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“Westinghoused”




economies of scale

load factor

natural monopolies




state regulation
obligation to serve
reasonable return rate base

holding companies
operating companies
interconnections

g + : : i
B : r _:'h' -
o A uﬂ
S




pyramids







NERC Interconnections

~ THEBIGCITY UVED BY THE LIGHT OF THE MOON
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wheeling

U 5. Average = 6.7 Cents per Kilowatthour
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Transmission and
System Operator

Vertically Integrated Utility
1900-1997?

Transmission

Independent
System
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Electric transmission

Shares of electric generation,
by energy source, 2000

Coal
57%

Petroleum
and other
2%

Gas
10%

Hydro
8%

Nuclear
23%
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Basic Structure of the Electric System

Color Key:
Blue: Transmission

Green: Distribution
Black: Generation

Transmission Lines
500, 345, 230, and 138 kV
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Transmission
Customer
138kV or 230kV

Subtransmission
Customer
26kV and 69kV

Substation
Step-Down
Transformer

Primary Customer
13kV and 4 kV

Secondary Customer
120V and 240V













Repairs to the overhand insulation of this 200MW generator rotor were carried out by
experienced tradesmen working on shift to ensure the earliest possible return to service.




i )
RN
,Q \ \__or e

?».:

~qRUBY—
Sagiv

- _.ﬂ._\u.\ < AN

(e ,,

) G = \/ _i‘

B = © pa/ ~‘\_.a W/

E 8= 4 TN NV 4=

E 228 o= VGG

2R ‘.lz.\_,Z»/._.,VA.‘_ﬁéﬁ_r/«.yﬂuﬂ_w

£ s = = LR
nEe 1

I



L

"

/¥

| s
Trangrmiggion Lines

by \bhtage_Category

Below 230KV (not shown)
230KV - 44k
J46k0 - 499k
SO0k - 73N
TGk - 999k
Dc
A- & A AC-DC-AC Tie
all others
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loading a transformer
on a barge
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More energy







Power systems: What can go wrong?
¢ Lightning







lightning induced

flashover!
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said light snow
showers!




1t was the wrong

Mon 3 Feb 2003:- no electricity
for 70% of Indian state of Bihar




golf will never be the same again




arc across 400kV insulator

38



Time for a nap?

-
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Crane contacts overhead power 46 oop volts tr SISO

line during freeway construction. and beneati ote |
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switched it off!




An Interesting job....




don’t touch
the stick!




Staged Faults on
400kV line







= The New ﬂnrk Timeg == - Tophosione T - ﬂ:ﬁc Fﬁlhﬁtlpﬁm ]nqmmr
POWER SURGE BLACKS OUT NORTHEAS] ﬂﬂlt iliustuu lf’ll}bt‘, == --

e L L e . 50 million luse power POWER LESS

e Largest blackoul In history Ilh L&, Canada -.Illn_-. T T T T

ump:hn v
B _': nocks ke il |
N AN : : |

.:wﬂq.%. {m#

o 'rui ahim

Miﬁhlmmhlfﬂ'klm L vhas b stk

LIVE A"
FROMS— % 2

BLACKOUT

= 50 MILLION LOSE POWER s g @ | L A
m CITY SWELTERS T0 A HALT| NN "0 RewNoRk ")«:f NVeors sirandod
® RUSH-HOUR CHAOS TODAY AFFIC RUNNING SMOOTHLY: PEDESTRIANS CALMLY DIF| \§f%» by huge blackout

BREAKING NEWS




Location

Date

Scale in term of MW or
Population

Collapse
time

US-NE[1]

10-11/9/65

20,000 MW, 30M people

13 mins

New York[2]

7/13/77

6,000 MW, 9M people

1 hour

France[3]

1978

29,000 MW

26 mins

Japan[4]

1987

8,200 MW

20mins

US-West[5]

1/17/94

7,500 MW

1 min

3]

12/14/94

9,300 MW

7/2/96

11,700 MW

36 seconds

[5
[
t[5]
US-West[5]

7/3/96

1,200 MW

> 1 min

US-West[ 5]

8/10/96

30,500 MW

> 6 mins

Brazil[6]

3/11/99

25,000 MW

30 secs

US-NE[7]

