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gy in watt-sec (or joules) f
= voltagemvolts)(ammtmmx 1me

= 1 watt X 3600 sec = 3600 watt-sec
1 kilowatt hour (kWh) = 1 kW x 1 hr = 1000 watt x 3600 sec = 36 x 10° watt

~ (jii) Heat. Heatis a form of energy which produces the sensation of warmth. The umt* of b
is calorie, British thermal unit (B.Th U.) and centigrade heat units (CHU) on the various

Calorie It is the amount of heat required to raise the temperature of 1 gm of water through

= =
| 1 calonie = 1 gm of water x 1°C
, Sometimes a bigger unit namely ki/ocalorie isused. A kilocalorie 1s the amount of heat re
to rasse the temperature of 1 kg of water through 1°C i.e..

1 kilocalorie = 1 kg x 1°C = 1000 gm x 1°C = 1000 calones :

B.Th.U Itis the amount of heat required to raise the temperature of 1 1b of water thmugh 1I°F
1BThU. = 1Ibx1°%F

C.H.U It1s the amount of heat required to raise the temperature of 1 b of water thrc

] 1CHU. = 1bx1%C
ship Among Energy Units



= 1kWx 1hr .
i 1000 watts X 3600 seconds = 36 x 10° watt-sec. or J
| | kWh = 36 x 10° Joules
It 1s clear that electrical energy can be expressed in Joules mstead of kWh.

(i1) Heat and Mechanical
{a) 1 calone L-ig Joules
b ILHU = 1 hxIC=4536mxIC =
4536 calonies = 433-6 x 4-18 Joules = 1896 Joules

ICHU. = 1896 Joules
IBThU = 11bx1°F=453-6 gm X 5/9°C
252 calones = 232 x 4-18 Joules = 1053 Joules
IBThU. 1033 Joules
mybe seen that heat energy can be expressed in Joules mstead of thermal w
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Enmm m“mﬂum m vmﬂum
forms ﬁﬂmw ﬂﬂmmi natural

sources mr;hmm pressure head
of water, ﬁ:ﬂlwmiml energy of

fuels. nuclirmr energy of |
radioactive substances etc. All
these forms of energy can be
converted into electrical
energy by the use of suitable
arrangement. In this process
of conversion, some energy 1s
lost 1n the sense that it 1s
converted to a form different
from electrical energy.
Therefore, the output energy 1s
less than the mnput energy. The
output energy divided by the
input energy is called enerev
efficiency or simply efficiencs
of the system.

Measuring efficiency of compressor.

Output energy

Efficiency

[nput energy

As power 1s the rate of energy flow. therefore. efficiency may be expressed equally well as output

power divided by mput power 7.e
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Wt in case nf gaseous f‘w]s ik 7 —— ,
Wmm types of fuels and thew ﬂaﬂhﬂlﬂﬁﬁ alu

| 11.000 kealkg
11.000 kcalkg
11,110 kealkg

520 keal/m’

7.600 kcal'm’

C=67% H=5% 0=20%.

C=83% H=55% 0=5%
C=90%H=3% O=3

C=86%. H=12%,
C=86-3% H=12-8%, 5 =
C=86%. H=14% |

CH, = $4%. C,H,= 1 
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g€ amour d'hutslostmthecondenscrandsemﬂyhel
mlnlthtmhcondmsercmbeamded. Itsheameﬁr -

b.&mgmehcatmcrgyconvated‘ mto mechanical energy. This necessit:
' the steam m the condenser at the lowest temperature. But we know that greater the te
~ difference, greater 1s the amount of heat lost. Thus explamns for the low efficiency of such
, () Thermal efficiency. The ratio of heat equivalent of mechanical energy transmitted to 1

turbine shaft to the heat of combustion of coal is known as thermal efficiency of steam pow
station.

Heat equuvalent of mech. energy
B ofcicncy transnutted to turbine shaft

7 V- Nebarmat = Heat of coal combustion
The thermal efficiency of a modem steam power station 1s about 30%. It means that of
100 calones of heat 1s supplied by coal combustion. then mechanical energy equivalent of 30 calones
wall be available at the rurbine shaft and rest 1s lost. It may be important to note that more than

- of total heat of combustion 1s lost n the condenser The other heat losses occur n flue gases. rad
tion. ash etc.
. (@) Overall efficiency. The ratio of heat equivalent of electrical output to the heat of com
\of coal is known as overall efficiency of steam power station i.e. |

muc laws



Generating Stations

Solution.

Let x kcal/kg be the calonfic value of fuel.

Heat produced by 0-6 kg of coal = 0-6 x kcal
Heat equivalent of 1 kWh = 860 kcal

_ Electrical output m heat units
Now, Mpeut = Heat of combustion
02 = 390
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" | ‘Max. demand X LF. X Hours in a year
~ =20,000 X 0-4 x 8760 = 7008 X 10* kWh
i (‘oww‘p(mns x10%)
| ittt = 63.072 tons
e
- Rs 300 X 63072 = Rs 1,89,21.600

. A steam power s sl‘mﬂuu Np@ﬂds Rs. 30 lakhs per annum for coal used in the static
rific value of 5000 kcal kg and costs Rs. 300 per ton. If the station has the
9 “mm? electrical aﬁ?&wrm mf 90%, find the average load on the station.

