U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

"SR - = LM

— 4

Smart Grid Strategies i Changing
the Paradigm to Maximize
Benefits and Address Challenges
of Electric Power Delivery.

Scott Minos

Senior Policy & Communications Specis

Intercontinental Hotel
Jeddah, Kingdom of Saudi Arabia
October, 2012




But the News Is Not All Good
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Energy Use and Waste 2008

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

National Laboratory
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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
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The Electric Grid - A Complex System

Not holistically designed, evolved _ f -@f T 7 n
incrementally. Today: - :
A 30,000 Transmission paths + 180,000 y
miles of transmission line
A 14,000 Transmission substations
A Distribution grid connects these N
substations with over 100 million \
loadsd residential, industrial, and
commercial customers
A 3,170 traditional electric utilities
A 239 investor-owned, 2,009 publicly
owned, 912 consumer-owned rural
cooperatives, and 10 federal electric
utilities
A Electricity flows within three major
interconnections along paths of lowest
impedance (at the speed of light); yet
grid is operated in a decentralized
manner by over 140 control areas
A Demand is semi-uncontrolled.
Energy Efficiency &
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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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NnWe canno® sol ve
Century challenges with 19t
and20"Cent ury sol u:
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Are We There Yet?

You have to know
where you are going In
the development of the
SmartGrid.Ify ou do
how will you know when
you get there?
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Key Trends and Drivers for a 2030 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
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A To move to the previous scenario by
2030 we need to develop and
deploy a smart grid.

A We all have heard of a smart grid.
But do any of us REALLY know
what it IS?

A The problem is there is no one
definition agreed upon.

Energy Effici
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The Smart Grid Is not so much of €
GoKI O |a A0 Aa
that It Is an enablemot an

objective Itdoes
things to get one

to an endgoal, but
IS notthe goal
itself.
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Perhaps a good way to establish a
working definition for the purposes of
todayos di scussi on
ourselves a more simplistic
guestionéone t hat
nNWhat 1 s a DUMB gr

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






Color Koy:
Biue:  Transmission ﬂ Subtranamission
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So then, what Is a
smart grid?
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F=El =)  Measuring ikey, but
simply measuring is not

that measures

or monitors

T smart in and of itself.
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The Smart Grid is all about management, therefore
measuring Is vita because what gets measured gets
managed.

Measuringenergy Is a key functionality and finds its
placethroughout the lifecycle of the griduch as
generation, distribution and consumption of energy
Inside or outside of a building.

Theefficiency and quality of energy generation and
distribution relies completely on the

ability of the systems to measure key
componentswith high accuracy.

Energy Effici
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* Physical
Infrastructure
that measures
or monitors
data

»
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e Physical
Infrastructure
that measures
or monitors
data

e Information
collected from
sensors used for
timely decision

making
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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

»
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Electricity+ Communication + Information

1.Power System Infrastructure
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What Is the Value of a Smart Grid?

e Physical
Infrastructure
that measures
or monitors
data

e Information
collected from
sensors used for
timely decision
making

)

e Enables
communication
to entire

energy supply
chain

Automation

e Applications
that create
electrical
system or
societal value
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Analyzing, Measuring and Communicating Data over a Smart Grid

Each country and utility has its own reasons,
strategy and understanding for a smart grid;
therefore, different technologies are required
to meet those needs.

These technologies would not exist without
a semiconductor solution - analog
components that attach to the line to
condition the signals and digital components
for analyzing, measuring, calculating and
communicating data over a smairt grid.

Energy Efficiency &

EN ERGY Renewable Ener ay



Smart Grid i Utilizing Digital Technologies to Enhance the
Reliabilitx, Securitx, and Efficiencx of the Electric sttem

Energy Efficiency &
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Yet, Another Part of the Definition

The Smart Grid is only
as smart as the people
gK2 0dzAf R AUKX

Xl a ¢St f | a
who use It.
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The People Who Build It

Utilities are mostly concerned with
adjusting to thepublic rather than
having the public adjust to them.

Energymeasurement during
generation and distribution Is
much more complex than at
consumption.

Energy Effici
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The People Who Build It

Reliability improvements

Demand response and peak shaving

Mandates from regulators and policymakers

Labor savings (e.g. meter readers)

Deferring construction of new plants and lines
Outage detection

Customer demand for visibility/control of energy bills

Need to integrate renewable and distributed generation

Customer demand for reliable digital-grade power

® Strongest driver " Second strongest driver ® Third strongest driver

Energy Efficiency &
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The People Who Build It

AWhile understanding some of the
possibilities a Smart Grid may be able
to provide, utilities also have many
concerns about these technologies.

