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Green It: Definition

Green computing

From Wikipedia, the free encyclopedia

'hprrn'tn, rwdw thw use n:ufhavardnu rnatwrl.ah maximize energy Fﬂin lency durlnq thw prudwt etime, and promote recyclability o

biodegradability of defunct products and factory waste.
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Source: Wikipedia




greentechmedia: Green IT Taxonomy

55 s Demand
Carbon Offsets, Renewable Energy Credits (RECs) Response,

‘ Hol\r:eninzrgy Net Metering
Green Services Autgnﬁtion Energy Finance Services & Renewable Power Providers
& Programs i
Services Rebate Incentive
Hardware Recycling & Disposal Programs * Programs

EMG Usage Enterprise Sustainability
Management (ESM) S/W

—

R ot Server Yirtualization
ecommendation
T — Engines Telepresence Active Energy Management S/W Smart Grid / IUN
hy Mg ) Software {Monitor, measure, report, control, compare) Management
(Management, Menitoring, Home Monitoring y Systems

Middleware, Application) Y anteal Desktop . Distributed Power Management S/W

Virtualization
Intelligent Sensor Networks Next-Gen Power Efficient Computo Resources
(Blade Servers, Next-Gen Mainframes, etc.)

{ZigBee-based mesh networks)

Energy Energy Optimized Data Storage Systems Smart Meters

Hardware Management (Performance-, Capacity-, Power-Oriented Storage)
Gateways (EMG}) Telepresence Intelligent Utility

(Componcn[sfSystem s) = :
Systems Power Efficient Chipsets Network {IUN)
Mini Fuel Cells (Lower voltage, lower frequency, decreased W:\rrs.‘MIES, Devices
(‘COI‘!SUT‘.‘lEI' clccvonics'l multi-core Processors, power-aware processors, &I’.(.)

Advanced Cooling (In-Rew Cooling, Liquid Caoling)
Power Conversion Reduction (DC power dist.)
Data Center Facili -
(Design, Best Praccices)ty Hot/Cold Aisle Design
g * => \What central OC {Airflow mgmc, Baffles, Blanking Panels)
Tech nology is doing Server Consolidation & Optimization

(Larger servers, smaller ¥ / Right apps. on right servers)

Data Center Location {Relative to available power}

Renewable

Power Generation Solar (Distributed PY, CSP (CST/CPV)),Wind, Hydro, Geothermal, Solid Oxide Fuel Cell

(See Greentech Media’'s 2008 Greentech Market Taxonomy for a full greentech taxonomy)

Residential Enterprise / Data Center Internet Data Center Utility
Source: GreenTechMedia




Carbon Emissions - Information Technology

The Bad News: Operationaluse'of ICT: accounts
conservatively ...

IT /1&0 Green IT: An Infrastructure and Operations Key Initiative, Gartner, 2008



http://en.wikipedia.org/wiki/Information_and_communication_technologies

Carbon Emissions - Information Technology

Definitions:

Transformation of IT — direct, first-order
impacts related to the manufacture, use and
disposition of physical ICT assets and ICT related
services, e.g., more energy efficient servers and PCs.

The “2%”

Transformation by IT - second order impacts
with ICT’s enabling role, e.g., videoconferencing and

collaboration (impact on travel). The “98%”

All-around
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Source: “Summary Report: Low Carbon and Environmental Leadership in the ICT Industry by Gartner and WWF”, Gartner, October 22, 2010



Corporate Purchases of "Green" Electricity

GP % of

Annual Green Total

Pouzﬁrwlljf)age Electricity
Use*

1. Intel Corporation

Information

1,433,200,000 51%
Technology

2. Kohl's Department Stores

1,367,376,000 100% Retail

3. Whole Foods Market

817,657,623 100% Retail

4. starbucks

573,432,000 559, Restaurants & Food

Srves.,

5. Commonwealth of Pennsvivania
500,000,000 50% Govt. (State)
6. City of Houston, TX

438,000,000 34%

7. DellInc,

Govt. (Local,
Municipal)

Information

431,058,000 Technology

129%
8. Johnson & Johnson
416,510,688 39% Health Care

0. 1LS, Air F

339,660,392 4% Govt. (Federal)

Providers (listed in

Organization Type descending order by KWh

supplied to Partner)

Sterling Planet®, On-site
Generation, PNM

3Degrees®, WM Renewable
Energy®, On-site Generation,
Sacramento Municipal Utility
District®, City of Dover

3Degrees®, Austin Energy,
On-site Generation

Nexant®, 3Degrees®

Renewable Choice Energy®

Reliant Energy

NextEra Energy Resources®,
TXU Energy®, Austin Energy,
Oklahoma Gas & Electric,
Idaho Power®, On-site
Generation

3Degrees®, NextEra Energy
Resources®, GDF Suez Energy
Resources NA®, Sempra
Energy®, Liberty Power®, On-
site Generation, PNM

TransAlta Energy Marketing,
Sterling Planet®, On-site
Generation, Oklahoma Gas &
Electric, Colorado Springs
Utilities, Rocky Mountain
Power®, Champion Energy
Services, Georgia Power®,
Nexant, Xcel Energy®,
PowerSouth Energy

Cooperative, Hess Energy
Marketing®, Minnkota Power

Cooperative, Western Farmers

Electric Cooperative, El Paso
Electric, Rocky Mountain
Generation Cooperative

Green Power
Resources

Biogas, Biomass,
Geothermal,
Small-hydro,
Solar, wind

Biogas, Biomass,
Small-hydro,
Solar, wind

solar, wind

wind

Various

Wind

Biogas, Solar,
wind

Biomass, Solar,
Wind

Biogas, Biomass,
Solar, wind

GP % of

Annual Green Total

Pouzﬁrwlljf)age Electricity
Use*

10. Citv of Dallas, TX
333,659,840 40%
11. HSBC North America
300,000,000

Govt. (Local,
Municipal)

Banking & Fin.

