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Unit 1 A Brief Introduction
to World Power

Section A World Electric Power Systems

In recent years electricity has been used to power more sophisticated and technically complex
manufacturing processes, computers and networks, and
a variety of other high-technology consumer goods.
These products and processes are sensitive not only to
the continuity of power supply but also to the
constancy of electrical frequency and voltage.
Consequently, utilities are taking new measures to
provide the necessary reliability and quality of

electrical power, such as by providing additional
electrical equipment to assure that the voltage and commission
other characteristics of electrical power are constant.

Voltage Regulation

Long transmission lines have considerable inductance and capacitance. When a current flows
through the line, inductance and capacitance have the effect of varying the voltage on the line as
the current varies. Thus the supply voltage varies with the load. Several kinds of devices are used
to overcome this undesirable variation in an operation called regulation of the voltage. The devices
include induction regulators and three-phase synchronous motors (called synchronous condensers),
both of which vary the effective amount of inductance and capacitance in the transmission circuit.

Inductance and capacitance react with a tendency to nullify one another. When a load circuit
has more inductive than capacitive reactance, as almost invariably occurs in large power systems,
the amount of power delivered for a given voltage and current is less than when the two are equal.
The ratio of these two amounts of power is called the power factor. Because transmission-line
losses are proportional to current, capacitance is added to the circuit when possible, thus bringing
the power factor as nearly as possible to 1. For this reason, large capacitors are frequently inserted as
a part of the power-transmission systems.

World Electric Power Production
Over the period from 1950 to 2003, the most recent year for which data are available, the

annual world electric power production and consumption rose from slightly less than 1 trillion

2

.
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kilowatt-hours (kWh) to 15.9 trillion kWh.. A change also took place in the type of power
generation. In 1950 about two thirds of the world’s electricity came from steam-generating
sources and about one third from hydroelectric sources. In 2003 thermal sources produced 65%
of the power, but hydropower had declined 17%, and nuclear power accounted for 16% of the
total. The growth in nuclear power slowed in some countries, notably the United States, in
response to concerns about safety. Nuclear plants generated 20% of U.S. electricity in 2003; in
France, the world leader, the figure was 78%. Much of the world’s electricity is produced from
the use of nonrenewable resources, such as natural gas, coal, oil, and uranium.

Coal, oil, and natural gas contain carbon, and burning these fossil fuels contributes to global
emissions of carbon dioxide and other pollutants. Scientists believe that carbon dioxide is the
principal gas responsible for global warming, a steady rise in the Earth’s surface temperature.
Consumers of electricity can save money and help protect the environment by eliminating
unnecessary use of electricity, such as turning off lights when leaving a room. Other conservation
methods include buying and using energy-efficient appliances and light bulbs, and using appliances,
such as washing machines and dryers, at off-peak production hours when rates are lower. Consumers
may also consider environmental measures such as purchasing “Green Power” when it is offered by a
local utility. “Green power” is usually more expensive but relies on renewable and environmentally
friendly energy sources, such as wind turbines and geothermal power plants.

Words and Expressions
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1. When a load circuit has more inductive than capacitive reactance, as almost invariably occurs in
large power systems, the amount of power delivered for a given voltage and current is less than
when the two are equal.
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2. Over the period from 1950 to 2003, the most recent year for which data are available, annual
world electric power production and consumption rose from slightly less than 1 trillion
kilowatt-hours (kWh) to 15.9 trillion kWh.

M 1950 £ 2] 2003 £ (2003 424 PRI B RHK BOE —4F), HFRGER R B BERMFEREMN
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3. The growth in nuclear power slowed in some countries, notably the United States, in response to
concerns about safety.

HTFRERROBUS, BoaE LEFURAERE, FBMKRREE.

Exercises

I. Single Choices

1. The main idea of this passage is
A. the introduction of world electric power production
B. the voltage regulation
C. the new type of electric power production
D. both Aand B
2. Capacitance can be added to the circuit when possible because
A. the power factor is as near as possible to 1
B. transmission-line losses are proportional to current
C. large capacitors are frequently inserted as a part of power-transmission systems
D. inductance and capacitance react with a tendency to nullify one another
3. The main reason for the slow development of nuclear power is the
A. technology limit B. people’s worry
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C. limited time D. money shortage
4. If you want to help protect the environment, you can use your washing machine at
A. 10am. B. 2p.m. C. 4p.m. D. 10 p.m.
5. According to the text, which country is the leader in the production of nuclear power?
A. USA.. B. Japan.
C. France. D. Not given.
Il. Blank Filling

The electricity first goestoa __ 1  at the power plant that __2  the voltage up to 400,000
volts. When electricity travels long distances it is better to have it at higher voltages. Another way
of saying this is that electricity can be transferred more __3 _ at high voltages.

