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The Irony of it All










Electricity is the Elephant in the Room




The Smart Grid Steps into the Real World

No matter how efficient or renewable the
technologies may be, their potential will not be
realized without a major overhaul of the electric
grid.

This has heightened the interest of policymakers,
consumers, and businesses alike and have
focused them on enacting smart grid concepts as
part of an effort to reinvigorate America’'s economy
through energy and environmental sustainability.
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Energy and environmental sustainability
means our economic systems must be
fueled by energy systems that are

Reliable
Efficient
Secure
Clean
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“To meet the energy challenge
and create a 21st century
energy economy, we need a
21st century electric grid”

DOE Secretary Chu
September 2009
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This is the digital age and our electric grid
IS using electro-mechanics from the 1960s
and 70s rather than microprocessors.
Approximately 70 percent of the
transformers and transmission lines are 25
years old; and 60 percent of the circuit
breakers are 30 or more years old.

We are relaying on a 19th century system
from the days of Edison and Westinghouse
that uses 20th century equipment in an
effort to keep up with a 21st century
economy. The power grid was not
designed to support the extensive
coordination of generation, transmission
and distribution that is called for today and
it faces stresses and challenges that are
creating drivers for the modernization and
restructuring of the grid to accommodate
the needs and requirements of a 21st
century economy.
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The Electric Grid - A Complex System

Physically

Not holistically designed, evolved

incrementally in response to local load

grovvth Today:
30,000 Transmission paths + 180,000
miles of transmission line

* 14,000 Transmission substations

 Distribution grid connects these
substations with over 100 million
loads—residential, industrial, and
commercial customers

Diverse industry

« 3,170 traditional electric utilities

» 239 investor-owned, 2,009 publicly
owned, 912 consumer-owned rural
cooperatives, and 10 federal electric
utilities
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Technically

Electricity flows within three major
interconnections along paths of lowest
iImpedance (at the speed of light); yet
grid is operated in a decentralized
manner by over 140 control areas
Demand is semi-uncontrolled—smart
grid technologies provide opportunity for
dynamic, real-time balancing of demand
and supply (demand response)

Ultimate “just-in-time” production
process
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Dumb Grid - One Way Street to a Dead End

Color Koy:

Blus: Transmission
Grean: Distribution
Blackc Generation
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Energy Use and Waste 2008

Estimated U.S. Energy Use in 2008: ~99.2 Quads ILQ. Lawrence Livermore

National Laboratory

[ Net Electricity
‘ Imports

Solar 0.01

8.45

SpA Electricity 27.39
Generation
. 39.97 Rejected
20.54 Energy
57.07

Residential
11.48

Commercial
8.58

Industrial
23.94

Trans-
portation
27.86

Source: LLNL 2009. Data is based on DOE/EIA-0384(2008), June 2009. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA
reports flows for non-thermal resources (i.e., hydro, wind and solar) in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate.”" The efficiency of electricity production is
calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 80% for the residential, commercial and
industrial sectors, and as 25% for the transportation sector. Totals may not equal sum of comp ts due to independent rounding. LLNL-MI-410527
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2/3 of Electric Generation is Lost Through Inefficiencies

39.97% of all fuel
sources to go

I i Net Electricit
electric generation. et Electricity

Imports
27.39 % of the fuel o
sources that go to il
electric generation 39.97 Rejected
is wasted. Another | Esn%gy
way to look at is
nearly 75% of the
power that goes e Reslif;";ia'

to electric 0.02
generation is

|
(117
wasted. Thisis
power that is never 0.01 A 4.61
used! .