- Overallefficiency. 1, ; = 0:33 X 0:9=0-297
. Coalused/annum = 30 x 10°/300 = 10* tons = 107kg
Heat of combustion = Coal used/annum x Calorific value
10 % 5000 = 5 x 10" keal
Heat output = n__ . x Heat of combustion

(- 797)x(>x10‘°) 1485 x 10’ keal
= 1485 x 10//860 kWh

_ Unuts generated / annum
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Volume of water x density
= (leo‘) x (1000)
= 5%10° kg= 5% 10° x981N

_ (5x 10° x 9-81) x (200)
3600 x 1000
Example 2.7. It has been estimated that a minimum run off of approximately 94 m’/sec ‘
available at a hydraulic project with a head of 39 m. Determine (i) firm capacity (ii) yearly
output. Assume the efficiency of the plant to be 80%.
Solution.
Weight of water available. 77 = 94 x 1000 = 94000 kg/sec
Water head. H=39m
Work done/sec = W x H=94000 x 9-81 x 39 watts
35.963 x 10° W =35, 963 kW

ok 75)kWh 2.044 % 106 k

This 1s gross plant capacity.
(/) Firm capacity Plant efficiency x Gross plant capacity
0-80 x 35,963 = 28,770 kW
= Firm capacity x Hours 1 a year
28.770 x 8760 = 252 X 10° KWh




: H = 100m ; discharge, Q= 1m’/sec MNoverat = 086
Wt. of water available/sec, W = Q x 1000 x 9-81 =9810 N i
| WX H X, ;=9810 X 100 X 0-79 watts
775 x 10° watts = 775 kW
Energy generatedhour = 775 x 1 =775 kWh
nple 2.9. Calculate the average power in kW that can be generated
the following data

iment area =5 % 10° m’ ; Mean head, H = 30m
wual rainfall, F = 1-.25m ; Yeld factor, K = 80 %
verall efficiency, 1,,,.; = 70 %
‘the load factor is 40% , what is the ratin ¢ of generators installed ?
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Average demand = 32648

Load factor 7 04 i MM“
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Vhlum ofmmwwwnwoﬁlm%ﬁ i
= (5%10% x (1000) kg = ww’xwm L
g = 09509 x 0:85 = 0:726 L
iy mlhat cmbb gmmted
| wanm,-(sx10”x931)x(100)x(o-720)
(SMO X 9-81) % (100) x (0-
1000 x 3600
(i) Letxmmesbe the fallmmwwou level i 3 hours.

726) 4 wWh=9,89.175 kWh

Area of reservoirx x  2-4 x10% x x
3 X 3600 T 3x3600
Wt. of water available/sec, W = 222-2x x 1000 x 9-81 = 21-8x X 10°N
Average power produced = W xHXxmn__
= (21-8x x 10°) x (100) x (0-726) watts
= 15-84x X 10" watts = 15:84x x 10° kW
But kW produced = 15,000 (given)
: 15-84x x 10* = 15,000
T = __15000 T= 0:09497m=94" ¢cm
15-84 X 10
re. the level of reservoir will fall by 9-47 cm.

=

Average dmchargefse;c | =222-2xm’



‘ ummumMIN

lmr

.....

! IC
1mmmmmnmnum}‘Imumﬂlmmull

i

_ Vol ofreservorr _ 5 X 10°
Area of reservoir 7.4 x 10°
kW 15000 X 3 = 45,000 kWh
fkWh gummnwd are 9.89.175 kWh. fall in reservoir level = 2083 m
0 If chh gwmmmd are 45.000 kWh, fmll i reservorr level
.u 083 o 4"
il o = =047¢
989175 X 45000=0-0947m= 947 cm |
E“xamﬁl‘t*v 211. A factory is located near a water fall where the usable head for power gener
is25im. The faamn' requires continuous power of 400 kW throughout the vaar The river
ris (@) 10 m’/sec for 4 months, (b) 6 m’/sec for 2 months and (c) I-5m 3/sec for 6

) Ifthesite is developed as a run-of-river type of plant, without storage, determine ﬂm star
city to be provided. Assume that overall efficiency of the plant is 80%.
a reservoir is arranged upstream, will any standby unit be necessary ? What w
available ?

=2-083m
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Solution.
(i) Run of viver Plant. In this type of plant, the whole water of stream 1s allowed to pass
through the turbine for power generation. The plant utilises the water as and when available. Conse-
quently, more power can be generated in a rainy season than in dry season.

