56

Renewable and Conventional Energy and
Power Plants

56.1. ENERGY RESOURCES AND FORMS OF ENERGY

Primary energy resources are those available in nature in raw form. (Coal, Petroleum-0Oil,
Natural Gas, Fire-wood, wind, water and high level, solar-irradiation, Geothermal, Ocean-waves,
QOcean thermal, Ocean tides nuclear fuels ete.)

Secondary energy sources are those supplied to the user for consumption (electrical energy);
steam, hot water, gas in cylinders or pipe-lines, petroleum Oils, fire-wood etc.).

Fossil Fuels (Coal, Petroleum, Natural Gas are organic matters formed from plant/animal fos-
sils under temperature, pressure by biological and chemical decomposition over past several cen-
turies,

Non-renewable energy resources are those which do not get replenished after their consump-
tion, e.g. coal once burnt is consumed without replacement, of the same (Fossil fuels, Nuclear fission
fuels).

Renewables are those which are renewed by the natural again and again and their supply is not
affected by rate of consumption. (Wind energy ; solar-energy, Geothermal energy , Ocean wave : Hydro-
energy ete.).

Alternative energy sources are those which are non-traditional. They are alternatives to the
conventional energy resources.

Table 56.1. Conventional and Renewable Resources
for Electrical Power Generation

__I_'_-Conuentio:mi Alternative, Renewable
| Coal Wind power
Petroleum oils Solar power -
Natural Gas Geothermal |
Hydro Ocean waves
Nuclear fission fuels Oean tide
Chemical cells — Bio-mass fuels
— Waste-fuels
— Bio-gas
— Synthetic gases
— Nuclear fusion fuels
— Fuel cells
— Fire-wood.

Conventional energy resources are those which have been used traditionally for several decades
before 1970s. After the oil energy crisis in 1973, the non-conventional energy resources have
received high priority all over the world. Cost of various energy resources is increasing steeply.
This has affected the overall national economy, the standard of living and the progress of various
developing and developed nations.

#For further reading : “Energy Technology-Renewable and Conventional” —S. Rao and B.B. Purulekar,
Khanna Tech. Publications, Delhi, 1995,
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Electrical Energy is most widely accepted form of energy all over the world. Electrical Energy
is supplied by the utilities (Electrical Supply Companies) to the consumers at all times. The con-
sumers convert the electrical energy to several other forms such as mechanical (drives), heat (fur-
naces, ovens), light (lighting), high frequency waves etc. Energy supply and electrical powers supply
are intimately related.

56.2. UNITS OF ELECTRICAL ENERGY

Joule = Watts x Seconds

MWh = Mega-watt x Hours

Units of Electrical Power : Watts, kW, MW, MWe represents electrical MW rating to distinguish
from thermal rating.

kWh = Kilo-watt x Hours

56.3. ELECTRICAL LOAD AND DEMAND

Customers ‘demand’ certain MW and this ‘demand’ acts as a ‘load’ on the power plants. Hence
Joad’ and ‘demand’ are similar terms.

The connected load is the MW rating of the installed load. A residential building may have a
connected load of 2.5 kW.

Actual demand (load) is the MW or kW power drawn by the particular user at prevailing time
(say at 9 AM) e.g. the residential building mentioned above may have prevailing demand of 1 kW
at 9 AM. The prevailing demand of individual consumer, group of consumers, a locality, a city and
a group of cities goes on varying during the day and during the week, during the seasons ete. This
demand is a load on a power station or a group of power stations.

The greatest problem for a power supply company is varying load. The generation should be
matched with the load constantly.

56.4, LOAD CURVES AND PEAK LOAD

Cronological time is plotted on X-axis and load in MW on a particular plant or a group of plants
if plotted on Y-axis. A load curve is drawn for (i) 24 hours of a day (Daily Load Curve), (if) 7 days
of a week (weekly load curve) or (iii) 12 months of an year (Yearly Load Curves).

Fig. 56.1 shows a weekly load curve. The daily variation has a certain repetitive cyclic depend-
ing upon life-style, business hours, industrial hours etc. The load line touching the highest peak
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Fig. 56.1, Weelly Load Curve,
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period
B = Intermediate stations
operation period
C = Peaking station operation
period.
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ﬁiv\es Pz;(ai‘z L:)udt. The total installed capac?ty of a plant (or a group of plants) should be more than
1e pea fnad with ac%cquatg surplus margin for steady state stability limits of generators, planned
outages, single or twin contingency due to forced outages etc. ,

g Instead of increasing installed capacity for peak load ; the region may import power through
interconnected line as per scheduled exchange. Peak luads in two regions are generally displaced

in time.
56.5. BASE LOAD, INTERMEDIATE LOAD AND PEAK LOAD

Lowest line parallel to X-axis and touchi ini i
. : s @ ching the minimum load is calle > Base ;
This load is present at sll the time, g m load is called the Base Load Line.