8/14/03

62,000 MW, 50M people

> 1 hour

London[ 8]

8/28/03

724 MW, 476K people

8 secs

Denmark & Sweden [9][10]

9/23/03

4.85M people

7mins

Ttaly[11]

9/28/03

27,700 MW, 57M people

27mins




Stuart — Atlanta 345 kV
Harding-Chamberlain 345 kV
Hanna-Juniper 345 kV
Star-South Canton 345 kV
Canton Central-Tidd 345 kV

INITIATING
EVENT

SLOW
PROGRESSION

I-" ~| Remaining | —

Paths




INITIATING
EVENT

Stuart — Atlanta 345 kV

Harding-Chamberlain 345 kV

Hanna-Juniper 345 kV SLOW
Star-South Canton 345 kV PROGRESSION
Canton Central-Tidd 345 kV

Sammis-Star 345 kV

. 4:08:58 Galion-Ohio Central-Muskingum 345 kV

. 4:09:06 East Lima-Fostoria Central 345 kV

. 4:09:23-4:10:27 Kinder Morgan (rating: 500 MW, loaded to 200 MW)
.4:10 Harding-Fox 345 kV

.4:10:04 — 4:10:45 20 generators along Lake Erie in north Ohio, 2174 MW
. 4:10:37 West-East Michigan 345 kV EAST

.4:10:38 Midland Cogeneration Venture, 1265 MW

.4:10:38 Transmission system separates northwest of D¢

. 4:10:38 Perry-Ashtabula-Erie West 345 kV

.4:10:40 — 4:10:44 4 lines disconnect between Pennsylvania & New York

.4:10:41 2 lines disconnect and 2 gens trip in north Ohio,1868MW

.4:10:42 — 4:10:45 3 lines disconnect in north Ontario, New Jersey, isolates NE part
of Eastern Interconnection, 1 unit trips, 820 mw

.4:10:46 — 4:10:55 New York splits east-to-west. New England and Maritimes
separate from New York and remain intact.

.4:10:50 — 4:11:57 Ontario separates from NY w. of Niagara Falls & w. of St. Law.
SW Connecticut separates from New York, blacks out.

PROGRESSION
(cascade)







This Augest 14 photo shows the tree {hat cassed the oss of
o= Hsnna-funiper ne Ealest Fes inophobo). Oteer SEE-EW
cordaciors and shizkd wires can Be s22n In the background.
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Figure 5.6. Voltagas on FirstEnergy's 345-kV Lines:
Impacts of Lina Trips
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1. Make reliability standards mandatory and enforceable, with penalties for noncompliance.

4. Clarify that prudent expenditures and investments for bulk system reliability (including investments in
new technologies) will be recoverable through transmission rates.

8. Shield operators who initiate load shedding pursuant to approved guidelines from liability or

retaliation.

16. Establish enforceable standards for maintenance of electrical clearances in right-of-way areas.

33. Develop and deploy IT management procedures.
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Number of reactors
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1995
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1997
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2001
2002
2003
2004

(Source: NUREG-0713, Vol. 26 [October 2005])






PROPOSED NUCLEAR POWER PLANTS




Estimated Average Annual Wind Speeds
Typical average wind speeds onwell exposed sites at 50 m above ground

Proposed Year 2021 Overlay"

WMPH mss
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lowa Energy Center

Thiz map was genersted fom data
colected by the lowe Wind Energy
Inztitute under lovwa Energy Center
Grant Ma. 9504-02. The map was
created using & model developed
by Brower & Company, Andover,
MA.

Copyright & 1997, lowa Energy
Center. Al rights reserved. This
map may nad be republished
without the weitten conzert of the
lowa Energy Center.

lowa Erergy Center, 2521 Bwood Diwe, Sute 124, Ames, 14 S0010-8263  Phone: (5152948318 Fao(515)2949912
e Proposed 765kV == Existing Té5kvV [ MISO Footprint @New Wind
THE TOP TWENTY STATES for wind energy potential, as measured

by annual energy potential in the billions of kWhs, factoring in
environmental and land use exclusions for wind class of 3 and higher.