112% Srvcs.

12. Cisco Systems, Inc.

270,209,528  29% Information

Technology

Organization Type descending order by KWh

Providers (listed in Green Power

supplied to Partner) Resources

GDF Suez Energy Resources
NA

NextEra Energy Resources®

Sterling Planet®, Austin

Energy, AmerenUE® Biomass, Wind

13. Wal-Mart Stores, Inc, / California and Texas Facilities

263,533,433 8%
14. .S, Environmental Protection Agency

Retail

262,100,000 100% Govt. (Federal)

15. District of Columbia

Govt. (Local,

244,267,000 50% Municipal)

16. ID Bank, N.A,
240,333,272

17. BNY Mellon
229,500,000 77%
18. City of Chicago, IL
215,000,000 20%

Banking & Fin.

100% Srves.

Banking & Fin.
Srves.

Govt. (Local,
Municipal)

19. University of Pennsylvania
201,841,600  48%
20. BD

200,631,536 38%

Education (Higher)

Health Care

339,660,392 Govt. (Federal)

Source: National Top 50 Partner List (as of October 5, 2010), EPA

Duke Energy, On-site
Generation

Biogas, Solar,
Wind

3Degrees®, NextEra Energy
Resources, Bonneville
Environmental Foundation®,
Pacific Power®, On-site
Generation, Minnesota Power

Biogas, Biomass,
Solar, wind

washington Gas Energy
Services®

Community Energy®,
Renewable Choice Energy®

NextEra Energy Resources®,
Pepco Energy Services®

Renewable Choice Energy®

Community Energy®, On-site

Generation Solar, wind

NextEra Energy Resources®,
Rockv Mountain Power®
Generation, Oklahoma Gas &
Electric, Colorado Springs
Utilities, Rocky Mountain
Power®, Champion Energy
Services, Georgia Power®,
Nexant, Xcel Energy®,
PowerSouth Energy

Wind

Biogas, Biomass,
Solar, wind




Technology Trends

Figure 1. Hype Cycle for Emerging Technologies, 2008

visibility

4

Social Computing Platforms

Video Telepresence
Microblogging P

3-D Printing
Cloud Computing
Surface Computers
Augmented Reality
Mobile Robots

Solid-State Drives

avioral Economics

Web 2.0

Service-Oriented
Business Applications

Virtual Assistants
RFID (Case/Pallet)

Context Delivery Architecture
Erasable Paper FPrinting Systems

Public Virtual Worlds

Green IT involves the optimal use of information and
communication technology (ICT) for managing the
environmental sustainability of enterprise operations and the
supply chain, as well as that of its products, services and
resources throughout their life cycles. This definition
addresses the environmental issues associated with IT
infrastructure itself, as well as with the applications of IT.

For most organizations "green IT" is focused on the energy
efficiency of their IT infrastructure and can include initiatives
such as virtualization, consolidation, improved efficiency of
the power and cooling infrastructure of the data center, power
management at the desktop and at the server, thin client,
printer consolidation, and paper reduction.

Basic Web Services

Location-Aware Applications
SOA

Tablet PC

Electronic Paper
Wikis
Social Network Analysis

Idea Management
Corporate Blogging

As of July 2008

Peak of
Inflated
Expectations

Technology
Trigger

Trough of
Disillusionment

Plateau of

Slope of Enlightenment Productivity

time
Years to mainstream adoption:

O less than 2 years © 2 to 5 years

Source: Hype Cycle for Emerging Technologies, 2008, Gartner, July 9. 2008

@® 5 to 10 years

>

obsolete
A more than 10 years @ before plateau




Technology Trends

expectations
4

Social Software Suites

Microblogging Green IT removed from the 2010 Emerging

Green IT Technology Hype Cycle
3-D Printing Video Telepresence

Augmented Reality Mesh Networks: Sensor

Surface Computers

Mobile Robots
Behavioral Economics

Online Video Speech Recognition

; S0OA
Corporate Blogging Location-Aware Applications
Wikis
Electronic Paper
Public Virtual Worlds Tablet PC
Idea Management
Context Delivery Architecture Web 2.0
Quantum Computing Social Network Analysis
3D Flat-Panel Displays Over-the-Air Mobile Phone Payment Systems,
_ Developed Markets
Human Augmentation RFID (Case/Paliet) As of July 2009

Peak of

Technology Trough of
- Inflated - L Slope of Enlightenment
Trigger Expectations Disillusionment

Plateau of
Productivity
r

time

Years to mainstream adoption: obsolete

OClessthan 2years O 2tobyears @ 5to 10years A morethan 10 years & before plateau

Source: Hype Cycle for Emerging Technologies, 2009, Gartner, July 21. 2009



Technology Trends

expectations

Wireless Power
Sustainable Design PLM
Sustainability! C5R Performance
Wanagement
Enterprisewvade Carbon and
Energy Management Software
Retail Real Estate Portfolio Management
Building-Integrated PV Solar
Water Managerment
Solar Povwer Mobile Devices
Smart Appliances
Life Cycle Assessment Tools
Intelligent Lighting
Faciliies Energy Management
Consumer Energy Storage
Sustainability Business
Operations Consulting Services
Silicon Anode Battenes
Home Energy Management/
Consumer Energy Management
Sustainable Sourcing and
Procurement
LED Street and Area Lighting
Autonomous Vehicles

