBL.gov

(510) 486-5988

http://Ateam.LBL.gov
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