The line parallel to X-axis at the base of the rising peaks i ‘ i i
Fig. 56.1. (4), (B), (C) show the demarkation, ing peaks is called Intermediate Load Line. In

Note. During peak loads all the three cat i
! 3 egories (A, B, C ‘ate power. There s
some spare capacity for contingency. 8 ) geneatn:power, Thecs should b

56.6. LOAD DURATION CURVE

From daily load curve, corresponding d

g daily load duration curve is plotted 1
(a), (b). The Y-axis is FMW 1 i ok e
ey is is o oad and X-axis is number of hours for which the load prevailed (Dura-
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Fig. 56.2 (a) Daily load curve (b) Corresponding load duration cuf‘\re

.f.

Fig. 56.3 shows the load duration curve
@ with mark

peak load. Note. Area under the curve gives MWhr ::p:;ﬁ:dfor hase loodh ntermediate Joad and

Area under the daily load curve and corresponding daily load duration curve is given by

24
Area = o MW.dhr=MWhr
Thus area under these curves represents electrical energy supplied during 24 hours.
From the well known law of conservation of energy.

Total MWhr Energy Generated = Total MWhr Energy Consumed + Total MWhr Losses

Also Total MW being Generated = Total MW Prevailing + Total MW Losses

—~
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Some generating uni
units are used for intermediate loads (B) Efficient units with lower generating cost are used for
Base Load (A). Units with quick start/loading/stop are used for peaking (C) even thou
costs may be higher.
The scheduling of 5 units in a station or 5 stations in a regional grid is indicated on the left
side of Fig. 56.3.
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ts may have lesser efficiency and higher generating cost (Rs./MWh). Such
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Fig. 56.3. Daily load duration curve with demarkation
(A) Base load (B) Intermediate load (C) Peak load.

56.7. TYPES OF GENERATING UNITS FOR BASE LOAD, INTERMEDIATE LOAD

AND PEAKING LOAD
Basic requirements of the generator, turbine, primary energy convertor (boiler) differ for Base

load/Intermediate load/Peak load units.

Base Load Stations/Units are with :

— Continuous load with high load factor

— No frequent starting, rapid loading, rapid load throw-off

— Large reserves of primary energy resources.

— High efficiency

— Lowest generation cost (Rs./MWhr)

Intermediate Load Station/ Units are in between the base load and peaking load.

Peak Load Station/ Units are loaded for a few hours in a day. They should be :

— Quick to start, pick-up load, unload, stop

— Relatively lesser MW rating
— Cost of generation Rs./MWhr may be higher but is justified due to lesser MWhr produced

by the peaking station/unit.
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Table 56.2. Types of Power Plants for Base Load, Peaking Load

) _-lf.fmegm; n_f Load | -_T&_pe of Station Remarks ]
Base Load — Coal Fired Steam Thermal Power — Operated at all times.
Plant — Influence overall cost of generation
— Nuclear Steam Thermal PP. Rs./MWhr.

— Geothermal Steam Thermal

— Large Hydro-Electric

— Combined Cycle Power Plant
Intermediate Load — Combined Cycle PP

— Hydro-clectrical PP,

— Less efficient steamn thermal units

— Gas Turbine PP,
— Combined Cycle PP,
— Hydro-electric PP
— Pumped storage PP
— Diesel Electric PP

— Operated at above base load line

P_eakiug Load — Operated during peak loads only |

_.léne_my-l)isplucr,;ngn_t_ = Wind_pnwer, — Whenever Renewable P-:nargy
Plants — Solar power, Source is available near load
L — Tidal power, ote centres, -}

Energy Displacement Power Plants. Solar power plants and wind power plants generate
electrical energy only during favourable natural conditions of sun-light and wind. During favourable
conditions, they are allowed to generate full power and the other intermediate power plants are
relieved of equal power generation. The energy consumption of non-renewable is displaced by cor-
responding amount of MWhr,

_Hybrid of Renewable and Storage Plants. Energy displacement plants may operate in
liaison with a conventional diesel electric plant and battery-energy storage to form Hybrid solution,
Hybrid power plants introduced commercially are :

~— Solar-Battery-Diesel — Wind-Battery-Diesel.

During favourable conditions of sun/wind, the storage batteries are charged. During un-

favourable natural conditions the battery-back supplies energy via a suitable power conditioning
unit (DC to AC).