In-Chassis Co oling

Transpartation:
Carbon Accounting

A

Server Power
Capping

Massive Array of |dle Disks

Ermissions Position Management
Flug-In Hybnd Electnc Vehicle s’Electnic Vehicles
Thermal {or Concentrated) Solar Power

! A0 Carbon Capture and Sequestration
Cloud Computing

Cooling Management Software

Combined Heat and Power
Ecolabeling and Footprinting
Energy Efficient Ethernet (802 3az)

Data Center Infrastructure

Management Software

Mesh Metworks: Sensor
Lnified Communications
and Collaboration

Data Deduplication
E-Waste (U S. State-
Level Regulations)
Hosted Virtual Deskiops
Yideo Telepresence
A
(]
()

Fleet (Transportation)
Routing and Scheduling 7]

WAN Optimization
_ Controllers
Salid-Ink Print Devices
Crganic Light-
Emitting Devices
Location-Based
Services

Location-Aware
Applications

ElectranicPaper
0

FoH=!

WEEE ~®
Y

Carbon
Markets
Electric
Yehicles

Hydrogen
Econory

O
) .
Pyl Location-Aware Technology
Enterprise Content
Management Suites

FLW-Centric Team Collaboration
Virtualization
Managed Print Services
Hybrid Electric Vehicles

Wark-at-Horme Outsourcing
Photovoltaic Generation
Free Cooling (Economizers)
Thin Promvisioning
PC-Grade Salid-State Drives
Lean Manufacturing Systems
In-Rack Cooling
— Fuel Cells

A

Home Health Monitoring e &y

Unified Communications
Micro Fuel Cells

EH&SA;:ulplicanDns
Hydrogen Fuel Cell Vehicles
Process Control and Automation

Asof July 2010

Technology
Trigger

Peak of
Inflated
Expectations

Trough of
Disillusionment

Plateau of

Slope of Enlightenment Productivity

Years to mainstream adoption:
O less than 2 years

time v

obsolete

O 210 5 years @ before plateau

® 5i0 10 years A more than 10 years

Source: Hype Cycle for Sustainability and Green IT, Gartner, July 29. 2010



Economizer Hours for a Data Center

Fresh Air Cooling Map

The Geeon Grd
Estimate of Air-side Economizer

Hours For Data Centers O S : S~
0 2009 The Grean Grd .

Number of Available Hours Where:
Dry Bulb Temperature <= 81F {(27C)

AND Dewpoint <= 58F (15C)
AND Relative Humidity <= 60%




Orange County Data Center: Green IT Assessment

Facilities ‘ ‘

Culture & IT Staff

Technology = Orange County

‘ ‘ ‘ ‘ PS Industry - US

Management

IT Governance

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

Source: Hewlett Packard’s Converged Infrastructure Maturity Model, Orange County Data Center, July 2010
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Drivers for Sustainability

Voluntary

Reporting
Investors /
Insurance

Regulations

Reduce GHG
and projected
costs

Customers /
Opportunities

Reduce
Operational Sustainability Employees
costs

Source: “Sustainability Services Introduction”, Hitachi Consulting, August 2010




Drivers: Regulations versus Consumer Advantage

Competitive Advantage Over Time

Early
Majority

Late Majority

Regulations

Market
Disadvantage

=]
£
]
11
[+7]
=
=

Regulatory
Mandates

Legend: s [equlator Influence s Consumer Influence

= = WYolume of Participants s Short-term Costs and Risk

Source: “Green IT”, Deloitte Consulting




> EPA
A
\.’ Linited States Environmentzl Protection Agency

Energy Star i

ENERGY STAR

Energy Star is an international standard for energy efficient consumer products. It was first created as a United States government
program in 1992, but Australia, Canada, Japan, Mew Zealand, Taiwan and the European Union have also adopted the program. Dev
carrying the Energy Star logo, such as computer products and peripherals, kitchen appliances, buildings and other products, save

% on auerage.m However, many European-targeted products are labeled using a different standard, TCO Certification, a combined
energy usage and ergonomics rating from the Swedish Confederation of Professional Employees (TCO) instead of Energy Star.

Contents [hide]

e Next Big Thing?

2.1 Appliances Lighting feci]
2.2 Heating and Cooling 5
 Home Electronics
2.4 Lighting
2.5 Home office
w Homes
y Performance Ratings
3.1 Buildings
ndustrial Facilities

The EMERGY STAR is awarded to only certain bulbs that meet strict efficiency, quality, and lifetime criteria.
ENERGY STAR gualified flucrescent lighting u 5 energy and lasts up to ten times longer than normal
incandescent lights.

ENERGY STAR Qualified Light Emitting Diode (LED) Lighting:

Redu nergy costs — uses at le 75" 55 energy than incandescent lighting, saving on operating

imes longer than incandescent lighting and about 2 to 5 times
than flug . no ladders, no ongoing disposal program.
her Facilities cooling s — LEDs produce very little heat.
4 Controversies Is gquaranteed — comes with a minimum three-year warranty — far beyond the industry standard.
5 See also Offers convenient features — available with dimming on some indoor models and automatic daylight shut-off and
6 References maotion 5 on some outdoor models.

