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Introduction to Electricity Generation

Electricity defines the modern world, Everything that we think of as modern prod-
ucts, including electric lights, radios, televisions, home appliances, electronic devices,
computers and all the paraphernalia of the information age depends their operation, their
existence, on electricity.

Today the residents of developed countries take electricity for granted while those of
under developed countries and regions yearn for it. The supply of electricity is a complex
and expensive business. Increasingly, electricity has also become a security issue. While
people untouched by modernity can still live their lives without electricity, a modern indus-
trial nation deprived of electricity supply is like a dreadnought without its engines. It be-
comes helpless.

This book is a specialized English textbook on the subject of hydropower engineering for use
in university courses on hydroelectric technology. Fundamentals of hydraulics and hydrology are

used to present the basic theory that is necessary to understand hydropower engineering.

1.1 History of the electricity generation industry

The roots of the modern electricity generating industry are found in the early and mid-
dle years of the nineteenth century and in the works of men such as Benjamin Franklin,
Alessandro Volta and Michael Faraday. Faraday, in particular, was able to show the rela-
tionship between electricity and magnetism, a relationship that made it possible to generate
electricity with moving machinery rather than took it from chemical batteries as was the
case in his days.

The wide understanding of electricity coincided with the development of the steam en-
gine, and the widespread use of gas for fuel and lighting. In the U.S. , Thomas Edison de-
veloped the carbon filament that produced light from electricity. Similar work was carried
out in the UK by Sir Joseph Swan.

Illumination offered the first commercial use in electricity, but it was an insufficient
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1  Introduction to Electricity Generation

foundation for an Industry. What accelerated the growth of electricity generation was the
use in traction power. Electric trams for urban transport and the underground railway sys-
tem in London were the kinds of projects that stimulated the construction of large power
stations in the last two decades of the nineteenth century.

Its origins might be in the nineteenth century, but few would dispute that the growth
of the electricity was a twentieth century phenomenon. There is little doubt, too, that it
will become the world’s most important source of energy. Vital modern developments such
as computer and communications are impossible without it. It is worth remembering, how-
ever, most of the key elements neceésary for electricity ge‘neratioh ; transmission and distri-

bution were developed during the century before the last one.

1.2 The evolution of electricity generation technologies

The earliest power stations used reciprocating steam engines to generate power, These
engines were not ideal for the purpose because they could not easily develop high rotational
speed to drive a generator effectively. This difficulty was eventually overcome with the in-
vention of the steam turbine by Sir Charles Parsons in 1884. Fuel for these plants was usu-
ally coed to raise steam in a boiler.

Hydropower also entered the pdwer generation mix at an early stage in the develop-
ment of the Industry. Much of the key work on different turbine types used to capture
power from flowing water was carried out in the second half of the nineteenth century.

By the beginning of the twentieth century both the spark-ignition engine and the diesel had
been developed. These also could be used for making electricity. Before the World War [[ work
also began on the use of wind turbines as a way of generating power. But until the beginning of
the 1950s, steam turbine power stations burning coal, and sometimes oil or gas, together with
hydropower stations, provided the bulk of the global power generation capacity.-

In the 1950s, the age of nuclear power started. Once the principles were established, the
constructions of nuclear power stations were accelerated. It was widely believed that nuclear was a
modern source of energy for the modern age. It was cheap, clean and technically exciting.

Nuclear power continued to expand rapidly in the U. S. up to the late 1970s. In other
parts of the world, uptake was less rapid but Great Britain, France and Germany invested
heavily. In the Far East, Japan and South Korea worked more slowly. Russia developed its
own plants and India began a nuclear program, so did China.

From the end of the 1970s the nuclear industry, which used to be lustrous, began to
tarnish. Since then its progress has slowed dramatically, particularly in the west. In Asia,
however, the dream remained alive.

At the beginning of the same decade, in 1973 to be precise, the Arab-Israeli war

caused a major upheaval in world oil prices. By then oil had also become a major fuel for
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1.2 The evolution of electricity generation technologies

power stations. Countries that were burning it extensively began to seek new ways of gen-
erating electricity and interest in renewable energy source began to take off.