When stored energy in battery-bank reduces, diesel-generator sets are started to supply the
power,

. Table 56.3
Operation of Renewable — Battery-Diesel Hybrid Power Plants

| During favourable solar/wind Hours ‘ = | Primary energy from renewable source converted to electrical

During unfavourable solar/wind hours | — Battery-pack supplies electrical energy via. conditioner,

— with batteries fully charged
= _w—ith battery charge exhausted = | Diesel-Generator gives power.

56.8. PLANT FACTORS AND RESERVES

. For economic operation of power plants and the energy supply system; load factor should be
high, anerslty, Factor IshouId be high. From the regular pattern of the daily load curves, advance
preparations of the various ‘reserves’ are maintained,

Boilers, steam turbines, combustion processes, gas turbines etc. have different starting and
loading characteristics.
Load Factor = : MWh generated in a given. periodl

Maximum Demand x Hours of operation in given period
_ _Average Demand

Maximum Demand
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Sum of individual consumers
Maximum demands
~ Maximum load on the station
MWhr produced
MW capacity x Total hours
MWhr. Produce
= MWhr. could be produced
MWhr. produced
MW capacity x Hours of operation
= Power which should always be readily available even during
emergency state.
= Reserve generating capacity available but not in operation
= Reserve capacity available with thermal process in operational
readyness.
Spinning Reserves = Operating capacity connected to bus and ready for taking load.

Diversity Factor

Plant Capacity Factor =

Plant Use Factor

Firm Power

Cold Reserves
Hot Reserves

56.9. POWER PLANTS WITH CONVENTIONAL ENERGY RESOURCES

Fig. 56.4 shows the present alternatives on cost basis. The type of generating plants in a country
or a region will mainly depend upon : .

— natural (primary) energy resources available locally and their present and future supplies.

— Energy resources which could be transported by sea, rail, road upto the plant sites.

— Technology available/imported.

— Relative costs

— Ecological and Environmental clearances,
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Fig. 56.4. Comparison of Generation Cost for Power Plants with different energy resources.
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Conventional Power Plants of importance are :
1. Coal Fired Steam Turbine Power Plants

2. Hydro-Turbine Power Plants

3. Nuclear Reactor Power Plants

Gas-turbine and Combined C
: vcle-Power Plants. (G i 3 i
S Tiesel Brgive diiven G e (Gas Turbines plus Steam Turbines)

56.10. COAL FIRED STEAM-TURBINE POWER PLANTS

Refer Fig. 56. i >
B _rSt ;ima:j;ef:é::rgﬁd (,_oa} (powered coal) (3) and preheated air (4) are supplied to the
- Uhemical energy in coal is converted into heat by combustion. The flue

F

B:ssJ
ST 1 = Feed water

2 = Cooling water
3 = Pulverised coal
4 = Preheated Air
B = SG Boiler Steam Generator
C = Condenser
ST'= Steam-Turhine
G = Generator
CT = Cooling Tower
P = Pump
F = Flue gases

Fig. 56.5. Schematic of a Boiler — Steam Turbine Generator Unit.

gases (F) are sent out through stack (Chimney) after removal of fly-ash, SOx, NOx, CO et
: . s ete.

Superheated hi 'es i i i
prime-:};over ofgen‘;%-};tg;?rfttie ﬁ:;steam is admitted into steam-turbine inlet. Steam-turbine is the
B ladia) o rator. Steams expanclia ﬁs-teml]ql‘ tl}.:rb:ne has series of nozzles on stator and series uf't-:uckets
. tor. s from high pressure to low pr i
ik eonidensed b s pressure and drives rotor blade 2
e condenser (C) at vacuum level. The condensate is recirculated z:s f?;eddpf\'rfti?g’i )

Turbine-generator-exci i
generator-exciter are mounted on a single shaft. The Generator is as a rule of 3 phase

AC, 50 Hz. Syﬁ(.' TOIL T W 3 C m
Ly ( h ous generatnr operat.
; il ‘/a lﬂ)g in paral]el ith other generatora., and in syn hronis

The generator units for steam i
. turbine plants must i i
iggeﬁv;ogb E{ence steam turbine generator units are gl:;egzel}l()fol;lgh?tr ‘MW o500 MW 900 M.
j o s e y nit rating of 200 MW, 300 MW,
In India following unit ratin I
gs have been standardised for stea i
m-turbin : its :
Rated voltages 12 kV to 22 kV rms, ph to ph " gerstor e
Rated frequency 50 Hz + 1% , '
Rated MW © 200 MW, 237 MW (Nuclear)
500 MW (Coal fired and Nuclear)
800 MW (Next likely size).