7 External links Is durable — won't break like a bulb.




Energy Efficiency - Opportunity Analysis

SMART 2020 US Addendum: Four main ICT Opportunities:

Savings by 2020

MMT of CO, Dollars
- Billions -
1. Smart Grid 230 — 480 $15 - 35
2. Road Transportation 240 — 440 65— 115
3. Smart Buildings 270 — 360 40 — 50
4. Travel Substitution 70-130 20 — 40

Notes: 1. Baseline in US is 5,980 MMT (2007)
2. Savings are computed at $0.09 / kWh

Source: “Smart 2020: Enabling the low carbon economy in the information age, United States Addendum”, Boston Consulting Group, 2008




Energy Efficiency - Opportunity Analysis

U.S. reduction
potential in 2020 Description Example

MMT of CO, Design buildings that Simulation and modeling design
270—3601 have minimal, or even software: building size, lighting, choice
negative, energy of material, air flows and HVAC sizing

Smart Building consumption Building Information Modeling (BIM)

design

Optimize energy Smart appliances

consumption of an Smart sensors and controls

entire building in real- Building Management Systems (BMS)
time based on inputs Smart meters

from occupants, local Decision-making software

utilities and outdoor

| weather

Smart Building
technology

Breakdown of ICT-enabled
CQO, reduction potential

1. Multiple levers contribute to the reduction potentials. The mid-
point was used to obtain the percentage break-downs. See
appendix for details.

Source: “Smart 2020: Enabling the low carbon economy in the information age, United States Addendum”, Boston Consulting Group, 2008



Energy Efficiency - Opportunity Analysis

Buildings: U.S.impact 2020

2,570 . 1,760 270 - 3601

Abatement potential
270 - 360
(15% to 20%)

Energy efficient

design \ Building
. design
New builds and 1,760
likely retrofits (68%)
Reduced space

Remaining 16% BMS
emissions

139 Voltage optimization | Buijlding

. Lighting & " technology
Untouched installed 810 9% appliance automation

base
(32%) 6% HVAC automation
6% Other?

U.S. 2020 bhaseline of Addressable baseline and Breakdown of ICT-enabled
building-related emissions share of ICT-enabled abatement CO, reduction potential

1. Multiple levers contribute to the reduction potentials. The mid-point was used to obtain the percentage break-downs.
2. Other includes Ventilation on Demand, Intelligent Commissioning and Benchmarking and Building Recommissioning
MNote: See appendices for baseline, adoption, and reduction assumptions

Source: EIA Annual Energy Outlook 2008, BCG analysis

Source: “Smart 2020: Enabling the low carbon economy in the information age, United States Addendum”, Boston Consulting Group, 2008




Energy Efficiency - Opportunity Analysis

What stands in the way

Challenges
Limited interoperability

Limited deployment of Smart
Grid infrastructure

Misaligned incentives

High up-front cost

3ehavioral Shortage of expertise

Source: “Smart 2020: Enabling the low carbon economy in the information age, United States Addendum”, Boston Consulting Group, 2008




Energy Efficiency - History

Normalized and indexed, 1980 = 100%"

100

Y Residential

Commercial ¥

Industrial

50 1 | 1
1980 1985 1990 1995 2000 2005

* Hesidential and commercial indexing is based on B1Us per square toot; industrial indexing is based on BTUs
per real dollar of GDP output

Source: “Unlocking Energy Efficiency in the US Economy”, McKinsey & Company, July 2009



Potential Energy Reductions

The exhibit disp|ays energy End-use energy, trillion BTUs

consumptionin 2020
associated with various

BAU . o -
consumption 1580 1570 Commercial buildings consume

20% of the total energy consumed
Reduction 3093 in the US and offers 25% of the
efficiency potential across 87
billion square feet of floor space.

building types inthe
commercial sector with and
without energy efficiency
measures implemented.

potential

BAU = Business as Usual

Efficient
consumption (.25% >10 490 480

20 [y [ [
280

14%
430 390
240

Otfice  Retail Edu- Lodging Health Assem- Food Ware- Food
cation care bly service house  sales

Source: “Unlocking Energy Efficiency in the US Economy”, McKinsey & Company, July 2009



NPV Potential - Market Segments

=
7]
]
e
(=8
=9
]
=
]
>
-
B
£
ES
8
[ =
2
a
e
L

Emerging

Office and non- '
commercial equip.
Energy

' support systems '

Electrical x“x

devices and “

small appliances
I

Community
infrastructure

Combined heat
and power

il

Existing non-low-
income homes
I:msilng private
builkdings
1
Mon-energy-intensive
industry processes

Energy-intensive

indust MOCeSSes
¥ p Government

buildings

I:'xlstlnq |-
ncome Nomes

Mew private
buildings

Lighting and
ma|or appliances

1.0 20 30 40

5.0 60 7.0 8.0 9.0 100

Cost of saved energy &/MMETU

@ Residential
' Caommercial
@ Industrial
{0} CHP

Ir“f_ﬂ\ Bukbble area

/ll represents
size of
MPY-
positive
potential
e prasssd
in primary
Energy

The bubbles depict the
NPV-positive efficiency
potential in each cluster,
measured in primary energy,
with the area of the circle
proportional to the potential.
The position of the bubble’s
center onthe horizontal
axis indicates the cost of
capturing this potential with
the measures modeled

in this report (excluding
program costs)in dollars
per million BTUs per year.
The center’s position on

the vertical axis represents
the weighted average of

the national experience
with the approaches
outlined for the cluster.

