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The Greening of IT: Overview

Environmental Protection driven through IBM’s Product Stewardship Program
(Part of the IBM’s environmental management system)
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Data Center Energy Consumption

Computer data centers consume approximately -
electricity produced around the world and it is gre

Data Centers are Burning
73.8B Kilowatt Hours in the US
and 183.5B around the world

Sources: Estimated consumption for 2007 based on Koomey 2007 and IBM Research analysis
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Growing Power and Cooling Cost

Waorldwide Expense to Power and Cool the Server Installed
Base, 1996—-2010
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I New server spend ($B)
[ Power and cooling ($B)

—O—Installed base (M) “Over 40% of datacenter
customers report power demand
outstripping supply, while cooling

Source: IDC. 2006 Many Servers, Much Capacity, Low Utilization = capacities at their threshold have

$140B unutilized server assets become a limiting factor in
deploying new systems.
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Efficiency gains needed at all levels

Ll
mn

33 Units

Delivered*

*Data source: U.S.
Department of Energy
May 18, 2007

End to
End

Initiatives

Server hardware

(Power supply,
fans, memory,

Reduce cooling/UPS Higher efficiency
needs vs. energy going in infrastructure,
servers, capture heat at power management
source
More efficient cooling Better server
and energy supply hardware
design

Processor

Performance/
Watt

Reduce
consumption @
chip level

Advanced
chip
design +
process

Server loads

Compute
Cycles
used

forIT
Services

Reduce idle/unused
capacity which still
consumes energy

Enhance resource
usage rate
(consolidation/
virtualization)

Software efficiency
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Data Center Energy Efficiency levers

« Improve efficiency
» Performance per Watt focus
» Virtualization

« Advanced cooling solutions

Systems and
& « Energy Mgmt enablers

technology

* Planning Tools
» Active Energy Mgmt
* Enterprise Mgmt

* DC design & buildings
« DC metrics and efficiency
analysis

» Open / Standard Interfaces
» Collaboration

Data Center
Services

jJuswabeuepy

ta center infrastructure partner
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Data Center Services: Metrics

Power Usage Effectiveness (PUE)
and Datacenter Efficiency (DCiE)

Most energy Least energy
efficient efficient
1.5 2.0 2.5 3.0 3.5
’ AAMA AA A A A AMA AA A AA A A ’ (1 )

Power Usage Effectiveness (PUE)

(1) Standard supported by Green Grid, originally published by Lawrence Berkley National Laboratory, 2003
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Data Center Services: Efficiency Analysis and Optimization

Optimize data center thermal profile to eliminate hot
spots and reduce data center energy consumption.

» Digitize rapidly physical environment of a data center
> Creates detailed 3D heat maps of data centers
» Post-processing creates metrics and identify
solutions for hotspots and energy efficiency improvements

5.5 feet  hot air is sucked

into cold aisle

Mobile Measurement Technology
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Systems&Technology: Advanced chip design and technology

POWERG: Processor doubles speed
without adding to energy footprint!

At 4.7 GHz the POWERG6™ processor doubles the speed
of the previous generation POWER5™ while using
nearly the same amount of electricity to run and cool
it. This means customers can use the new processor
to either increase their performance by 100 percent

or cut their power consumption virtually in half.

POWERSG facts:

54+ GHz operation
Dual core design
>790M transistors, 341mm2die

65nm SOI process with 10 levels of Cu interconnect
and low-k dielectric on 1st 8 levels

2 superscalar, SMT cores

8 MB Level-2 cache

Support for 32MB L3

2 memory controllers

Extensive power management controls

Clock Gating
Wide voltage/frequency range

Architected idle state (Nap) for increased
clock gating

Sensors and actuators for advanced
out-of-band power management

Advanced virtualization capabilities
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Systems&Technology: Advanced cooling solutions

Datacenters convert all electrical energy to heat.

Air cooling is limited in capacity and shows many
inefficiencies.

Water cooling is 4000x more effective than
traditional air cooling.

