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S0

-------------- Site infrastructure - [

020 | 282 1 Network equipment . ... . ... .| -t CCOS<Tt
2080 — M storage Est. Costr
SOOI — I - High-end servers
=20 — - Mid-range servers

gloj i i i Volume servers
:::::Q::::::::::
ROENE I B B O

Datacenter energy (excluding small DC’s, office IT equip.) equals

electricity used by the entire U.S transportation manufacturing BRI

industry (manufacture of automobiles, aircraft, trucks, and ships)
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"""" Green IT

Building

Management
Infrastructure

Hardware B8 Rightsizing & Subsystem Balancing
Package g Power Supply Efficiency e
B Remove Unnecessary Components 8

Applications

Energy Efficient & Aware Applications

Operating
System
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.
SOmnlqu uy USB Interface
(Wake up Host + Status + Debug)

Uses “gumstix” platform

— PXA270 processor with
full TCP/IP stack

— USB connection to PC
for sleep
detection/wakeup
trigger, power while
asleep, and IP
networking for data

USB Interface
(power + USBNet)

100Mbps Ethernet Interface

Victor Bahl, SIGCOMM Green Networking Workshop 2010
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O Load Segmentation and
Driver History
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~+ Prevalence of short idle periods

Virtualization + Migration to save energy during short
- and long idle periods while avoiding user disruption

LiteGreen can help save 60-72% of desktop energy



Dashboards
and
scorecards
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....................... Hohm User ot %

----------------------- * Conserve and automatically
........................ optimize usage to save money y
B = Remote management and control (" Energy retailer PN
....................... = Communicate directly with
consumers
''''''''''''''''''''''' = Meet conservation requirements
''''''''''''''''''''''' !- ) = Create demand elasticity to better
m . v \Q \\ e manage grid
....................... —— - N 3 _— 3 -~ e
L yj = Device Manufacturer : : L
''''''''''''''''''''''' = Communicate with electricity
''''''''''''''''''''''' retailer for optimal price and
....................... demiand ranagersat
PRSI * Supports automated management . RO
....................... y of home energy consumption g 7
SEORIRIOTIPIIEORP (G i S IO
O Auto Maker T
'''''''''''''''''''''''' = Unified interactions with the local utility
........................ = Reduce operational costs for customers 6
------------------------ = Rich apps to manage EV charging and usage o
= Integration with broader household energy mgmt



Hohm Ford illustrative video.wmv
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Helping consumers save today

Personalized list

Enerqyv usage All Energy Costs Throughout Your Home [@= .
b gykd g See: Total | Electricty | Natural Gas Of Improveme.nt =
reakaown recommendations with

W AllEn U $360.61 H o

bl i i estimated savings and

B Water Heating $252.62 referrals to local vendors
Major Appliances $331.05

W Lighting $109.04
zll energy sources $1,

~ Top Ways to Save

This house could save up to $597
per year

to better
understand
where energy
is being
consumed

S —

$1,672 $2.169

Potential Actual

Comparison with others in area to determine relative usage §265 Sieeing Through the Cracks

+ Hiaden air feaks can add up 10 as much air
loss as an open window! You could save 10
percent on energy bllis by getting them

Your Annual Energy Usage Comparison sealed.

This House _ $2,169 ™73

Averages —— $2,544 | 166

Neary homes Homes bullt from 1985.1988 and 1400,1580 5q 7t

S347 1401th Avs NE x
LS ORI $1,880 | 780
Yr:2005-2009, Bed 4, Bath:2 5, Sq FE2600-2959 N A oenas | ——

AFUE Good Men
New gas fumaces sport an AFUE number
that rates their efficiency. Higher (s better—
look for an AFUE of at feast 90 percent

$90 Light Up Your Life
Here's a bnght idea; Repiace your light bulbs

with CFLs. You could save $20 per bulb, and
they can last 10 times as leng!




Annual Energy Breakdown

Energy usage and costs breakdown is determined by many aspects of your home including construction,
heating, cooling, lighting, appliance characteristics, and the weather in your area to predict how much energy
vour home uses. This energy usage estimate is used, along with the rates charged by your energy provider or
averages from your area to produce an estimate of your energy usage.

You can learn more by viewing our frequently asked questions.