Source: “Unlocking Energy Efficiency in the US Economy”, McKinsey & Company, July 2009



Energy Efficiency - Consulting Analysis

Efficiency improvements could lower Electricity leads expected growth
projected consumption growth in commercial energy use

Figure 46. Commercial delivered energy Figure 47. Average annual growth rates for
consumption per capita in four cases, 1990-2035 selected electricity end uses in the commercial
(index, 1990 = 1) sector, 2008-2035 (percent per yvear)

I P —— Commercial floorspace (1.3 percent per year)
Lo ] ' ' |h

i Refrigeration

i
i
Office equipment: personal computers |
Lighting ! ' ?

i

H igh Technolo gy
Best Availahle

Technology

2000 2008 2015 2025

Notes: 1. Reference case is 4.8% lower than 2009 4. Office Equipment growth is less than % floor space (EnergyStar)
2. High Technology case is 12.5% lower than Reference case 5. Other Office Equipment includes servers and mainframe
3. Best Available Technology case is 17.5 % lower than Reference case 6. Other Miscellaneous includes video displays and medical devices

Source: “Annual Energy Outlook, US Energy Information Administration, April 2010




Energy Efficiency - Consulting Analysis

Smart 2020 U8, Reduction Included in the
opportunity Sub-opportunity Baseline! potential? U.S. addendum

Renewable Energy High
T&D Loss Low
Consumption efficiency
Medium
Low
Smart Logistics
Ship/RailfOther Low
Global .
SMART Warehouse Medium

2020
Design odi

Smart Buildings .
Technology i Medium

Travel substitution i Medium
Dematerialization )
Substance (e.g. ePaper)

Smart Motors - U.5. factories have l-gelyadmﬂed the "low hanging fruit® in automation;

remaining opportunities difficult to execute Baseline Range
(MMT of CO2)

1. Based on E1A Annual Enargy Cutlook 2008 and BCG analysls
Z. Based on the expecied ICT adoption and regucton potentlal estimates In GeSl and e Climate Grow, “Eobal Smart 2020 report”, 2008

Source: “Smart 2020: Enabling the low carbon economy in the information age, United States Addendum”, Boston Consulting Group, 2008




Cisco - use less

CISCO CONNECTED WORKPLACE

Quad West™ . <"

'o's

: R
TG

FOOREY QuadSoutI:! o 2o 1og 4 ' |
o] “op Fo [M sy Ea{stﬁ “  Commons. ‘1 I:

\TaTs.

. BusS8top.

=

UNIVERSITY OF B14

COLLABORATIVE - OPEN MULTI-PURPQSE

COLLABORATIVE — SEMI ENCLOSED QUIET AREA
COLLABORATIVE - ENCLOSED IT & SERVICES

Source: Cisco



Cisco - use less

Table 1. Cost Savings from the Shared Workspace

Cost Category Percent Savings
0

Construction: Building a smaller space than typically required for 140 employees

Real estate rent: Accommodating more people in the same amount

Workplace services: Reducing utilities and maintenance costs, and nearly eliminating the

costs of moves, adds, and changes for workspaces through the use
settings

of flexible furniture

Furniture: Purchasing less (and slightly less expensive) furniture than typically used in

cubicles

IT capital spend: Spending less on switches and switch ports

Cabling: Reducing the number of wired IP cables required per workspace

Equipment room space: Racking fewer switches because of wireless

COSTS:

infrastructure

Design & Visual Communication
Construction

Technology

Furniture

Change Management
Total

$11.70
59.67
21.06
17.55

7.02
$117.00

10%
51%
18%
15%

6%

100%

Source: Cisco
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Buildings &
Data
Centers




The LS. Green Building Council (USGBC) is a 501 c3 non-profit organization committed to expanding

sustainable building practices. USGBC is composed of more than 19 500 organizations from across the
building industry that are warking to advance structures that are environmentally responsible, profitable,
and healthy places to live and work. Members includes building owners and end-users, real estate
developers, facility managers, architects, designers, engineers, general contractors, subcontractors,
product and building systerm manufacturers, government agencies, and nonprofits.

What is LEED®?

Possible
The Leadership in Energy and Environmental Design (LEED) Green POiI’l ts
Building Rating Systerm™ encourages and accelerates global adoption
of sustainable green building and development practices through the Sustainable Sites 14
creation and implementation of universally understood and accepted Water Efﬁcien cy 5
tools and performance criteria.
01 AnG perormanee erena Energy & Atmosphere 17
Materials & Resources 13
Indoor Environmental Quality 15
NEIGHBORHOOD DEVELOPMENT g eiuon Innovation & Design Process 5
Total 69

COMMERCIAL INTERIORS
CORE & SHELL

NEW CONSTRUCTION
SCHOOLS, HEALTHCARE, RETAIL

Source: Green Building Rating System for New Construction & Major Renovations



LEED CERTIF/g,

\\USeBC

Commercial LEED Registered Projects Commercial LEED Certified Projects

Total Gurrently Registered (cumulative)
As of June 2010 As of June 2010

21,38141 5,701

Source: Green Building Rating System for New Construction & Major Renovations



Greening the Building Codes

Negative Env. Impact

Platinum

Gold
Silver

Certified

TRADITIONAL BUILDINGC

QDES

Platinum

Gold
Silver

Certified

Platinum

Gold
Silver

Certified

Platinum

Gold

Silver

Certified

Source: Greening the Codes, US Green Building Council, 2010



Data Centers
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Do CIOs need to understand Real Estate?