Synchronous generators o i
: 5 erate in : 7
station and the satwirk. P synchronism with the other

Coal Fi 3 i i
al Fired Power Plants in India. About 66% of installed MW capacity in India is by coal-

fired steam turbine . i
power plants. This percenta i ‘etai
vast reserves of coal. Estimated reserves are arogfn\;ﬂllﬁtaebli?:iilz?m e S M

about 160 million-tons. India will ha

synchronous generators in the

-tons with present minin
: . g rate of
ve coal age for next hundred years (2000-2100). The coal in

Indian mines is of high ash content, low heat value and low sulphur content.
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Table 56.4. Indian Coal Composition Range
Ash content 3 25 to 50%

Sulphur content <1%

Heat value 12 to 16 million J/kg.
3000 to 4000 kealkg

India’s coal reserves are in Bihar, UP, Maharashtra, Madhya Pradesh, Orissa, Andhra Pradesh,
Tamil Nadu.

Present coal fired power plants are with unit sizes of 200 MW and 500 MW, The average na-
tional load factor is 58%.

Flue gases from coal fired power plants create environmental pollution by emitting fly ash (par-
ticulates). 8Ox, NOx, CO etc. Most of the earlier coal fired plants in India are without any Electro
Static Precipitators (ESP) for controlling fly ash ; or SOx scrubbers, NOx treatment plants. Hence
India’s coal technology and power plant technology needs revision (1990).

56.10.1. Fluidised Bed Combustion Chamber Boilers

Coal pieces or some (other solid fuel pieces like wood chips, rice husk, wheat husk, sugar cane
skins, ete.) are introduced in the furnace having a bed of ash and calcium carbonate. High velocity
air through nozzles is swirlded in the furnace bed. The particles get heated by collusion and fuel
burns at relatively low temperature. Water is boiled and used for steam turbines. Flue gases are

cleaned and let into atmosphere or Heat Recovery Steam Generator.
Fluidised Bed Boilers are manufactured in smaller capacities (10 MW to 50 MW). They can be
designed to accept a variety of solid fuels.

56.11.INTEGRATED COAL GASIFICATION COMBINED CYCLE POWER PLANTS
(ICGCC)

Coal is Gasified in coal gasifier. Gasified coal is used as the primary fuel for a gas turbine of
combined cycle power plant having (i) Gas Turbine (i) Heat Recovery Steam Generator (iii) Steam
Turbine.

ICGCPP have been recently introduced in Europe ; USA.

The main purpose is reduction of emission products like fly ash, S0x, NOx from combustion of
the gasified coal as compared with burning of pulverised coal.

56.12. HYDRO ELECTRIC POWER PLANTS

The potential energy is stored water in the reservoir with high head is converted into kinetic
energy is the flowing water.

The flowing water converts the energy into mechanical rotary energy in the hydro turbine.
Hydro-turbine drives the rotor of hydro-electric generator.

The hydro-electric power plants are located near dams or river-barrages generally away from
load centres. The types of hydro-turbines and power plants are classified as high head, medium
head and low head power plants. The choice of turbine depends on head H and flow rate Q. There
are three types of turbines (Table 56.5).

Table 56.5. Types of Hydro-Turbines

T Head Flow rate

ype Hom Q m’/s
Impulse (Pelton) | High 100 to 1000 2100 2

| Reaction (Francis) " Medium 6 to 30 5 to 500
Kaplan Low 2 to 100 5 to 100
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India’s hydro-electric potential is about 100,000 MW mostly located in northern, Himalayan
region. Present installed capacity of hydro plants is 15000 MW and is likely to be doubled to 30,000
MW by the year 2000.

Environmental problems include carthquakes, deforestation, submergence of villages/agricul-
tural lands ete.

Financial problems include high civil-works cost, long construction periods, long transmission
lines etc.

Considering the continuing supply of hydro-energy as a primary renewable, hydro electric power
will have 20 to 30% share of the total installed capacities in India during 1990 to 2050.

Pumped Hydro Plants. During off-peak, the electrical machine operates as a motor anld
hydraulic machine operates as a pump. Water from lower head is pumped to higher head reservoir
for storage of energy.

During peak loads, the higher head water flows down and drives the hydraulic machine operat-
ing in turbine mode and the electrical machine in generating mode.

There may be one or two separate hydro-machine and one electrical machine on same shaft.
Two pumped hydro plants have been commissioned in India.

56.13. NUCLEAR FISSION RE2 CTOR POWER PLANTS
Some heavy uranium isotopes U235, U238, PU 233 etc. are used as primary fuels in a nuclear
reactor.

Nuclear Fission is the process of splitting of a nucleus into two almost equal fragments accom-
panies by heat.

Fission Chain Reaction is a self-sustained continuing sequence of nuclear fission in a controlled
manner.