All Energy Uses $3,917.08 All Energy Cost Throughout Your Home EN=
# Heating $1,705.91 See: Total | Electricity | Natural Gas

& Cooling $391.17 Major Appliances $702.74

_ M Lighting $250.92

& Water Heating $348.22 [ Other Appliances £419.12

E Major Appliances £702.74 - COO“_”Q $391.17

Heating %1,705.91

# Other Appliances $419.12 I water Heating $348.22

s Lighting $259.92 all energy sources $3,917.08

edit home profile

update provider info

Overall Carbon Equivalent
24,631.32 lbs. COz

Biggest Use
Fuel used to generate heat
$1,635.40

Top Ways to Save

When replacing vour central air conditioner, choose a high-efficiency model with a SEER equal to
16
Cost savings up to $184 per year.

Increase attic floor insulation to Mgtor Bahl, SIGCOMM Green Networking Workshop 2010

Tt cTFAac 1E o 27 mar wasre



Microsoft® My Hohm Center | My Account | Sign Out

ways to save energy | energy report | library

Community

Energy Data

Energy Report

The following energy report has been created for your home based on the information provided in your home
profile. It includes a list of recommendations, available energy usage information and an estimated breakdown
of where you spend your energy dollars every year.

Your Hohm Energy Report

Home Profile: 54% complete

Energy Data: Electricity - Manual, Gas - Manual
Report Generated On: September 16, 2009
Address: 98052

Summary of Potential Savings

Thank you for using our beta service. You can use the following energy report to guide you in your home
energy upgrades and repairs. You may want to consult a professional before implementing some of the
recommendations. As with any recommendations product, Hohm will improve as more people use our beta.

Your average annual energy costs are $2,986. This includes your electricity and gas consumption, but may not
include auxiliary energy usage such as propane tanks and generators.

Energy Cost Breakdown and Usage
Your Estimated Energy Costs

Il Hesting - 51693
Il Cooling - 36
Lighting - 3104
Appliances - 3708
\wiater Heating - $329
Il Other - $146

Annual Electricity Usage

o . Average cost per kWh
I 2005 2008 $0.111

Home Profile
e

64% complete
Update home profile

Energy Usage

Electricity: Manual
Update/view your
usage

Gas: Manual
Update/view your
usage

Energy Report &
Recommendations

) Available
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Run-timecontrol | - -

(Eg. Reduce QoS) |~

JouleMeter IS D bbb |

—>| Auto-optimize |

- (Eg. Compiler |

|| warning: Change | =~

line 136 in Prog.c | oo

tosave..) ol

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' GreenNotifi
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OS commits buffered
writes to idle disk




Microsoft Research GreenlUp
OBELUECW P E DO

D, 5%
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Instant Energy Usage

61.4

Watis
Currently

Instant Usage

% BV ™~® D0

Energy Savings (Future) |- R Energy Savings

988 100 = $3.73

Energy Usage

Pounds of CO2 .7.7.7.7] Miles Driven at25 MPG . ". . .~ Dollars
Next Year Last Month © Last Month
s EE Y el
""" For Last Month b3
oo computerSleep Time [0 .| InstantEnergyUsage |-
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Sleep History

Time-line scale:

8pm

[ =

Sat 3/13
Sun 3/14
Sun 3/14
Sun 3/14
Sun 3/14
Sun 3/14
Sun 3/14
Sun 3/14
Sun 3/14
Sun 3/14

cTerere e @

i Sleep-timeout expired, or user-initiated slesp

+ Automatic (system)

: Slesp-timeout expired, or user-initiated slesp

+ UNC miachine access (normally a file share) [Port 135]
: Slesp-timeout expired, or user-initiated slesp

+ UNC machine access (normally a file share) [Port 135]
: Sleap-timeout expired, or user-initiated slesp

+ UNC machine access (normally a file share) [Port 135]
: Slesp-timeout expired, or user-initiated slesp

+ UNC machine access (normally a file share) [Port 135]

Chart type: I Hours spent asleep (by day)

( Sunday, March 28: Asleep for 19.9 hours

Hours Spent Asleep
-
N

April
2829'30'31'1 2|3

|4|5|6|7|B|9|1ll|11|12|

Days

For example, for 12 cents enter 0.12

Client Version: 2010.7.26.0
Server: richardh-dell

[ Reset to Defaults | | save Changes |

Service State ¢ Running

Computer Model
Computer Type @  Mobile

Power Model (Unknown) [Calibration in-progress]

Precision M&500 (Dell Inc.)

