6/20/2013

AucmeWZea'ﬁ' d
4 19 June 2013
. Dr. Henry Louqa :
Seattle Unlversny/IEEmer & E

rr o

-~

)

L\

U.S. National Academy of Engineerin
Grand Engineering Achievements of thé"ZDentury

1. Electrification 11. Highways

2. Automobile 12. Spacecraft

3. Airplane 13. Internet

4. Water Supply and Distribution 14. Imaging

5. Electronics 15. Household Appliances

6. Radio and Television 16. Health Technologies

7. Agricultural Mechanization 17. Petroleum/Petrochemical Tech
8. Computers 18. Laser and Fiber Optics

9. Telephone 19. Nuclear Technologies

10. Air Conditioning and Refrigeration 20. High-performance Materials
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Electricity Use and Human Development
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Sources of
U.S. Electricity Generation, 2011
(" Renewable 13% )

roleum <1%

Nuclear 19%

Natural Gas 25%

/ Coal 42%

s ———
Source: U.S. Energy Information Administration, Electric Power
Monthly (February 2012). Percentages based on Table 1.1,
preliminary 2011 data.
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Data sources: 1960-1998: Annual Energy Review Table 8.13 1907-1970: Historical Statistics: Vol 1, Series 5116,118, 118
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U.S. Wind Map at 80m & 3TIER

Skm Wind Map at 80m
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RENEWABLE PORTFOLIO STANDARDS

ME: 309% by 2000

VT: equal

MN: 250 by NH: 25%
2025; Xcel toload by 2025
-\ MA: 4% New by 2009

wWa: ¥ 2020 — 30% by 2020 wx 10%

(at least 0.5% from
solar)

% ? DE: 20% by 2019 (at

?/ 2 D: 9.5% by 2022 (at

“" " least 2% from solar)
"\

DC: 11% by 2022
VA: 12% of 2007
sales by 2022

NC: 12.5% by 2021

HI: 20% by 2020
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Locational Marginal Prices in the Midwest ISO
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American Recovery and Reinvestment Act

Providesthe U.S. Department of Energy with $4.5
billion to modernize the electric powegrid

American Recovery and Reinvestment Act of 2009

u.s. Depanment of Energy Smart Grld Programs
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American Recovery and Reinvestment Act

Smart Grid Demonstration Projects

Smart Grid Energy Regional

Demonstration Storage — Demonstrations
Projects. .

Total Value of $1.6 Billion.

Smart Grid Investment Grants

Smart Grid Investment Grant Projects.
Total Value of $8 Billion.

$4,925,826,664

§1,997.812,053
$511,700.775
$308.014.431
$ 66,534,058
$52,009278
(Tsse Source: smartgrid.gov
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U S. SMART GRID PROJECTS
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@ represents Advanced Metering Infrastructure (AMI)

& represents Customer Systems (CS)

¥ ropresents Distribution Systems (DS)

I represents Integrated Systems (1S)
™! represents Transmission Systems (TS)
B represents Regional Demonstration (RD)

@ represents Storage Demonstiation (SD)

21 represents Equipment Manufacturing (EM)
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Demand Response

Objectives

A Reduce peak demand
A Reduce overall demand

Benefits
Deferral of supphside capital investments
Lower fuel costs
Avoided emissions
Lower cost to customers

A
A
A
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Demand Response Enablers

Advanced Metering
Infrastructure

CUSTOMER SYSTEMS

Information

Web portals, iFhome displays (IHD)

Control

Programmable Communicating
Thermostat (PCBhdDirect Load Control
(DLC)

Source: DOE, fiDemand Redug
Advanced Metering Infrastructure, Pricing Programs and

g Customer-Based Systemsd Initial Results
@FES &
Ny  N4/333

- >9696=@=@=@B@»@~=—
Demand Response Pricing Schemes

A Time of Use (TOUpre-defined rates and schedules,
based on time of day
A RealTime dynamic prices

A Variable Peak Pricing (VPR)eak period times are
scheduled, but rates may vary

A Critical Peak Pricing (CPHixed or dynamic pricing
during critical event periods

A Incentive Programsutility control of customer load
(hot water heaters, air conditioners, etc)
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