Ya
0.57
8.78 % of waste
comes from l 335
buildings & ‘
8.1

0.49

4.99

Commercial
8.58

industry combined 4

—thatis only a
THIRD of what is 1.79 2.03
wasted by unused \
electric power.
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Key Trends and Drivers for a 2030 US Electric Grid

2008

3.1% renewable (non-hydro)
6.0% hydro

19.6% nuclear

21.4% natural gas

48.2% coal

1.7% oil and other

+ 3,733 million MWh
+ 752,740 MW non-
coincident peak demand

* 140 control areas

» “Gridlocked” siting and
permitting

* Interoperability requirements

* Aging infrastructure and
workforce

* Cyber security awareness

* Infrastructure interdependence

U.S. DEPARTMENT OF Energy EmciEncy &
EN ERGY Renewable Energy



Smart Grid — Utilizing Digital Technologies to Enhance the
Reliabilitx, Securitx, and Efficiencx of the Electric sttem
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What effect will the 21st century electronomics have on
our lives?

There are five sweeping trends that smart grid
Implementation will help usher in:
1. a brand new interstate and inter-country highway
system for electricity
2. atransformed transportation sector based on
electric power
3. community-scale micro-electricity grids versus the
centralized command-and-control electricity
distribution we’ve known for a century
4. customized choice for consumers when it comes to
electric consumption
5. smart infrastructure based on the digital revolution

EEEEEEEEEEEE Energy EﬁlC\enCy &
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Electric “Smart Grid” — Electricity + Information

1.Power System Infrastructure
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However Information is Not Enough —

What Makes a Grid “Smart”, Anxway?
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e Physical
Infrastructure
that measures
or monitors
data

L

e Information
collected from
sensors used for
timely decision
making

)

e Enables
communication
to entire

energy supply
chain

N

societal value
- )
A

Automation

e Applications
that create
electrical
system or
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One of the best ways to understand the new
electric smart grid of the 21st century is by
analyzing the rapidly emerging electricity economy,
or electronomics, as it is sometimes called.
Electricity has the potential to, and must be
structured to, add value to the economy. To do so,
the smart grid infrastructure must enable new
forms of commerce. Structured properly, it will
help spawn new fortunes on a vast scale - a
scale we haven’t seen in the United States for
many decades or more. They will be the new
Microsofts, Apples, and Googles.

U.S. DEPARTMENT OF Energy Efﬁciency &
ENERGY  Renewable Energy
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Electric Transportation

Plug-in electric vehicles (PEVs) are now on the market throughout
the United States. However, while PEV’s do lessen the reliance on
crude oil and do not create emissions when operated in full electric
mode, they do rely on power plants to charge their batteries, and
conventional fossil-fueled power plants emit pollution.

To maximize PEV value by making them as clean as possible, they
need to be charged in the very early morning, when power demand
IS at its lowest, wind power is typically at its peak, and rates are

more attractive.

The smart grid’s infrastructure will
enable the efficient use of PEVs
by interacting with a vehicle to
automatically charge it at the
most optimal time, and turn
off when the vehicle has been
completely charged.




Enabling a Charging Infrastructure for PEVs

One of the key factors for acceptance of PEVs in the
marketplace will be the availability of charging

For now, many municipalities and private
companies offer free charges to PEV owners as
an incentive for purchasing these clean vehicles.
However, as PEVs gain market penetration, this
benefit is likely to come to an end, and charging
station owners will be seeking a convenient way
to charge PEV owners for their "fill-ups.”

Smart Grid technologies offer a potential solution to this
problem by identifying PEVs to the charging station when
they are plugged in, and automatically billing the
electricity used to the owner's account. The technology
will not only simplify transactions for the charging station
owners, but also allow PEV owners to charge up without the
need for cash or a credit card.

EEEEEEEEEEEE Energy Efﬂclel"lcy &
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nfrastructure has always been the key to
orosperity in the United States - whether it's
peen the transcontinental railroad, the interstate
nighway system, the telephone, or the internet -
and building a smart electricity grid for the
21st century is no different than these historic
Infrastructures.

Our goal should be one vast, interconnected,
Intelligent system that is monitored and
controlled end to end - all the way down to
billions of individual devices.

Energy Effici
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Building out a smart grid will allow us to remain competitive
In a rapidly evolving electricity economy. Right now, we're
falling behind.