Future vision: Zero emission data center

— Cool datacenter with hot instead of chilled water

“"Heat 700 homes with re-use of waste heat from 10 MW
datacenter”

Hot spots in the data center Rear Door Heat Exchanger

Direct
Water
Cooling
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Systems&Technology- Virtualization enables high utilization

= Consolidation: Improves server and storage utilization

— Reduces the number of servers
— Allows for targeted thermal solutions for efficiencies
— Allows for more efficient power distribution, backup, and regulation

= IBM is consolidating thousands of

servers onto approximately
30 IBM System z mainframes

— Consolidated environment will use 80%
less energy

y / y / 4

2 B N =
E : Z
Ad_SAyAR Yy
Power SaVingS: 1000/0 System1  System 2 System 4 q Advanced Virtualization
o . . 10% busy 10% bus 10% bus 70% busy
Cooling Savings: 100% W oKW oW 4KW
More Space
Total Power 8KW Total Power 4KW
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Management: Dynamic Virtualization Solutions

Transparent Workload Migration

Enables Dynamic Server Consolidation

— [SPI S ¢
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Use of hibernation, powering off servers, and
other low power states in combination with other
workload balancing and provisioning tools can
provide a valuable tool in management of Power
and Thermal issues.

Automate Energy Control
= Policy-based automation

Control Energy Consumption
= (Consolidate workloads to reduce
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Management: POWERG6 EnergyScale™ Functions

Hardware = Measure
PR '

IBM Director Collect and report power consumption, inlet and
Active Energy Management exhaust temperature

Manager

= Power Capping

Precision control to keep system power under a

IBM Flexible specified limit

POWER6™ Service
Processor .
(FSP) = Power Saving

Save energy in periods of lower utilization.
Control performance to just offer sufficient capacity

required by the IT services.
EnergyScale

Controller

Power Control Firmware
Power Module API
Power Power Mgmt Policies

Modules
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Management: Integration of IT and Facility Mgmt

Automatically control cooling based on feedback from IT equipment
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Management: Energy Solutions Stack Consoles - Dashboard

Automation Business Services

Building - Data
Systems ) Warehouse
e—
Standardize over time Repository
lerts
Information
olicy

Console

Platform Management
Systems Director =

Active
Energy

Management
Energy Data
Thermal Data

IBM Systems

“
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Energy Management: Integrated Vision

Issues: Available Power and Cooling have become a barrier to business growth, and the
ability to increase either one is a major investment that clients want/need to delay or
avoid.

. \ IT Efficiency \ Data Center Efficiency\
ﬁyStem Level Efficiency / & Reliability & Reliability

 Improved Performance / Watt » Workload Packing * Active ties between IT and Data
« Energy efficient components « Dynamic Workload re-distribution Center Infrastructure

« Energy Monitoring & Trending « Multi-platform Optimization * Integration with Enterprise

« Energy Management enablers « Thermal Monitoring & Mgmt Management

 Data Center Efficiency Services

anroved System Utilization K / k
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Evolutionary paths toward greater energy efficiency

[ EnergyEficlency Maturity Curve

Monitoring and
Measurement

Eliminate Existing
Inefficiencies

Control Power

Dynamic Energy
Management

Benchmark of
energy usage
Real-time
dashboard of
energy metrics
Native and External
Sensors

Financial analysis
of energy usage
Carbon footprint
analysis

= Eliminate unused
assets

= Underutilized assets

= |dentify and take
action on energy
“hogs”

Throttle back server
power consumption
Raise temperatures
to eliminate buffers

= Manage assets for

energy efficiency
Minimize hot spots

Move workloads
dynamically in
response to energy
metrics

Dynamic
virtualization
Respond to
equipment issues
through facilities
management

"Revolutionizing Data Center Efficiency — McKinsey & Company
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Data Center Energy Distribution

—— Cooling systems ——]
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— Electrical and building systems ——|

