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ECONOMICS OF GENERATION

Multiple Choice Type Questions

1. The unit for speed regulation in governing system is ‘ [WBUT 2008)
a) Hz b) Hz/ MVA c) Hz/ MW d) none of these
Answer: (d)

e highest initial cost?  [WBUT 2008]
b) Diesel power plant
d) Gas power plant

2. Which of the following power plants has th
a) Steam power plant
c¢) Hydro-electric power plant

Apswer: (<)

3. A generating station which has high investment cost and low operating cost are
usually operated as [WBUT 2008]
a) peak load station b) base load station
c) medium load station d) none of these

Answer: (b)

and monthly consumption is 504kWh.

4 Load factor of a consumer is 35%
[WBUT 2008]

Maximum demand is )
a) 1.75 kW b) 176.4kW c) 5.88 kW d) none of these

Answer: (d)

5. Diversity of demand [WBUT 2008]
a) increases installation cost b) decreases installation cost
c) decreases operation cost d) both (a) and (c)

Answer: (d)

6. A thermal power plant is suitable for supplying [WBUT 2008]
a) fixed load b) variable load c) peak load d) all of these

Answer: (a)

7. If the load factor increases, the cost of generation per kWh [WBUT 2009, 2010]

a) increases b) decreases
c) remains unaffected d) may increase factor

Answer: (a)

8. Low diversity factor [WBUT 2009, 2010]

a) increases system installation cost

b) reduces system installation cost

c) does not affect system installation cost

d) may increase or decrease the installation cost

Answer: (a)
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g. Annual depreciation cost of a plant may be calculated by

[WBUT 2009, 2010, 2011, 2017]
a) straight line method b) sinking fund method
c) diminishing value method d) all of these

Answer: (d)

10. Electrostatic precipitator is installod in a steam power plant between

[WBUT 2009]
a) induced fan and chimney b) air preheater and induced fan
c) economizer and air preheater d) boiler furnace and economiser
Answer: (d)
11. The unit of heat rate is [WBUT 2010])
a) kW b) keallhour c) kcallkWh d) kWh/kcal

Answer: (c)

12. A generating station which has a high investment cost is usually operated as

a) peak load station b) base load station [WBUT 2010]
c) off load station d) none of these
Answer: (a)

13. A system has 5 generators each having a capacity of 400 MW. If 4 of the
. generators are running while the system load is 1300 MW, the spinning resource is

[WBUT 2010]
a) 700 mMw b) 300 MW c) 1600 MW d) 1300 Mw
Answer: (b)
14. A generating station has the following data: [WBUT 2010]

Installed capacity = 500 MW, capacity factor = 45%, load factor = 60%
Then the maximum demand of the system is

a) 225 MW b) 300 MW c) 375 MW d) 135 Mw
Answer: (c)

15. Which of the following is not a storage type power plant? [WBUT 2011)
a) Pumped hydro b) Solar thermal c¢) Gas turbine d) Geothermal

Answer: (c) '

16. Which of the following power plants has the longer life? [WBUT 2011].
a) Thermal b) Hydel
c) Nuclear d) Gas turbine combined cycle

Answer: (b)

17. Which of the following power plants can be operated both as base load and a

Peak load plant? [WBUT 2011]
3) Nuclear plant b) Hydro power plant
¢) Diesel power plant d) Solar power plant
nswer: (b)
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18. Which of the following power plants has th

a) Steam power plant
c) Gas power plant
Answer: (d)

19. A generating station with high fu

a) base load station
c) both (a) and (b)
Answer: (2)

20. If the load factor increases, the fuel cost

power
a) increases
d) first increa

Answer: (€)

b) decreases
ses and then decreases with

241. A power plant connected

b) Diesel po
d) Nuclear p

el cost is preferred to be opera

to grid has a maximum

hest initial cost? [WBUT 2011]

wer plant
ower plant

e hig

ted as
[WBUT 2011, 2015]

b) peak load station
d) none of these

generated electrical
[WBUT 2011]
c) remains unchanged

per unit kWh of
load factor

demand of 20 MW. The annual.