ClOs Called Clueless about Extra Costs

IT managers tend to forget about construction and operating costs when they pitch projects, an expert says. m

, CFO.com | US
September 27, 2010

To avoid big overspending by chief information officers, CFOs should order forensic-accounting audits of large information-technology
projects, an advocate for data-center efficiency says....

In one case, says Brill, acompany decided to invest $22 million in a project to install new data servers. Based on that
figure, which was supplied by the IT department, senior management thought the project would yield a "very positive"

return on investment, he says. But the tech staffers were unaware that $54 million would be required to install the power
and cooling capacity to run the servers and that an estimated $32 million would be needed to operate the servers over their
00N As a result, says Brill, they failed to include those extra costs in their pitch. (Also, the overlooked $86 million was accounted

for as a cost to the (EENPEUIIENCEUCH EICKEREYIMERE That helped make the total cost of the project less than transparent,

says Brill.)

A big problem stems from a breakdown in the benefits of Moore's Law, which says that the number of transistors that can be placed
cheaply ona computer chip will double every two years. Energy eff|C|ency, by contrast, is rlsmg 0)Y onIy a factor of 1.5, says Brill. To



http://www.cfo.com/index.cfm/l_emailauthor/14525620/c_2984312/2984987
http://www.cfo.com/
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/_% % EPA United States Environmental Protection Agency
———= Energy Star: Buildings & Data Centers

Top 25% in Building Category

February 8. 2010—The U_.5. Environmental Protection Agency (EPA) has announced that in
2009, EPA's Energy Star Leaders prevented the equivalent of more than 220,000 metric tons of
carbon dioxide and saved more than $48 million across their commercial building portfolios.

These savings have quadrupled since 2008 and represent the single greatest year of savings
since EPA recognized the first Energy Star Leaders in 2004.

Summary: The voluntary National Data Center Energy Efficiency Information Program has been
mitiated. The Program coordinates a wide variety of activities from the DOE Industrial Technologies
Program Save Energy Now mitiative, the DOE Federal Energy Management Program (FEMP), and the
EPA ENERGY STAR program. The program is engaging numerous industry stakeholders who are
developing and deploying a variety of tools and informational resources to assist data center operators in
their efforts to reduce energy consumption in their facilities. These groups include, for example: 7 x 24
Exchange, AFCOM, American Society of Heating, Refrigeration and Air Conditioning Engineers
(ASHRAE), Critical Facilities Roundtable, Information Technology Industry Council (ITIC), Silicon
Valley Leadership Group, The Green Grid Association, and The Uptime Institute.

Source: http://www.energystar.gov



Data Centers: Emerging Measurements

DCIE — “Data Center Infrastructure Efficiency” is a metric used to determine the energy
efficiency of a data center

PUE — “Power Usage Effectiveness” is the reciprocal of DCIE; the typical data center
has an average PUE of 2.5; this means that for every 2.5 watts in at the utility

meter, only one watt is delivered out to the IT load. It is estimated that most data
centers could achieve 1.6 (36% improvement)

Total Facility Power ) T Equipment Power
PUE - e A CLI S QL DCIE = pan-u LIRIIELE S OMEL

Total Facility Power

: x 100%
IT Equipment Power
How efficient is my facility in

What % of facility power is delivered to
delivering power to IT equipment?

my IT equipment?

Power
*Switchgear
UPS .
*Battery I E;g\:s::e"t
Backup

setc.

Cooling
«Chillers
*CRACs
setc.

PUE & DCIE DCP
For Efficient Facilities For The Work You Do




Data Centers: Sample Supporters of PUE

Vendor
Product

General Market
Position

PUE Posture

Qualifiers

Computer
Servers

Computer
Servers

Computer
SErvers

Power
distribution
systems
{including UP3
supplies)

Power
distribution

Emerson Network
Power

Infrastructure
for computer
centers

American Power
Conversion (APC)

Internet
senice
provider

Google

Largest server vendor
with ~32% share of
market

Second largest server
vendor with ~22%
market share

Third largest server
vendor with ~22%

Self-described power
management
company with $5.9
billion in electrical
distribution
Self-described power
management
company with $5.4
billion in electrical
distribution

A 2 1-billion euro
subsidiary of a 15.8
billicn euro power
distribution company

Largest online search
tool

Claims PUE of 1.07
for its POD

Claims the highest
performance per
watt.

WebSphere sMash
Softwara monitoring
tool

Promotes power
supply and power
distribution
efficiency.

Avocent subsidiary

promotes data
center management
Software

Promotes Intelligent

energy
management with
PUE at facility level

Publishes quarterly
PUE details. The

latest rating is 1.15

Worries there is little consistency in the way
PUE is currently measured

PUE and DCIE can be misleading, because they
are not designed to capture actual productive
work being performed

Energy "dashboard" reports PUE and DCIE
metrics

Partners with IBEM on blade servers

PUE is a checklist item on "Power Xpert
Reporting v. 2"

Management tools model hot/cold aisle
temperatures and power consumption

InfraStruXure Energy Efficiency application
measures kWh consumption "down to the rack
level"

Uses highly efficient voltage regulators, but
onboard fans and coolers will add more PUE
weighting to the IT equipment, by lowenng the
ratio

