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PG

Download Presentation ENERGY | £ Effiency &

Renewable Energy

AR N ZR AT AE BL T WA R %K

http://datacenterworkshop.lbl.gsov/

This Presentation is Available for download at:
http://datacenterworkshop.lbl.gov/
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R EHES AGENDA

.S. DEPARTMENT OF

Energy Efficiency &

uU.s
ENERGY Renewable Energy

o JTHRE AR T
o B L SUSER bR AT
o TV R R %

o FIFITHUTH RE (WM ZE B R
i)

o HdE LB AT ST
o HdE LR E

« REARS

- HARS

o S TORFIAH T 2 a4

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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IR GE R BRI

Challenging Conventional Wisdom: Game Changers Energy Efficiency &

Renewable Energy
\J
)
VIR

Conventional Approach

o B A0 TR B SIS I AR /N IRE B X TR Y
Data centers need to be cool and controlled to
tight humidity ranges

o FHEA LTRSS SRR, AT IE i AR IS Ve S R
Data centers need raised floors for cold air
distribution

o BAE R0 A B LS I I AL A A
Data centers require highly redundant building
infrastructure

!
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BEERAE R SRIFARFN 5
= DEFARTMENT OF Energy Efficiency &
Renewable Energy

Challenging Conventional Wisdom: Game Changers ENERGY

HELZEWITA
Need Holistic Approach
o ITANGZ R AR FE R 2

IT and Facilities Partnership

5 |FEEIEFOEERTHR] US/China Data Center Efficiency Initiative



.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy

vl

Introduction
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RA R FAE KRR

High Tech Buildings are Energy Hogs ENERGY | ororey Efficiency &

Renewable Energy

RETE AN E—RPH B 5 FE R I
Comparative Energy Costs
High-Tech Facilities vs. Standard Buildings

Fo
Annus Energy
Cost=s S R L R R R LR E R EPELEE CEEE
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B ORREFEENI

Data Centers are INFORMATION FACTORIES ENERGY Energy Efficiency &

Renewable Energy

o HdE R REVR R W
Data centers are energy intensive facilities
— BAERIIRSS SR B TR S 25T B
Server racks now designed for more than 25+ kW
—  RPEE AT A T BRI
Surging demand for data storage
— BARIEFE T 210077 L, HE WA EE 200077 B
Typical facility ~ 1MW, can be > 20 MW
— 53R E20165 HL ITHFERI1.8%
1.8% of US Electricity consumption in 2016
o T REE L R E TR
Significant data center building boom
— A BEE O AFAE AL HURT A4 1 PR )
Power and cooling constraints in existing facilities

—  PEHL RS FR

Utility distribution constraints
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TH A8 0 1
.S. DEPARTMENT OF Energy Efﬁciency &
Renewable Energy

World Data Center Electricity Use ENERGY

e
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152012 225 /b ?

.S. DEPARTMENT OF Energy Efficiency &

HOW mUCh iS 152B kWh? ENERGY Renewable Energy

BRA Ialy

F53E South Africa

= 75 B Mexico
T HHE L

World Data Centers

£ HHIran
¥ Sweden
+E-H Turkey

0 50 100 150 200 250 300
A JIEFE (LT LB
Final Electricity Consumption (Billion kWh)
2005 F 4R KIE: EiRREIRE, HARIEPER (20074FH)

Source for country data in 2005: International Energy Agency, World Energy Balances (2007 edition)
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Development of Data Center in China

Ed 10> A2 - DEFARTMENT OF Energy Efficiency &
I:I:I .&ﬁq: £ EE ENERGY 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%.

- hEBAIBEEMRTEIS05MNEIEFRID, FIiTEI2012FE K, SFERK
SAFMN ARSI, 2011 F H N AT IANEKX102010TT, &£ 5§ §1EkE
N18.6%,

Billion RMB 21.30% 20.80%
19.50%
200 - 17.80% Growth Rate

147

150 -

123
102

100 -

50 A

0 -
(e)

2010 201 0
Data Center Appllcatlon Market of Chlna (excluswe of mfrgs)tructure)
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Development of Data Center in China

PEHEDD AR

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy
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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.
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Development of Data Center in China

Ed 10> A2 - DEFARTMENT OF Energy Efficiency &
I:FI .&ﬁq:l £ EE ENERGY Renewable 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.

FEHEEREEMNEESEHE LB NEFEN2%, LEeERRSEEFEN
10%, AT ZIEXKINEFBIFEE,

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%.

| A A0 I PUET Y
2.2~3.0, @ T A KA,
H HA 34 A 20%~30%-
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BATHE L A By BE N

The Rising Cost of Ownership ENERGY | 5o Efficiency &

Renewable Energy

- M20004312006%, THHIEREIRS 12505, (Haresldl Higm 18t

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

— BENY SL10005% 7T i A 55 4 PITVH ALY FEL S8 0 1 44

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

o T, HL AN o0 A Bl BRI RAS 2k 1 SRIT IR Y B

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

o RIEBI—IT BAS 0 O Wit BOAS A B 55

Perverse incentives -- IT and facilities costs separate

>KJ: The Uptime Institute, 2007
Source: The Uptime Institute, 2007
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F e H A A E R LR =
U.S. DEPARTMENT OF Energy Efficiency &

Lawrence Berkeley National Laboratory ENERGY | renewable Energy

LBNL operates large systems along with legacy systems

BATEM U gedles, FFITRE 2 Rhate T F N FH ) I H
We also research energy efficiency opportunity and work on
various deployment programs
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LBNLERSZ 2] T i O R E A !

U.S. DEPARTMENT OF Energy Efﬁciency &

LBNL FEEIS the Pain! ENERGY Renewable Energy

e
e =

5 - e
S
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LBNL BT H L RS HEFE

LBNL Super Computer Systems Power

.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

40
351
301
25 1
20 1
15+
10+
5.

=i-faim

MegaWatts

0

NERSC Computer Systems Power
(Does not include cooling power)

(OSF: 4MW max)
NERSC i+ HVLR G H#E
(NEIEHBHEFE ; OSF: HANA400/5FL)

B N8
O N7
B N6

2001 2003 2005 2007 2009 2011 2013 2015 2017
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BAE PO HIRER = 15% (B /D)

.S. DEPARTMENT OF Energy Efficiency &
Renewable Energy

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

CHER=H TS BeAE/— IRREJRIE A B =)

(Energy Efficiency = Useful computation / Total Source Energy)

SR P B e R 0 2 i e U TH AR
Typical Data Center Energy End Use
10057
—IRBRIE
100 Units Source
Energy

FEL D R BTG IE

Power Conversions
& Distribution

R
Cooling
Equipment

ficik 335
(VAW

33 Units
Delivered
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R RERHINL=

U.S. DEPARTMENT OF Energy Efﬁciency &

Energy Efficiency Opportunities ENERGY | Rencnenio tnory

k55 7 B IR FE Better air management
Server innovation B4 Move to liquid cooling
REFE T Virtualization HA LA AL

B AE R 718k 45 High efficiency Optimized chilled-water plants
power supplies 15 ] H 2R #11#4 Use of free cooling
URGENESE #[nl i Heat recovery

Load management

L |
I
Ll

N .

L R R I i 1 4 ‘
rover | Iy | A v

Conversion & Server Load/
TR Equipment
DI%I’IbutIOI’l Computing OperationS _—

- —_— _— —_— _— —_— _— —_—
—_— _— —_— _— —_— _— —_— _— J

HARH, SRR A |-
On-site generation Including fuel

/5 B HL High voltage distribution
FIRUPS OB HLIED R4t

High efficiency UPS systems > R ]
1 TSR TR ﬁ%&fﬁgj\%% cells and renewable sources
Efficient redundancy strategies Power ?ﬁ%ﬁﬂfﬁ IFIREA ORI PR R
f# Fi ELIf H, Use of DC power Generation )

CHP applications
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B LR R BRI Ak

. DEPARTMENT OF

Potential Benefits of Data Center Energy Efficiency ENERGY Energy Efficiency &

Renewable Energy

o MATTHER: 20%-40%
20-40% savings typical

o SEASL AR 0 T LS B T LA S
50%H T3 fE =
Aggressive strategies can yield 50+%
savings

o JERILMM e A5 73 fm AN AR =
Extend life and capacity of
infrastructures
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy
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Y oy = END ici
U.S. DEPARTMENT OF Ener Efficiency &
j:& |:l &E% AG N A ENERGY Renegvzable Ener{:]y

o MLBURFE N B ARFE I * Introductions to course and instructors
o ZHEMFEIFFIXT R e Performance metrics and benchmarking
o ITHERFEREZR * IT equipment and software efficiency
N e Use IT to save IT (monitoring and
° I g\ 5 vl Qi':
g}jﬁ CEENT (SRR dashboards)
A}

e Data center environmental conditions

o BUEH LB FM
* %‘(ﬁ%@ * Cooling systems
- HlR RS * Electrical systems

HS RS * Resources and Workshop Summary

% BRI & 5 45

* Airflow management
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.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy

SRR PR AL B

Performance metrics and benchmarking
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BRI AR R R

Benchmarking for Energy Performance e

Energy Efficiency &

Improvement: ENERGY Renewable Energy

«  RERONAR R DAL A w5 AT AT B, A
775 B A AT T3 1) AT L v 851 e A S e

Energy benchmarking can allow comparison
to peers and help identify best practices

o LBNLXEE I 30 0t A Lo i AT T 5T -
LBNL conducted studies of over 30 data

centers:
——§%%ﬁﬁ$®%%ﬁ%%ﬁ@ﬁ%
iy

Found wide variation in performance

—  FEREE PO BRI B AR S

Identified best practices
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BE ORI AHBERLSEAH

Your Mileage Will Vary

. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

FT#E4T THE ) e FE LB EAS B I 3
& O A IR KT X A

The relative percentages of the energy
actually doing computing varied

considerably.
e 2%
Lﬁ htin Other  JLfih 13%
I\ gnting
73: A X3 office Space 204 13%
2XH1%  conditioning
1%
S = 1| Electrical Room
4% Cooling

4%

BHIEE 4% Cooling Tower Data Center
=

Server Load

Plant 51%
4%
K G
e 55 s AT
51%
¥dErpr,  DataCenter

HlLE%si  CRAC Units
25% 25%
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Loads 1 67%
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HVAC - Air
Movement
7%

R ——

Lighting 2R 7%

2%
HEHH 2% HVAC -
Chiller and
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24%

% 3 — — il
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LBNLIR 75 KX PR gh BB

Benchmarks obtained by LBNL ENERGY Energy Efficiency &

Renewable Energy

Ziatats: FHBEFHIZEE (PUE) = S HLAE/IT FEFE

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

13 PUE=1.83
3.0 Average PUE = 1.83
2.5 I

b

o

1.