The long thick cables of __4 _ lines are made of copper or aluminum because they have a low
__ 5 . The higher the resistance of a wire, the warmer it gets. So, some of the electrical energy is lost
because it is changed into heat energy. High voltage transmission-lines carry electricity long distances to
a_=6

The power lines go into substations near businesses, factories and homes. Here transformers

change the very high voltage electricity back into lower voltage electricity.

From these substations, electricity in different power levels is used to run factories, streetcars
and mass transit, light street lights and stop lights, and is sent to your neighborhood.
In your __ 7 , another small transformer __ 8 _ on pole or in a utility box converts the

———)

power to even lower levels to be used in your house. The voltage is __ 9 reduced to 220 volts for
larger __10 , like stoves and clothes dryers, and 110 volts for lights, TVs and other smaller
appliances.

lll. Give Definitions to the Following Terms
1. inductance
2. capacitor and capacitance

IV. Questions and Answers

1. According to the text, in which respects has electricity been used?

What is the main function of induction regulators and three-phase synchronous motors?
In which respects there are the changes of world electric production?

Can you list some examples of using electricity properly to protect environment?

wn A W

What is the “green power” offered by some local utilities?

V. Translation

1. The electrical load on the generator may be lights, motors, heaters, or other devices, alone



N

or in combustion.

2. Proper functioning of the system as a whole makes it necessary to monitor conditions

existing at many different points on the system in order to assure optimum operation.
3. When a circuit breaker opens to de-energize a piece of equipment, one side of the circuit
breaker usually remains energized, as it is connected to operating equipment.

4. Verification of proper operating voltages, current, and power indicate that at least the

system has an operational power supply and that power regulation circuits are operating
correctly.

5. When a fuse (or a circuit breaker) “blows” or “trips”, something is wrong with an appliance
or something was short-circuited.

.®
Key to the exercises
Il. Single Choices
L. D 2. B 3. B 4. D 5. C
li. Blank Filling
1. transformer 2. boosts 3. efficiently 4. transmission
5. resistance 6. substation 7. neighborhood 8. mounted
9. eventually 10. appliances

Give Definitions to the Following Terms

1. The magnetic field that is generated when a current is passed through an inductor, typically
a wire coil. Inductance is measured in henrys (H).

2. A capacitor is a passive electronic component that stores energy in the form of an
electrostatic field. In its simplest form, a capacitor consists of two conducting plates
separated by an insulating material called the dielectric. The capacitance is directly
proportional to the surface areas of the plates, and is inversely proportional to the
separation between the plates. Capacitance also depends on the dielectric constant of the
substance separating the plates.

Questions and Answers

1. Electricity has been used to power more sophisticated and technically complex
manufacturing processes, computers and networks, and a variety of other high-technology
consumer goods.

2. Both of them can vary the effective amount of inductance and capacitance in the
transmission circuit. '

3. The respects of electric power production and consumption, the type of power generation.

4. We can help protect the environment by eliminating unnecessary use of electricity, such as
turning off lights when leaving a room. Other conservation methods include buying and using
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energy-efficient appliances and light bulbs, and using appliances, such as washing machines
and dryers, at off-peak production hours when rates are lower. Besides, we can purchase
“green power” when it is offered by a local utility.

- 5. “Green power” is usually more expensive but relies on renewable and environmentally friendly
energy sources, such as wind turbines and geothermal power plants.

V. Translation
1. HAORAAARERE—R BT, B, s oA K& HAth— 2 ¥ & s e 4
B

2. NERGHEABARBELHIZE, ﬁd‘é\%ﬁf?ﬁﬁ*#%*lﬁﬁﬁﬂ‘]‘%‘ﬁiﬁﬁﬂﬁﬁ,
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Section B Power Failures -

In most parts of the world, local or national electric utilities have joined in grid systems. The
linking grids allow electricity generated in one area to be shared with others. Each utility that
agrees to share with others gains an increased reserve capacity, use of larger, more efficient
generators, and the ability to respond to local power failures by obtaining energy from a linking
grid. '

These interconnected grids are large, complex systems that contain elements operated by
different groups. These systems offer the opportunity for economic savings and improve overall
reliability, but they can create a risk of widespread failure. For example, a major grid-system
breakdown occurred on November 9, 1965 in east of North America, when an automatic control
device that regulates and directs current flow failed in Queenston, Ontario, causing a circuit breaker
to remain open, a surge of excess current was transmitted through the northeastern United States.
Generator safety switches from Rochester, New York, to Boston,' Massachusetts, were
automatically tripped, cutting generators out of the system to protect them from damage. Power
generated by more southerly plants rushed to fill the vacuum and overloaded these plants, which
automatically shut themselves off. The power failure enveloped an area of more than 200,000 sq
km (80,000 sq mi), including the cities of Boston; Buffalo, New York; Rochester, New York; and
New York City.

