Active and ctive Power

In electnc power technol gy, the terms active,
reactive and apparent er constantly crop up.
The reason is that they facilitate the
understanding of power flow in ac machines,
transformers, transmission lines, and electronic
converters. The (ingenious power @
method of solving ac circuits is also revealed
(Section 7.17). At an intermediate level, the
notion of conjugate current is used to determine

the active and reactive components of power by
vector algebra (Section 7.18).
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North American Power Grid

Interconnected transmission
— 100 (varies) — 750 kV
— High Voltage DC
— 3 A-synchronous areas

Radial distribution
~ 2.4 -=34.5 kV

Firsl Class in Power Engineering
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Generating stations

Technologies: Fossil Fueled
— boiler/steam turbine
e coal
s oIl
® (as
— Combustion turbine
e gas
e oil
e coal gasification
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Figure 2 STEAM GENERATOR WITH REHEATER
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“Obedience school
b prepared me ]|
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Fig.7. A comparison of torque and rotation for 1-phase/2-phase fan
motors versus 3-phase motors reveals that the former produce highe
torque ripple, which results in more noise and poor starting torque.
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There’s nothing better than finding $20 in your pocket.

Unless, of course,
it’s finding $2,000,000 hidden in your plant.



Electric Utility Industry Organization

Federal Energy Regulatory Commission
(FERC)

— Federal Agency

— Jurisdiction over all interstate
energy commerce

¢ regulate transmission system use
¢ creator of standard market design

First Class In Fower Engineenng

Fowar'Systens Landscaps




Electric Utility Industry Organization

Public Utility Commissions (PUC)
— State Agencies
— Jurisdiction over retail sales

public power and cooperatives
exempt

regulate distribution system use
approyve retail rates

establish retail programs
(conservation, new tech, etc)




Electric Utility Industry Organization

North American Electric Reliability
Council (NERC)

— Industry Organization

o vyoluntary

s compliance through public.and peer
pressure

— Reliability Based
e formed after 1965 blackout
» organized into reliability regions
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T. A. EDISON.
Eleoctric-Lamp.
No. 223,898. Patented Jan. 27, 1880,
R
A
7o\
. aX
AR
”~ /
'J &B, 9&

Figure 1: Image of Thomas Edison’s electric
incandescent lamp that was part of his
original patent application (reprinted from

reference 1).



Generating stations

Classifications per. IEEE 1547-2002
—  Distributed generation stations

e not directly connected to the
transmission system

¢ |ess than 10 MW aggregate
capacity

Central generation stations

e everything else




Generating stations

Classifications per FERC 18 CFR Part 35
— Large generators (Part I1 — final

rule)
e greater than 20 MW (aggregate?)

capacity
—  Small generators (Part I11 — NOPR)
e |essthan 20 MW (aggregate?)
capacity




ECONOMIC OUTPUT (GDP per capita)
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Figure 2. Economic output, as meas-
ured by the gross domestic product
(GDP) per capita, is strongly correlated
to the use of electricity. Nations in
which the annual demand for electricity
exceeds 10 000 kilowatt hours per
capita have either emerging or devel-
oped economies. The GDP is expressed
in terms of the so-called purchase
power parity, a standard economic
measure used for international compar-
isons. (Data are from World Develop-
ment Indicators, World Bank, 2004.)
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Overcharged

Factories outside the U.S. are
often more willing to

eneray efficiegcy because they
ﬂ?ﬂﬂ% pay more for electricity
than their American counter-
parts. Electricity prices for

industry, in U.S. cents per kilo-
watt-hour, first quarter 2007.

U.S. CENTS PER
COUNTRY KILOWATT-HOUR

Ireland T

Hungary | 12.3

Austria 12.6

Japan? 12

Mexico 103

Spain® 9.1

C\\‘h? nv 6‘6""—-' | France

: Ath quarter 2006 22005 22006
Price excluding tax

Source: International Encray Agency
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and the expected price tag Eas burned so power plants ca
swelled to an estimated $1.5bil- more easily separate the CC
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Figure 2.
Delineation of U.S. Coal Resources and Reserves*

Estimated Recoverable
Reserves

Recoverable Reserves
at Active Mines (19.4)

Demonstrated

Reserve Base
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250 xQ?r,
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at current
consumption

|dentified Resouces
(Measured, Indicated,
and Inferred)

Total Resources (Identified
and Undiscovered)
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ou re Blocking My view
\Wand o Namey

Fromt a Greenpeace ad
lampooning Sen. Edward
Kennedy's fight against an
offshore wind farm near
his summer home,
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The world’s largest oil fields, by
remaining reserves, in billions of barrels.

Remaining

Field Country reserves

f

Ghawar Saudi Arabia 101 62
Safaniyah Saudi Arabia

Rumaila  [rag

ASH
s
AT

Greater Burgan Kuwait

Kashagan Kazakhstan . 13

Source; Wood Mackenzie |
; ,Irdxqo
Gco-ry'ia
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“And please don’f'llet global

warming affect my

beach house...”
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Mixed Signals

Temperature anoma!y In degrees Celsius

1830 90 1900 10 23'””30 40 50 60 70 80 90 2000

1880901900 10 20 30 40 50 60 70 80 902000

Source: Godard Institute for Space Studies, NASA
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MHEEMICONDUCTOR INTERMATIONAT, JANIIARY 1940



ELECTRICITY FRACTION
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Figure 1. An increasing fraction of US energy
needs over the past 100 years has been met by
electricity. The same period has seen a decrease
in overall energy use per dollar of gross domestic
product: Electrification makes ar economy more

efficient.
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