The stimulus of rising oil prices led to the investigation in a wide variety of different
alternative energy technologies such as wave power, hot-rock geothermal power and the
use of ethanol from crops instead of petrol or oil. However, the main winners were solar
power and wind power.

Development took a long time but by the end of the last century both solar and wind
technologies had reached the stage where they were both technically and economically via-
ble. There were considerable reasons to hope that both would be able to contribute signifi-
cantly to the electricity generation mix in the twenty-first century.

One further legacy of the early 1970s that began to be felt in the electricity Industry during
the 1980s was a widespread concern for the environment. This forced the industry to implement
wide-ranging measures to reduce environmental emissions from fossil-fuel-fired power plants.
Other power generation technologies such as hydropower were affected too.

The gas turbine began to make a major difference during the 1980s as an engine for power
stations. The machine was perfected during and after World War [ as an aviation power unit but
was soon transferred to the powet industry for use in-power plants supplying peak demand.

During the 1980s the first large base-load power stations using both gas turbines and
steam turbines, in a configuration known as the combined cycle plant, were built. This
configuration has become the main source of new base-load generating capacity in many
countries where natural gas is readily available.

The first years of the twenty-first century have seen renewed emphasis on new and re-
newable sources of electricity. Fuel cells, a technically advanced but economically expen-
sive source of electricity, are approaching commercial viability. There is renewed interest
in deriving from oceans, from waves and currents, and from the heat in tropical seas. Off-
shore wind farms have started to multiply around the shores of Europe. '

The story of the twenty-first century is likely to be the contest between these new
technologies and the old combustion technologies for dominance in the power generation in-
dustry. And while they battle for supremacy there remains one technology nuclear fusion,

which has yet to prove itself but just might sweep the board.
1.2.1 The politics of electricity

During the last years of the nineteenth century, when the technology was in its infancy, the
generation of electricity was regarded as one more opportunity for entrepreneurs and joint of stock
companies to make money. After all, electricity was not unique. There were other means of deliv-
ering energy: district heating was already common in the USA and some European cities while hy-
draulic power was sold commercially in cities such as London.

As a consequence the early history of the electricity industry was one of small, pri-
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~ . 1  Introduction to Electricity Generation

vately owned companies. Gradually, however, the distribution of electricity rendered most

of other ways of distributing energy across a network obsolete.

In the twentieth century, as the primacy of electricity became obvicus, the distribution of e-
lectricity gradually became to be seen as a public service. Like water, sewage and later gas sup-
ply, electricity was needed to operate 2 modern civilization. In much of the world, the electricity
industry was absorbed by government and became publicly owned. In countries such as the USA
where this did not happen, legislation was introduced to govern the supply.

In the late twentieth century, political ideologies changed. Government's ownership of indus-
try, including the electricity industry, began to be seen as unnecessary and uneconomic. A move
began to convert publicly owned utilities into privately held companies. Alongside with this, wtili-
ty legislation was relaxed to open electricity markets for competition.

By the beginning of the twenty-first century this had become a global phenomenon. A
few centralized governments still retained full control over their electricity industries but
most paid at least lip service for the concept of liberalization,

Liberalization has resulted in both successes and failures, California recorded the most
dramatic failure when liberalization resulted in a virtual breakdown of its electricity sys-
tem, with almast catastrophic consequences. The cost of electricity in California rose dra-
matically as a result. Elsewhere prices fell after liberalization.

I state’s control of the electricity industry was seen to be overbearing and too rigid, a
liberalized industry may have too much freedom. Economic rather than political considera-
tions are paramount. This makes the gavernment’s pelicy more difficult to implement.

Renewable energy offers a good example. A government that wants to increase the
proportion of electricity generated from renewable sources cannot simply issue an order. It
must use taxes and systems of allowances and penalties; generating companies may choose
to pay the penalties. if that is the most economically attractive option. In that case the de-
sire of the government is ignored. _

It is impossible to predict whether modern-free market rules will continue to dominate
the electricity industry. Life is full of ironies: instances of policies that are turned on their
head by one generation and then are turned again a generation later are far from rare. It

would be hasty to assume that this will not happen in the utility industries.