% of total data center electricity use

o

Chiller/ Humidifier
Cooling Room Air

Tower Conditioner

Computer

Power Uninterruptible ~ Switch/
Distribution Power Gen
Unit Supply

Lighting

Power Use

The data center energy challenge affects both the physical data center and the IT infrastructure

III|| 1] an ol

© 2008 IBM Corporation



System Power Distribution

System Power Varies as a Function of Architecture, Configuration and Workload
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Systems&Technology: Virtualization

y / y /
= a
X %
System1  System 2 System 4 q Advanced Virtualization
10% busy 10% busy 10% busy 70% busy
2KW 2KW 2KW 4KW
Total Power 8KW Total Power 4KW
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Highlights of IBM’s Leadership in Climate Protection Awards &

Early Results

Recognition

Low
Carbon
Leader

/o\ Between 1990 and 2006, IBMs global

avoided CO, emissions by an amount
equal to 44% of its 1990 emissions.

Yo energy conservation actions reduced or

(o)

1998 Became the first
60 semiconductor company to
50 set a numerical target for

PFC emissions reduction

Climate Protection Award
1998 and 2006 rkplaces

QI m r

2000 2001 2002 2003 2004 2005 2006

CLIMATE ¥}2005 s =

i

G Erveiranimnital Protection Aghndy 2 0 0 6
Present Goal

Further extend IBM's early accomplishments by reducing CO,

Collaboration and Partnership -

member
2000

@ PEW CENTER

CLIMATE

Global €5'4\' £

Business Environmental
Leadership Council

ENERGY STAR

Computer

Program CLIMATEY¥ CHARTER
LEADERS MEMBER

U8 Erdrandmental Protection Agancy 2002
B SmartWay-

Transport Partnership

emissions associated with IBM’s energy use 12% from 2005 to
2012 via energy conservation, use of renewable energy,
and/or funding CO, emissions reductions with Renewable
Energy Certificates or comparable instruments.

Early Support for Disclosure

CARBON DISCLOSURE PROJECT

Since inception

—— cex o~
WRI GREEN POWER MARKET Chprter mgmber 2003 e1n(3iosss(ibo)nvsoluntary
DEVELOPMENT GROUP 0] l Chicago Climate Exchange Ferontinge 199

Charter member 2000
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Special Notices

This document was developed for IBM offerings in Germany as of the date of publication. IBM may not make these offerings available in other
countries, and the information is subject to change without notice. Consult your local IBM business contact for information on the IBM offerings
available in your area.

Information in this document concerning non-IBM products was obtained from the suppliers of these products or other public sources. Questions on
the capabilities of non-IBM products should be addressed to the suppliers of those products.

IBM may have patents or pending patent applications covering subject matter in this document. The furnishing of this document does not give you
any license to these patents. Send license inquires, in writing, to IBM Director of Licensing, IBM Corporation, New Castle Drive, Armonk, NY 10504-
1785 USA.

All statements regarding IBM future direction and intent are subject to change or withdrawal without notice, and represent goals and objectives only.

The information contained in this document has not been submitted to any formal IBM test and is provided "AS IS" with no warranties or guarantees
either expressed or implied.

All examples cited or described in this document are presented as illustrations of the manner in which some IBM products can be used and the
results that may be achieved. Actual environmental costs and performance characteristics will vary depending on individual client configurations and
conditions.

IBM Global Financing offerings are provided through IBM Credit Corporation in the United States and other IBM subsidiaries and divisions worldwide
to qualified commercial and government clients. Rates are based on a client's credit rating, financing terms, offering type, equipment type and
options, and may vary by country. Other restrictions may apply. Rates and offerings are subject to change, extension or withdrawal without notice.

IBM is not responsible for printing errors in this document that result in pricing or information inaccuracies.
All prices shown are IBM's United States suggested list prices and are subject to change without notice; reseller prices may vary.
IBM hardware products are manufactured from new parts, or new and serviceable used parts. Regardless, our warranty terms apply.