Similar grid failures, usually on a smaller scale, have troubled systems in North America and
elsewhere. On July 13, 1977, about 9 million people in the New York City area were once again
without power when major transmission-lines failed. In some areas the outage lasted 25 hours as
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restored high voltage burned out equipment. These major failures are termed blackouts.

The worst blackout in the history of the
United States and Canada occurred on August
14, 2003, when 61,800 megawatts of electrical
power was lost in an area covering 50 million
people (One megawatt of electricity is roughly
the amount needed to power 750 residential
homes.). The blackout affected such major cities
as Cleveland, Detroit, New York, Ottawa, and
Toronto. Parts of the eight states— Connecticut,
Massachusetts, Michigan, New Jersey, New

York, Ohio, Pennsylvania, Vermont—and the Fig.2 People look at a series of Hydro-Quebec
Canadian Provinces of Ontario and Québec high voltage towers near St-Bruno, Quebec, Canada,

were affected. The blackout prompted calls t0  south of Montreal that collapsed after a severe ice storm
replace aging equipment and raised questions it southwest Quebec. The storm left more than 1.4
about the reliability of the national power grid.  million households out of electricity.

The term brownout is often used for Photo credit: Jacques Boissinot / CP PHOTO
partial shutdowns of power, usually deliberate,
either to save electricity or as a wartime security measure. From November 2000 to May 2001
California experienced a series of planned brownouts to groups of customers, for a limited
duration, in order to reduce total system load and avoid a blackout due to alleged electrical
shortages. However, an investigation by the California Public Utilities Commission into the
alleged shortages later revealed that five energy companies withheld electricity they could
have produced. In 2002 the commission concluded that the withholding of electricity
contributed to an “unconscionable, unjust, and unreasonable electricity price spike”.
California state utilities paid $20 billion more for energy in 2000 than in 1999 as a result, the
head of the commission found.

The commission also cited the role of the Enron Corporation in the California brownouts. In
June 2003 the Federal Energy Regulatory Commission (FERC) barred Enron from selling
electricity and natural gas in the United States after conducting a probe into charges that Enron
manipulated electricity prices during California’s energy crisis. In the same month the Federal
Bureau of Investigation arrested an Enron executive on charges of manipulating the price of
electricity in California. Two other Enron employees, known as traders because they sold
electricity, had pleaded guilty to similar charges.

Despite the potential for rare widespread problems, the interconnected grid system provides
necessary backup and alternate paths for power flow, resulting in much higher overall reliability
than is possible with isolated systems. National or regional grids can also cope with unexpected
outages such as those caused by storms, earthquakes, landslides, and forest fires, or due to human
error or deliberate acts of sabotage.
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Words and Expressions
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B | Notes EEUREEEEE o

1. In June 2003 the Federal Energy Regulatory Commission (FERC) barred Enron from selling
electricity and natural gas in the United States after conducting a probe into charges that Enron
manipulated electricity prices during California’s energy crisis.
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2. Two other Enron employees, known as traders because they sold electricity, had pleaded guilty
to similar charges.

55785 46 Ry 8 FRLTE S AT 600 22 AR B Rt B K DL O P 43R T
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3. Despite the potential for rare widespread problems, the interconnected grid system provides
necessary backup and alternate paths for power flow, resulting in much higher overall
reliability than is possible with isolated systems.
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Exercises

l. Single Choices

1. The passage mainly tells us :
A. current flow in the grid
B. Enron’s manipulation of electricity prices during California’s energy crisis
C. the cause of power failures
D. several serious power failures in North America and their influence
2. Each utility which agrees to join the grid can
A. get free electricity
B. be rewarded better equipments and keep them
C. obtain energy from a linking grid in case of local power failures
D. gain the praise from the government
3. The worst blackout in the history of the United States and Canada happenedin ______.

A. 2003 B. 1977
C. 2000~2001 D. 1965
4. The author’s attitude towards Enron can be inferred as
A. sympathetic B. critical
C. neutral D. sarcastic
5. The interconnected grid system is more reliable than isolated systems mainly
because

A. itis larger in scale

B. itis more complex and advanced designed
C. it provides alternate paths for power flow
D. itis operated more efficiently
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