($]

bt - LI/ 2 o

TOTAL DATA CENTER POWER / IT POWER

1.

o

0.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

LBNLHHE B2 i $dE o0 575 DATA CENTER NUMBER IN LBNL DATABASE
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy
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R EHES AGENDA

.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy

o MLBURFE N B ARFE I * Introductions to course and instructors
N e T bR T e Performance metrics and benchmarking
° IMan a8 RGN

* IT equipment and software efficiency

t TR AR e Use IT to save IT (monitoring and
o FIRITHZNT Mg EE dashboards)

A N ol e
7‘") e Data center environmental conditions

o FIEWPOIFEFM * Airflow management

° %ﬁ%@ * Cooling systems
- HIR RS e Electrical systems
- HR RS e Resources and Workshop Summary

% BRI & 5 45
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Energy Efficiency &

Renewable Energy

T R 2R

IT Equipment and Software Efficiency
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IT RF 2 HERE—— L1 AR

. DEPARTMENT OF Energy Efficiency &

IT server performance - saving a watt... ENERGY Renewable Energy

IT &AL BLA SRR OB

The value of one watt saved at the IT equipment

Server -
ke 55 2% A A

1 W Saved Here

DC DC
1 15 W
Eﬂlﬁ
AC - -1.40W

Saves an add|t|oml
.15W here

and .25 W here Power

1.45W \
and .05 W here

-1. 56W
and 11 W here Coollng

and 0.85W here

ﬁ?%EE

241W

Switchgear/
Transformer

and .09W here

-2.50W
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\ yu

/R 2 e
U.S. DEPARTMENT OF nergy iCiency

|V|00re’S LaW ENERGY Renewable Energy

FEL A [ e T) () A1 * f A% U AL PR 25 o A 1] 1) 2R 00
Power reduction Over Time* Core Integer Performance Over Time*

1980 1990 2000 2005 2010 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
Single Core Moore’s Law

o BEIRERATFARRIINUE, A E/ANEATRER S iRE

Every year Moore’s Law is followed, smaller, more energy-efficient transistors result.
o 30K, AU R RRYR/ SRS K/ANEIR T — i

Miniaturization provides 1 million times reduction in energy/transistor size over 30+ years.
o Wirai: BE/NEEPREY SRS => FEPIF H TR

Benefits: Smaller, faster transistors => faster AND more energy-efficient chips.

KiR: Jeke/RE&EH Source: Intel Corp.
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AR 55245

U.S. DEPARTMENT OF Energy Efﬁciency &

Server Utl I | Zatl O n ENERGY Renewable Energy

IT BEFERIZ: R3S IT Energy Use Patterns: Servers

N B AR 55 28 ¢ e BE VH #E 4 1 fe7 L B 1150-60%, H1SpecPower X FRAE AT 7 o
Idle servers consume as much as 50-60% of power @ full load as shown in
SpecPower Benchmarks.

HE e R E1 7 1 L
/2 Performance Power | tEeefIsIpHHl Performance to Power Ratio
Average | Performance g 20 S 70 LW
Target | Actual| . | “Active | ~toPower 100 R
Load | Load |=7=-*= Power Ratio
________________ W 90% FTE
""" 80% Eral
100% | 99 2% | 308 022 269 1144 0% PTES
Q0% | 90 2% | 280134 264 1.0683 =
- 7 85
80%| 80.0%| 248 304 256 971 # = o )
0% | 699%|217.096 247 ar7 ?ﬁr} E
R = 40% EXE
60%| 60.1%| 186,594 238 85| F
50%| 49.6%| 154,075 227 680 I —
40%| 39.9%| 123,805 215 575 . —
0% 299%| 92044 203 459 Activ No Load
20%| 201%| 62,364 189 330 = | | ‘l | |
1] 50 100 150 200 250
10(:’;1 t_1D'|E£ij° 31'043 1;; 1?3 SEHE ST Average Active |Power (W)
Activeldle] (Bl < 60% of full Load
2 ssj_ops /> power = 698 SRR 1960%

32 | EHIE P OAERTHR) US/China Data Center Efficiency Initiative



ARG #HEE

Decommission Unused Servers ENERGY | renowaic Enormy

R} [ IRRRE AL L H I R St
PHYSICALLY RETIRE AN INEFFICIENT OR UNUSED SYSTEM

* Uptime InstitutefRiE, A 15-30%K1 RSG5 H fiFH

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

- {52 H K EE

Decommissioning goals include:
— JE B ROR
Regularly inventory and monitor

— BEE SRR & FEA BT

Consolidate/retire poorly utilized hardware
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BB S1E

5 A c E Effici &
Virtualize and Consolidate Renewable Eneray

C fE—f YRR HLE LA
=R SRR

|II

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

o BERFAHBIYIEENLES,
e = A =
Consolidate underutilized
physical machines, increasing
utilization

o KHIRFAMHBINAEE, TL
Energy saved by shutting down
underutilized machines

/a4
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U.S. DEPARTMENT OF Energy Efﬁciency &

CIOUd ComPUting ENERGY Renewable Energy

BRI = vHE ] LR E......
Virtualized cloud computing can provide...
o 1E BRI B3NES B AT R 1 2R R

Dynamically scalable resources over the internet
o« 1] T N #B B A EB A

Can be internal or external
o 1] FH TP AN [B] N FH ) DGR A7 Ay

Can balancing different application peak loads
o 3 H S M FH #2

Typically achieves high utilization rates
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A R 2 FL R R 4

U.S. DEPARTMENT OF Energy Efficiency &

Use Efficient Power Supplies ENERGY | ronowabie Enoray

LBNL/EPRI U £ i L YRk 45 30
LBNL/EPRI measured power supply efficiency

Measured Server Power Supply Efficiencies (all form factors)

. T E BB as IR R

= 85%

80% - ® 80 Plus
7o S e
70% - 7 F = — 2-..\;

65% / /4 Non-PFC Power Supplies
g JEPFCHLYRHE N

60% - AT cxillsssesrs meomm s M S R R SRS EHIS SSRGS

55% - S
PFC Pgwer Supplies

50% - A SR PRCELIALR oo

45% =

0% 10%, 20% 30% 40% 50% 60% 70% 80% 90% 100%
% of Nameplate Power Output

e /TR B E 2 (%)
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ITRAREREE......

_ - U.S. DEPARTMENT OF Energy Eﬁ-'lc'ency &
IT System Efficiency Summary... ENERGY | Renewable Energy
i 55 2 H R At 25 " T IR TR
n > VB A% T 2k ZANvas=n| 2y Jan ZIN
Servers Ezfj] BT Power Reconsider
Enable power Supplies Redundancy
management _ocoqu "Spec 80 PLUS HX
capabilities! &> B (B RE

R “REE
B ke
Use EnergyStar®

Spec 80 PLUS or
Climate Savers

Servers products
Pt #44 Consolidation
Storage Devices
K 2 RIEE T2 = M UL
Take superfluous #6 Use virtualization
data offline l “s" M " e R4
" R R R LOR Consider cloud
Use thin provisioning services
technology
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy
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.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy
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N e T bR T e Performance metrics and benchmarking
° IMan a8 RGN

. . * |T equipment and software efficiency
o ITU A ATEA R L
e Use IT to save IT (monitoring and

o FIAITH 2T (EMAERE dashboards)

) * Data center environmental conditions
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- R ARG * Resources and Workshop Summary

% BRI & 5 45
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.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy

FIEIT, BT

Using IT to Manage IT

Hdh b O AU IR H

Innovative Application of IT in Data Centers
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A HITREITEREFE

U.S. DEPARTMENT OF Energy Efﬁciency &

Use IT tO Manage IT Energy ENERGY Renewable Energy

A ANTEI A RE:
Using IT to Save Energy:

« RZHCAT N sk Z 3l DA ) “REMLE”

Most operators lack “visibility” into their data center
environment

o BT N RANBEE BARATT A M = B 2R G

An operator can’t manage what they don’t measure
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A HITREITEREFE

U.S. DEPARTMENT OF Energy Efﬁciency &

Use IT tO Manage IT Energy ENERGY Renewable Energy
« H¥r
Goals:

— NI INITIA SR S A [ RERE RS ) 1 90 R0 R 40040 ) B 2 [
Provide the same level of monitoring and visualization of the physical
space that exists for monitoring the IT environment

— M= IHERERVEREFEPR
Measure and track performance metrics
— (EH LA (] RBURT R I ] L
Spot problems before they result in:
© R AA
High energy cost
o AL TE]

Down time

42 | EHE P ORERTHR) US/China Data Center Efficiency Initiative



LBNLICZRAE R B

LBNL Wireless sensor installation ENERGY Energy Efficiency &

Renewable Energy

v’ LBNLZ % 78008 A fifk B 4%
LBNL installed 800+ point sensor
network.

v Tl & Measures:

o 5 Temperature

o VB Humidity

o £ GHIART)
Pressure (under floor)

e H1LT1K Electrical power

v\ SELSCIN S A AT S8 R
Presents real-time feedback and
historic tracking

v ETZEHIE, mALEW, i3
Tt
Optimize based on empirical data,
not intuition

Image: SynapSense
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A] AL BIR H 23 L

Visualization getting much better ENERGY |ao Sicere &

Renewable Energy

Temp-Top(°F) Temp-Middle(°F)

Map Legend: W F 2009-03-03 16:00:00 Map Legend: WF 2009-03-03 16:00:00

Temp-Bottom(°F) Temp-Subfloor{°F)

SynapSense™

A4 |FREBIEFORERTR) US/China Data Center Efficiency Initiative



S B TR B3 B

U.S. DEPARTMENT OF Energy Efficiency &

Feedback continues to help ENERGY | renewabie Energy

S I e Al R 48 E SR B FH
!