ctor is 40%. The operating reserve of

load factor is 50% while the plant capacity fa
the plant is [WBUT 2011]
a) 3.75 MW b) 5 MW c) 6.5 MW d) 8 MW
Answer: (2)
22. Load factor for a peak load plant is [WBUT 2012]
2)0 b) 1 c) low d) high
Answer: (€)
23. Hydel power plant can be used as [WBUT 2012]
a) peak load plant b) base load plant
¢) both (a) and (b) d) none of these
Answer: (c)
[WBUT 2012]

24. Demand factor is
a) always greater than 1
c) of any value

Answer: (b)

b) always less than 1
d) depends upon the system

25. Efficiency of a thermal power plant is [WBUT 2012]
a) 40% b) 60% c) 80% d) 30%

Answer: (d)

26. Running cost is high for ......ccceururuirnnneee: POWET plant.. [WBUT 2012]
a) thermal b) hydel c) nuclear d) non-conventional

Answer: (a)

PGE-4



POWER GENERATION ECONOMICS

27. Initial cost is higher for Prteeeesieessi....,.. POWer plant, [WBUT 2012]
a) thermal b) hydel c) nuclear d) diesel
Answer: (b)

28. Diversity factor .......... ... .~~~ is good for power generation economics.
: [WBUT 2012]
a) less than 1 b) greater than 1 c) zero d) equals to 1
Answer: (b)
29, In load duration curve loads are arranged in [WBUT 2012]
a) ascending order b) descending order
c) any order d) a way that depends upon the load curve
Answer: (b)
30. A load curve is a plot of [WBUT 2013]
a) load versus generation capacity b) load versus current

¢) load versus time

d) load versus cost of power
Answer: (c)

31. Which of the following categories of consumers can provide highest load
factor? (WBUT 2013]
a) a domestic consumer b) a continuous process plant
c) a steel melting unit using arc furnace d) a cold storage plant
Answer: (a)

32. Load factor during a period is ' [WBUT 2013]
a) average load / installed capacity b) average load / maximum load
¢) maximum load / average load d) maximum load / installed capacity
Answer: (b)
33. Demand factor is the [WBUT 2013]

a) maximum demand / average demand

b) maximum demand / connected load

C) average demand / maximum demand

d) connected load / maximum demand .
Answer: (b)

34. Nuclear power station is normally used for [WBUT 2014]
a) peak load b) base load c) average load d) any load

Answer; (b)

35. Which plant can never have 100% load factor? [WBUT 2014, 2015]
a) hydro b) coal-fired c) base load d) peak load

NSwer: (c)
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36. A system has 5 generators each having a capacity of 400 MW. If 4 of the

ina while the system load is 1300 MW. The spinning source s
generators are running whi y [WBUT 2015)

a) 700 MW b) 300 MW c) 400 MW d) 1600 Mw
Answer: (b)

37. A generating unit has an incremental production cost of Rs. Et.] per I'.'!wh. If the
penalty factor for this unit is 1.2, the incremental cost of power delivered is

a) Rs. 50 per MWh b) Rs. 72 per MWh [WBUT 2015]
¢) Rs. 61.20 per MWh d) Rs. 48 per MWh

Answer: (a)

38. Load factor for a base load plant is [WBUT 2015]
a)0 b) 1 c) low d) high

Answer: (d)

39. Gas turbine can be brought to the bus-bar from cold in about [WBUT 2017]

a) 2-minutes b) 30-minutes c) 1-hour d) 2-hours
Answer: (a)
40. A synchronous generator has higher capdcity for [WBUT 2017]
2) Leading p.f. b) Lagging p.f.
c) Unity p.f. d) It does not depend on p.f.
Answer: (2)

41. An alternator having induced emf of 1.6 p.u. is connected to an infinite bus of
1.0 p.u. voltage. If bus-bar reactance of 0.6 p. u. and alternator has reactance of 0.2

p.u., the maximum power that can be transferred is given by [WBUT 2017]
a) 8 p.u. b) 2 p.u. c) 2.67 p.u. d) 5.0 p.u.
Answer: (b) :
42. The cost of generation is theoretically minimum if [WBUT 2017]
a) The system constraints are considered
b) The operational constraints are considered
c) both (2) and (b)
d) the constraints are not considered
Answer: (d)
43. The most appropriate operating speeds n r.p.m. of generators used in Thermal,
Nuclear and Hydro power plants would respectively be [WBUT 2017]
a) 3000, 300, 1500 : b) 3000, 3000, 300
c) 1500, 1500, 3000 d) 1000, 900, 750
Answer: (b)
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44, The maximum demand of a consumer