Many of the most exciting and aggressive smart grid initiatives
are coming from overseas.

* Much of the Middle East is using its oil money to create a
state-of-the-art smart grid along with sustainable cities.

* Europe spends 10x than that of the U.S. on smart grid
research.

* China is leading the world in high-voltage transmission and
next-generation grid efforts.

If we want to keep pace we must invest our resources and
ourselves into this effort!

EEEEEEEEEEEE Energy Efﬂclel"lcy &
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This New Economy Will Enable...

iInterdependence not isolation

efficiency not waste

sustainability not vulnerability

and a power system focused on
the future, not mired Iin the past.

Energy Effici
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As individuals and businesses have become
dependent on electronic devices for information
exchange and commerce, the use of electricity
as an energy source has grown relative to
fuels, currently representing 40% of overall
energy consumption in the US.

The importance of electricity as a driver of
economic growth can be gauged from the fact
that electricity sales trend with the growth of
the GDP more closely than other energy
sources.

Energy Efficienc
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But the U.S. Has a High (and Growing) Dependence on
Electricity

25 50%
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Growth Rate in Electricity Flattens

3-year rolling average percent growth

14
12
Period Annual Growth
10 1950s 9.8
1960s 7.3
8 1970s 4.7
1980s 29
6 1990s 24
2000-2008 0.9
2008-2035 1.0
4
2
- A e—
P
1950 1960 1970 1980 1990 2000 2010 2020 2030
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Challenge - Balancing Generation and Load at the Same

(Instantaneously)

Objective

Less Variability - More Predictability

Generation

el e )

Load

ENERGY Renewable Energy
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Smart Grid Technologies Can Reduce Peak Load and
Defer T&D Investments

Hourly Loads as Fraction of Peak, Sorted from Highest to Lowest

100%
< 80% —
== 5%, ]
Ny T
2 60% ——
o
4=
; 40% —— O =440 hrstyr \\
© \
S 20% <

0%
0% 20% 40% 60% 80% 100%

Percentage of Year

>25% of distribution and >10% of generation assets are needed less than 5% of the
time ($100s of billions of investments)
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Daily System Load Curve — Demand Response

Wil Assist in Flattening the Curves

Daily System Load Curve- Goal is to Flatten
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System Peak d
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Other Load Profiles Showing High Variables Requiring a

Verx Flexible, Scalable, and Elastic Grid
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Advanced Metering Will Impact Demand Cycles

Average Household Electricity Savings (4-12%) by Feedback Type

12.0%

Real-Time
Plus

Feedback

gn hET

E WEEkIV Real-time info
= Feedback Lol
= appliance level
g 3.8% Household-

iy Enhanced specific info,

I Billing advise on

E Household- daily or .

& specific info, weekly basis

advice

“Indirect” Feedback “Direct” Feedback

(Provided after Consumption Occurs) (Provided Real Time)

With persistent feedback there is persistent savings.
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Advanced metering will not reduce cash

flow and reduce profits. Quite the opposite.

It Is conservation, and it will work In
tandem with grid efficiencies to reduce
demand, thereby deferring investments or
redirecting them to better technologies that
will enhance the bottom line for energy
providers and consumers alike.

U.S. DEPARTMENT OF
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This does not mean demand will decrease, it will just
lessen the severity of increased demand.

Demand WILL increase. As such, fossil fuels are not
going away - at least not within our lifetime, or even our
children’s lifetime. However, it does mean that we must
find avenues to provide for additional power beyond what
fossil fuels are able to provide.