Real-time feedback identified cold
aisle air flow obstruction!

|

i

Temperature
w s o (=]
o o o

n
o

=
o

o

[=] o o o [=] (=] o o o o o o o [=] o o o [=] o o o o o o o
= L I = F - = IR < H =~ R = DL = B = TR = T = G = R = IR~ R < LSt < VL~ R = L = S E 1 < AL~ [ = B = |
o 2! o [ T (') (] ~ [} @ o X% o m + 0 o ~ @ @ o = o [y o
o o o o o o o o o (= BE e ey SR A O o s e Ol A o (3] o o o
T T T T T T T T €T T T T T T T T T T T T T T T T 0
T N T T T S T T SO T T S SO T T T
o o o o o o o o o o o o o o o o o o o o o (=] o o o

S - - - =l e - - - - e - - - = o - - - = - - -

— 21-X-SHT11 Temperature[0] — 21-X-Probe Temperature[3] — 21-X-Probe Temperature[4]
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SEi EJRE SR (PUE) RS

. DEPARTMENT OF Energy Efficiency &

Real-time PUE Display ENERGY Renewable Energy

LBNL - DC1275 (OX-)
PUE Floorplan Pre-Defined Metrics Custom Metrics Active Alerts Alert History Wireless Sensor Network
ik
1401.05 kW (66.98%) _—|173.53 KW (28.98%) kw kw %
7 DCiE: 068
=ELIIEES D T 401.05 500.00 80.21
o oms) e 233 e
Cooling 173.53 300.00 §7.84
@ T ® Cooling @ Building and IT Power Loss ® Lighting and General Receptacle
Start Time: 2010-11-02 [ [17:00 __ ¢| EndTime: 2010-11-04 [ [17:00 __ ¢] ((ShowData ) ® PUE . DCE . DCE
W 37478 kW M 207.67 KW W 2577 kW W 0.00 kKW W 1.47 PUE (PUE)
497 - 167+
489 1.66 -
441 - 1.65-
414+ 164+
386 - 1.63
358 - 161+
331 1.60 -
303 - 1.59+
275 - 1.58+
z 3
¥ 248- & 157
220 - 1.554
192 1.54+
1651 1.534
1374 1.52
1104 151
824 1.50 -
54 1.48+
P o | PR RS IR S R S P R - S S LS SN SR SR S S S S S RS SASE RS 1474
_17L\ =2 s - SYNAPSENSE
N - ©® © ¥ 2 ®m o® N K = © o ¥ & ®m © N ~N = 0 O T o 0 KN N N NN T ©® = ® - ® = ©® = © o 1 o v o B o W o %
i b % v, o N . e = e 25 12 i % R ? N N = = e e G 3 2 o * X « <2 o o = = e e 2 0 33 b P @ o o = = < e L]
T 2 5§ & 53 8 &8 5 8 - 2 f ¢ 2 g § 8 8§ 3 & 8 2 - 2 2 2 5 & 53 8 8 5 8 £ 2 2 2 2 g {§ 8 8§ 38 & 8 2 ¢ T 2
§y 3992222222222z 3%333s3232 g8y 9 9822222282222 323233z
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PUETTH B

.S. DEPARTMENT OF Energy Efficiency &

PUE CaICUIation Diagram ENERGY Renewable Energy
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An Emerging Technology...

Al

1A

B HITHR 5528 W& IR 1

LIRS

2 ) 400

E

Energy Efficiency &
Renewable Energy

SNl

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

Inte' DemonStration ENERGY Renewable Energy

o HAVMFHT, Ot RS RIESRT IREE AR E
Typically, data center cooling devices use return air temperature as the
control-variable
— EEEEHIA 5 S TR %4 (ASHRAE) FNTHIE f AT & HERIR

[ R R R IE T 24
ASHRAE and IT manufacturers agree IT equipment inlet air temperature is the key
operational parameter

— R ) TR A
Optimum control difficult
o JRSSARHE R AT NICT 2% F 3RS
Server inlet air temperature is available from ICT network
- FEPaEHEED APMD B
Intelligent Platform Management Interface (IPMI) or
— A PR LG BN (SNMP)

Simple network management protocol (SNMP)
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FRF IR NG

. DEPARTMENT OF Energy Efficiency &

Inte' DemonStration ENERGY Renewable Energy

ey —
* JRYUmZ)N:
Demonstration showed:
— RS2 AT AL 4 ) 2R e B e R
Servers can provide temperature data to facilities control system

— R RIRSS A IR E, Bt O B 1 R B 2 R R

Given server inlet temperature, facility controls improved temperature
control and efficiency

— (R RTINS RGUEAT ERTRC B RO T, SR T R
P34 2
Effective communications and control accomplished without significant
interruption or reconfiguration of systems

50 |FFEHE O RERTHR) US/China Data Center Efficiency Initiative




KR R BAE O BRE ZE 1R -
Intel Data Center HVAC: g N, | Eneroy Efciency &

Renewable Energy

LAWRENCE BERKELEY NATIONAL LABORATORY
INTEL CORPORATION

SC11 DATA CENTER HVAC MECHANICAL DIAGRAM i HVAC CONTROLS
DEMONSTRATION PROJECT

51 |FFEHE A ORERTHR) US/China Data Center Efficiency Initiative



RO

U.S. DEPARTMENT OF Energy Efﬁciency &
Dash boa rds ENERGY | rencwabie Energy

BOLURRE A LR 2 RGBS, X8 A0 p MR et AT IR A 4E 3
Dashboards can display multiple systems’ information for monitoring and
maintaining data center performance

o FRALTAIBEIEZ R KRG ERE—
Provide IT and HVAC system
performance at a glance

= Raritan.  Power I

o RAIBATH A B g

Data Center Energy Management Dashboard

Identify operational problems
o FEZREFEAN AR RE
Baseline energy use and benchmark

Maximum Acthes Powsr < Pust 249 Hours

‘ e I S S e W s T R

performance ' H, e
o LGS RE A 1 | — "

View effects of changes i e u e
o NEEA PRIRIRAE BRI SCRE or © S = o

Inform integrated decisions
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Re 2 Bl

U.S. DEPARTMENT OF Energy Efﬁciency &

Efficiency Dashboard Example: ENERGY | Renenablo Enoray

d. ™ Welcome: ad Logout
m 0 I U s Dpenlata® - Enterprise Edition Operations AdminEEaiion Reports
Choose Dashboard: | Power Usage Effectiveness -w Make Default | | Clear Default
PUE - Power Usage Effectiveness ;":'= = R M
Ay v Dhe=rrurner L
Power Consumption owver Time Power Consumption by %%
2 g ,-f"f# <
[ 4
- - -
. - -
a8 - o
- =
= 2 o =
=
i 120 (. bl -
T =z £ 2 = = E £ = = 35 & PUE  j0/27/10 Efficiency
:':: :.': ) "-I 5 ] |_:-; ] ?-I o I : i I
3 g = = = o & o = = H woAD e N T e
o i i i i - i i i i i Ili’ - ] —'{
Pericd - - * ) F
T Mech vard CRAT Ue= Loss M Other il FUE 1.61 62%
r
L —— ;I
| L
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Energy Efficiency &

Use IT tO Manage IT Energy: Summary UENERGY Renewable Energy

—

« PHALIRI RS, WIRIBATESIHIEE T
Evaluate monitoring systems to enhance operations
and controls

- FHERE, XEERGHTE ML
Install dashboards to manage and sustain energy
efficiency.
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy
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R EHES AGENDA

.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy

o MLBURFE N B ARFE I * Introductions to course and instructors
N e T bR T e Performance metrics and benchmarking
° IMan a8 RGN

. . * |T equipment and software efficiency
o ITU A ATEA R

* Use IT to save IT (monitoring and

o FIHNTHTZNT CHEIMIFN R /RED dashboards)

o FEHOIFEFA * Data center environmental conditions
- SHEH e Airflow management

. HIBRSG * Cooling systems

- KRG * Electrical systems

o SEBRIMPTES R * Resources and Workshop Summary
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uU.s
ENERGY Renewable Energy

b b

g

Environmental Conditions
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IR A

. OnMC E Effici &
Environmental Conditions Renwable Eneray

LA = E R e A b
What are the main HVAC Energy Drivers?
« ITHif IT Load
« Bf& Climate
o B IA)IE SIS
Room temperature and humidity

- REFHEHOLIERA, HEREZES R

Most data centers overcooled and have humidity control
issues

— NEETERANIZ AR

Human comfort should not be a driver
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U.S. DEPARTMENT OF

Environmental Conditions ENERGY | 5o Efficiency &

Renewable Energy
ASHRAEHFA /1 F5 e -

ASHRAE’s Thermal Guidelines:

o ONITANG it 1 T3 P ) B F it
Provide common understanding between IT and
facility staff.

o 1RBNTHIIE R BFIIA AT
Endorsed by IT manufacturers

o SRR R R —— U B T A A AN
Enables large energy savings - especially when using
economizers.