Any performance data contained in this document was determined in a controlled environment. Actual results may vary significantly and are
dependent on many factors including system hardware configuration and software design and configuration. Some measurements quoted in this
document may have been made on development-level systems. There is no guarantee these measurements will be the same on generally-available
systems. Some measurements quoted in this document may have been estimated through extrapolation. Users of this document should verify the
applicable data for their specific environment.

Features and functions described in this document may vary by release level of the operating system. Contact your IBM or Business Partner
representative for information on specific support limitations.

When referring to storage capacity, 1TB equals total GB divided by 1,000; accessible capacity may be less.

Revised September 26, 2006
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Special Notices (Cont.)

The following terms are registered trademarks of International Business Machines Corporation in the United States and/or other countries: AIX, AIX/L,
AlX/L(logo), alphaWorks, AS/400, BladeCenter, Blue Gene, Blue Lightning, C Set++, CICS, CICS/6000, ClusterProven, CT/2, DataHub, DataJoiner, DB2,
DEEP BLUE, developerWorks, DirectTalk, Domino, DYNIX, DYNIX/ptx, e business(logo), e(logo)business, e(logo)server, Enterprise Storage Server, ESCON,
FlashCopy, GDDM, i5/0S, IBM, IBM(logo), ibm.com, IBM Business Partner (logo), Informix, IntelliStation, IQ-Link, LANStreamer, LoadLeveler, Lotus, Lotus
Notes, Lotusphere, Magstar, MediaStreamer, Micro Channel, MQSeries, Net.Data, Netfinity, NetView, Network Station, Notes, NUMA-Q, Operating System/2,
Operating System/400, OS/2, 0S/390, OS/400, Parallel Sysplex, PartnerLink, PartnerWorld, Passport Advantage, POWERparallel, Power PC 603, Power PC
604, PowerPC, PowerPC(logo), Predictive Failure Analysis, pSeries, PTX, ptx’ ADMIN, RETAIN, RISC System/6000, RS/6000, RT Personal Computer, S/390,
Scalable POWERparallel Systems, SecureWay, Sequent, ServerProven, SpaceBall, System/390, The Engines of e-business, THINK, Tivoli, Tivoli(logo), Tivoli
Management Environment, Tivoli Ready(logo), TME, TotalStorage, TURBOWAYS, VisualAge, WebSphere, xSeries, z/OS, zSeries.

The following terms are trademarks of International Business Machines Corporation in the United States and/or other countries: Advanced Micro-Partitioning,
AIX 5L, AIX PVMe, AS/400e, Chiphopper, Chipkill, Cloudscape, DB2 OLAP Server, DB2 Universal Database, DFDSM, DFSORT, DS4000, DS6000, DS8000,
e-business(logo), e-business on demand, EnergyScale, eServer, Express Middleware, Express Portfolio, Express Servers, Express Servers and Storage,
GigaProcessor, HACMP, HACMP/6000, IBM TotalStorage Proven, IBMLink, IMS, Intelligent Miner, iSeries, Micro-Partitioning, NUMACenter, On Demand
Business logo, OpenPower, POWER, PowerExecutive, Power Architecture, Power Everywhere, Power Family, Power PC, PowerPC Architecture, PowerPC
603, PowerPC 603e, PowerPC 604, PowerPC 750, POWER2, POWER2 Architecture, POWER3, POWER4, POWER4+, POWER5, POWER5+, POWERS,
POWER®G6+, Redbooks, Sequent (logo), SequentLINK, Server Advantage, ServeRAID, Service Director, SmoothStart, SP, System i, System i5, System p,
System p5, System Storage, System z, System z9, S/390 Parallel Enterprise Server, Tivoli Enterprise, TME 10, TotalStorage Proven, Ultramedia,
VideoCharger, Virtualization Engine, Visualization Data Explorer, X-Architecture, z/Architecture, z/9.

A full list of U.S. trademarks owned by IBM may be found at: http://www.ibm.com/legal/copytrade.shtml.

UNIXis a registered trademark of The Open Group in the United States, other countries or both.