Our current grid was really developed for fossil fuels and
flat generation. We must adjust the grid to be more
flexible in order to seamlessly integrate variable power
sources.

uuuuuuuuuu Energy Efficiency &
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The Power Grid System Does Not Tell the Whole Story

EXISTING LINES

v 345-499 kv 7
v 500-699 kv 7
Ae 700-799kV 7
“r 1,000 kv (DC) *

PROPOSED LINES
“r New 765 kv 7

»d AC-DC-AC Links 7

INTERCONNECTIONS

Major sectors of the
U.s. electrical grid
Eastern
Western
Texas (ERCOT)

Source: American Elsctric Power, American Wind Energy Associztion, Center for American Progress, Department of Energy, Edizon Electric Institute, Energy Information Administration, Electric
Power Research Ir te, onal Renewable Energy Laboratory, U.S. Environmenta! Protection Agency, Western Resource Advoc
Credit: Producer: Andrew Supervizing Editors: Anne Gudenkauf and Quinn O'Toole; Additional Research: Jenny Gold;

Prince; Designer: Alyson Hurt; Editors: Avie Schneider and Vikki Valentine;

iz: Robert Benincassa
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Current Power Plants and Main Power Arteries

EXISTING LINES

‘v Existing electric
power grid

* b NOTE: Daia for this map comes from the (L5, EPA's 8GRID datsbase.
* . Nof alf power-generafing faciities in the LS. are plotted on this map.
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Different Regions of the Country Use Different Fuel Mixes to Generate

Electricity

Nen-Hydro Renewables®
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WEST SOUTH CENTRAL
Non-Hydro Renewables
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U.S. DEPARTMENT OF

ENERGY

Regional
Diversity

*Includes generation by agriculhural
waste, landfil gas recovery,
municpal solid waste, wood,
geothermal non-wood waste, wind,
and solar.

** Includes gereration by tres,
baiteries, chemicals, hydrogen,
pitch, purchased steam. sufur, and
miscellansous technologies.

Sum of comgonents may not add to
100% due to noependant roundng.

Sowrce: U_S. Department of Energy,
Energy Information Admirisiration,
Power Plant Operations Report (EIA-
§23); 2009 prefiminary gencsraton
data.

May 2010

©2010 by the Edison Electac
Instinsie. All nghts reserved.
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Current Nuclear Power Distribution

W -75% W 31-45%
MW 51-75% | 16-30%
W 45-80% 0-15%

EXISTING LINES
v Existing electric
power grid

NOTE: Perceniages may nof total 100 because of rounding.

Source: American Electric Power, American Wind Ensrgy Association, Center for American Progress, Department of Energy, Edison Eleciric institute, Energy Information Administration, Electric
Power Research Institute, Federa! Energy Regulatory Commiszsion, Nationa! Renewable Energy Laboratory, U.S. Environmental Protection Agency, Western Resource Advocates
Credit: Producer: Andrew Prince; Designer: Alyson Hurt; Editors: Avie Schneider and Vikki Valentine; Supervising Editors: Anne Gudsnkauf and Quinn O'Toole; Additional Research. Jenny Gold;

Database and G15 Analyzis: Robert Benincass
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Current Coal Power Sources and Grid Delivery

W-75% M 31-45%
W &1-75% 16-30%
W 16-80% D-15%

EXISTING LINES

‘v Existing electric
power grid

NOTE: Percentages may nof total 100 because of rounding.
Source: American Electric Fower, American Wind Energy Association,
Power Research I g, Federal Energy Regulatory Comn
Credit: Producer: Andrew Prince; Designer: Alyson Hurt; Ed
.

Center for American Progress

h

Department of Energy, Edison Electric Institute, Energy Information Adm,
! Renewable Energy Laboratory, U.S. Environmental Protection Agency, Western Resource Advoc

rz: Avie Schneider and Vikki Valentine; Supervising Editors: Anne Gudenkauf and Quinn O'Toole; Additiona! Research: Jenny Gold;

tration, Electric

Database and GIS Analysis: Robert Benincasa
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Current Natural Gas (Erd Gas) Power Sources and Grid
Deliver

W =-750% W 31-45%
M ei-75% | 16-30%
B 45-80% 0-15%

EXISTING LINES
“+ Existing electric
power grid

- . o,
) X‘l NOTE: Parcentages may not total TOQ becawse of rounding.

