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Purpose of this Document

}

}

}

The O0OSmar-t Gri dé I s at the center of curr

This document is intended to provide readers with an overview of the concept, evolving
business models, and why Smart Grid implementation will be a foundational enabler of a mor
Sustainable Energy approach*.

The concepts presented are also intended to initiate stakeholder discussions on critical
related issues including:

Technology coordination between utilities, communication service providers, energy software &
hardware suppliers, and system integrators

Incentive design and support by policy makers to speed Smart Grid roll out
Standards devel opment to ensure efficient I N

Development of content for KL2 education and community awareness programs that increase
engagement of Smart Grid residential consumers

Program design by Higher Education institutions to prepare a workforce needed to support the
Sustainable Energy industry evolution

Mechanisms to link investment and employment opportunities with professional talent seeking to
participate in Smart Grid & Sustainable Energy initiatives.

*Visit thdnvVESiWvebsite to learn more about a vision and approach to achieving a
Sustainable Energy economy
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The U.S. Electric Grid: Dawn of the 2 Century

+  National Academy of Engineering #1 achievement @& nt ur y: oel ectri ficati o
Largest interconnected machine on earth
Consists of 9,200 electric generating units
1,000,000 MW of generating capacity
300,000 miles of transmission line
99.97% reliable
But é.
Annual electric demand growth since 1982 has exceeded transmission growth by 25%
R&D as a percentage of revenue is lower than almost any other industry
System outages create economic costs of nearly $150B/yr
Electricity generation is responsible for 40% of CO2 emissions in the US

[ L S S )

The electric grid is tremendously inefficient capital investment, which is ultimately paid for by the rate base
36% of total generation capacity (available for peak demand) provides only 4% of average system load
Overall grid utilization (average system output / total system capacity) is approximately 50%

}  Current grid is unable to efficiently take on intermittent electric energy provided/consumed through
Renewable Energy sourcesg(\Wind, Solar, and Car batteries).

4 INVWEST (Wwww.InvWEST.odg Source: Rebecca Johnson, University of
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Electric Power Supply / Demand: BAU

US Fundamentals: Global Fundamentals:

Energy Information Administration (EIA) projects

International Energy Agency (IEA)
/ gy Agency (IEA) renewablesnergyto be fastest growing energy source

projects US demand will increase
by 18% over next ten years while } However coaland natural gas are still projected to

supply increases only 6% comprise nearly 2/3 of total energy supply

}  Total transmission miles expected
to increase only 10% during that 35 7

. O Coal
samel0 yr period 50 © N:taural Gas
}  The Brattle Group / DOE :Ef.gg?bles 439

estimate a $1.5 Trillion price tag 251  DLiquids

over the next two decades for
electric power infrastructure
upgrades

1 EPRI estimates $165B in advanc 104
(smart grid) infrastructure ' . l I 21%
investment required over next 2 5 - . 19% . . -
decades o | I

2006 2010 2015 2020 2025 2080

EIA Presentation, May 2009

20

15 1 41%

©

Trillion Kilowatthours
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The CO, Challenge

US Challenge to Act:

Global Reality if Non -OECD

1 WaxmanMarkey energy and climate bill (HR Countries dondot get
2454) proposes aggressive long term goal of 80% _ _
reduction from 2005 levels by 2050 ) Without policy changes, energglated
- CO2 emissions will grow 39% worldwide
} Renewable electricity standard of 20% targeted by g
2020 between 20062030
5 }  US must take a leadership position
Assumed Economy-wide CO, Reduction Target
7 - 45 1 mOECD [CNonOECD  HWorld
Historical 40 - d04
Emissions 2005 = 5982 mmT CO, 354
2012 = 3% balow 2005 (5803 mmT COy) 35 -
@ 31.0
8" 4 2020=17% below 2005 (4965 mmT CO,) 2 30 -
0
% Remainder 2030 = 42% below 2005 ‘E ]
s of U.S. "pi:jg}g:_r;]_r_cog f 20 ~
= Economy S 45
o 2050 - 83% below | O 10 -
® Waxman-Markoy goals 2005 (1017 mmT GOy
as-of July 14,2009 \ 5 -
80% Reduction in CO, v 0-
emissions from 1990 2006 2010 2015 2020 2025 2030
1990 2000 2010 2020 2030 2040 2050 Source: EIA Presentation, May 2009

Source: EPRI Presentation, August 2009
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Why improve the current Grid?

}  Electricity generation is the #1 source of green house gasses (GHG).

+ Improved Grid management capabilities are essential tbaard an increasing
supply of intermittent, renewable energy resources such as wind and solar, in line
with Renewable Energy Standards designed to stabilize and ultimately reduce CO:
emissions.

}  Enhanced communication and monitoring capabilities are necessary deliviameeal
information about system conditions, enabling supply and demand balancing and
demand response pr opeakabimsg & moe raa/totlimdn ba g
during peak demand spikes.

1 A 5% improvement in grid efficiency is equivalent to either 1) saving 41GW of powe
(~25 coalfired power plants) or 2) permanently eliminating the fuel and GHG
emissions from 53 million cars.