Nuelear Reactor is a plant which initiates, sustains, controls, maintains, nuclear chain reaction
and provides shielding against the radio active radiation,

Fissile Materials are materials which can give nuclear fission eg. U 235.

Fertile materials are these which by certain processes get converted into fissile material (e.g.
U238 gets converted to U235).

Nuclear Power Plant has a nuclear reactor, heat exchanger and steam turbine generators along
with other auxiliaries.

There are several types of nuclear reactor power plants with names based on (i) Fuels (i)
Moderators (iii) Method of Heat removal (4) Patented Process ete,

India’s nuclear uranium fuel resources are located in West Bengal.

Nuclear power generation is being perused regoriously in India with self dependence in en-
gineering and technology. Presently, India has seven Pressurised Heavy Water Reactor Plant
(PHWR) with 210 MW and 235 MW size steam-turbine generator units. Six 500 MW units are
being installed (1990-2000). Present installed capacity of Nuclear Power Plants is 7000 MW (1991).
This would grow to 10000 MW by the year 2000 AD. Thorium Cycle Plants will be introduced after
2000 AD.

Research projects for smaller nuclear fission power plants are in progress. Success has been
reported in 1996,

56.14. GAS TURBINE POWER PLANTS

Fuels. Natural gas; Petroleum oils of various grades ; gases from blast furnace ; Synthetic gases ;

gasified coal étc. are used as primary fuels for both (i) Gas Power Plant and () Combined Cycle Power

Plant.
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The Gas Power Plant has the following (Ref. Fig. 56.6).

1. Air compressor 2. Fuel Combustor FUEL

COMBUSTOR

3. Gas Turbine AR EXHAUST

4. Synchronous generator driven by Gas Tur-
bine.

GENERATOR

Gas-turbine generator units are produced in
standard sizes in the range of 10 MW to 150 MW s
(recently 250 MW). In simple open cycle gas-tur- - Pﬁgs S TURBINE
bine power plant, The exhaust is let into atmos- ELECTRICAL
phere. Therefore, heat in exhaust is wasted and fowEn
thermal efficiency is very poor (20%),

Fig. 56.6. Simple, open cycle Gas Turbine Power Plant,

Gas turbine power plants are easy to install ; have low capital cost ; quick to start ; quick to
load ; quick to stop, with modular construction, with least pollution hazards etc. They are ideally
suited for (i) peaking power plants, (if) Emergency power plants (ifi) Standby power plants (iv)
Supply of auxiliary power d uring peak loads ete.

Due to increasing fuel costs and importance of energy conservation simple open cycle gas power
plants are not favoured. The combined cycle power plants are preferred,

56.15. COMBINED CYCLE POWER PLANTS

Fig. 56,7 shows the schematic with one unit of gas turbine generator and one unit of steam-
turbine generator, In practice there are two or four gas turbine generators and one steam turbine
generator. Combine Cycle Plant has a combination of (i) Gas Turbine Generators and (ii) A Steam
Turbine Generator, Hence the name ‘combined eycle’,

HEAT REGOVERY CONDENSER '#iF
STEAM GENERATOR | 1o sTACK ~]  ELECTRICAL

FEEDWATER

FUEL &
B.OMB ORTOR e
AIR L r -
i STEAM  GENERATOR
TURBINE
(i/ E
AR 1 GAS GENERATOR
COMPRESSOR TURBINE )

Fig. 56.7. Schematic of a Combined Cycle Power Plant Combination of
1. Gas-turbine Generator 2. Steam-turbine Generator.

Main equipment include :
1. Gas Turbine Units
— Air Compressor — Combustor
— Gas Turbine — Synchronous Generator
2. Heat Recovery Steam Generator (HRSG)
3. Steam-Turbine Generator Unit

— Steam Turbine — Synchronous Generator

The flue gases from HRSG have low heat and low emission products.
56.15.1. Integrated Coal Gasification Combined Cycle Plants

Coal is gasified and used as an input fuel in the gas plant of the combined cycle plant.
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gyina diesel engine generator units. The ratings rang
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India’s known recoverable sources are as follows :

Crude-oil reserves 500 million-ton

Natural Gas 490 billion m®, .
0il reserves are insufficient even for transportation sector and Indi

issi ith total
9 MW Gas Power Plant have been com missioned wi tal instz
MWT(‘E{QQ]ESI). Estimated potential is 1300 MW by year 2000, The gas reserves

upto 2015.

a is an importer of oil,
installed capacity of 896
are expected to last

56.16. DIESEL ELECTRIC POWER PLANTS ‘
The diesel (a petroleum oil) is primary fuel. Its energy is converted into mechanical rotary ener-

e between a few kW to a few MW.
Diesel Engine Plants can be started quickly ( a few seconds) and are preferred for
1. Peaking power plants .
9. Remote, stand-alone power plants of smaller ratings where steam power plants or gas tur
bine power plants are not economical.
3. Hybrid of solar battery diesel.

