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Data Centers and
Power Consumption

EPA Report 2007

Data Centers consume ~1.5-2% of total U.S. electricity

consumption

Power consumption more than doubled 2000-2007

Servar closat

s
S

Server room

-3
=

Localized
aata center

@
o

Mad-tior
Gata center

Annual olectricity use [biflion kK'AWh/year)
.
=

Enterprise-class
Gata center

~
o

2006 2007 2008 2009 2010 0m

Figure 3: Projected 5-Year Electricity Consumption Growth in Data Centers by
Market Segment, Assuming Continuation of Current Energy Trends
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fapmieliier T The “War of the Currents”
USER FORUM Late 18008

.........

Nikola Tesla: held several Thomas Edison:

instrumental patents in the Argued AC was
Westinghouse AC system. deadlier than DC



=il Some DC History...
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_ 80% of all AC
DC Semiconductors / electricity is used

Power Electronics by DC based power
electronics

Initial Electrical
Loads:
Simple

Inductive &
Resistive
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AT A Better Way
USER FORUM DC Microgrids
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* Minimal Conversion Loss
7] % » Lower Operating Expense
3% to 6%
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* Less Real Estate
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How it all started:

sed roruii A great cup of coffee

NextEnergy and Nextek Tech Town and Java Cafe = WSU Datacenter
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NextEnergy’s mission is to accelerate
energy security, economic competitiveness,
and environmental responsibility through the

growth of advanced energy technologies,
businesses, and industries.




The NextEnergy

USER FORUM Data Room Detalil

380v DC /| SOLAR POWERED al Y SOLARGGOF WOUWIED .
HIGH PERFORMANCE xisting array's on NextEnergy Roo
COMPUTER CENTER

SYSTEM DIAGRAM

STARLINE 380v
AC and DC Busway System

Existing
380v DC
Power
Infrastructure

AC GRID

Air ] AC BUILDING
TO EXISTING SERVICE
DC LIGHTING + FAN LOADS
(See Alternate Graphic)

Conditioning
Unit(s)

OUTLINE OF SECURE
4——— DATA ROOM WITHIN NEXTENERGY
CENTER BUILDING

(Future IT
1T Server 380v DC » 7
Rack with Rectifier merl
DC equip- +UPS BATT HIGH SPEED MERIT NETWORK CONNECTION ~epentie,
wi

) NEXTEK S:S%%Zn?g =

Power Systems

ENERGY

et S i




TRRRTY The NextEnergy
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Utility provides 4800 volts

AC Power Diagram

Transformer reduces ulility power from Automatic Transfer Switch Power Distribution
4800 to 480 volts

480 V

General Building Loads

Lighting/ HVAC
Office power

Uninterruptible Power Supply

Power Distribution Unit (PDU)

480 Volt AC
208 Voit

Batteries supplying 480 volt
DC power

480/208 Volt

i 208 Volt

480/208 Volt

Three typical conversions between utility and servers




480 volt AC

Power Loss

AC TOTAL~25-28%+A%
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DC TOTAL_ 3%+A%




Grid Layout

Job Scheduler Login Node Disk Management/Array
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<\ Altair PBS Professional

HPC Job Scheduling & Workload Management
Faster time-to-results, better throughput and utilization

Scalablility and Reliablility

Policy-driven Scheduling

Accelerator Scheduling

Green Provisioning™ for Power Management
Topology-aware Scheduling

EAL3+ Security Certified

Extensible Plugin Framework

Mature and Reliable Technology




PDU Data Collection

DC Data Collection
(amatis AM-SCADA Meter and Monitor)

Disk Array A
Disk Array B

Juniper Switch A
Juniper Switch B

- AMD Compute 1-A

- AMD Compute 1-B

Intel Compute 1-A
Intel Compute 1-B

Intel Compute 2-A
Intel Compute 2-B

AC Data Collection
(APC AP8641 Rack PDU)

Disk Array A
Disk Array B

Juniper Switch A
Juniper Switch B

AMD Compute 1-A
AMD Compute 1-B

Intel Compute 1-A
Intel Compute 1-B

Intel Compute 2-A
Intel Compute 2-B




IPMI & Ganglia
Readings

C6145 - 48 Readings Total C6100 - 19 Readings Total

=
(@))

RAM Temperature Readings CPU Temperature Readings
CPU Temperature Readings Main Logic Board Temperature Readings
Main Logic Board Temperature Readings Fan Control Board Temperature Readings
Northbridge Board Temperature Readings Fan Speed Readings
Fan Controller Board Temperature Reading Power Supply Voltage Readings
Fan Speed Readings Standby Voltage Reading
Power Supply Voltage Readings CPU Core Voltage Readings

Standby Voltage Reading Power Supply Currents

CPU Core Voltage Readings

Power Supply Amperage Readings Ganglia Readings

4
4
2
1
8
)
1
4
2
1

Mother Board 12V Amperage Reading CPU Load, Memory, Bytes In, Byte Out, Disk Free




Data Collection
USER FORUM and StOrage

Intelligent Platform
Management Interface

IPMI

Amatis AM-SCADA

Meter and Monitor ’ APC AP8641 Rack PDU




Summary

USER FORUM

DC Microgrids save money
_ess electricity

_ess cooling
_ess space

_ess maintenance (reliability)

Minimal AC-DC conversion losses

Flexible, whole-building use of 380VDC power
Applicable to existing IT equipment

Fully scalable to meet demand
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Drivers of WSU'’s ; x ‘
USER FoRUil Interest in More |

Efficient Data Centers

Institutional IT strategy: co-location, server
nosting and IT consolidation

Declining budgets
Units being asked to pay electricity bills
Environmental benefits

Alternative energy and microgrids

Detroit’s Public Lighting Department: reliability
Research




AC vs. DC
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Energy loss in every AD/DC conversion
efficiencies generally range from 75%-95%

Three typical conversions between power plant and
servers in a data center

Energy lost typically as heat
adding to cooling problems in data center

Inside servers: DC already




o Other DC

Duke Energy data center
in Charlotte, North
Carolina

EPRI/LBNL - Electric
Power Research Institute
Lawrence Berkeley
National Lab, California

rorum  Data Center Pilots. ..

Calit2 - California Institute
for Telecommunications and
Information Technology , UC
San Diego



http://www.calit2.net/

: Full Scale 1MW
USER FORUM DC Data Center

Green.ch-ABB Zurich-West
380Vdc Data Center

ABB/Validus Power Distribution
In: 16KV AC
Out: IMW @ 380Vdc
Battery Backup: 10 mins
Backup Generation
1,100m? of 3,300m? Vdc
HP 2U, Blades & Storage Servers

Demonstrated Benefits
10% Better Energy Efficiency
15% Lower Capital Cost
25% Smaller Footprint
20% Lower Installation Costs

16KVac ' 380Vdc |
Rectifier Dastéarzeer;tser
30 \ k

k Battery StorageJ




Benchmarking
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TPCW

HiBench

YCSB YAaHOO!

RESEARCH