1 Technologies to increase the reliability, efficiency and quality of power transmission
and distribution will avoid economically disruptive system outages.

}  Brdirectional communication capabilities are needed to enable utilities and
consumers to more effectively and economically transact power consumption.

7 INVWEST  (www.InvWVEST.org) Source: DOE, GTM Research 7/09



CurrentGriddAnyt hing but 0S

1 Electricity supply must match electricity demarmmost simultaneously
}  Electricity suppliers have minimal ability to influence demand at any point in time

1 Electricity suppliers have lesanoptimal levels of information about what is
happening on their system. Leads to lower precision in operation.

}  Two-way information flow between suppliers and consumers is very limited.
Consumers get a bill at the end of the month, call if there is a problem with their
service.

}  Consumers are insulated by fixedte pricing structures from the volatility of
electricity prices at different levels of demand

}  Consumers have very little information about the environmental attributes of the
energy they are consuming (ex: coal versus wind)

8 Source: Rebecca Johnson, University of Colorado
Department of Energy, National Energy Technology Lab
http://www.netl.doe.gov/moderngrid/opportunity/vision_characteristics.html



Smart Gridd Overview and Vision

Smart Grid will incorporate telecommunications networking, IT applications, and physical and lo
metering infrastructure to increase the intelligence and flexibility of the electric power transmissic
and distribution grid.

0The grid will become 0sm
when the technological
capabilities of the
infrastructure and the data it
generates are leveraged to _ :
create new applications that ~ Communication —
increase energy T%h"@'ﬂ‘éﬂ?&“‘@i t

Network Device and

o Tim Healy, CEOEnernoc

2008 AnnuaReport

OThe infrastructure _Jar dawdbi
of the smart grid is . e
undoubtedly necessary and e e f'""".f'_’t

important, but it's the . Advanced /| /&
intelligent softwared "The Soft NMotoring S8

Grid" 8 that has the ability to Plug-in . S

truly revolutionize this market
and provide vendors an
opportunity to create
defendable intellectual .
property and differé€
- GTM Research, 7/09

Enhanced Power Grid

Digital Communications and Control Tl
e

" /Smart Meters &
Building Automation

4 Capgemini G e
.. l (=) © Cogyright Capgesynd 2008 4 Mights Nesarend
IRARRTIER THEMRTIAR AN NUAT I

o] INVWWEST (www.InvWWEST.org) lllustration SourceCapGemini
Presentation, Aug 2009



Enhance

Enhance Improve
Customer Operational
Service Efficiency

Demand Response/
Load Control

Integration of Reduce
, Intermlttent Carbon
| 3 Emissions

Transform Support More
Customer Energy Utility EE
Use Behavior Investment

ccelerated Devil

Sour ce: Electric Power Rese
Green Grid: Energy Savings and Carbon Emissions
Reductions Enabled by a Smar




Smart Grid Benefits Matrix

Banai Thakabaldar
Indepenidars: Fuure
LRIy G Bar Fechdential | Commsrcial | Indweirial a raflons
Syelesm Rellabisy and Eogcniomics
Ermart Erid mchnologles alicw fasier diapnosis of distibution cufages and astomated resiorabion € X % ¥
of undamaged porfions of the gric, redecing cverall cutage dmes with major economkc benetis.
Emart Grid's automaled diagnosiic and sef-healng capablity profongs The iHe of fhe slecric € ¥
Irrasiruchire
Cistrbuted gensration Iz supporbed becyuse the grid has the abliiy bo dynamically manage al . ¥ % " x ¥
solrces of moser on the grid.
Price-sensiize peak shaving defers fhe nsed for grid expansion and reltroft. X
Price-sensitse peak shaving reduces the need Tor peaking generabon capacly invesiments. X X E X
Emart Gric bechmoiogles may allow sefier ullabon of ransmission paths, improving long % ¥
dislance erergy ransiers.
Foclies Envronmental mpaok
Emart Grid can reduce dlsirbefion kesses, thus reducing mower gensmation demands. X X L X X
Grid Integrabon of kigh levels of renewabls resoerces as called Tor in many stabe FFS siandands € ¥ X ¥ X ¥
il require Smart Grid b manage exbensiye disidouied gereraiion and siorags resowCes.
& nigh penelrabon of FHEY wil reguire Bmert Grid bo manage grid support of vehicle charging % ¥ ¥
FPofiengal use of PFHEY as Vehiole io Grid will absolubely resguire Smart Grid i=chnologies.
# Smart Grid enables nfelligent applances io prosvide feedback through the syséem, sense grid ® X
siress, and reduce el power use during pesk demand periods.
Agrvanosd mebering techmclogy can be used bo hels measune elschricfy use and calouabe the X x ¥ ¥
resufing carnon fofprint
Inaraaced aMlol=nay of powasr dallvery
Cirect operyiing costs are reduced frough the se of advanced metesring technology {ARRIAEN]
such as connectsidisconnects, vehicle feet opeabons and mainienancs, meber reads, employes X
Irsurance Compensaion IFsurance, =
Emart Grid technologles, such as synchrophasors, offer the promise of resucing rarsmizsion % ¥ ¥ ¥ ¥
Conipegtion
Enonomlo Devalopmant
Eiandards and profccols supporing Imzroperablily will promofe product immcvation ard business % ¥ ¥ ¥ ¥ ¥
oppartuniies ihak support the Bmart Grid concept
Congumear Gholos
Provide consumers wih Information on Selr slechric usage S0 fhey can make smard enengy ¥ ¥ ¥ ¥
chilCes.
Reaktime pricing offers consumers & “chalce™ of oost and corvenience trade-o®s that are superion X x ¥
1o hierarchical demand manasdemend programs.
Iniegration of bwlidng aulomstion sysiems offers eMclency galns, grid sxpansion dedsral, and € X
pe=ak shaving.