4. Hybrid of wind-battery diesel. . ‘
5. Captive power plants for continuous process industry with uninterrupted power plants.

56.17. AGE OF RENEWABLE AND ALTERNATIVES

000 years of human civilization (1700 AD to 2700

Fossil Fuel age is comectal & gttty - and increase in petroleum

i i i i tion rates ;
AD) with ever increasing population and fuel consump .
pruzluct prices ; the energy starvation is felt by every developing and developed country.

—Y_

nologists has been focuss
ternative energy power p
developing countries have a

56.7 gives the summary.

Present installed capacities o
By the year 2000, :
emphasis is to consume avail

ice ri i isi kers, engineers and tech-

3 petroleum price rice, the attention of planners, decision ma } =

o i e?:l on alte,rnative, renewable energy resources and power piar{lits. Th:riaels
lants have been built on commercial basis in sp.verai advance lc‘our%‘ e

1so initiated ambitious projects for harnessing the renewables. Table

about 250 MW installed capacity of
able fossil fuels, The renewab.

i i igible.

lants (except hydro) in India arelneghglb
L ysrasyiaal renewables is expected in India. Present
le technology is under the development.

It is costly and requires very high capital cost for a relatively small capacity power plants.
Table 56.7. Alternative and Renewable Energy Power Plants

Type Remarks

__ Boiler installed on tall central tower gets reflected solar irradiation from

- “Thermal
L. Solae Therma sun-tracking mirrors on ground level.

Steam Power Plant

gr} Photo-Voltaic — Steam from boilers drives steam turbine-generators
olar Photo-Voltai

Cell Panel Power Plant | — Solar PV cell panels connected in series/parallel -
o i i i i is, installed on nacelle
g ind- ine- — Large wind-turbine with three blades, horizontal axis, ins
. g;ﬁ:rzt:? e on a tall tower. The wind turbine-gears-rotate generate shaft.
Power Plant __ Several wind-turbine-generator units. (50 kW to 300 kW) installed in one
wind-farm,

3 Goo thermal-steam| — Heat inside earth extracted in form of dry steam/wet steam/hot brine
" Themral Power Plant or through hot deep well (1.5 to 3 km deep)

Binary Cycle Powerl .4 ced for steam turbine or NHj; turbine.
Plant

— Turbine drives generator
— Large base load power plants rated 200 MW to 1000 MW
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Type Remarks
4. Ocean Thermal Energy| — Heat in upper layer of water used for driving steam turbine/gas turbine on
Conversion Power Plant| shore or in floating power plant.
(OTEC)

— Cold water from bottom of ocean used for condenser.

Ocean Wave
Energy Power Plant

=4

— Power plants are located in locations with high waves (2 to 4 m)

— Waves drive hydro-turbine in cyelic manner during onward wave or during
forward/reverse waves.

— Bulb Turbine-generators installed within penstocks located inside long
barrages across the ocean-shore

6. Ocean Tidal Energy

— During high tide, water is accumulated in upper reservoir. During the low
Power Plant

tides, the water from upper reservoir flows to lower level and drives the
hydro-turbine generators

7. Waste Incineration

— Located in large sites.
Power Plants

— Combustible waste from the city (paper, rags, wood chips, wood dust,
residence-waste ete.) is used as fuel,

— The combustion of fuel gives heat. Steam turbines drive generators rated
a few MW

— Flue gases cleaned before letting into atmosphere.

8. Bio-Fuels Power Plants | — Wood, Rice husk, wheet husk, special farms with fuel-crops raised in three
months, ete. are burnt and heat used for steam-turbine generators.

9. Fuel Cells Power Plants| — Chemical Liquids, Gases used as fuels and oxidants Ratings a few kW to
a few MW,

=2 Likely to be introduced by 2010. Presently research and development work
is in progress.

10, Nuclear fusion
Power plants

— Combining (fusion) of some nuclei gives heat,

— Likely to serve as major energy resource in future.

11. Mugne_to Hydro| — Hot gases are seeded to form ionized gases. These are passed through strong
Dynamics (MHD) Power magnetic field-Electrodes held in perpendicular plane collect the current.
Project

— Direct conversion from heat to electricity 14 MW plant built in India as
prototype

— 100 MW, 200 MW plants built in USSR,

Wind Energy. India’s wind energy potential is of 20,000 MW. Wind farms would be located
i_n sea-shores, shallow sea water, windy areas.