Locally Managed Machine List:
ADTCLIENT4 - 261 minutes
ADTCLIENTS - 162 minutes
ADTCLIENT2 - 152 minutes

Total pradicted savings by the listed machines over
the next year: 311 Pounds of CO2

Note: Sleeping or shutting down your computer
will not adversefy affect the machines shown.

[ Stop Service ] | Run Calibration... |

[ stop Service | [ Refresh |

 SespSemver
L L L [V Show taskbar notifications Service State E . L L .
. . . . " - ] Show periodic savings/usage taskbar notifications Manager Capable : Yes " ° N ‘ : "
Ce e e e e e Time: [ 5:00 PM M Day: I(Every Day) M Total Machines : 6 Ce e e e e
- . . Sleeping Machines i 3 (50%) -
L L L Electricity price per kilowatt-hour (kW/h): Locally Managed 3 (100%) -

" Viotar Bahl, SIGCOMM Green Networking Workshop 2010
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Energy Dashboard _
damma dtnebett e

-

Login Home | Individual Devices | Campus Meters | Research | About
Individual Meter: Optiplex 745

Device Information ‘ Overall Energy Statistics

TR kW-Hours:  2720.17 kW-H
escription: Optiplex 745
Average Watts:310.52 W

Host name: wireless
Energy costs: $353.62

Estimated energy =avings with Sleep Server: 50.28%
1 | Estimated cost savings with Sleep Server: $357.59

Power consumption for Optiplex 745

From: Aug, 29, 2009 02:39:25 AM Resolution: Every six hours (averagad)
To:  Aug, 29, 2010 02:39:25 AM  Timespan: 1 year

@ 1st Average W in highlighted period: 31.05 W Aug 29, 2009 6:00:00 AM - Aug 29, 2010 12:00:00 AM

chart by amCharts com
| 140,000

| 120,000

ED.00W
If [ il

| 60,000 |

| 40.00W

| 20,000 ‘

L
=3 Ot Now D= 2010 Feb Mar Apr May Jun Jul Aug

Sep .’l“"" ﬂ&ﬂ;'lhv.l\!ﬂr, Ilwoilnf-*l'-_."“- ,"“aﬂ'c- 1 2010/ |".’-'|'- reb /| Mar, -'".‘lu'."-_"\"_Ahdr-"'- U il M i ) L ulo N A

- Courtesy: Yuvraj- Agarwal (UCSD)- - - - ictor Bahl, SIGEOMM Green: Networking Workshop 2010
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Monthly Costs

l Servers

$284,686
' $1,042,440

M Power & Cooling
Infrastructure
= Power

M Other Infrastructure

3yrserver & 15 yr infrastructure amortization
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DC Genome System Courtesy: Jie Liu

Real-time
Monitoring
Facility layout & Control
DC Genome
Data Explorer Change
Archiving Management
Cooling Systems
PowerSy:tems II Capacity
Data Planning
staging
“Genome” ,
: Cl label Dynamic
Heat Distribution ( dsses, labels, S
relations, dynamics, erver
_ Data analysis & probabilistic models) Provisioning
Server Utilizations Optimization
Tools N FaUIt
A - | Diagnostics/
‘ I A\ A\ i Data Center
A\ | Software | Tolerance
3 N E Infrastructure i

Network Activities
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DCGenome Explorer

Datacenter Locations DataCenters Reports
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rent _View Chart
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Advancing HVAC&R to serve humanity
and promote a sustainable world

Psychrometric charts

( Data provided by Microsoft Research
Relative Humidity RH(%)
0.035
. T
; Fa AN _
Psychrometric Chart LA 7 e o
Barometric Pressure 101.325 kPa (SEA LEVEL) 95F . 50%
Plotted data of TK2/COLO6
W from 4/7/2008 12:00 AM to 4/10/2008 12:00 AM i
from &/7/2007 12:00 AM to 4/10/2007 12:00 AM 401 0025
from 10//2008 12:00 AM to 10/8/2008 12:00 AM =
30% I
Dell PowerEdge 2950 002
Server Warranty
20% i
w 0.015
= ! oo
ASHRAE 2008 Recommeéhded. 0 I
Class 1 - [
1 s 0.005
r‘.. “v T L e e | L S L e L S | L S LB S | L e | LI e 0
15 20 25 30 35 40 45 50 55
L Temperature C g

ASHRAE:. American Society. of Heating, Refrigerating and Air-Conditioning Engineers



Greater Server
Density

Increased
Energy/Ft3
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Trans-
actions
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P\/ictar Bahl, SIGCOMM Greeéen Networking Workshop 2010 |
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Unified
communications

Collaboration
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TelepresenceStation.wmv
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IT for Greening

Traffic congestion =2 time & fuel waste (Courtesy: Mario Gerla)
= Air pollution caused by vehicles reduces city livability

» - Existing traffic control through “green wave” is not enough

= Nitric Oxide (NO) concentration exhibits high spatial and temporal variability
(Environmental Health Perspectives, Nov 2009)

o -How to implement dynamic congestion and: pollution: control?