- FEWHIREXAZE18 C to27 T (80.6° F) ,
I “ Al SR R U B ey
Recommends temperature range of 18°C to 27°C I
(80.6° F) with “allowable” much higher e empm

Recommen ded
-

1
|
59.0°F 64.4°F 80.6°F 90.0°F
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AR

Environmental Conditions

U.S. DEPARTMENT OF

T (2011) ASHRAEFEFS
New (2011) ASHRAE Guidelines

- AR BHE, B TR R VEE,
M32° Cto45° C(113° F)

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

— NEEWIX A LAAN CGRESSFL RN #iafT
IRBLFE A5 2 O 2

Provides more justification for operating above
the recommended limits (in the allowable range)

— PR KA X [H]

Provides wider humidity ranges
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Environments




2011 ASHRAE #7745 7 e | s
2011 ASHRAE Thermal Guidelines ENERGY | renewabie Energy

— Equipment Environmental Specifications B&IEITE
- Product Operations (b)(c) Product Power Off (c) (d)
E Dry-Bulb Humidity Range, Maximum Maximum Maximum Rate Dry-Bulb Relative Maximum
5 Temperature non-Condensing Dew Point Elevation of Change("C/hr) | Temperature Humidity Dew Point
(c) (e)ig) (h) (i) Y] (m) (f) (' (%) (c)
Recommended (Applies to all A classes; individual data centers can choose to expand this range based upon the
B analysis described in this document)
Al 5.52C DP to
to 18 to 27 60% RH and
Ad 15eC DP
Allowable 7] 45
Al 15to 32 ED%;EED% 17 3050 5/20 5to 45 8to 80 27
A2 10to 35 ED%RI:I-::ED% 21 3050 5/20 5to 45 8to 80 27
-12°C DP & 8%
A3 5 to 40 RH to 85% RH 24 3050 5/20 5to 45 8to 85 27
-12°C DP & 8%
Ad 5to 45 RH to 90% RH 24 3050 5/20 5to 45 8to 90 27
8| 5to3s | % R';:" 80% 28 3050 NA 5t045 | 8to80 29
8% RH to 80%
c| sto4o T 28 3050 NA 5t045 | 8to80 29

201 V4R AL B ER B R B — — 3 KR LS R RIFIFIfERE . ASHRAE AT R &TCO.9% B I A K.
2011 Thermal Guidelines for Data Processing Environments — Expanded Data Center Classes and Usage Guidance.
White paper prepared by ASHRAE Technical Committee TC 9.9

61 |FPEHIEP.0AERITHR] US/China Data Center Efficiency Initiative



2011 ASHRAEFR] 04X [H]

U.S. DEPARTMENT OF Energy Efficiency &

2011 ASHRAE allowable ranges ENERGY | renewable Energy

30
S F4RVERS
AST L/ T N s 5
[ SIARENBAERRV ™
PSYCHROMETRIC CHART R SR E
Sk, AL ST LS £
| AN VI AA T L LA |, 280 T
S Ay R ARNREEE ﬁ%
@é}’ \)Qb'b,g Q /Y, VAR WA VA By T
& S8 VYN TS } ba P 5= o
oo Y << ~ 5§51
R s ansa B SN DE RSN £
N Ava" 0 (ARG NE NI INSUS RS E R
5 /><J/_/ Enpelobe K| >/)&\ TNt T < B
« FE ><;>;>g/ BY EsiERNEER = §
EelisnwnnEy RNESSF=GERNERR £ 8
e B <[ | <K . RENER ™ ™ E\ .
0 10 20 30 40 50 50
TERIEE

Dry Bulb Temperature

62 | EHIE .0 AERITHR] US/China Data Center Efficiency Initiative



2011 ASHRAE # /735 55

Energy Efficiency &

2011 ASHRAE Thermal Guidelines Renewable Energy

FERFR (ERATRD BET, MINE SRR e,
ASHRAEFE i B RER L5 18 2 :

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

ZE SMFOKM BT 29 E R TN T 7R, X F 48 K % 2 E FORX
M IR, EMERE —PMEREIETRDE20 CHTERIRS
THSERESHEIM,

“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.S. DEPARTMENT OF Energy Efﬁciency &

Environmental conditions: Summary ENERGY | renewable Energy

o —PEAREAE O RRAWL S HIELE
A cold data center = efficiency opportunity
o ETEZHEARFUWS, ek rdrmBdET L, DR ERRE X ] ——

Perceptions, based on old technology lead to cold data centers with tight
humidity ranges — this needs to change

o VWFZITHIE R BT & N ELASHRAE S Fe 5 AR 7 1) S A HE 45 1)

Many IT manufacturers design for harsher conditions than ASHRAE guidelines
o BAEAO BT BT B AE— AN 2 N B &7 i

Design Data Centers for IT equipment performance - not people comfort.
o TETR R INE B S P A R

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

EN ERGY Renewable Energy
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R EHES AGENDA

.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy

o MLBURFE N B ARFE I * Introductions to course and instructors
N e T bR T e Performance metrics and benchmarking
° IMan a8 RGN

. . * |T equipment and software efficiency
o ITU A ATEA R

* Use IT to save IT (monitoring and

o FMAITHZNT CIEMNARERED dashboards)

o HdEH OB * Data center environmental conditions
- SHEH e Airflow management

. HIBRSG * Cooling systems

- KRG * Electrical systems

o SEBRIMPTES R * Resources and Workshop Summary
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.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy

ShEHE

~——

Airflow Management

Effective Application and Use in Data Centers
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AT, LBNLFEHH
Air Management: The Early Days at LBNL ENERGY | oo tiiceney &

Renewable Energy

= -
e

0
odee
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c -1 0 U -1 0 c
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.S. DEPARTMENT OF Energy Efficiency &

Air Management ENERGY Renewable Energy

SRR, A E T
Typically, more air circulated than

required e
. BRRAATNIRE S 3
Air mixing and short circuiting leads to: Z, .
> RPHEEE Cold Aisle \\
Low supply temperature z )
> K DeltaT Hot Aisle
Low Delta T

= ORI FH #AGE E AN TE
Use hot and cold aisles

. B A I T 1 LT POETE /M EE M E R T

Improve isolation of hot and cold aisles = l:l‘ﬂliﬁli/éﬂ D?E’%Ea EFEE%T
> [FFARKALREFE e
Reduce fan energy . . . .
RIS Hot aisle / cold aisle configuration
Improve air-conditioning efficiency decreases mixing of intake &
H B 21 YA R B . . . .
> R AR exhaust air, promoting efficiency.

Increase cooling capacity
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U.S. DEPARTMENT OF Energy Efﬁciency &

Reduce Bypass and Recirculation ENERGY | renewabie Energy
S % B ... FIAEFE...
Bypass Air / Short-Circuiting... Recirculation...
e -5
=5 t!]'IV e _ l![JV
— - — -
=, =,
- MR Leakage > =

IR B A5 = BRI T AR S5 A B U EE
Wastes cooling capacity. Increases inlet temperature to servers.
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ORAP N i b AR F) 5

U.S. DEPARTMENT OF

Maintain Raised-Floor Seals ENERGY | o Effeiency &

Renewable Energy

XS E B HBAR B BT A TR R I, R T 4R IR IR
Maintain sealing of all potential leaks in the raised
floor plenum.

RE B LT ESIEEke R

Unsealed cable penetration Sealed cable penetration
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Yaxax N
B B AR

4 U.S. DEPARTMENT OF E Eﬂ: H &
Manage Blanking Panels ENERGY | renewabe Eneroy

o RS AR TR 2 AEH Y .
Managing server blanking and side panels is very important.

o JEIEZ A A7 T VSRS BRI s UM 28 SR o A
Any opening between the aisles will degrade the separation of hot and
cold air.

> 0t ik 55 AR AR AR ik AT 49

HUHE T 5 top of rack

Maintain server blanking and side panels.

AN —ER 290~ B4R, L g
R A T 20207 1 |
One 12" blanking panel added £ =
Temperature dropped ~20° E
AL H
Inlet Outlet
S R - HIAE A 35 middle of rack

M Recirculation

Ha
Outlet

Temperature/deg. F
*r
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U.S. DEPARTMENT OF Energy Efﬁciency &

Reduce Airflow Restrictions & Congestion ENERGY | ronowablo tnoray

A G
Liquid Supply

AT

MR

Floor Tiles

(1 engineers

. 2 R AR B SR 2 B 52 |
PEEE AR 1 Consider The Impact That Congestion ¥/ 23 Hi b A1 < 44 B

KA 2 Has On The Airflow Patterns b )=
Congested Floor & Empty Floor &
Ceiling Cavities Ceiling Cavities
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U.S. DEPARTMENT OF Energy Efficiency &

Tune Floor Tiles ENERGY | renewable Energy

AR N I JE 7under-floor pressures

Underfloor pressure changes during floor tile moves

Date SynapSense™

— 05-U-PR-Pressure([3] — 08-G-PR-Pressure[3] — 14-F-PR-Pressure[3] — 14-U-PR-Pressure(3]
~—19-U-PR-Pressure[3] — 24-G-PR-Pressure[3] — 27-U-PR-Pressure[3] — 28-G-PR-Pressure[3]
—— 35-G-PR-Pressure([3] — 37-U-PR-Pressure[3] — 43-G-PR-Pressure[3] — 44-T-PR-Pressure([3] — 51-T-PR-Pressure(3]

o WZHEINER AL
Too many permeable floor tiles
o WRARASIR if airflow is optimized
— BT TR0 A
under-floor pressure A

rack-top temperatures W
- R OEERS
data center capacity increases RN

[} ?D\[U %‘ﬂsn E j:u /f,t ﬂ Lj\ gl_all_“z Ejj iﬁ —"'I_j'_‘ |-— 18-S-SHT11 Temperature[0] — 26-X-SHT11 Temperature[0] — 37-W-SHT11 Temperature[ﬂ]'
Measurement and visualization assisted tuning process