1. 2.2 The size of the industry

How big is the electricity industry? Tables 1. 1 and 1. 2 provide the answer. Table 1. 1
shows the amount of electricity generated across the globe in 2000. Production is broken
down in the table both by region and by type.

Gross electricity generation in 2000 was 14618TW « h. This was equivalent to roughly
1670000MW power stations running continuously for a year. In fact, the actual global gen-
eration installed in 2000 was over twice of, 3666000MW.
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1.2 The evoluticn of electricity generation technologies p

When generation is broken down by type, thermal generation is seen to be dominant.
This category refers to power generated from coal, oil or gas. These three kinds of fuel
were responsible for 9318TW « h, taking 64 % of all the electricity generated in 2000. Hy-
dropower was the second most important source, providing 2628 TW +h (18%) with nucle-
ar power a close third (2434TW +h, 17%).

Table 1.1 World electricity production (in TW -h ), 2000

) Nuclear and
Region Thermal Power{ Hydro Power Geothermal Power] Total
Other power

North America 2997 658 830 99 4584
Central and South
i 204 545 11 17 777
America
Western Europe o 1365 558 849 ‘ 75 2847
Eastern Europe and
1044 ' 254 - 266 4 1568
Former USSR
Middle East 425 14 0 0 439
Aftica 334 70 13 0 417
Asia and Qceana 2949 529 465 43 3986
Total ' 9318 2628 2434 238 14618
Table 1.2 World electricity generating capacity (in GW), 2000
. ‘ Nuclear and
Region Thermal Power{ Hydro Power : :  |Geothermal Power| Total
Other Power
North America 662 176 110 17 965
Central and South
68 115 3 : 3 189
America i :
Western Europe 360 147 : 128 14 - 648
Eastern Europe and )
299 80 49 0 428
Former USSR .
Middle East 97 4 0 0 7101
Africa 82 20 2 0 ' 104
Asia and Oceana 684 171 70 5 930
Total 2252 713 362 " 39 3366

Regionally, North America produced the largest amount of electricity in 2000, fol-
lowed by Asia and Oceana. The most striking regional figure is:that of African production,
417TW +h or less than one-tenth of North America. Central and South America also have
an extremely low output, 777TW +h, If one wants to identify the poorest regions. of the
world, one needs to. look no further than this table.

Table 1. 2 provides figures for the actual installed generating capacity which existed

across the globe in 2000. The figures here broadly mirror those in Table 1. 1, but there are
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~ 1 Introduction to Electricity Generation

one or two features to note.

Firstly global nuclear capacity is only half that of global hydropower capacity but con-
tributes almost as much electricity as nuclear capacity does. This reflects the fact that hy-
dropower plants cannot run at 100% capacity throughout the year because they depend on
the supply of water and it will vary from season to season. Nuclear power plants, by con-
trast, work best if they are always operated flat out.

Secondly the gross capacity, 3366GW was twice as much generating capacity as was
required to generate the electricity in Table 1.1, if every station was running flat out all
the time. Clearly many plants were working at less than half capacity., We have already
seen that hydropower cannot run at full capacity. There will, in addition, be spare capacity
in many regions of the world that is only called on during times of peak demand.

We might also note, as both tables indicate, that Central and South America relied on re-
newable resources, for the majority of their electricity. In every other regions of the world, ther-
mal power plants are dominant. The composition of the world’s power generating capacity is not
likely to remain static. New types of generation are becoming ever more competitive and these can
be expected to prosper as the present century advances. Renewable technologies, particularly,
will advance as environmental concerns and the cost of fossil fuels restrict the use of thermal pow-
er stations. What these advancing technologies are and how they work form much of the subject

matter for the remainder of this book.

1. 3 Pattern }of demand

The demand for power fluctuates from minute to minute, day to day, season to season. To
study the pattern, the graph of load against time, which is called a load curve, is plotted.