PUE = Power Utilization Effectiveness; DCIE = Data Center infrastructure Efficiency; POD = Performance Optimized Data Center, UPS = uninterruptible

pawer supply

Source: “Market Trends: Sustainability and Cost Savings Obijectives for Large Data Centers Will Require Tighter Efficiency Metrics”, Gartner June 2010




Data Center Spending

ww Spa-ming ON SETVErs, power and mnlng, and mnu?mrl,a'u&nilis'rmﬁm

35,000,000
30,000,000
25,000,000

20,000,000

10,000,000
$25,000

5,000,000
$0

Q8 97 o8 09

‘08 "09 10
B Power ond cooling WM Administration

Bl Server spending  =e= WW Server installed base

Source: IDC, 2009



Data Center Spending

Metw ork
(10%)

COnWersion

(11%) Cooling is half the battle

Sarver/Storage

(28%)

Source: American Power Conversion, Cisco & Emerson Network Power




f//wﬂ% Data Center Electricity Use Projected

ENERGY STAR

Future energy Historical trends

€ Historical energy use N
use projections 2 scenario

Current efficiency
trends scenario

Improved operation
scenario

Best practice
scenario

State of the art
scenario
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Source: http://www.energystar.gov



Data Center Initiatives

Fig 3 — Technology Enablers

Time to Implement

High
Data Center
Migration\ . High

(O Medium

O ®

Energy\Emission
Tracking Software
Potential ROI

Consolidation

intualization

. Power
Efficient

. Cooling Servers Cooling redesign

Optimization O and upgrade
Server/Application

Congolidation

Complexity

Alternative
© Energy

Low

Source: “Green IT”, Deloitte Consulting




Critical Gaps: Efficient Data Center Design

Meed to consolidate industry best practices
FEERFABRRARERERREEEE
Integrated energy managemsent (standards,
metrics, etc.) Design standard gap — there is no
universally recognized naticnwide industry
standard for energy efficient data centers.
What's being measured and how?

# Pilot projects and test centers reference account
SAVINOS # 888

Charge back based on power: getting real costs
allocated comectly

(T T T LT

+ Application layer power controls/measurement
(LT3 12 ]

# Thers is no mpg rating ssssss

+ Permanent moenitering [T and utiliies. Design
and operation cptimization sssss

Knowledge about what you cam do (o improve
energy eficiency). Meed to build knowledge and
skills within the company ssssss

List of key guestions C-level project managers
should be asking staff ses

Standardized IT work cutput metric, built-in o
equipment Service Drocessor » e

Industry is driven by wendors and not end wusers.
Meed end user engagement seas

Convergence of IT and facilities
grganizationtechnologies ses

Market development (mid-stream) IT and
facilities sas

Presenting information and rescurces back to
imdustry ==

Facilities maintenance education ==

Lack of energy management standards for data
centers to adopt and be certified as mesting
standards s=

Crver designiunder design actual redundancy
required vs. infrastructure designed impact on
efficiency =

# Triple bottom line business goals and mission =
# [ncentives for implementing energy savings
technologies such as DC power »

Facilities/ T interface and cooperation ssssssss

# Lack of top management commmitrnent and
pricritization - way to makes monetary reward
cbvious to senior execuiives ssssssssnsns

+ |zck of imamcial analytics ssssssssssss

+ Disconnect between who uses the enengy and
whio pays for it (as it relates to incentives)
RS EREERE

* Disconnect between fund allccation for first cost
VS, operating cost sssssss

* Lack off information for 3 compelling business
Ccdse aenEw

* Mo correlation betwesn energy efficiency and
reliability!availability ssss

# |neentivize the risk holder sss

+ Figure out what motivates decision-makers
(what rewards matter) sss

* True cost of end-user service, i.e., You Tubs,
‘fahoo.com, hotmail.com, My Space. True
burden to the beneficiary - flipside to reward -
departments, public ses

+ Federal and state policyincentive information

L1 1

Broad based will to optinmize pricrity =

Carbon credits s»

Inzentive mot high enowgh ==

Peak demand (kW' vs. energy savings (kWhi

i

* Management imvolvement and leadership of
data center costs and performance =

* How persistent are the rewarded savings? ==

* Facts tell - stories sell, we need to market =

* Consistency among vanous industry recognition
programs - Leed, Energy Star, Uplime =

+ Why? What's in it for me? =

# (Career risk »

(= = MosT CRITICAL GAP)

# Wrong stakehalders - what's in it for me (CFD

& Mational rmonetary sward recognizing top 20 dats

Link fazility rmanager with [T managers

lewel}

Fain {lack of pain)

User kmowledge im ensrgy efficient technalogy
implementation and consumplion managemsent
Transparency (wendor - influenced incentives)
Reach consensus as a community

People are too busy

Lack of technical knowledge

Simple understandable incentives

Meed to assess risk

Make profits the ultimate reward

Design program on technology, controd, or
behavior basis or combo

Reward a product or sysiem - both

Litilities don't have standards o determins
absolute energy savings, i.e., what is the right
baszaline

Timimg of incentives

Persistent energy incentive programs

centers for efficiency design or efficiency
improvernents

Reconciling capacity and performance growth
rates with energy costs

Vigible comparsans to peersicompetitars -
benchimarks

Tracking fine graimed energy per server and
SErVine

Source: National Data Center Energy Workshop Strategy Workshop, EPA, Sep. 2008



The Comfng Wave

Real Estate &
IT Convergence




Technology, IT Technology and Building Controls Converge

s 4 L

\ IT champions need to drive integration and set implementation and
Information | . maintenance policies, IT compliance, portal strategies, etc. to narrow the

Technology | expertise gap.