Linux is a registered trademark of Linus Torvalds in the United States, other countries or both.

Microsoft, Windows, Windows NT and the Windows logo are trademarks of Microsoft Corporation in the United States, other countries or both.

Intel, Itanium, Pentium and Xeon are trademarks or registered trademarks of Intel Corporation or its subsidiaries in the United States, other countries or both.
AMD Opteron is a trademark of Advanced Micro Devices, Inc.

Java and all Java-based trademarks and logos are trademarks of Sun Microsystems, Inc. in the United States, other countries or both.

TPC-C and TPC-H are trademarks of the Transaction Performance Processing Council (TPPC).

SPECint, SPECfp, SPECjbb, SPECweb, SPECjAppServer, SPEC OMP, SPECviewperf, SPECapc, SPEChpc, SPECjvm, SPECmail, SPECimap and SPECsfs
are trademarks of the Standard Performance Evaluation Corp (SPEC).

NetBench is a registered trademark of Ziff Davis Media in the United States, other countries or both.

AltiVec is a trademark of Freescale Semiconductor, Inc.

Cell Broadband Engine is a trademark of Sony Computer Entertainment Inc.

Other company, product and service names may be trademarks or service marks of others.

Revised September 28, 2006
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Trademarks

The following are trademarks of the International Business Machines Corporation in the United States and/or other countries.

BladeCenter* POWER System p5

Cool Blue POWER Architecture System x . |
IBM POWERSG :I\\’/S:ﬁ;“ z * Registered trademarks of IBM Corporation
IBM logo System p X-Architecture

The following are trademarks or registered trademarks of other companies.

Intel, Intel logo, Intel Inside, Intel Inside logo, Intel Centrino, Intel Centrino logo, Celeron, Intel Xeon, Intel SpeedStep, Itanium, and Pentium are trademarks or
registered trademarks of Intel Corporation in the United States, other countries, or both.

Java and all Java-based trademarks and logos are trademarks of Sun Microsystems, Inc., in the United States, other countries or both.

Linux is a registered trademark of Linus Torvalds in the United States, other countries, or both.

UNIX is a registered trademark of The Open Group in the United States and other countries.

Microsoft, Windows, Windows NT and the Windows logo are trademarks of Microsoft Corporation in the United States, other countries, or both.

Red Hat, the Red Hat "Shadow Man" logo, and all Red Hat-based trademarks and logos are trademarks or registered trademarks of Red Hat, Inc., in the United States
and other countries.
SET and Secure Electronic Transaction are trademarks owned by SET Secure Electronic Transaction LLC.

* All other products may be trademarks or registered trademarks of their respective companies.

Notes:

Performance is in Internal Throughput Rate (ITR) ratio based on measurements and projections using standard IBM benchmarks in a controlled environment. The actual throughput that any
user will experience will vary depending upon considerations such as the amount of multiprogramming in the user's job stream, the I/O configuration, the storage configuration, and the workload
processed. Therefore, no assurance can be given that an individual user will achieve throughput improvements equivalent to the performance ratios stated here.

IBM hardware products are manufactured from new parts, or new and serviceable used parts. Regardless, our warranty terms apply.

All customer examples cited or described in this presentation are presented as illustrations of the manner in which some customers have used IBM products and the results they may have
achieved. Actual environmental costs and performance characteristics will vary depending on individual customer configurations and conditions.

This publication was produced in the United States. IBM may not offer the products, services or features discussed in this document in other countries, and the information may be subject to
change without notice. Consult your local IBM business contact for information on the product or services available in your area.

All statements regarding IBM's future direction and intent are subject to change or withdrawal without notice, and represent goals and objectives only.

Information about non-IBM products is obtained from the manufacturers of those products or their published announcements. IBM has not tested those products and cannot confirm the
performance, compatibility, or any other claims related to non-IBM products. Questions on the capabilities of non-IBM products should be addressed to the suppliers of those products.
Prices subject to change without notice. Contact your IBM representative or Business Partner for the most current pricing in your geography.
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