Wind-farms with unit rating of 50 kW to 200 kW have been installed in Gujarat, Tamil Nadu.
Total installed capacity is 120 MW and projects of 200 MW capacities are under installation,

Solar Energy is being used for heating water. 50 kWe solar thermal electric plant has been
installed in Gwalpheri, Haryana. Solar power plants rated 30 MWe with parabolic through collec-
tors, steam furbine generators are being planned. First station will be built in Jodhpur.

Ocean Tidal Potential in Gujarat and West Bengal states is about 10,000 MW Kutch in Guj-
rat and Sunderban in West Bengal are selected as locations for ocean tidal power plants.

Ocean-thermal Power Plants rates 100 MW each are envisaged in Kulasekarpatnam,
Marakkanam, Pondicherry, Cuddalore. (Tamil Nadu), Totally 6 plants of 100 MW each are being
considered.

New and Renewable Sources of Energy (NRSE). Schemes under Ministry of Non-conven-
tional Energy. India has planned following by 2000 AD,




Categories of Disturbances in Power Quality. These could be in terms of duration and mag-
nitude of disturbance, Table 56.9 gives and example,

s
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SWITCHGEAR AND PROTECTION Table 56.8, Parameters of Power Supply Quality and Load Quality
1180 —— —————
— 6000 M N I T
Agricultural waste 2000 MW 1. Supply AC Voltage Nominal, Highest, Lowest Voltages Specified
Solar systems 5000 MW _ = : - =
; . . ’ ting fos- 2. Voltage Disturbance
The share of installed capacity would be increasing rapidly after 2000 AD‘clue‘ to deep]l_e gn e — Transient overveltages SO TR 0k
: I 1 ing cost of fossile fuels, established infra-structurer for alternative energy p — Momentary under-voltages 4 to 20 ms with — 100% ‘
sile fuels, INcreaning Lo : d — Temporary under-voltages < 0.5 sec —25% to — 30%
plants. Fig. 56.8 illustrates the likely trends, e et
3. Voltage harmonic Distortion 3% to 5% A‘
100% MW INSTALLED CAPACITY . . pomme s TR | -_— ]
i , 4. Electrical Noise Not defined ‘
Te—m o ————— [ TheERed e e ]
| 1 5. Supply Frequency India 50 Hz + 3% I
| - % oA FiRED USA 60 Hz + 1%
| o 2 A —— D e e -t _—
| g; l }76. Rate of change of frequency 1 Hz/sec.
| Su —_— ] e
| §§ L, NUCLEAR FUSION 7. 8 phase voltage unbalance in supply 2.5% to 5%
o e e BT -
%g 8. Load 3 phase unbalance 5% to 20% for any one phase
zh DRO - ELECTRIC S i T VY -
b ekl 9. Load Power Factor 0.8 to 0.9
=z _ - = -
gé NC AR S0 Lm. Peak Load demand 0.75 to 0.85 of connected load
cc o | T e
F
|
|