(@) When discharge = 10 m’/sec
10 X 1000 kg = 10" x9-81 N

il

Wt. of water available/sec, w

Power developed = WXHXN 0= (104 X 9-81) x (25) X (0-8) watts
= 1962 x 10° watts = 1962 kW
(b) When discharge = 6m’/sec
Power developed = 1962 X 6*/10 = 1177-2 kW
(c) When discharge = 1-5m’/sec
Power developed = 196’ X 1-5 "10 =294 kW

It is clear that when discharge 1s 10 m™/sec or 6 m'/sec, power dev eloped by the plant 1s more
than 400 kW required by the factory. However, when the discharge 1s 1:5 m™/sec. power developed
falls short and consequently standby unit 1s required dunng this period

Capacity of standby umt = 400 — 294 = 106 kW

(if) With reservoir. When reservoir 1s arranged upstream. we can store water. This permuts
regulated supply of water to the turbme so that power output 1s constant throughout the year
(10x4)+(2x6)+(1:5%6)

12
1962 x 5:08/10 = 9967 kW
Since power developed 1s more than required by the factory. no standby unit 1s needed.
Excess power available = 996:7 - 400 = 596-7 kW

=508 m3 / sec.

i

Average discharge

Il

Power developed
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= Power developed = 1962 x 5-08/10 = 9967 kW
deevdopedsmthmrquuedhthnoﬂ-ﬁyd
E:cesyowcuvmlable = 996-7 — 400 = 596:7 kW
‘\uqmuy-zouw wmrbm!,x-zm
Overall efficiency, 1, = 80%  ; Load factor = 40%

-~ If discharge is 10 m’/sec, power devioped = 1962 kW
= If discharge is 1 m*/sec, power devioped = 1962/10
If discharge is 6 m*/sec. power devioped = 1962 x 6/10




() Consider the duration to be of one week.
Units generated/week = Max. demand x L F. x Hours m a week
= (10 x 10%) x (0-4) X (24 x 7) kWh
= 672 x 10' kWh
LetQ m’/sec be the river discharge required.
Wt. of water available/sec. w =0 x9-81 x 1000 =9810 O newton

Average power produced =w X H XN, q= (9810 Q) x (20) x (0-8) W
= 156960 O watt = 15696 Q kW ,
Units generated/week = (156-96 Q) % 168 kWh = 26369 Q kWh e

Equating exps. (i) and (7). we get.
26369 Q =67-2x10°

.7 x10?
= M— = 25.48m’/sec
26369
(if) If the nver discharge on a certamn day 1s 20 m’/sec. then.
Power developed = 15696 x 20 = 31392 kW
Units generated on that day = 3139-2 x 24 = 75,341 kWh
R = DAL« 100= 314%
107 x 24

2.13. Ihwuﬂy discharge of a typical MM s
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ig—:?—l-“ 713 mY/sec

Volumc of water required on these three days

| - 3‘><713><24x3600m3=2139><24x36003 |
Pondage required (2139 — 1566) X 24 x 3600 m’ =495 x10° m®
(iff) Wt. of water available/sec. w = 713 x 1000 x 981 N i

Average power produced = w x H X 'l]mm” (713 x 1000 x 9-81) x (15) X (” )-8
= 89180 x 10° watts = 89180 kW .
Installed capacity of the plant
Output power _ 891 80
Load factor 0x4

TUTORIAL PROBLEMS
1 mnhzsanamgeamlablelmdnflm |

223x10° kw
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kgofoil = 10,000 X 0-28 = 2800 keal
1kWh = 860 keal




o R s
. ‘ Overall eﬂimency 30 T
Engme efficiency = Altematoreﬂimmcy 0.95 = 31 3%
sample 2.15. A diesel power station has the following data -
 Fuel consumption/day = 1000 kg
generated/day = 4000 kWh
Calorific value offuel = 10,000 kcal/kg
Alternator efficiency = 96%
Engine mech. efficiency = 95% |
Estimate (i) specific fuel consumption, (ii) overall efficiency, and (iii) thermal efficiency o :
Solution.
(1) Specific fuel consumption = 1000/4000 = 0-25 kg/kWh
(i) Heat produced by fuel per day
= Coal consumption/day x calorific value
1000 x 10.000 = 10’ kcal
Electrical output 1n heat units per day
= 4000 x 860 = 344 x 10* keal

i

<10*
Overall efficiency = —-—T;-r—m X 100 = 344%
. | N 348
(1)) Engine efficiency, n, .= —229 =35-83%
e mgine = T =096

n el 16 a1 i e
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7 that can be produced in 2 month
= Plant capacity X Hours in a month
= (700 + 2 x 500) x (30 x 24) = 1700 x
. | Actual energy produced
e e v ————
Actual energy produced
1700 X 720

or 0-4

*. Actual energy produced 1n a month
= 04 x 1700 x 720 = 489600 kWh

Fuel o1l consumption 1n a month

489600 x 0-28 = 137088 kg
(if) Output = 489600 kWh = 489600 x 860 keal
Input = 137088 x 10200 keal