" is 2kw and his dail tio
is 20 units. His load factor js SSaEs Say energﬁ;ﬁ#?ﬂﬁnﬂ

a) 10% b) 41.6% ¢) 50% d) none of these
Answer: (b)

Short Answer Type Questions

1. Explain briefly various cost Components of generations of electrical energy.

[WBUT 2008, 2009]
OR,

Briefly explain the various cost Components of energy generation. [WBUT 2015]

Answer:
In general the cost of electrical ener
following two portions:

(i) Fixed cost: These do not vary with the operation of the plant i.e. these are
independent of the number of units of electrical energy produced and mainly consist
of (a) interest on capital investment (b) allowance for depreciation (c) taxes and
insurance (d) most of the salaries and wages (e) small portion of the fuel cost.

(if) Running or eperating cost: These vary with the operation of the plant i.e. these are
proportional to the number of units of electric energy generated and are mostly made

up of (a) most of the fuel cost (b) small portion of salaries and wages (c) repair and
maintenance.

gy generated can be roughly divided into the

2. Discuss the start-up and shut down costs associated with thermal generating

stations. [WBUT 2008]
Answer:

[n a thermal power stations unit efficiencies and fuel costs are major factors in the cost of
power production. The operational scheduling of power generation involves determining
the start ‘up-and shutdown (ON/OFF) schedules of generating units to be used to meet
forecasted demand over a shont span (24 — 168 hours) period. The objective is to
minimize total production cost to meet system demand and reserve requirements while
observing large set of operating constraints.

The total production cost consists of fuel cost, starting up cost and shutdown cost. Fuel
cost is calculated by using heat rate and fuel price information start up cost is expressed
as a function of the number of hours the unit has been down (exponential when cooling

and linear when banking). The shutdown cost is given by fixed amount for each unit
shutdown,

3. Explain the terms ‘operating load factor’ and ‘connected load factor’, How does
Diversity factor influence of cost of generation? [WBUT 2008]
Answer; :

To define operating load factor, it is essential to mention first the tﬂnn'luad factor which
signifies the ratio of the average power to the maximum dcp'lanc!. It is an index to the
Proportion of the whole time a generator plant or system is being wurl-';ed to its full
“@pacity. From the stand point of economics it is desirable to keep the equipment loaded
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as much time as possible at operating load factor. If the load factor is poor i.e. kWh of
electric energy produced is small then charge per kWh would obviously be high. But jf
load factor is high i.e. the number of kWh, generated is large, then cost of production and
hence charge per KWh are reduced because now the standing charges are distributed over
a large number of units of energy.

Now reverting to connected load factor it may be mentioned that factor relates only to the
receiving equipment and is defined as the ratio of the average power input to the
connected load. To render the above value specific it is essential (i) to define the period
during which average is taken and (ii) to state the bases on which the connected load g
computed.

Connected load factor = AYSTAEE POWer input

Connected load

The connected load factor of a receiving equipment is equal to the product of its demand
factor and its load factor.

Diversity factor — The ratio of the sum of individual maximum demands to the
maximum demand on power station is known as diversity factor.

Sum of individual maximum demands

Maximum demand on power station

A power station supplies load to various types of consumers whose maximum demand
generally do not occur at the same time. Therefore, the maximum demand on the power
siztien is always less than the sum of individual maximum demands of the consumers.

Diversity factor will always be greater than 1. The greater the diversity factor, the lesser
is the cost of generation of power. g

Diversity factor =

4. What are the considerations on which location of a power plant depends?
[WBUT 2009]
Answer:

A. Centre of Electrical Load — The plant should be located where there are industries and
other important consumption places of electricity. There will be considerable advantage
in placing the power station nearer to the centre of the load.