Fig. 1. 1 shows the load curve of a system for a

particular day. Generally the peak demand is ex- E .
pected between mid-morning to noon and then in ;; 00
the evening, with a night-time low demand from, 3
say midnight to early morning. The magnitude of

4000

the peaks and valleys depends upon the nature of
the load connected, pattern of activities of the con-

cerning population; the climate, etc. Generally, 2000 |

|
)
!
[
the demand at the weekends is less than the de- :
L 1 1

mand on week days. In colder countries, the win- 5 s - L on
ter demand is much more than the summer de- Time in hours
mand, The figures show a weekly load curve of a Fig. 1.1 Daily load curve

network (Fig. 1. 2)

U a curve is drawn of load expressed as percentage of maximum load against time, the
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1.3 Pattern of demand ‘

6 13 24 12 24 Tz( 20 1z 24 12 24 12 24 17 24
[ MON. | TUE. [ WED. | THU.| FRL | SAT. | SsuN. |

‘ Fig. 1.2 Typical weekly operation of a power grid
basic shape of the curve does not change and then it forms a useful basis for comparison for

different days in the system itself and for comparison with other systems.

The load duration curve (Fig. 1. 3) is the curve of load vs. the duration of the load equal to
or above a particular value. This curve can be constructed from the load curve itself.

The areas under the load curve and the load duration curve will be the same as they re-
present the total energy generated during the period. If we draw load duration curves for

different quarters of a year, they may be as follows (Fig. 1. 4).

8000
=
=
8
~ 6000 =
o
Q
=

1000 \ \

2000 -

i P i
0 6 12 18 24 JAN. APR, JUL. OCT. DEC.
Time in hours 01 01 01 01 31
Fig. 1.3 Load duration curve Fig. 1.4 Quarterly load duration curve

From the load curves, it is seen that the minimum demand may be 50% to 80% of the
maximum demand in a day. This proportion may be 30% to 502 over a period of one year.
The problem of providing for daily or yearly maximum loads is one of the most important
problems which the power generating industry has to deal with. To meet the daily peak
would require generating plants to be kept ready for operation for a short period every day
and the heaviest yearly peaks may require some plants to operate for only a few hours or a
few days out of the whole year and expenditure on such plants, though essential, earns
very little revenue. It has, therefore, been the policy of electricity supply authorities
throughout the world to encourage all possible ways a leveling up of their system load
curves in order to achieve more uniform and, therefore, more economical, loading of the

plant. On the commercial side, this problem has been tackled by selling power at a special
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~ 1 Introduction to Electricity Generation

low tariff for off-peak periods, and charging higher rates for peak power, resulting in the

non-essential demand such as storage heating using high consumption domestic appliances
etc. , being shifted to off-peak periods. In spite of these measures, variations still remain

but with reduced magnitude.

1.4 Categorisation of power stations

To meet the varying power demands, different caiegories of power stations have to be
provided in the grid. They are divided into three categories (Fig. 1. 5).

(1) Base load plants, |

(2) Medium load plants.

(3) Peak load plants.

Base load plants work for a period of 5000

Peak Load Generation

Load

hours or more in a year. Medium load plants
work between 2000 and 5000 hours a year and
peak load plants work less than 2000 hours in a

year. ( These ranges are only approximate.)

Base load plants must be very efficient plants

with a low cost of power generation, though [————— Base Load Generation

they may need heavy capital investment, which

is economically justifiable. These plants have to
Duration

run continuously and therefore, there is very lit- Fig.1.5 Annual load duration curve
tle operational flexibility.

Medium load plants are operated predominantly on week days. The cost of generation
may be higher than base load plants. These plants may have some operational flexibility.

The peak load plants, as these would be used for a short duration, the load factor be-
ing between 5% and 25%, investment in which can be comparatively less and correspond-
ing reduction of efficiency is acceptable and economically justifiable.

To date the main source of power generations for different categories of plants are as

follows.

1.4.1 Base load plants

(1) Coal-based thermal plants consisting of high o'ﬁtput steam turbines working with
high pressure, high temperature steam.

(2) Nuclear plants with high output steam turbines working with low pressure steam.

(3) Hydroelectric plants of run of river type where storage is not possible because of

other constraints.
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