HLEETH 7 6. ¥ rack-top temperatures

RN e

©
o

®
=}

o @ ~
=] o o

Temperature
&
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. DEPARTMENT OF Energy Efficiency &

Resolve Airflow Balancing ENERGY | Roreratie Eroy

o SR BIICAL TR BRI AT
BALANCING is required to optimize airflow.
= BT BT A ORI 2 T A % 7 B R A T P
Rebalancing needed with new IT or HVAC equipment
o N IETE N %3 2 FLI RS

Locate perforated floor tiles only in cold aisles

Under-floor pressure map with wireless sensors
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-F_‘iE: EN%

.S. DEPARTMENT OF Energy Efficiency &

Next step: Return-Air Plenum ENERGY | rencwatie enrey

iRt
Liquid Supply

=

it
Liquid Supply

i P e M
Floor Tiles mummm Floor Tiles
= - .y 4
Floor Slab Floor Slab
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.S. DEPARTMENT OF Energy Efficiency &

REtu n Air Plenum ENERGY Renewable Energy

o = ZRIE R M AL
Overhead plenum
converted to hot-
air return

o L5525 B
JEK 2| = 42
CRAC intakes
extended to
overhead

o REEATASIE 2
P IE
Return registers E&lﬁﬁﬁ

laced over hot
SN Before

ot e
After
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Energy Efficiency &

U.S. DEPARTMENT OF
Renewable Energy

Xt A A N N = S AT
Add Air Curtains for Hot/Cold Isolation ENERGY

s N
LA TR B TN - }J“a;"”)iuﬂﬂl l ‘ ll
g &) 6 \

(8 |4 SRBUYE L EESCTTR  US/LNIna bata Lenter Emciency inuanve
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U.S. DEPARTMENT OF Energy Efﬁciency &

Isolate Cold and Hot Aisles ENERGY | renewabie Energy
[=1 X R EI2S SRR R R ok
Return Air Interstitial Ceiling Space Air Barrier —
35-419C vs. 46-21°C (Plastic Sheet)
__—Open Ceiling Tile RE#ARFFF 0
i | | |
Air Barrier
SmY T ampeReR
Hot Hot
Aisle Aisle
Cold
CRAH Aisle
TS T AIEE
{1 { TR T :
: ‘ﬁ’%‘}% (EREAER)
Supply Air Z=S%ME NaBie -
Raised Floor ﬂ{_ﬂﬁ%% (Melamine Board)
21-27°C vs. 7-13°C
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G e 22 5 A

Energy Efficiency &

Raised Floor Not Required ENERGY | Roreratie Eroy

B RIS 0-RThRep) X Bk % R S8, W] 5B BB AR
WY R 5

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

Bl B

Examples include:

> TR RS

Row-based cooling units

> T B8 FHLZE R AT e as

Rack-mounted heat exchangers

> “PFEBTH HIR AT E RS

Both options “Pre-engineer” hot and cold isolation
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Bl ¥

(R Tilkes

R4t

Example: Row-based Cooling

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

] el i
ME | MR o mz | B o mz | AE o mzm | g
Rack Rack |5 Rack Rack 5 Rack Rack 5| Rack Rack
S S S
S ResHes [@ | s
RIS AR i
MR NE o HR o o BB | B
Rack Rack |5 Rack Rack S Rack Rack S| Rack Rack
S S S
~ il )
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mEFFR - RAREENRIEIE

. DEPARTMENT OF E Eﬂ: &
Best Scenario - Isolate Cold and Hot ENERGY Rgi;gxablécg::é;y
RACH A2 R Py
Interstitial Ceiling Space  Air Barrier.
..... e P M@ B L
RGtUn Air 35-419C Vs. .

16-21°C

Aisle

s
O
Cfmf
o e A

Haised Floor HiRZER
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BIE:. SREEERGES

. . - E Effici &
Review: Airflow Management Basics RZﬁLgxamé‘"Eer?;’;y

SHEHEETT:
Air management techniques:
— T HBARIR SR 5 (R e AL B (2 PR o )
Seal air leaks in floor (e.g. cable penetrations)
— ALZEAS FHF A CARH 1B 2 R IR A B
Prevent recirculation with blanking panels in racks
— TS FH B iR R S 3 AT g B (o o e A H 22 £LiE)
Manage floor tiles (e.g. no perforated tiles in hot aisle)
— IR A S AL AR (B RUX o R Bl e Al )
Improve isolation of hot and cold air (e.g. return air plenum,
curtains, or complete isolation)
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B [RREEERGES

.S. DEPARTMENT OF Energy Efficiency &

Review: Airflow Management Basics ENERGY | renewable Energy

MU PR AL BRI Ab :  Impact of good isolation:
— P/ AN IR B =
Supply airflow reduced
o XALTTRE75% LA
Fan savings up to 75%+
— R AR
Overall temperature can be raised
o Hl¥R RGN IE
Cooling systems efficiency improves
o TLYRE EA KR AR (BRI R)
Greater opportunity for economizer (“free” cooling)
— R B ER S
Cooling capacity increases
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy
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R EHES AGENDA

.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy

o MLBURFE N B ARFE I * Introductions to course and instructors
N e T bR T e Performance metrics and benchmarking
° IMan a8 RGN

. . * |T equipment and software efficiency
o ITU A ATEA R

* Use IT to save IT (monitoring and

o FIHNTHTZNT CHEIMIFN R /RED dashboards)

o HdEH OB * Data center environmental conditions
e HiMEH « Airflow management

. HIBRSG * Cooling systems

- KRG * Electrical systems

o BEBRIATITSHE * Resources and Workshop Summary
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. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

il @ R 4L

Cooling systems
LEREIE ORI #GE

Removing heat from data centers

—lhv
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PLEZ R TS =B HIT

Computer Room Air Conditioners (CRACs) and Air Handlers (CRAHSs) ENERGY Egi;gxaizcg::éf‘

“HLEE = HH T
CRAC units
— AL BRI A 26 ] SR R 7 IR 4a il
Fan, direct expansion (DX) cooling coil, and
refrigerant compressor
« FRMEEIT
CRAH units
— AL KA 2 H 7K 26
Air handlers - fan and chilled water coil
— HIWTHARGRERE T

Typically in larger facilities with a chiller plant

¢ XTMRFBEESHWEMERE, FEIT ZKIMAKRERE

Both often equipped with humidifiers and reheat for dehumidification
o X TR IR R ML

Often independently controlled

— JCEHL SURERR . AREESRIEAHE, SO NS BT

Tight ranges and poor sensor calibration lead to units fighting
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ML 5 2 BT F] BRSSP R RREA

U.S. DEPARTMENT OF Energy Efficiency &

CRAC Units Reject Heat Outside ENERGY | Renewable Energy
F=¥4 HBEDX (Dry-Cooler DX) SR

—t

DX (Air-Cooled DX)

Z R ¥ H1DX (Evaporatively-Cooled DX)

Air/Waler Vapour Drift

Drift Eliminators
Water Sprays
Hot Gas from

Relrig. Machi

Condensed Liguid
to Refrig. Machine

|
Make-p = L Circulating
Pump

Bleed Off

7K ¥ DX {Water:Cooled DX)

Principle of Operation
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AL B TTAE R R A K

. DEPARTMENT OF Energy Efficiency &

CRAH Un|tS Use Ch”l@d'Water ENERGY Renewable Energy

SKERL {‘U%% Air-Cooled Chiller

% # Cooling Tower

=S AL H.E CRAH
!

K&
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AR 20

. DEPARTMENT OF Energy Efficiency &

Optimize the Chiller Plant ENERGY | renovatle Enerey

« WL RTINI) (XTSRS )

Have a plant (vs. distributed cooling)
o fEFH“RAK"HIE(ZIEF)

Use “warm” water cooling (multi-loop)

EEAHKE
« RHABR/PES, WL RE R 10%
Size cooling towers for “free” cooling T B KT

10%

4%
Secondary CHW
Pump

4%

o BESETE FEuARITES] S I ge Rk
Integrate controls and monitor efficiency
of all primary components
Thermal storage

o FEUTRERETHERSIZE  won

eofe ] L %
Utilize variable speed drives on: p.

- Rl R, . RAS w

Fans, pumps, towers, chillers

e 1 7%

CW Pump 13%
13%

%
5%
Cooling Tower

5%
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e R RE R 2 AL

. DEPARTMENT OF E Eﬂ-' H &
Select Efficient Chillers ENERGY | Ronowale Eneray
44758 FEZAHL (- BL/WE)
A
chiller Compressor (kW / ton)
25% 50% 75% 100%

400/ < A ETHL
400 Ton Air Cooled 0.69 0.77 0.96 1.25
1200 7K 4 S HHLE 7T HE KB ER)
1200 Ton Water Cooled w/o VFD 051 | 041 0.45 0.55
1200/ 7K ¥ 14 &1 25 (B Pl R IE IR 348
1200 Ton Water Cooled with a VFD 0.34 1 0.30 0.43 0.57

kW Per Ton T FL/&M

1.25 —

1.00

Ny

0.75 L ———

0.50 — ———

0.25 =

0.00

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent of Full Load Capacity 54428 W H 4
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. Energy Efficiency &
Increase Temperature of Chiller ENERGY | renewable Energy

0.9

08 PAERA2ERHIK, AR RT0EA NG KBTI EIHL
1,000 Ton Chiller operating at 42 F CHWS Temp and 70 F CWS Temp

0.7 I

o
o

635 (F- L /1)
Efficiency (kW/ton)

o
S

\

02 AR IR0 HIK, PLRAERT0EAIIEHKIZITHIREHL
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

BAERIE: L5 EBRA R i Tons

Data provided by York International Corporation.
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PR R

Emerging Technology: Liquid Cooling ENERGY EZﬁ;gxaiTé“E:;"gf
S PV BRI 0, YBUA Ve JN TR (FHR) 2 21 HE H

As heat densities rise, liquid solutions become more attractive (again):
BRARE E LI
Volumetric heat capacity comparison

~190, 000 cublc foot bllmp

7K Water
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NIRRT A2

° ° . U.S. DEPARTMENT OF E Eff f &
Why Liquid Cooling? ENERGY | renewabie Energy

Heat removal efficiency increases as liquid gets closer to the heat
source

o AR TR
Liquids can provide cooling with higher temperature coolant
— PR ENRE
Improved cooling efficiency
— KBRS B Y A
Increased economizer hours

— JRRARI &

Greater potential use of waste heat
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NGB HN?

