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INTEL IS THE LARGEST VOLUNTARY PURCHASER OF 36 BILLION GALLONS OF WATER HAVE BEEN SAVED
“GREEN” POWER IN THE U.S., ACCORDING TO THE U.S. EPA SINCE 1998 AS A RESULT OF OUR CONSERVATION INVESTMENTS
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Intel Vision & Strategy
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\ » This decade we will create and extend

computing technology to connect and enﬁiﬁﬁ

3.8 MILLION WATTS OF SOLAR
POWER AT OUR SITES
o s
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The Current Reality

PROBLEM: Mismatched AC and DC Power Distribution Requirements

ENERGY SOURCES ELECTRO-ACTIVE DEVICES
AC/DC Site Electronic
Generation Photovoltalc Lighting AV/IT Devices
HVAC Actuators : : -
DC Campus Fuel Cells Dgo\cvvg]rd Sensors & Controls Data & Telecom Centers
DC Power AC Line Power Electric Vehicles  Security & Safety
Storage

RESULT: Lost Opportunity to Reduce Consumption, Improve Quality, Reliability



http://www.vav-diffuser.com/analog_electronic/efs/efsa94-300.htm
http://www.4hiddenspycameras.com/codocawiirni.html
http://en.wikipedia.org/wiki/File:Wheelock_mt2.jpg
http://upload.wikimedia.org/wikipedia/en/d/d0/Linksys_WAP54G.JPG
http://en.wikipedia.org/wiki/File:Floridaserversfront1.jpg
http://images.google.com/imgres?imgurl=http://www.suttlesoho.com/catalog/images/SAE-ACN.jpg&imgrefurl=http://www.suttlesoho.com/catalog/advanced_search_result.php?keywords=outlet&page=1&sort=2d&usg=__aOk4RttM6AVRO-czo13QFZGBrNI=&h=462&w=300&sz=36&hl=en&start=42&sig2=epSXVhGlG8Vk9DiMwwBTZw&tbnid=1o1gv1jIEsv9MM:&tbnh=128&tbnw=83&prev=/images?q=ac+outlet&gbv=2&ndsp=20&hl=en&safe=active&sa=N&start=40&ei=8fCWSunCLouXtgeTxMm_Dg

Direct-Current (DC) Mlcrogrlds

The world is already DC
« HVDC transmission
« 80% of power handled by
power electronics (DC)'
« Alternate Energy
(PV, Wind, Fuel Cells)
« Energy Storage (Batteries)
 Datacenters (ETSI 300 132-3) >
- LEDs, EVs, VFD Motors '
 DC can save 5-30% ¢

Keys to efficiency
 Higher Voltages
« Fewer Conversions

Solar PV
~ Home PC

Gas =3
Fireplace =

|

Unit pot Water

Furnace

If we were doing the grid

today, it would be DC
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@ Merge”®

ALLIANCE

Vision: DC Microgrids in Buidings

What is the EMerge Alliance?

Johnson /})I(‘

+  Not-for-profit 501c -Part 6 e Occupied Data S

*  Open application standards - DC platform (/s/) /YEXTEK Centers sy OSRAM

« Eco-system development and promotion e

100+ Member organizations and growing! PHILIPS ABB q‘"ityf”ds-
Who is the EMerge Alliance? APP @ BOSCH | . COOPER

«  Architects, Engineers y e Services Outdoor @Oﬂm

* Contractors/Builders/ Integrators _ DTE Energy &

« Manufacturers - Service Providers % EMERSON.

+  Building Owners — Facility Managers ®HermanMiller | e E‘B @ Juniper

* National & Independent Labs bl ’

«  Academic Institutions cisco Pulselstar H seasorswih]  —] FDISON

+ Codes & Standards Groups  ETE trescon %’a‘ﬂlﬂ'ﬂﬁ P watStopper
What is an EMerge Standard? . & u - -

« Commercial Applications Standards €A B = L uwil L— omers S, @swier  AEDg,

* Subordinate to safety, equipment standards Ui VRNV eemicm. IR Mo . Sot= e OVIA JUEREA

* Physical, electrical, operational interfaces oookee L B R @Dmm @ @R, Cxmwes w @

«  Application definition - listing requirements of other oo L g OED woxe (@) werm R o SRR @ s &

standards (incl. IEC) Members as o 3152011

DC-The Power to Change Buildings



http://www.google.com/imgres?imgurl=http://www.tfmforum.com/2011/wp-content/uploads/2011/09/Nema-logo.jpg&imgrefurl=http://www.tfmforum.com/facility-executives/executive-conference-sessions/nema-logo/&usg=__dHB_yT33q3my-ciAayv-YCQc72w=&h=128&w=500&sz=60&hl=en&start=1&zoom=1&tbnid=2xd30S0Xu5E7QM:&tbnh=33&tbnw=130&ei=vQaPT7r8G6T20gHRntTNDw&prev=/search?q=NEMA+logo&hl=en&gbv=2&tbm=isch&itbs=1