Microsoft

N —" ] 9 AM appointment
‘ 2 FETA: 8:38am e
3 Travel Time: 27 min

cost $.42 (6kwh)

l!l Showing Best Route

In Car: Identifying Green Routes

Victor-Bahl,, SIGCOMM Green Networking Workshop 2010
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http://research.microsoft.com/hawaii

Final Remarks ‘i'-

* Look at the problem holistically, lots of opportunities availability
—Silicon, OS, applications, hardware packaging, buildings etc.

 Qreatest savings come from sleeping (works for cell phones,

homes, enterprises, datacenters)
~ My mother taught me “Don’t Waste” -> applies to energy too!

* Faster adoption when technology saves significant money
— Users adopt it if it doesn’t change their lifestyle
= People want to be able to access their machines whenever they
want without modifying their own-behavior

* Transparency can change habits & is necessary for improving
architecture & design

» Offloading computations to the cloud by SmartPhones has
energy implications that still need to be quantified

Victor Bahl, SIGCOMM Green Networking Workshop 2010
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“Green IT has reached critical mass. Virtually
all the companies we surveyed
(97 percent) are discussing their
Green strategy.”

“Green IT Report Regional Data —
United States and Canada:
Survey Results,”

Symantec, May 2009

“Transformation in the
way people and businesses

use technology could reduce
annual man-made global

emissions by 15 per cent by 2020
and deliver energy efficiency savings to global
businesses of over EUR 500 billion
[GBP 400 billion/USD 800 hillion].”

“SMART 2020: Enabling the Low Carbon Economy in the
Information Age,” The Climate Group, June 2008

=il xi‘

“Enterprise PCs are Wasting money. Far

too many organizations leave economic and
environmental value on the table by not

reducing PC-related
energy costs.”

gt‘?‘ “How Much Money Are Your Idle PCs
#‘ Wasting?,” Forrester Research,
Inc.,

¢ December 2008

“IT's role will increasingly be
about applying the technology

to create more-energy-
efficient, less-carbon-

Intensive business models,
enterprises, value chains, products and
services with reduced environmental impact.”

“User Survey Analysis: Sustainability and Green IT,
Worldwide, 2009,” Gartner, Inc., April 2009




Some MSR supported PrOJects Wlth Academla

http f/wvvw mlcrosoft com/envnronment/research/

Environment

Home Commitment & Policies

Top Projects

Products & Solutions

Here are key Microsoft and independent research projects that are supported by Microsoft Research. We believe that
through partnerships like these, we can drive innovations that will help combat climate change and lead to a healthier

planet.

Research

News & Resources

Autonomous Monitoring of Vulnerable Ecosystems:
automatically monitoring the effects of changing
environmental conditions on the ecology and behavior of
indicator species.

Fluxnet: driving global science collaboration to more
effectively manage our terrestrial resources in the face of
climate change.

ClearFlow: using artificial inteligence to calculate motorist
routing based upon traffic patterns - thereby reducing
average travel times and carbon emissions.

Life Under Your Feet: revolutionizing soil ecology with
wireless sensor networks that can provide measurements at
previously impossible temporal and spatial granularities.

DC Genome Project: leveraging networked sensing and
control technologies to understand and optimize data center
energy consumption.

SEAMONSTER: advancing climate change research through
the development of remote monitoring tools for harsh
environments.

Digital Green: developing a participatory framework for
agricultural extension through digital video.

SenseWeb: developing a sensor community infrastructure
and innovative tools for publishing, managing, querying, and
visualizing sensor data.

Digital Watershed: transforming the field of hydrology with
the development of integrated software/hardware solutions.

Trident: enabling scientists to explore and visualize
oceanographic data in realtime and to visually compose, run
and catalogue workflows.

-.-.-.-.-..

"Microsoft Research is
committed to supporting
academic partnerships
that enable scientific
breakthroughs through
software innovation."

- Rob Bernard
Chief Environmental Strategist
Microsoft
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