U.S. DEPARTMENT OF

Why L|qU|d Coohng? ENERGY Energy Efficiency &

Renewable Energy

IS K AERE

Reduced transport energy:

ek F 7= A ) BE YR 75 oK
Heat Transfer Resultant Energy Requirements
EE | Rate AT | Heat Transfer‘ Fluid Flow | Conduit Theoretical
Medium #4E&AKE | Rate Size Horsepower
o T omtwz  SEER mwrimos
.

Forced Air{| -f D> 9217 cfm | 34" @ | 3.63 Hp
10 Tons | 12°F | yymswm e

s
100

Water’K _ ) 20gpm | 2" @ .25 Hp
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In-rowiE 18 Bt 25 6] Vi 14 2 &1

.S. DEPARTMENT OF Energy Efficiency &

In-row Liquid Cooling ENERGY | renewable Energy

HEH HRittal 7 Z2AE

Graphics courtesy of Rittal
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. . . Energy Efficiency &
In-rack liquid cooling ENERGY

Renewable Energy
BE AL E I e aaErpLILe
Racks with integral coils and full containment

BES
__Cool Air
MBS

Hot Air - HLEE EBNT

‘ K T
R 52 LAETR —- Equipment

in Rack
Server cabinet technology et —
with oulslandlng benefits

lfn1$35 LR AR

. up to 35kW cooling capacity

e~ B
S , Cooling
j ‘ l l 3 ] Coil

Blade server op""‘"‘-‘d' AL TI RS
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}% I ‘] ﬁ%w%ﬂ U.S. DEPARTMENT OF E Eff' 1 &
Rear-Door Liquid Cooling ENERGY | rencwable Eneray

B MR RR) I 1 (e LR

Rear Door (open)
<y

B Rl

1

R b2l ol s
oy le” b“f.i%“ _ AA.. YR

$2E7 1H Liquid Cooling Connections

i

r
(N7
- e

\“‘v

N EBHLZERD Hx, 90F T8
Inside rack RDHx, open 90°
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On Board Liquid Cooling ENERGY

Energy Efficiency &
Renewable Energy
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«“« HIH ” - - DEPARTMENT OF Energy Efficiency &
Chill-off 2” evaluation ENERGY

Renewable Energy

B O J i A BIARXT PE RE

Data Center Cooling Device Relative Performance

1.55
w/f DX comp. T
T 135
=
CRA&HEstimate Rack .
Z 125 - o HAARHL
A / In-Row In—Row
g 115 / Cooler REIWL
s RearDoor = jsurim
Heat Exchanger ¥ (4k5h)
1.05 {passive)
\—‘ 4-___‘______.- Direct Touch v
Cooling
0.95 T T T T T T |
testiID# 1 2 3 4 5 B 7
chilled watertemp. (°F) 45 45 50 55 60 60 60
server air inlet temp. {"F) 60 72 72 72 72 80 a0

Test ID Number - Test Parameters
VIR - ks
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KA RPN

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &

Use Free Cooling:
A R HLE v

Cooling without Compressors:

23 = T &b BHE

o MR
Outside-Air Economizers
o KT RERS
Water-side Economizers
> PEA TR o0 ) 74 AN A e

Let’s get rid of chillers in data centers

A HFE S REFE (Ave. Power for Cooling)
WS EHY 23%  (HVAC Cooling 23%)

BRiEZS XML 8%  (HVAC Fans 8%)
Mt 31% (TOTAL 31%)
AR AY T e A (Using 100% Economizer)

THeE: 23 /31=74% (Energy Savings = 23 / 31= 74%)
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FPERE ST REAR

U.S. DEPARTMENT OF Energy Efﬁciency &

Outside-Air Economizers ENERGY | Renewable Energy

Air-side Free Cooling Ma
Advantages SRERANRE

«  HEFER
Lower energy use

o FREJE (ARG R L)
Added reliability (backup for
cooling system)

Estimate of
Air-side Economizer
Hours For Data Centers
© 2009 The Green Grid

Number of Available Hours Where:
Dry Bulb Temperature <= 81F (27C)
AND Dewpoint <= 59F (15C)

http://cooling.thegreengrid.org/namerica/WEB_APP/calc_index.html
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FMER ST REAR

U.S. DEPARTMENT OF Energy Efﬁciency &

Outside-Air Economizers ENERGY | renewable Energy

WEAE ] Potential Issues
o ‘AL

Installation space.
« KA
Dust
— WH13MMerv FRZEES, LA KR
Not a concern with Merv 13 filters
° /u NF@
Gaseous contaminants
— JuEAK
Not widespread
— EE S B4 A B
Impacts normally cooled data centers as well
o MAZE W H IR RO AT, R LSS P A i 2 R )

Shutdown or bypass if smoke is outside data center.
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I K22 K CRT ¥ i

UCIS CRT Facility Eﬁ""E“““REEFY Energy Efficiency &

Renewable Energy

RAWITTIE
System Design Approach:
o il

Free cooling

o M HE AR (BATIN TA]A93%)
Air-side economizer(93% of hours)

o FHF IS TG A 1O B 2 R A

Direct evaporative cooling for
humidification and pre-cooling
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T K22 R CRT % i

U.S. DEPARTMENT OF Energy Efﬁciency &

UC’s CRT Facility ENERGY | renewabie Encray

RARITIHIE
System Design Approach:
o LUF B A A ThAE [ I

Liquid cooling also available . PRRERNAAZ )
= /

o« WA HEAS = ==
Tower side economizer — 1l : | |[ 1L
o MEXARG B Cr Tl o -
Four pipe system Jratac — ’
iE{i}Eﬁ é%ﬁt&‘ Vi | { 1.1 T {‘M'w 1 Hil ‘
Waste heat reuse -]
— z
o FHIVEFHACE PUE=LA(mr)
Annual PUE = 1.1(predicted) /

Ll
]

g |

[ J
Lml
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7K e A%

U.S. DEPARTMENT OF Energy Efficiency &

Water-Side Economizers ENERGY | Renewable Energy

L=

Advantages

o FEFRAUE MMERHR R
Cost effective in cool and dry
climates

o HFHMUEHERA S
Often easier retrofit

o FRE R E (TR AWM
IR (EWNE-95E)

Added reliability (backup in
the event of chiller failure)

o Juim B
No contamination questions
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B AR AR 7

Energy Efficiency &

Potential for Tower Cooling ENERGY | renewable Energy

IR On- Bosard Cooling
Rear-Door Cooling

A

ﬁ.ﬁ%ﬂ S

- 4Hp

7K BE
Water-Side Economizer f

N

Oakland

Oakland
& #4HLos Angelds

c
£
S
_
S
S
w
10
L=
A
=
Sy

BE=

A\

ESacramlento

ByE=

P

I

i

[o.]
o
o
o

MY
E

~N
o
o
o

hoid
2 fllLos Angeles

~Oakland _/

6000

N 4 E Sacramento

B

5000

Oakland

4000

i 4 E Sacramento
& #HlLos Angeles

3000

B =

2000

Oakland

& . hnib 4 ESacramento

1000

& #2flLos Angeles

B =

G 5 e 18 T (BT 4R)
Free Cooling Potential (Hours per Year)

65 104

55 60
WITHIAAKIEE (RK)
Chilled Water Design Temperature (Degrees F)
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LBN L iﬁj : )EI: l‘j $IJ% U.S. DEPARTMENT OF Energy EfflC|enC &
LBNL Example: Rear Door Cooling ENERGY | Renewable Energy

« ARG 2R T

Used instead of adding
CRAC units

» DR BRI JR T 1K %
(BREEEH A R A7)

Rear door water cooling

with tower-only (or
central chiller plant in
series).
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ESCE X R PR 92 1

.S. DEPARTMENT OF Energy Efficiency &

Improve Humidity Control: ENERGY | renewable Energy

o THERER IR
Eliminate inadvertent dehumidification
— TFRHL A 2 B
Computer load is sensible only
o AU FH 3 [E R B ) v b 2 AR I S A R IR A N BE (RH) AL 2
Use ASHRAE allowable ranges
— VF 2 )38 7 Ao R K R Y
Many manufacturers allow even wider humidity range
o VHRBESEBIATRRENE
Eliminate equipment fighting
/) Bl
Coordinate controls
— EH— 8 VLB I/ A G, BSOS ANE AR A
Disconnect and only control humidity of makeup air or one CRAC/CRAH unit
— EMEHIR 2 17 X A )

Entirely disconnect (many have!)
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AN A E IR B P 1 R LA