Smart Grid to Smart Buildings:

Layered DC Microgrids at the Core of the New Energy Network

: : BEDEERT
o National Grid — P [
— Regional Grid 2 P iy
@®© a v
E . agag W - 2 i il i i ROBERT GALVIN
) Public Utilities S Pistribution &rid axo KURT TERGER
oD Generation
E Storage
Z | meem e e - Community- -_ e Communications | Building Microgrid
o — ‘ Sensors Generation
L ()] Computation Storage
E = Campus = Communications | Room
= = - -
% % Sensors Mlcrognd
(an] Building Layer L g Computation Generation
+ b v Storage
] o Communications
= RODmXFloor Layer @ Sensors & Devices
w ‘ Bi-directional power exchange ?
- Electrical Devices

En¢erenet: noun \en-ar-net\ : the Internet of powered things 8 e«
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A Family of Open Power Standards
for Hybrid DC Microgrids

Vision: DC Microgrids in Buidings

Occupied Data
Space Centers

DC Power
Microgrids

Building
Services Outdoor




1st Standard: Occupied Space

OCCUPIED SPACE

Developed for commercial interiors INFRASTRUCTURE:
Status: Version 1.0 Issued, Version 2.0 in Committee development
AC Branch P1 = Ceiling
,z%'.zz'/,'/.'/,'/ 208-277 VAC - —‘vv "
z 774 DC Ceiling Grid M. - - R
'I M Agt‘{a(t:or ‘

) — L P3 = Furniture
W%?&uh%agggsgrs &' I. ~
- mmw— AR

§ ‘ - & Securityr

IT Wireless
Access Device

24 VDC Bus

®
Controls
% ( )Merge
“ ALLIANCE

. Copyright 2012 EMerge Alliance
13 ;
Copyright ©2009 EMerge Alliance. All rights reserved




EMerge Alliance Occupied Space Standard

Example Site Applications in the Field

PNC Financial lauckgroup US Green Bldg Council Nextek Power UC San Diego
Headquarters Office Architectural Office Conference Rooms NextEnergy Center Sustainability Center
Pittsburgh, PA Dallas, TX Washington, DC Detroit, Ml San Diego, CA
— : j =
e e
& PNC QO W) NOnexTEC ) |
lauckgroup N - / 7 Power Systems R

LA Community College CA Lighting Tech Center

Southern Cal Edison Johnson Controls Optima Engineering
Utility Services Office Headquarters Office MEP Firm Trade Tech Campus UC Davis Campus
Irwindale, CA Milwaukee, WI Charlotte, NC Los Angeles, CA Davis, CA

SOUTHERN CALIFORNIA

EDISON’

Johnson ﬂ))x(, 1 ATTC UCDAVIS

m‘lmﬁ UNIVERSITY OF CALIFORNIA
argineenng

Controls



http://ww1.prweb.com/prfiles/2007/03/13/511383/LauckLogo24bit2X1.bmp
http://www.usgbc.org/

High Efficiency
Mobile Worker Carrel

Everything at a mobile workstation
can be more efficient with DC

« Laptop, Monitor, Phone j
» Desk Motor |

Monitor

« DC Lighting
Power Outlet Prototype

Laptop Charging

Laptop Running
Phone - Idle

w 1. 16-19VDC Laptop

A (changeable tips) :
Phone Active
g 2. 5Vdc USB Cell Phone 5
3. 24\/DC Overhead Light 59
4. 1TT0VAC Total (Typical) 135

GWh savings available



2nd Standard: Data and Teleco

Developed for 380VDC ICT System

Status: Complete - Pending Final Approval
@Merge’

ALLIANCE

4803 UPS PDU

67"3V |

Optional On-Site
AC Generator

-678V




EMerge Alliance Data/Telecom Standard

Applications in the Field
Green.ch-ABB Zurich-West

380Vdc Data Center

ABB/Validus Power Distribution
e In: 16KV AC

« Out: TMW @ 380Vdc

 Battery Backup: 10 mins

 Backup Generation

1,100m? of 3,300m¢ is Vdc
HP 2U, Blades & Storage Servers =

Photos courtesy
of ABB* and HP*

Demonstrated Benefits rectiior MOV  Dataconter
ectifier

« 10% Better Energy Efficiency 16KVac Servers

« 15% Lower Capital Cost 30 T

« 25% Smaller Footprint

Battery Storage



Zero Net Energy Buildings (ZEB)

DC Microgrid with Renewable & Alternate Distributed Generation

Feeds
Solar , Battery Fuel Cell [ utiiy
PV Wind Storage I Other N Meter 5/
Wind 380VDC
L) Contr. I I Converter
Lighting Plug HVAC Electronic ICT Data
Loads Loads Charger Loads Loads Desktop Center
24VDC 380VDC 380VDC 380VDC 380/24VDC 24VDC 380VDC

&
Slide Courtesy of EMERSON.