Soursa: Table created for Searr Ciral Enabler gfvie Mew Energy Frososy by EAC Speart Gnd Subeozamisze 2008
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Smart Grid Taxonomy

) tegrated Enterprise-Wide
M::(m a :;!um Consurrer Energy Management Syxteers
- i
\
Smart Grid
Applications
Layer
FAN/ A HAN
Communacations Local Ares Network Wide Area Netwonk 8 Fiekd Area Netawork (( e Horse Area Retwork
U!!" (Jtiey erfevpeise (Celutar (2G706). private wirshess, (RF mesh, RF poil to mudtpord, (W | Do, Mome™ug,
network) backhaul, sxtelite, BFL, WiMax) WIMAX, fber, BPLPLE) GLOWPAN. Z-Wave)
p .;: 4:1@3'
i o - =
-
Distridgtion Moo Bulidng mm
G Utisty Infrastructure Consumer
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The Smart Grid can
be compared to the
physical and logical
network layers that
comprise the
Internet:

APhysical Layer - consists of
many enabling technologies
including advanced distribution
and transmission hardware, and
advanced meter infrastructure
(AMI)

ACommunications Layer -
built of wireless and wired
communications systems and
protocols.

AApplications Layer -
Supported by the
communications layer-
softwareapplicationswill
improvethe generation,
distribution, consumption, and
monitoring of the Grid.

Source: GTM Research 7/09



Sector Investment and Stimulus

The American Recovery and Reinvestment Act of 2009 has allocated $4.5B
Smart Grid and transmission efficiency projects.

}  Eligible project categories include: ’ W ENERGY.GOV/RECOVERY

Transmission interconnection planning & analysis

DOE RECOVERY ACT FUNDING

Interoperability standards and framework
Smart Grid investment grant program
Energy storage demonstration project

} As many of the grants will be awarded in the form of 50/50 ARPA-E

matching grants, the resulting direct investment in Smart Grid iy
over the next threeyear period will be approximately $7 to $8 e
billion, and may very well exceed $10 billioa major boost for TOTAL = $30.7 BILLION
this industry during an economic downturn. e e
@ CLEAN UP OF COLDWAR
NUCLEAR SITES
} Venture capital represents a material financing source as a & LOAN GUARANTEES
number of funds have been established for clean tech. Roughly POR NEHEVIPBIE ERSTan
$1.3B inVC funding has already been deployed into Smart Grid e T eiont
technology during the period from 2005 thru 1H 20009. ) CARBON CAPTURE / STORAGE
) SCIENTIFIC RESEARCH

© ADVANCED RESEARCH
PROJECTS AGENCY - ENERGY

13 INVWEST  (www.InvWVEST.org) Sources: GTM Research
7/09; DOE, 9/09



Initial Smart Grid Investment Areas:
Communication and Physical Layers

}

Advance Meter Infrastructure (AMI)  dTop 15 planned AMI projects will yield
over 41 million meter installations by 2015, at an investment cost approaching $10
Billion.

Theintelligent Field Area Network (FAN), a smarter distribution network for a
given utility, will require the deployment of communications technologies currently
centering on several protocole¢ 4GWiMax, 3G cellular, RF mesh) to transport
AMI data.

Meter data management (MDM) applications will to evolve to analyze the data
from AMI-enabled networks.

Software and signaling technologies will enable new pricing models by which
utilities earn other sources of revenue, and consumers are incented to cede some
control of their own consumption. Specifically, Time of Use (TOU) pricing schema
will need to be deployed and begin to replace single, fragel retail pricing.

14 INWWEST (www.InvWEST.org)



Initial Smart Grid Investment Areas:
Application Layers and Storage

}

Demand Response (DR) service providers are enabling power management and
efficiency solutions for residential, commercial, and industrial consumers and the
utilities that serve them. DR firms have successfully aggregated mGiga®vattsof
consumer commitments to reduce demand
power 06 enabl es ut i |-firedipealang plants duving L) demand t
spikes and 2) sudden declines in renewable energy generation oatputirid

speeds slow down).

Home Area Networks (HAN)  will require new communication technologies and
machine integration to interconnect home appliances and infrastructure to the Sma
Grid.

PHEVadoption wil|l result I n devel opmer
potential demand spikes before more complex Vehicle To Grid (V2G) technologies
are deployed.

Initially,energy storage systems will be focused on making smadleale distributed
power a feasible alternative to large, centralized power stations.
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Smart Grid Companies / Players
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