The Cost of Unnecessary Humidification

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Visalia Probe CRAC Unit Panel #1 52 %3 18 B8 o B
Temp RH Tdp Temp RH Tdp Mode
AC 005 84.0 275 47.0 76] 320 44.1 |Cooling 1% o
AC 006 818|  285| 461 55] 510  37.2 |Cooling & Dehumidficaton” <
AC 007 72.8 385 46.1 70| 470 489 [Cooling s _isbgiie |
AC 008 80.0 31.5 47.2 74 43.0 50.2 |Cooling & Humidification
AC 010 775 32.8 46.1 68] 450 45.9 |Cooling B <=
AC 011 78.9 31.4 46.1 70 43.0 46.6 |Cooling & Humidification
~
Min 72.8 275 46.1 55.0 32.0 37.2
Max 84.0 38.5 472 76.0 51.0 50.2
Avg 79.2 317 46.4 N 7
o0 325
> 232 300
BT F%3% >
45 250
L] [ ] o
Humidity down 3% .- zs
b=} 200 £
fa 1;2‘31
15.
= 125
20 -
10.0
> 0 2ty 75
PLEZIAEFET 5%286/"’
5 25
0 .
CRACpowerdown28% °ssesssssgseesssassasgaass”
T8 8443533333888 8888888888

— 17-0-CRAC-005-SHT11 Humidity[1] — CT-CRAC-005-Current[§]
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¥4 E p 5] B

Cooling

Energy Efficiency &

Ta keaways"' ENERGY Renewable Energy

« K

T

o T2 (A WL 23 S AR B G s AL 25

Use a central plant (e.g. chiller/CRAHSs) vs. CRAC units

.« HE=

i B/ A SAL FE R TR g s O vk

Use centralized controls on CRAC/CRAH units

_

e [F B AT e 5 BRiE

Prevent simultaneous humidifying and dehumidifying

- it

W AR 5 AT

Optimize sequence and staging

+ X

ARSI (IR fEs ALER. &)

Move to liquid cooling (room, row, rack, chip)
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¥4 E pt 5] B

. ner fficiency &
Cooling Takeaways... S LR

. ?ﬁﬁmm\ 2. B IKHLAH S B 1 2238 m] 1H i O
IEL

Consider VSDs on fans, pumps, chillers, and towers

o JRAlgef A S BRI fed &
Use air- or water-side economizers where possible.

o eI EE VO I AU N R IR A ) (B A )
Expand humidity range and improve humidity control
(or disconnect).
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U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy
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w5 AN

.S. DEPARTMENT OF Energy Efficiency &

AG E N DA EN ERGY Renewable Energy

o MLBURFE N B ARFE I * Introductions to course and instructors
o BCHE LSS R A R * Performance metrics and benchmarking
et \ ) \

. . * |T equipment and software efficiency
o ITU A ATEA R

* Use IT to save IT (monitoring and

o FIHNTHTZNT CUEMANTRE/RED dashboards)

o HdEH OB * Data center environmental conditions
e HiMEH « Airflow management

o ¥ RS * Cooling systems

- KRG * Electrical systems

o SEBRFTITS RS * Resources and Workshop Summary
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.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy

HARS

Electrical Systems
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S RGN L i R X 5 s oo or

Electrical system end use — Orange bars ENERGY Energy Efficiency &

Renewable Energy

Cumulative power

Power per component

i
=y
1
R
R
B
&

Load PsSU Chiller UPs VRs Server CRACfan PDU CWopump Total

g IROELE kiU R e SVEINE L e Mee

7 & 35K /R /A B FIMichael Patterson % 28 12 (L

Courtesy of Michael Patterson, Intel Corporation
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ZEWA] s

. DEPARTMENT OF Energy Efficiency &

EIECtricaI DiStribUtion ENERGY Renewable Energy

o HLURCHRI, o BRI S A B TE

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

o ATRADIS, SRR
Efficiency decreases when systems are lightly loaded
— JUAR T gar AN i BIE B30 (N+ 15 2NE 1R K1 X )

Redundancy should be used only to the required level (N+1 is much
different than 2N)
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i /7 ECis

U.S. DEPARTMENT OF Energy Efficiency &

EIECtricaI DiStribUtion ENERGY Renewable Energy

o E R BIRERC L, A AR (AR )
Distributing higher voltage is more efficient and saves capital
cost (conductor size is smaller)

o ftE. ASEIWTHLEE(UPS). AR KA S HLAE H YRS E T
(PDU) Y BE R 5 AN [F] —E 8 [H e 5%
Power supplies, Uninterruptible power supply (UPS),
transformer, and PDU efficiencies vary — carefully select

o JRBCHIS AR RERANAS, WIRE D A P 7 0 LA A

Lowering distribution losses also lowers cooling loads
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AEWHEERS . RES. HIEEBES R ITHRER

U.S. DEPARTMENT OF Energy Efﬁciency &
Renewable Energy

ANTEI T LR AR SRR B R R T B
(L5 )

UPS, transformer, & PDU efficiency ENERGY

P /\ /\ ‘I/
BA AN }E Xﬁ— Factory Measurements of UPS Efficiency

u’%’ % ﬁ\' 1—‘[ E[/J T I_J (tested using linear loads)

100%
1 Z= =
Efficiencies vary with 9% 1
system design, 90% -
equipment, and load | £ |

2 w 80% 1 — Flywheel UPS
* )L/ﬂ:\‘ J\/fj‘zs:}?/ IL'[ & = —— —— Double-Conversion UPS
REdundanCIGS |mpaCt —— Delta-Conversion UPS
efficiency 0% S S S S
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent of Rated Active Power Load

WUE B A (1 0 Bl
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B8 ) 7 1 T P R 4

U.S. DEPARTMENT OF

Measured UPS efficiency ENERGY | o Effeiency &

Renewable Energy

ASTE] T IR R AR
UPS Efficiency
100
A A
* PN H A
80 " 3 ®
4
= 60
€ 3
¥ G N
:&( é 40
1]
TUREAE
20 Redundant
Operation
0
° 60 80 100

20 40
5T RE (%) Load Factor (%)

121 |hEHE B0 BERHRI] US/China Data Center Efficiency Initiative




LBNL/E /IBFFC BT C(EPRD) JUE B IR AL %

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

EN ERGY Renewable Energy

WE DRI R S FBIREIMAR (TERER)

Measured Server Power Supply Efficiencies (all form factors)

85%

80% @ 80 Plus

75% -

70% -

65% -
7 4/ JEPFCAt R
60% 5§ LR RN e RS ——

BB, o e sl g A RV —

PFC Pgwer Supplies PFC {itHi,
50% H----cme o ff e

45%

0% 10%, 20% 30% 40% 50% 60% 70% 80% 90% 100%
% of Nameplate Power Output

72 i HUE B HH DR (%)
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TUR

.S. DEPARTMENT OF Energy Efficiency &

REd un d an Cy EN ERGY Renewable Energy

o TR ARITIRMA——REER?
Understand what redundancy costs —is it worth it?

o FMPERAEIE T ARELA R FL T ?
Does everything need the same level of?

o AN[FEIPIRBE T RANF I RERLI S (U, 2N vs. N+1)
Different strategies have different energy penalties (e.g. 2N vs.
N+1)

o W EHHIT R PEIRAER
Redundancy in electrical distribution puts you down the
efficiency curve
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PNER: HRHEERE

Emerging Technology: DC Distribution ENERGY | 5rero Effciency &

Renewable Energy

ll:‘—_:l!-/_\7\” E(J;Eﬁ jgﬂﬁ..u
“Today’s” AC distribution...

ZIE/ERE  ER /R

AT
AL fE ols oy . EREG
Flas80fLxr 3¢ Acmc|ooc, e Loads
LA PSU VRM | 5V USIng
egacy
480 V. AC ?}L&%ﬁﬂg IR LN 2R T sav Voltages
building
power VRM | 12v
Loads
supply " :
5528 VRM (=2 giicon
Server ogy | Voltages
VRM
R
VR 5776
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PNER: HRHEERE

Emerging Technology: DC Distribution ENERGY | 5rero Effciency &

Renewable Energy
380 FL ELV FE AL .
380V. DC power distribution

o {3 FH LV R P EE O 22 TR YD FiE T e

DC power can eliminate several stages of conversion
o WM TR, miAH KA &% LA I &

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

HiiH/HAH B PR A AR A
480 VAC 380 VDC 12V
12V
-
Power 1§ F4E 55
Supply PSU B £ A
480 ) b/
| j@%%ﬂﬁ% EEYR AL 2%
Hi %ZWEU%EE%@%F_\?%%
B
REE M
MR B AT
Server
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B, )L N 2R 45 B A [ o

Energy Efficiency &

Key EIECtricaI Takeaways ENERGY Renewable Energy

« EERBEBHEITTSRE
Choose highly efficient components and configurations

« BB FHHRIRB(ZRBE-ERE. BERB-ZHRE. THE-
TIE. BEHHE-EHRE)
Reduce power conversion (AC-DC, DC-AC, AC-AC, DC-DC)

» HREMEHBERERITRA, BARGEAM KD, HER
P S5S

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

- FRHEER

Use higher voltage

- ERHE ARG SR BT I fE 21578

Direct Current (DC) systems can reduce conversion losses.