1900 2000 2100 2200 RAG 1iR400 00D Table 56.9. Categories of Disturbances in Voltages |
YEAR ———3= e e PR = s
Fig. 56.8. Trends in energy resources for power generation. Distiirbaics Diirdiion Range of Magnitude | |
| 56.18. ENERGY STORAGE PLANTS . r]rHarmonic Distortion | Steady State to few B Upto 1 pe::e_!n_t__
| It is uneconomical to increase installed capacity for meeting peak demand of fe:’ mlg‘;‘fs 'l“' L | seenas o S
| an hour or so. Energy storage plants are designed to store ene}:}-gy dzrl'l:tg'uﬂ_fieak f::go : r?tr;ies pply 2.| Power Supply outage Hours to millisecond Oy
: : : . i f plants have been built in advan : T —_—
it during peak load periods. Following Itypes SN 3.| Voltage Dips of shart duration 0.5 to 50 cycles 1 to 0.6 pu
— Pumped hydro (2 plants in India) L . e ———
— Compressed Air (or Nitrogen) Energy Storage m Tert_:pnr‘u'y overvoltages B 0.5 t'? 50 eycles ) 1to l,’_a'E_pu o
— Thermal Energy Storage 5.| Fast voltage transients (Noise, Notches, < iU ms up to 6 kV
— Superconducting Magnet Energy Storage (1/2 Li? in superconducting coal) spikes in waveform ]
— Secondary cell energy storage . " Th li svaral 6o lated with switc} T ; Ll
; s 4 derived during off-peak periods) € power qua 1}?)! encun}passes several topics related with swite 1gear and protection, Assuung
— Fuel-cell Energy storage (in form of fuels and oxidants ¢ good power quality is the aim of electric power supply company and require understanding and
— Ocean tidal power plants. cooperation between supply companies , users, system designers, system analysts and operating
staff,
56.19. POWER QUALITY ;
With use of digital devices, microprocessors, digital computers, }I)éant: manﬁi‘:";‘:}?ﬁ;ﬁ i;:—:]::i 56.20. INTERCONNECTED POWER SYSTEM
L ; : . ms a > : ) ; . . : . .
EDP etc. the quality of electric supply has received more at‘t:l?'llm; ) a;:lvp:lgti cal implications are Fig. 569 is a conceptual diagram of a Nationa] Grid (N) knowing five regional grids (4, B, C, D, E).
and standardised. Agreements between waers guid utilities with leg Each regional grid covers the consumers in certain geographical area, Each regional grid has certain
envisaged particularly in advanced countries, , " s Shaladel s installed generating capacity (MW) of converiionalirenewables and certain connected loads (X MW).
sr s ; e inter: i CHYV- . - . i jons fi i
Power Quality is defined in terms of parameters of supply \-'oh aig o in three phase, oon- ISome ml:elconnegtmns are EHV. AQ and some are .Bad_{ to-back HVDCI coupling substations for quick,
values and permissible tolerances for voltage, waveform, frequency, balanc o s tant accurate power exchange and damping of system disturbances automatically,
: ity i or i 2 d § : . 5 "
| tinuity and disturbances. The loacli p (zr;meier:t;iEZCtiggdpi‘;i;?aur?ci:yl:)I;fllu;fwii‘ivf:l;t;rs (reactive F}:g. 56,10 shows a regional Emd having a variety of conventional and non-conventional power plants |
: : u s 3 X i i o .
o cu:irents.) St?;i;:r;gui}u;z{ftrgia;;nd 31:::: While some terms have been defined and specified the and the transmission and distribution networks
power drawn), n g
others are not.
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— Regional Grids A, B, C, D with cer-
tain generation capacities each ;
and connected loads (EMW)

— National Load Control Centre

= (NDC)

0 — Regional Load Control Centre
(RLDC)

— 3 ph. AC Tie Lines

— Communication Channel {l:’LCC}

----- Back-to-back coupling station

N — MNational Grid Coverage

GTPP
L00kY
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7|4
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TIE
STATION
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e ——— ]
L
SRR |
G
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OTEC

NRG = Northern Region Grid SAPP = Stand Alone Power Plant
WRG = Western Region Grid - SEPP = Solar Energy PP
= Back-to-back HVC Coupling Station

Eggs - laﬁzmped Storage PP e CCPP = Combined Cycle Power Plant
WIPP = Waste Incineration PP CFTFP = Coal Fired Steam Thermal PP
WFPP = Wind Farms PP GTPP = Geo Thermnl'Power Plant

G = Generator HEPP = Hydro Electric Power Plant

L = Transmission Line NPP = Nuclear Power Plant

Fig. 56.10. Conceptual single line diagram of a Regional Grid.

56.21. PROJECTED GROWTH OF ENERGY SUPPLY SYSTEM INDIA

i ity i i ‘i dian envisages additional
t installed capacity is app-85,000 MW. The National Grid of In r
50 ogsef\;\% ]irrlizt:iled capacity during ninth plan (1996-2000). The total capacity would be about
135,000 MW by 2000 AD.
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The generation responsibility is with National Thermal Power Corporation. (NTPC): National
Hydro Power Corporation, (NHPC); State Power Corporation, State Electricity Boards ete.

With present population of 85 crores the per capita installed capacity is about 100 watts,

The EHV-AC and HVDC transmission responsibility is of newly formed Power Grid Corporation
Limited (PGCL) and State Electricity Boards. The “National Power ‘Lransmission Plan 1990-2000"
envisages additional 50,000 ckt km of 400 kV AC lines, 500 ckt km of 765 kV AC lines, 4000 Ckt
km of HVDC lines, Five Back-to-back HVDC coupling substations between adjacent Regional Grids,
Several Renewable and Conventional Power Plants would be added to achieve the target.

56.22.SIGNIFICANCE OF SWITCHGEAR PROTECTION AND POWER SYSTEM
AUTOMATION

Electrical form of energy is an im

portant link between the primary energy resources and energy
forms for ultimate utilization,

Energy and power science and technology has develo
cal energy of good power quality without disturbin
prosperity, advancement of civilization is influen
resources to final consumption. Per-capita installed capacity and power capita energy consumption
have become accepted measures for economic progress. Modern Energy Supply Sytems are depen-

dant on switchgear protection and power system automation for supplying quality power to all the
consumers at all times in present and future.

ped to ensure continuous supply of electri-
g ecology and environment. The growth,
ced by the capability of handling the energy from