MNetwork Power

\ DC Microgrid may include

« Various AC and DC loads: fixed &
plug and play loads

« Dispatchable generation: fuel cell
or bio-fuel turbine.

 Non-dispatchable sources: solar
PV and wind turbines.

« Energy storage, such as ultra-
capacitors or batteries.

« Common Distribution - Collector
Bus

» Management & Demand Response
(DR) capability

+ Ride-thru & Off-grid operation
capability (islandable)


http://emersonnetworkpower.com/

EMerge Alliance Occupied Space Standard

Example of Net Zero Energy Building
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On-site EIECtriCity.

4 Distributed
Renewable Energy

@PNC PNC Financial Services Group Inc. announced it will debut its new net-
' zero energy bank branch during first quarter 2013 in Fort Lauderdale, Fla.

PNC expects the branch to exceed LEED Platinum certification and be its
most energy efficient, using 50 percent less energy than a typical branch.



http://www.usgbc.org/
http://www.bizjournals.com/pittsburgh/news/2012/08/22/pnc-debuting-new-branch-concept.html?s=image_gallery

Summary

Personal Energy - the next big thing. C

Direct Current - not an if, but a when.

Merge®

ALLIANCE

EMerge Alliance: single worldwide, harmonized suite
of standards for DC microgrids

» 100 organizations around the world

« Commercial buildings & ZNE buildings faster
EMerge Alliance Standards are already in place for

24\/dc and 380Vdc.

« Being harmonized into International Standards
by IEC, ETSI, UL, NEMA, NEC, etc.

 Real buildings with real products already

DC, the power to change buildings







The Eco-system is building... [Videos]

ABB ON DC Efficiency
NEI|l on DC
ABB CEQO Joe Hogan on DC Future

EMerge Imagine
AC vs. DC



http://www.youtube.com/watch?v=SLFkyxDWyj4&feature=relmfu
http://www.youtube.com/watch?feature=player_detailpage&v=0GkUlrY-aYI
http://www.youtube.com/watch?v=_KeMgVNlSPQ&feature=relmfu
http://www.youtube.com/watch?v=g17f9J1-r-k&feature=related
http://www.youtube.com/watch?v=MAnzIIphf3Y

Additional sources of information

-
|EEE Power & Energy Magazine, Nov/Dec ‘12 Issue : Plugging into DC
http://magazine.ieee-pes.org/

Plug and Play Electricity http://blogs.intel.com/research/2010/04/plug_and_play_energy_efficienc.php

DC, An idea whose time has come and gone?
http://blogs.intel.com/research/2010/05/dc_-_an_idea_whose_time_has_co.php

EMerge Alliance http://emergealliance.org

Environmental view of 380VDC from Yale School of Forestry & Environmental Studies:
http://environment.research.yale.edu/documents/downloads/0-9/05-DC-Microgrids.pdf

Enernet: Internet Lessons for SoIvin% Energy, Bob Metcalfe
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy

Electricity 2.0: Unlocking the Power of the Open Energy Network http://ndn.org/electricity20

SMART 2020: Enabling the low carbon economy in the information age, The Climate Group on behalf of
the Global e-Sustainability Initiative (GeSl), °2008 www.smart2020.org

World Energy Outlook 2009, International Energy Agency http://www.worldenergyoutlook.org/



http://magazine.ieee-pes.org/
http://magazine.ieee-pes.org/
http://magazine.ieee-pes.org/
http://magazine.ieee-pes.org/
http://blogs.intel.com/research/2010/04/plug_and_play_energy_efficienc.php
http://blogs.intel.com/research/2010/05/dc_-_an_idea_whose_time_has_co.php
http://blogs.intel.com/research/2010/05/dc_-_an_idea_whose_time_has_co.php
http://blogs.intel.com/research/2010/05/dc_-_an_idea_whose_time_has_co.php
http://emergealliance.org/
http://environment.research.yale.edu/documents/downloads/0-9/05-DC-Microgrids.pdf
http://environment.research.yale.edu/documents/downloads/0-9/05-DC-Microgrids.pdf
http://environment.research.yale.edu/documents/downloads/0-9/05-DC-Microgrids.pdf
http://environment.research.yale.edu/documents/downloads/0-9/05-DC-Microgrids.pdf
http://environment.research.yale.edu/documents/downloads/0-9/05-DC-Microgrids.pdf
http://environment.research.yale.edu/documents/downloads/0-9/05-DC-Microgrids.pdf
http://environment.research.yale.edu/documents/downloads/0-9/05-DC-Microgrids.pdf
http://environment.research.yale.edu/documents/downloads/0-9/05-DC-Microgrids.pdf
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://www.slideshare.net/gigaom/bob-metcalfe-internet-history-applied-to-solving-energy
http://ndn.org/electricity20
http://www.smart2020.org/
http://www.worldenergyoutlook.org/