126 |hEHE B0 BERIHRI] US/China Data Center Efficiency Initiative



U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy
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R EHES AGENDA

.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy

o MLBURFE N B ARFE I * Introductions to course and instructors
N e T bR T e Performance metrics and benchmarking
° IMan a8 RGN

. . * |T equipment and software efficiency
o ITU A ATEA R

* Use IT to save IT (monitoring and

o FIHNTHTZNT CHEIMIFN R /RED dashboards)

o HdEH OB * Data center environmental conditions
e HiMEH « Airflow management

o ¥ RS * Cooling systems

e SRS * Electrical systems

o SEBRFTITS RS * Resources and Workshop Summary
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.S. DEPARTMENT OF Energy Efficiency &

uU.s
ENERGY Renewable Energy

22 SR & 5 4

Resources and Workshop Summary
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S< B 75 TH B30 H AR IR A

US Programs/Resources

Se it & 75 A = (Advanced Manufacturing Office)
o I ELAEHRELR T H 5hnik
Tool suite & metrics for baselining

o FlIEHIIEMLA G
Training Qualified specialists
o ZEPIHHF
Case studies
o WRETRE A I
Recognition of high energy savers
o WIR-HARITK

R&D - technology development

Iy |/[J—

ENERGY
= NOW

5% JR(GSA)
o fifFi}4> (Workshops)
o PUEfFH T RETE
(Quick Start Efficiency Guide
o i ARFHE (Technical Assistance)

HOiRZE (EPA)
- fTERRAE (Metrics)
© IRFSEHRE W IE&EETEZ BRI
(Server performance rating &
ENERGY STAR label)
o FgHEF LR (Data center
benchmarking)

ENERGY STAR
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U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

BRFR R E E I H

(Federal Energy Management Program)
fifti5f 2= (Workshops)
o BXIBZEMBINE T (Federal case studies)
o HPHTE 5 (Federal policy guidance)
o [ERAZH 5] (Information exchange & outreach)
o PRALENFEHL 2> (Access to financing opportunities)

o FARPEBI(Technical assistance)

T Mk (Industry) I i3I [ INFORMATION
TECHNOLOGY
e T H (Tools) I . INDUSTRY COUNCIL
o fTEFRE (Metrics) Upt_ime
o 35l (Training) Institute
o IELEIER |
(Best practice information) i

o EMHLVIFEF (Best-in-Class guidelines)
o ITLAEAEFZ JIFRUE(IT work productivity standard)

<
'&hange

AECI0M “ROUNDTABLE




B = T B 0 B B IR

.S. DEPARTMENT OF Energy Efficiency &

Federal Data Center Resources ENERGY | Renewable Energy

= RAELERIEE

Best Practices Guide

- S — ENERGY | ronmaie vy FEDERAL ENERGY MANAGEMENT PROGRAM
/I\ H
L CUCTITT G :
m!

. . Best Practices Guide
Benchmarking Guide

for Energy-Efficient
 BEH OHwIETR T

Data Center Design
Data Center Programming Guide [§ it - -

‘ ENERGY | o ey FEDERAL ENERGY MANAGEMENT PROGRAM

" ARG FTER b =
Technology Case Study Bulletins - S| recmoow cesesuay s FEMPY
e Data Center Airflow Management Retrofit

Procurement Specifications
" FREBRAR
Report Templates

= TZREPM

Process Manuals

= PR TR

Quick-Start Guide

21 faia et ey Semaia e s 2o mas S e, ST e frssdieg can Bx
plas i by srtmaey seflen pab wie T s sz Tha 3 mzesaly im et im Saleg
2

ejeets

.......
s

o eelis
......

refiiger

2 Airfiow Mansgement Cverdisw
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5% H RIS B RGP A =

DOE Advanced Manufacturing Office ENERGY Energy Efficiency &

Renewable Energy

K EBFERKCHBIEPAZ L R0 “TIUHEARTE” K

ﬁ‘gﬁ;jlulﬁﬁ RttZM TERSFEERE, AhidlE5EiE
(VA

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

- DCPro T EE

DC Pro Software Tool Suite
— TR RE IR AR REN L&

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

- [BEm
Information products
— BT IR IBAT RS, (R E A O A R R RE I T =
Wt 5t 5 HAth B2
Manuals, case studies, and other resources to identify and reduce operating costs,
and regain data center infrastructure capacity
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5% H RIS B RGP A =

DOE Advanced Manufacturing Office ENERGY Energy Efficiency &

Renewable Energy

S & P RAER, RETERER
End-user awareness training
— 454 ASHRAE AT 2=
Workshops in conjunction with ASHRAE
B O BB SE B (DCEP) N IETR B
Data Center Energy Practitioner (DCEP) certificate program
— PP RENLS AT
Qualification of professionals to evaluate energy efficiency opportunities

Research, development, and demonstration of advanced technologies
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£ E ge¥RHDC Pro 4 T AR

DOE DC Pro Tool Suite ENERGY | renonabie Enoroy

Br o e o T
High-Level On-Line Profiling and Tracking Tool
o FLAKBERL(FE /712 FF FH #[PUE])

Overall efficiency (Power Usage Effectiveness [PUE])
o &y FH U7 Th] ) A

End-use breakout
o HAIHESE I RER LA T TH

Potential areas for energy efficiency improvement
o BEAKIATRENE )

Overall energy reduction potential

& THo TR

In-Depth Assessment Tools — Savings

SRE H RS T & |4
Air Management Electrical Systems IT-Equipment Cooling
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frar “BelRZA” ?

What is ENERGY STAR? ENERGY | noneratie trony

— I U A R R AL 3G [R5
TERIITH

A voluntary public-private

partnership program ;ﬁi

.
Buildings ENERGY STAR
° }LL‘I:IIZIIII

Products
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(I8¢

.S. DEPARTMENT OF Energy Efficiency &

Resources ENERGY Renewable Energy

F E M P ﬁiEE http://wwwl.eere.energy.gov/femp/program/data_center.html

Federal Energy Management Program

Ny
rerseee ‘m

http://hightech.Ibl.gov/datacenters.html

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

ENERGY STAR

Save

E“Enﬁv http://wwwl.eere.energy.gov/industry/datacenters/
— NOW.
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B DR S B B

.S. DEPARTMENT OF Energy Efficiency &

Data Center Best Practices Summary ENERGY | renewable Energy

1. REAEI= AN bR
Measure and Benchmark Energy Use
2. FRHEITHRENLS
Identify IT Opportunities
3. IHEMITREGNTR AW RERE
Use IT to Control IT
4. EHSIR
Manage Airflow
5. DL IR KA
Optimize Environmental Conditions
6. VNS A
Evaluate Cooling Options
7. PEEHJTRERN
Improve Electrical Efficiency
8. ST REHS it
Implement Energy Efficiency Measures
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B O BRAESEER

Data Center Best Practices Reronable Enoray

1. FEFEI = AR
Measure and Benchmark Energy Use
w5 22 IR AR R B HE AL
Use metrics to measure efficiency
= O RERGRIIEAT X R
Benchmark performance
= SRRSO H R

Establish continual improvement goals

138 |hEHE B0 BERL IR US/China Data Center Efficiency Initiative



B O BRAESEER

Data Center Best Practices Energy Efficiency &

Renewable Energy
2. WHITT RENL &
ldentify IT Opportunities
w B R e RO S5 A BRI (B F R AR By
Specify efficient servers (incl. power supplies)
= R
Virtualize
BT IR A K IS
Refresh IT equipment, and decommission unused
equipment.
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B O BRAESEER

Data Center Best Practices ENERGY | roneresio troy

3. IR BT 2 HI EAE

Use IT to Control IT Energy

-iﬁ“%%%%%m,uﬁ%iﬁ 0 4 A
)(

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

o (AR TR, #71E)
Use visualization tools (e.g. thermal maps).

o T RN LUE B AR R S R T RE R
Install dashboards to manage and sustain energy
efficiency.
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B O BRAESEER

U.S. DEPARTMENT OF

Data Center Best Practices ENERGY | ronoueie tnory

4. EHSIN
Manage Airflow
n CRATHGEE SR IETE
Implement hot and cold aisles
B % 4189/
Fix leaks
= EFEHhRE
Manage floor tiles
= O EAHRR
Isolate hot and cold airstreams

141 |hEHE B0 BERIHRI] US/China Data Center Efficiency Initiative



B O BRAESEER

Data Center Best Practices ENERGY | ronoueie tnory

5. PLALIA L 264
Optimize Environmental Conditions
= K ASHRAETE B B 38 T 2 (I B RIUA% 225K
Follow ASHRAE guidelines or manufacturer specifications
= EATH, KHAASHRAEZBUE LRE
Operate to maximum ASHRAE recommended range.
o RS AR R S AE AT VRV EME N B AT

Anticipate servers to occasionally operate in allowable
range.

= D EGE AN TR A

Minimize or eliminate humidity control
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B O BRAESEER

Data Center Best Practices Energy Efficiency &

Renewable Energy
6. VEAl ¥ B LR 712
Evaluate Cooling Options
= A RS
Use centralized cooling system
= e T RIRER
Maximize central cooling plant efficiency
o SRR A JTTA
Provide liquid-based heat removal
TR RGEHLE R

Compressorless cooling
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B O BRAESEER

Data Center Best Practices Energy Efficiency &

Renewable Energy

7. RE IR
Improve Electrical Efficiency

o R R BT A R R 55 T
Select efficient UPS systems and topography

= REILRINER
Examine redundancy levels

oINS R D D AR R
Increase voltage distribution and reduce
conversions
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B O BRAESEER

Data Center Best Practices Energy Efficiency &

Renewable Energy

8. ST AR ) 7 A S I
Implement Standard Energy Efficiency Measures
w2 AR AT R AL
Install premium efficiency motors
BT BIRE RN H s s H R G8
Upgrade building automation control system
o BEEHLEE S IR B G R 5 ) D) e
Integrate CRAC controls
VIR AR R
Variable speed everywhere
= RALAEIEE I RERL

Optimize cooling tower efficiency
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B O BRAESEER

Data Center Best Practices S A
FEHEH ...
Most importantly...
B T T AN itk 7 3R N DA 74
W5 &N

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

.S. DEPARTMENT OF Energy Efficiency &

Contact Information: ENERGY | Roreratie Eroy

B, vEAM TRE)M Dale Sartor, P.E.

N TRE/NH Applications Team

AR TR, 5748 i Ta A ] 5 Sk =
Lawrence Berkeley National Laboratory
MS 90-3111

University of California

Berkeley, CA 94720
DASartor@LBL.gov

(510) 486-5988

http://Ateam.LBL.gov

3
Frrrereer ‘m
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