-
'
'
'
'
'

4
V
'

Convergence

Building
Systems

The increasing need for interconnecting facilities and accessing
real-time data is driving convergence

™ FE————

Source: A New Facelift for Existing Buildings, Frost & Sullivan




Technology, IT Technology and Building Controls Converge

Yesterday

TDM

Telephony IP-based

Solutions IP-based Network
M Technology » Solutions
Jreace  Solutions (IP provides

Building future proofing)

Controls

Communication Infrastructure

Source: Real Estate Today: A Market Transformation, Cisco, 2008




Convergence: The Building Information Network

Information Services Building Services

?

Source: Cisco Connected Real Estate, 2010



Convergence: Cisco Mediator ichards zeta)

Applications that Lower Costs

Building Systems

Mediator collects data from the building, IT,
energy supply, and energy demand systems,
which use different protocols and are
otherwise unable to communicate.. Mediator
product is an extension to the IP Network.

Source: Cisco Connected Real Estate, 2010




Convergence: Operational Technology & IT

Increasing Asset
Sophistication

Embedded
Commercial OS

Embedded +

Commercial OS |IP-Addressable
+ \ Access

Proprietary

Embedded -. Access
Commercial 08 |

N

% . _,‘-'-
T,

Embedded

~ Proprietary O3 ‘_ Increasing

ClO Involvement

05 = operating system

Source: “Operational Technology Convergence With IT: Definitions”, Gartner, July 2010



Convergence: Projected IP based BCS

Forecast World Growth of Intelligent Building Control Systems
and Penetration of IP-Based Solutions

Total IBC(s) World Sales — Approx. 6.5% Growth

@4 2005 - 520 Bitiion /

IP Based IBC(s)

%)

c
>
(11}
o
o™
7

{ 2007 — $8 Billion

I I I I 1 -
2004 | 2006 | 2008 | 2010 | 2012
2005 2007 2009 2011

Source: IT-Convergence in Buildings, i&l Limited Proplan, 2006



Building Automation System Revenue by Region

World Market, Forecast: 2008 to 2015

United States Canada
- Europe Asia-Pacific

Rest of World

—~
(%))
c

e

.i

&

~

2008 2009 2010 2011 2012 2013 2014 2015
Source: ABIResearch

Source: Energy Management and Commercial Building Automation, ABI Research , First Quarter 2010




Convergence: Some Market Evidence

Manufacturing or Electronics Company Acquisitions

Schneider - APC
Honeywell - Tridium Siemens — MAC

Schneider - TAC

Siemens ~ Controlotrn United Technologies — Architectural Energy

: Schneider — Invensys : _
Schneider — Johnson Controls - Gridlogix

Andover Controls Siemens — Vistascope

Schneider - Pelco Siemens — Groom

HP - EYP

_ _ Cisco — Arch Rock
Hewlett Packard Cisco — Richards Zeta

(announcement ) IBM - Maxi Hewlett Packard (Insight IBM — Drawbase (partnership)
- viaximo Manager announced in late 2008) Computer Associates

(announcement)
Technology Company Acquisitions

=> “Middleware”

Note: Both Microsoft and Google announced energy
management applications for consumers in 2009




 sohnson @9 I Trame mesisamaae Example

Controls

Technology

PV panels

Geothermal heat
pumps

Under-floor heating

Skylights and bigger
windows

Rainwater collection

Solar thermal

Building information
managemaent system

Benefit

Direct emission and
energy reduction

Direct emission and
energy reduction

Indirect (energy
reduction)

Indirect (reduced
lighting and improved
working environment)

Indirect (reduced
municipal water
consumption)

Direct (reduced energy
and emissions)

Indirect (collection,
analysis and
optimization of building
subsysterns)

Comment

1,452 solar PV panels make up one
of the largest arrays in Wisconsin,
delivering up to 250 kW of
emission-free electricity to the site.

272 boreholes source natural
waters for heating and cocling
applications.

Produces efficient and uniform
heating.

As well as reducing energy
consumption, natural lighting
additionally pravides for a better
working environmant.

A 30,000-gallon cistern captures
rairmwater for “brown water”
applications, such as irrigation and
flush toilets, reducing potable water
consumption for new bathroom
fixtures by 77% or 585,000 gallons.
Collection included a parking-lot
surface with permeable pavers.

A 1,330-square-foot solar thermal
installation on the roof annually
saves an estimated 2.8 kilo therms®
of energy.

Thare was coordination of all
activities across the faciliies as
well as provision of a single paint of
access to performance indicators
and control of subsystems using
the BIM system Meatasys.

* Therm (U.5.) = 100,000 ETUs (105 M Joules, 29 kWh)

“ ... it can be estimated that the annual electricity consumption
demand of the York and HQ buildings are 21.9 and 6.3 kWh/sg.
ft. per year, respectively. In other words, energy-efficiency retrofit
demonstrates about a 71% improvement on a "business as
usual," conventional-building consumption pattern”

;
8
3
:
5
:
S

Thurs. Fri. Sat. 3un. Man. Tues. Wed.

Maote: Data based on a per-square-foot consumption basis and collectad on a 15-minute
frequency.

Source: “An Energy-Efficiency and Sustainable Buildings Case Study: Johnson Controls Demonstrates Leadership in Design and Execution”, Gartner, Oct. 25, 2010



The Coming Wave

Questions & Answers

|0el.manfredo@ceoit.ocqov.com
714-834-7122
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