Source: American Electric Fower, American Wind Energy Associstion, Center for American Progress, Department of Energy, Edison Electric Institute, Energy Information Administration, Electric
Power Research Institute, Federal Ensrgy Regulatory Commission, National Renewable Energy Laboratory, U.S. Environmental Protection Agency, Western Resource Advocates

Credit: Producer: Andrew Prince; Designer: Alyson Hurt, Editors: Avie Schneider and Vikki Valentine; Supervising Editors: Anne Goudenkauf and Quinn O'Toole; Additiona! Research: Jenny Gold;
Database and G515 Analysis: Robert Benincasa
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Current Oil (Bunker Fuel) Power Sources and Grid
Deliver

By percentage of each fuel
tyoe generaled in a state
W-75% M 31-45%
MW 61-75% 16-30%
B 16-80% 0-15%

EXISTING LINES

‘v Existing electric
power grid

‘ NOTE: Parcantages may nof total 100 because of rounding.

Source: American El

Power Research Ins

tric Power, American Wind Energy Ass

ociation, Center for American Progress, Department of Energy, Edison Electric Ins
Federal Energy Regulatory Comi

ion, National! Renewable Energy Laboratory, U.5. Environmental Protection Agen

nergy Information Administration, Electric
Western Resource Advocates
roducer: Andrew Prince; Designer: Alyson Hurt; Editors: Avie Schneider and Vikki Valentine, Supervising Editors: Anne Gudenkauf and Quinn O'Toole; Additional Research: Jenny Gold;
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Current Hydroelectric Power Sources and Grid Delivery

W->75% M 31-45%
MW 51-75% 16-30%
W 46-60% 0-15%

EXISTING LINES

‘v Existing electric
power grid

NOTE: Parcantages may not total 100 because of rounding.

Source: American Electric Power, American Wind Energy Azszociation, Center for American Progress, Department of Energy, Edizon Electric Institute, Energy Information Administration, Electric
FPower Research Institute, Fedsra! Energy Regulatory Comm lational Renewable Energy Laboratory, U.S. Environmenta! Protection Agenc stern Resource Advocates

Credit: Producer: Andrew Prince; Designer: Alyson Hurt; Editors: Avie Schneider and Vikki Valentine; Supervising Editors: Anne Gudenkauf and Quinn O Toole; Additiona! Research: Jenny Gold;
Databasze and GI5 Analyzizs: Robert Benincasa
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Regarding Renewables...

The physical reality is that the wind, solar, hydrodams,
and geothermal resources are usually located in remote
places in the middle of the country, while much of the
power demand is in urban areas on the coasts.

We cannot change where renewables are best captured
or where they are naturally appearing, but we can
Impact this paradigm and meet the President Obama’s
goals of securing 25% of our electricity from clean,
renewable resources by 2025 by investing in an
advanced and larger power infrastructure for electricity
to get from the interior to the coasts easily and
efficiently.

Energy Efficiency &
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Wind Power Transmission in 2030 and Beyond

EXISTING LINES

PROPOSED LINES

v Wind power
transmission
lines in 2030

¢ Mew wind power
transmission lines
projected after 2030

EXISTING CAPACITY

Wind speed

At 50 (164 75, i mph
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B Outstanding: 17.9-19.7

W Excellent: 16.8-17.9
Good: 15.7-16.8
Fair: 14.2-15.7

b
b
-

d -
Source: American EN
Power Research Ir

tric Power, American Wind Energy Associstion, Center for American Progress, Department of Energy, Edizson Electric Inst

Federal Energy Regulatory Comi
: Producer: Andrew Prince; Designer. Alyson Hurt; Ed
& and GI5 Anal : Robert Benincasa

Energy Information Adminiztration, Electric
ional Renewsable Energy Labor: ! Protection Agsr ern Resource Advocs!
- Apie 5

vie Schneider and Vikki Valenting; Supervising Editors: Anne Gudenksauf and Quinn O'Toole; Additional Research: Jenny Gold;
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Future Solar Power Distribution and Current Capacity

PROPOSED LINES

“¢  Solar power
transmission
lines

EXISTING CAPACITY

Solar power capacity 2
i kWh £ sq. ;t per year

W 260 B 136

B 248 W 173

W 23 161

W 22 149

H 211 136

W 193 112-124
Mo data

EXISTING LINES
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Geography issues aside...