A Critics state that utilities simply do not
want to invest capital into upgrades.

ABut the reality is that their trepidation
has many valid merits.

Energy Effici
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The People Who Build It

A For example, utilities are concerned over
being forced to accept distributed power
from customers.

A Utilities cannot vouch for the integrity of a
C ust o mearray,®s an example, yet is
being asked or required to accept power
from it and to pay for that power.

A Once again, automation and other Smart
Grid attributes are able to mitigate this, but
not wholly, and certainly not to the level
that would appease utilities.

Energy Effici
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The People Who B

Eguallyascomplex,

uild It

the Smart Grid allows the utility to have

greater ability to manage the grid for their needs. But that
IS a doubleedged sword. It also allows the consumer to

manage the grid fo
happening is that t
Automation helps,

r their own needs. What ends up
ne grid Is serving two masters, as It were
put Is not the only answer.

With somany peop

e having some control over the power,

the utilities areconcerned about losingontrol. They

rlghtfully point out t

hat if the gridgoesdown they will
be the onesheld accountable
eventhough itmay not be solely
or even partially theifault.

uuuuuuuuuuuuuu Energy EfﬁCIBr‘lcy &
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Demand Response and
Consumer Engagement

Energy Effici
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A revolution doesnot
soclety adopts new tools, it happens
when society adopts new behaviors.

Clay Shirky, Digital Guru, and
NYU Prof. of Telecommunications



A We mustmotivate consumers and condition
them to participate as knowledgeable and
engaged partners in an energy economy.

A Must run pilots

ATime to Drawer have Py
to run apilot long enoughs2 g LA
to determine pointof
consumerapathy withthe {
technology(and throw it jaes
in the drawer, as it were)

32 Energy Efficiency &
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Without communication, the energy usage of
appliancessuch as HVAC systems, dryers,
heaters and plugn electric vehicles (PEM)
unknown to utilities and energy customers.
Communication enables the consumer and
utility to gather and act on information in
real-time and allows utilities to ease energy
usage within the capacity of their power grid.
This also permits data to be consolidated
within residences, mukdwelling structures or
iIndustrial facilities.

Energy Effici
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Motivating: Norms, Networks, Goals, and Commitments

Communicating Social Norms

Last 3 Months Neighbor Comparison | You used 15% MORE electricity than your nesghbors.

NOENT HOW YOU'RE DOING:
TGOS
You used more
AR than average
YOU Turn tha report ov
10 0 ways 10 5o
"KW A 100- WAt DUl Daurning o 10 NOwrs uSes 1 KON -hour
Parsonaized O Maintain your air 0 Cool your home with a O Install a ceiling fan

Action Steps conditioner whole house fan

TURN OVER TO LEARN MORE =

Energy Efficiency &

34 EN ERGY Renewable Energy




Market Appeal & Public Action

Consumer Info: Peer Comparisons & Time of Day

HOME ENERGY USE
EFFICIENT

rdl Ny
MEIGHBORS GREAT (O
YOU » | GOOD ©
MORE THAN AVERAGE
ALL NEIGHEBORS . e,

Average steady state savings = 2.5%

~~
S
4 i
. You can save $34 this month
O | by using less during peak times
) T
=l
>
(@)
—
)
C
LL
12am 1pm 7pm 12am
TIME OF DAY
12am Ipm 7pm 12am

SRS e PRver com
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Grid Modernization: The Social Factor

One of the main
concerns
regarding smart
grid
Implementation is
privacy, along
with the need for
policies assuring
that data
collected by
utilities is
protected and
utilized properly.

uuuuuuuuuu Energy Efficiency &
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Grid Modernization: The Soci&actor

Individuals' electricity usage patterns describe their
lifestyle, and that is why privacy Is such an important
topic for endusers. At the same time, Is just that
characteristic that makes the Smart Grid so valuable fo
the utilities.

There's a significant risk that user consumption data
may be used for purposes ranging from targeted
marketing to determining a household's habits.

Energy Effici
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Casual monitoring Spying
(Reactive) (Active)
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Reliability and Self-
Healing

Energy Effici
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Resilience rather than Resistance

A It is very difficult and expensive to make the grid totally
resistant.

A However, to make the grid self-healing to largely mitigate
problems that may occur a very small percentage of the
time it might well be more beneficial, effective, and
affordable over than a system that may be resistant, but
If made susceptible will be very damaged.

A For example, while cyber security is very important,
there has never been a serious breach of the national
grid.

A Still, diligence is important because as we move more

toward digital technologies and microgrids that threat
Increases.

uuuuuuuuuu Energy Efficiency &
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The Importance of Interoperability Standards

Interoperability standards are the foundation of whether
a smart grid will be deployed and commercialized.