Beyond the Smart Grid - Personal Energy Systems

« The Smart-Grid: automating the
electricity supply system

- Personal Energy Systems can make
user-centered energy a reality

« Microgrids - integral to Personal Energy
« Local Generation
 Local Energy Storage

Plug-n-Play Energy
Monitoring & Management

» Eco-Sense Buildings

Distributed sensors +
personal feedback

« Zero Net Energy Buildings




Net Zero Energy Building Model
Buildings that produce as much energy as they consume
1. Integrated design and operations planning
2. Site renewable strategies get optimized using dc
3. Energy Storage in dc allow Grid independence
4, System Intelligence control, monitor, verify

Net Zero
Energy

Distributed

~
Renewable Energy
U.S. DEPARTMENT OF

EN E RGY ‘DC power would fundamentally change the way

power is distributed in commercial buildings...”
ZERO ENERGY
COMMERCIAL BUILDINGS
e CONSORTIUM

2012: Begin DC Microgrid Demonstrations

2030: All new commercial buildings
2040: 50% of commercial building stock
2050: All commercial buildings




E Merge® Energy Savings
Opportunities for Building Owners

Potential

Building Applications ~_%0f ~ Energy Vision: DC Microgrids Throughout Buildings

(in priority timing of Building  Savings- Keys to Maximizing

EMerge Alliance*) Energy DC Efficiency in Going DC
Interiors 28%** Upto | LED, Renewables
(Lighting)™™ 15% Occupied Space Data
Data/Telecom 17% Upto | Higher voltage Centers
30% conversions, ‘
Renewables - *
Service/Utility 36% Upto | Renewables
(HVAQ) 10% Building
Outdoor 6% Upto | LED, Renewables Services
10%
Other (misc equip 13% Upto | Different voltage
|OadS) 5% ConverSionS Copyright ©2010 EMerge Alliance. Al rights reserved.

**Higher energy use in office buildings, up to 40%




High Efficiency / Highly Configurable DC Lighting

» C(lass ll, 24Vdc touch-safe power in
ceiling grid

« Does not require electrician to
reconfigure spaces

« Up to 40% more efficient
« 2.5x Longer Fixture Life

« Eliminates separate Emergency
Lighting circuits w/ battery in ballast

« 380Vdc building backbone
e (Consistent with alternate

energy sources

.
AAAAAAAA Power Server Module

380VDC To Class Il Touch-safe 24VDC
in ceiling rails for high-efficiency office lighting intel'

PS Manager Software



Direct-Current Microgrid: 380Vdc the New Standard

ETSI 300132-3-1 v2.1.13 (1) (2011)

EMerge Alliance = NEC 2014 KUY -
- 28% more efficient than 208VAC’ s i T Beescsneeend TRE
7% more efficient than 415VAC2 _ Lol

15% less up-front capital cost in volume2

33% less floor space? |

36% lower lifetime cost3
200%-1000% more reliable?
No Harmonics, Safer 4

Efficiency? = Voltaget + Conversions|
« \olume Priced Parts (< 420Vdc)

UCSD, Duke Energy, Intel IT (2011)

Other Industries likely adopters | .
« PV, Wind, Lighting, EV Charging, VFD Motors 678V

1 Intel, Intelec Paper, 2007 2 Intel, HP/EYP, Emerson, Whitepaper, 2009 3 Validus/GE Study, 2010 4 1EC 23E/WG2 intel'

-294




EMerge Alliance Data/Telecom Standard

Applications in the Field

EPRI/LBNL - Electri
Sower Research Instiute http://www.youtube.com/watch?feature=pla

Lawrence Berkeley ver detailpage&v=0GkUIrY-aYI

Duke Energy data center in
Charlotte, North Carolina

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

S

EPPI&N | i N



http://www.calit2.net/
http://www.youtube.com/watch?feature=player_detailpage&v=0GkUlrY-aYI
http://www.youtube.com/watch?feature=player_detailpage&v=0GkUlrY-aYI
http://www.youtube.com/watch?feature=player_detailpage&v=0GkUlrY-aYI
http://www.youtube.com/watch?feature=player_detailpage&v=0GkUlrY-aYI

Information/Collaboration/Harmonization

<Electrical>

IEEE, DIN, NEMA,

CELELEC, JSA,

CEEIA, ETSI, ITU,
SAE, PSMA

<Safety> s <Energy>

UL, CSA, ISO, IEC,

NFPA, ASHRAE,
IEC, CEE, USGBC,

JET, CAPJ/CES,
SAC/GB RPS/RE