1 North Dakota 1,210 11 Colorado 481
2 Texas 1,190 12 New Mexico 435
3 Kansas 1,070 13 Idaho 73
4  South Dakota 1,030 14 Michigan 65
5 Montana 1,020 15 New York 62
6 Nebraska 868 16 [llinois 61
7 Wyoming 747 17 California 59
8  Oklahoma 725 18 Wisconsin 58
9 Minnesota 657 19 Maine 56
10 lowa 551 20 Missouri 52
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Fuel Cell




CID internal
combustion
engine

manual transmission
& automated clutch

Final drive
S-speed
manual transmission
& automated clutch

Final drive Electric maching

California governor
will drive

hydrogen-powere
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Plug-in Vehicles: a potentially
revolutionizing idea

M : Meter

Power Plant

For the first time ever, this is integration of the 2
systems we use to consume energy: vehicular & electric.




Benefit: O resistance, 0 losses.

Cost: Special compounds used in
conductors that must be cooled

with liquid nitrogen to -321° F.










| will talk about sustainability in energy (since |
am not very qualified to talk about the others).

Even more narrowly, | will talk about sustainability in electric energy
production leaving out home heating & transportation fuels.




2003 Renewables in Electricity Production

Muclear .
6% T

Renswables
18%

ol andWaste
40% 1%

* Geothermal, solar, wind, tide/wavelocean
** Includes non-renewable waste

Hyrlres
(5

US Electricity Production, for 2002
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Power plant Emissions
efficiency

An Enerqgy Portfolio
Coal ¢ Biofuels
Gas Fuel cells

Gasification
Combined-

cycle units Storage

Distributed
generation

Geothermal Electric
vehicles

Hydro
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« Phase 1 (1995)
- Phase 2 (2000)

Electricity Generation by Fuel under Carbon Constraint
Scenarios, 2025 (billion kilowatthours)
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The world's largest landfill
recuperation plant

The Bandeirantes landfill site, 30 kilometres from the centre of S&o Paolo, is
huge. The waste, created over the past 20 years, is up to 100 metres deep in
places. Since 1 January 2004, the Dutch-Brazilian joint venture Biogas has
been generating electricity from Bandeirantes landfill gas. Perforated tubes run
through the waste to catch the gas and lead it to one of the 24 turbines of 925
kW each. With a total capacity of 23 MW, the plant been producing 170,000

MWh a year. This makes it the largest landfill gas recuperation plant in the

world. s



World's lar
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The Pelamis P-750 Wave Energy Converter is the result of six years of extensive testing, modelling and
development by Ocean Power Delivery Ltd. The machine is a semi-submerged, articulated structure
composed of cylindrical sections linked by hinged joints. The wave-induced motion of these joints is
resisted by hydraulic rams, which pump high-pressure oil through hydraulic motors via smoothing
accumulators. The hydraulic motors drive electrical generators to produce electricity. Power from all the
joints is fed down a single umbilical cable to a junction on the sea bed. Several devices can be connected
together and linked to shore through a single seabed cable. A novel joint configuration is used to induce a
tuneable, cross-coupled resonant response, which greatly increases power capture in small seas. Control
of the restraint applied to the joints allows this resonant response to be ‘turned-up’ in small seas where
capture efficiency must be maximised or ‘turned-down’ to limit loads and motions in survival conditions.
The machine is held in position by a mooring system, comprising of a combination of floats and weights
which prevent the mooring cables becoming taut. It maintains enough restraint to keep the Pelamis
positioned but allows the machine to swing head on to oncoming waves. Reference is achieved by
spanning successive wave crests. The Pelamis is designed to be moored in waters approximately 50-70m
in depth (typically 5-10km from the shore) where the high energy levels found in deep swell waves can be
accessed. The design of the Pelamis has been independently verified by WS Atkins according to (DNV)
offshore codes and standards. first fullscale pre-production prototype has been built and is being tested
at the European Marine Energy Centre in Orkney. 36



The world's largest dry biomass power
generation plant

Pietersaari, Finland
Pietersaari on the west coast of Finland hosts what is believed to be the world

largest dry biomass fired cogeneration plant. The plant, operated by Alhomens
Kraft AB, has a capacity of 240 MW of electrical power, 100 MW process
steam, and 60 MW district heating. It burns biofuels such as bark, sawdust,
wood chips, and cut peat, along with 10% coal or oil. Commercial operation of
the unit began in December 2001.
87