Consumer, commercial, and industry acceptance will
largely depend on whether there is clear definition of the
technologies and rules that will be established.

Without it, entities will sit on the sideline waiting to see
who the winners and losers will be.

Beta vs. VHS, BluRay vs. HD, Apple vs. Android

This is too important of an issue to allow it to be
decided by any factors other than best technologies.

Energy Efficiency &
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Demand Response and Distribution Grid Management

Demand Response
and Distribution
Grid Management

Energy Effici
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Load Shaving

Daily System Load Curve- Goal is to Flatten

60000

50000 System Peak Load with Reserve Margin ‘

System Peak L

40000

230000

20000

Baseload

10000

1 23456 7 8 91011121314151617 181920212223 24
Hour of Day

EEEEEEEEEEEE
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Other Load Profiles Showing High Variables Requiring a

Verx Flexible, Scalable, and Elastic Grid
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117 13 15 17 19 21 23
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http://www.eoearth.org/image/San_Jose_Residential_load_profile.jpg

Challenge - Balancing Generation and Load at the Same
(Instantaneously)

Objective
Less Variability - More Predictability
Y v S
;i it SN R
O YV
YIVIVIV
¥ Y Yy
Generation Load
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Wide-Area Situational Awareness

Wide-Area
Situational
Awareness
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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
48 EﬁEWREEFY Renewable Energy
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0 August 14, 2003 Blackout

30 + —— Normal Phase Angle is approx. -£5°

-90 7 Phase
-100
-110 Angles
120 4 I Diverged

-130 _
140 Prior To

150 T|_"== Cleveland ™= West Mkhig_an N Blackout
I

v

Relative Phase Angle
=
o

170 r , , . . - - .
15:05:00 153200 1544:00 155100 16:0500 16:06:01 16:09:05 16:10:38
Time (EDT)

14 Aug 2003
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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

uuuuuuuuuu Energy Efficiency &
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Florida Blackout - February 26, 2008

YouTube - Florida Blackout

—_— b el :
: .
Dry Thitugas R pa‘Technologies - GOOg[eﬁ

orida Department of Environmental Protection
® 2008 European Space Agency
Pointer 26°27:36.16" N/ 81°03'13.91° W elev. 17t Streaming [I11111111/100%

Eye alt

256:96/mi
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http://www.youtube.com/watch?v=V3BwTroU9XI
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ANOTHER BLACKOUT

O Jammu & Kashmir

punian (@ Hinecha

C Uttarakhand
Sikkim  Assam

® O] Bihar
Uttar
Rajasthan Pradesh Q
West Bengal

Jharkhand @) ®
Odisha (@)
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Variable Power Source Integration

Variable Power
Source
Integration
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Different Regions of the Country Use Different Fuel Mixes to Generate

Electricity

Nen-Hydro Renewables®
3%\ Omer

Y, <.
MOUNTAIN Hyro |\ |

WEST NORTH CENTRAL

PACIFIC CONTIGUOUS
Non-Hydro Renewables®
% Other*

Nuclesr
1%

N
Natuwral Gas
3%
— PACIFIC NONCONTIGUOUS ———

Fuel Oil
55% 4
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WEST SOUTH CENTRAL
Non-Hydro Renewables

1%
! _~FuelOl
1%

: : o
< s

Natwsal Gas
16% —

EAST NORTH CENTRAL

NEW ENGLAND

Non-Hydro
Renewables*

Other™

J". _T.é—ﬁw a'

MIDOLE ATLANTIC
Non-Hydro Renewables®
v l'il Cther**

\ [ et ot
' 1%

-

_Coal
3%

Nudlear

s B

EAST SOUTH CENTRAL

Non-Hydeo Renewalzles”
@% Other™
Hydro | ,<0.8%
¥‘{-. \/ Foel Oil
S 1%

Nudlear
21% ~

Coal
4%

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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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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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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Under President Obama’s
leadership, electricity generation

from wind and solar has
nearly doubled.
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Moving I n the Right Dire:q

éthe current gri d has:s
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

U.S. DEPARTMENT OF ency &
ENERGY  Renewable Energy
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Regarding Renewables...

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

Furthermore, by 2030, 80
percent of th
population will live in

urban areas and will

reguire even more energy.

U.S. DEPARTMENT OF

Energy Efficiency &
Renewable Energy



We cannot change where renewables
are best captured or where they are
naturally appearing, but we can impact
this paradigm by investing in an
advanced and larger power
Infrastructure for electricity to get from
the interior to the coasts easily and
efficiently.