...the current grid has difficulty
accommodating variable sources of power
like wind and solar energy, the fastest-
growing sources of renewable power on
the grid. As these resources begin to
supply increasing percentages of power to
the grid, integrating them into grid
operations will become increasingly
difficult.

Energy Effici
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Challenge: Wind Requires Substantial Balancing Reserves

Jan. 5-25, 2009
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Challenge: Solar Energy Sources Are Highly Variable

Alamosa, CO - Smin. System Output

" September 4, 2008 Lt Sston Covent Output from an
— 8MW solar PV
800 w ﬂ panel in Colorado
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Variable Generation Resources Can Create Challenges for

Reliability

Alberta System Demand and Wind Power
Correlated Well Nov 6 2006
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Alberta System Demand and Wind Power
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High Penetration of Variable Generation Can Create

OEerationaI Challenges

No wind 11% renewables
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WIDE AREA
SITUATIONAL
AWARENESS
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Wide Area Measurement Systems (WAMS)

to Enhance Reliabilitx

Situational Awareness Dashboard

Path Dynamics (Angle Difference) Monitoring
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“Better information supports better - and faster - decisions.”
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Lack of Wide Area Situational Awareness Contributed to
2003 Blackout
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Timeline 2003 Blackout - 6 Minutes to Black

16:10:44 10: 16:13:00
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0 August 14, 2003 Blackout
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SGIG Networked PMU Deployments Fill Key Gaps for
National Coverage

Phasor Measurement Units in
North American Power Grid

lllustrative
Coverage of SGIG
Networked PMU
Deployments

Legend
I Networked
[ ] Installed
[ Pranned
[] Desired

With information available as of March 3, 2009
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Florida Blackout - February 26, 2008

YouTube - Florida Blackout
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http://www.youtube.com/watch?v=V3BwTroU9XI
http://www.youtube.com/watch?v=V3BwTroU9XI
http://www.youtube.com/watch?v=V3BwTroU9XI
http://www.youtube.com/watch?v=V3BwTroU9XI
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The Challenge of Power Regulation

Some PUCs and utilities aggressively pursuing efficiency,

but it’s not enough.

Need to break the link between utility sales and utility profits.

Source: IEE, State Electric Efficiency Regulatory Frameworks, July 2010

Lost Revenue Adjustment

& Revenue Decoupling

Mechanisms for Electric
Utilities by State

Revenue Decoupling
- Mechanism

LostRevenue
Adjustment Mechanism

Pending
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The Challenge of Power Regulation (continued)

@
Cla

Independent Statistics & Analysis

U.S. Energy Information
Administration
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Source: Enargy Information Administration, Form EIA-861, “Annual Electric Power Industry Report.”
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The Challenge of Power Regulation (continued)

WV

Requires a focus on:
Data

Training
Information-sharing
Advocacy

EERS Status
(July 2010)

- Standard : Voluntary Goal : No Standard
: Combined EERS/RES : Pending Standard
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“Smart Grid”

» Varies from state depending
upon policy, market, or
electricity prices

There is no one
definition

« There is not a “one size fits J h
all” T [
- ,__hr_q_u oD
. i‘\'” . 1
* Renewable Portfolio e\ L
! Y —
Standards N Y]
! ) — II
* Electric Vehicle goals |
- Generation Mix S
CAK

* High Peak (Peak Demand)-
reliability
Issues

« Weather Events-reliability
Issues

Examples of variables that influence the
development of the Smart Grid
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Thank You For Your Time and Attention

Scott Minos
Scott.Minos@ee.doe.gov

eere.energy.gov
oe.energy.gov
smartgrid.gov
ela.gov

ferc.gov
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