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

M Superb: 19.7-24 8

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;

U.S. DEPARTMENT OF

Energy Efficiency &
EN ERGY Renewable Energy



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

U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy




Challenge: WindRequires SubstantidalancingReserves

Jan. 5-25, 2009

10000

o |
\]\ v
Ao i

oV VY

MW

4000
== BPA TOTAL WIND GENERATION

3000

2000 === BPA BALANCING AUTHORITY AREA LOAD

1000 -

1/5/09
1/6/09
1/7/09
1/8/09
1/9/09
1/10/09
1/11/09
1/12/09
1/13/09
1/14/09
1/15/09 1
1/16/09
1/17/09
1/18/09
1/19/09
1/20/09
1/21/09
1/22/09
1/23/09
1/24/09
1/25/09

Date/Time (5-min increments)

Energy Efficiency &
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Challenge: Solafnergy Sources Arelighly Variable

Alamosa, CO - Smin. System

Qutput

" September 4, 2008 Lt Sston Covent Output from an
— 8MW solar PV
800 w ﬂ panel in Colorado
/ ]’ on 9/4/08

700 /
600

o

81 % dropin5
minutes

Current {A)

400 /
300

o

—

~ High variability due

to clouds

|
N

0 .
9/4408 4:48 94/087:12

v

9:4/08 9:36 94,08 12:00 94/08 14:24
Date

9/4008 16:48

9/448 19:12

94/08 21:36

. ey Energy Efficiency &
ENERGY rencwabie Energy
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Variable Generation Resources Can Create Challenges for

Reliability

Alberta System Demand and Wind Power
Correlated Well Nov 6 2006
9000 320
% 8500 | ‘%t—a. 240 g
E 8000 Jﬂ % - 160 E :
% 7500 N A Ind 80 %
@ ‘r @
7000 ; 0
Time - 1 Hr per Division
Alberta System Demand and Wind Power
Do Not Correlate Well Jan 6, 2006
9000 320
% 8500 - I L 240 §
g :*(‘\-""‘“ - ™ 3
§ 8000 . e’ 160 5 &
; ™ :
B 7500 80
7000 . , | T, 0
Time - 1 Hr per Division

Energy Efficiency &
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High Penetration of Variable Generation Can Create

OEerationaI Challenges

No wind 11% renewables

50,000 50,000

40,000

30,000
20,000
= Nuclear B 3team Coal 0 Wind
10,000 @ Solar CSP w/ Storage O Solar PV B Combined Cycle
® Gas Turbine D Pumped Storage Hydro W Hydro
[
MON APR 10 TUE APR 11 WED APR12 THU APR 13 FRI APR 14 SAT APR 15 SUNAPR 16 MON APR 10 TUEAPR 11 WED APR 12 THU APR 13 FHAPR 14 SAT APR 15 SUNAPR G

23% renewables 35% renewables

none (R VN TN M e

10,000 10,000
9 -__ 0
MONAER | ARMRS  WOARA DODNRD ARG SATAMIE NAMRYS MON APR 10 TUEAPR 11 WID APR 12 THUAPR 13 FRIAPR 14 SAT APR 15 SUN APR 16

DEPARTMENT OF Energy Efﬂdel’]Cy &
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Electric Transportation

Electric
Transportation
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Enabling a Charging Infrastructure for EVs

One of the key factors for acceptance
of EVs in the marketplace will be the
availability of charging stations.

Charging stations are currently being
Installed in cities throughout the United
States. For now, many municipalities
and private companies are offering free
recharges to EV owners as an

1

incentive for these clean vehicles. ELECTRIC

JEHICLE

However, as EVs gain market share,
this "free refueling” is likely to come to
an end, and a convenient way to
charge EV owners for their "fill-u p s n
charging station owners will be
required.

Energy Efficiency &

EN ERGY Renewable Energy
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This is an Example When Automation Can Create Value!

Smart Grid technologies
offer a potential solution
to this problem, at least
within the area served
by the energy provider of
the EV owner. With the
Smart Grid, EVs can
identify themselves to
the charging station
when they are plugged
In, and the electricity
used can be
automatically billed to
the owner's account
without the need for
cash or a credit card.

Energy Efficiency &

EN ERGY Renewable Energy
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Policy and Regulation

Policy and
Regulation

U.S. DEPARTMENT OF

Energy Efficiency &
eeeeeeeeeeeeeee
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The Challenge of Power Regulation

Some PUCs and utilities aggressively pursuing efficiency,

but | t 0S

not

enough.

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

Source: |[EE State Electric Efficiency Regulatory Framewarily 2010

Lost Revenue Adjustmen
& Revenue Decoupling
Mechanisms for Electric

Utilities by State

EEEEEEEEEE Energy Efficiency &

EN ERGY Renewable Energy
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