— There will be saving in the cost of Cu used for transmitting electricity as the
distance of transmission line is reduced. '

— The cross-section of the transmission line directly depends upon the maximum
current to be carried. In case of alternating current the voltage to be transmitted can
be increased thus reducing the current and hence the cross section of the
transmission line can be reduced. This will save the amount of Cu.

— It is desirable to have a national grid connecting all power stations. This provides
for selecting a site, which has other advantages such as nearer to fuel supply,
condensing water availability. :

B. Nearness to the Fuel Source — The cost of transportation of fuel may be quite high if
the distance of location of the power plant is considerable. It may be advisable to locate

PGE-8



- T T s - ——

POWER GENERATION ECONOMICS

big thermal power plants at the mouth of
centralized thermal power station locaed |
transported. Such type of power st

the coalmines. Lignite coalmines should have
n the mines itself as this type of coal cannot be

ations could be located near oil fields of oil is to be
used as a fuel and near gas wells where natural gas is available in abundance. In any case

it has been seen that it is cheaper to transmit electricity than to transport fuel. Hence the
power plant should be located nearer the fuel supply source.

C. Availability of Water — The availability of water
factors governing station location. Water
turbines for the following two purposes.

i) Tosupply the make-up water which should be reasonably pure water.

ii) To cool the exhaust stream. This cooling purpose is done in case of diesel
engines too. For bigger power station the quantity of this cooling water is
tremendous and requires some natural source of water such as lake. river or even
sea. Cooling towers could be used economically as the same cooling water could
be use again and again. Only a par of make-up-water for cooling will then be
required. For small plants spray pounds could sometimes be used. It is
economical to limit the rise in cooling water temperature to a small value
(between 6° and 12°C) and to gain is cycle efficiency at the extense of increased
cooling water pumping requirement -

is of greater importance than all other
is required for a thermal power station using

D. Type of Soil Available and Land Cost — While selecting a site for a power plant it is
important to know about the character of the soil. If the soil is loose having low bearing
power the pile foundation have to be used. Boring should be made at most of the
projected site to have an idea of the character of the various strata as well as of the
bearing power of the soil. The best location is that for which costly and special
foundation is not required.

In case of power plants being situated near metropolitan load centers, the land there will
be very costly as compared to the land at a distance from the city

5. Discuss the economic justification of pumped storage plants. [WBUT 2010]
Answer:

Pumped Storage plants are a special type of power plants which work as ordinary
hydropower plants for part of the time and when such plants are not producing power,
they can be used as pumping stations which pump water from tail race to the head race.
During this time, these plants utilize power available from the grid to run the pumping
set. Thus, pumped storage plants can operate only if these plants are interconnected in a
large grid,

The Pumped storage plant thus consists of two ponds, one at a high level and the other at
a low level with powerhouse near the low level pond. The two ponds are connected
through g penstock as shown in figure below. It is an ingenious way of conserving the
Iimil"—‘d water resources on the one hand and bal:m-:ing the load on the distribution
SYstem, on the other hand. The plant operates as a source of electric energy during system
Peak hours and as a sink during ofi-peak hours.
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2. Ash Disposal Facility: The ash content o
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Head water

Penstock

Power house
Tail water

Pumpcd-smmg; plant
The modemn trend is to use a reversible pump turbine unit. While generating, the turbine
drives the electric generator and in the reverse operation, the generator runs as a motor
driving the turbine. which, now acts as a pump. The following are the advantages of a

pumped storage plant:
i) Free from environmental pollution.
ii) Readily adaptable to automatic and remote controls.
iii) Greater flexibility in the operational schedules of the system.

iv) Economical as a peaking power station.
v) Improves load factor of the overall plant as it works as a load during off-peak

periods of the system.

6. State the factors that are taken into consideration for selection of the site of a
thermal power plant ar hydel power plant. [WBUT 2010]
Answer:

Thermal Power Plani:

A few importam factors for the selection of site for thermal power plant are discussed

below:
1. Supply of Fuel: The power station should be located as close as possible to the

coalmines. In that case, the power will have to be transmitted to the load centres. It is,
therefore, 2 problem of economics to find a suitable location so that the cost per unit
of received energy is minimum taking both the transmission and transportation

charges into account.
{ coal should be as low as possible.

Unfortunately, Indian coal has ash content of 20 to 40%. This creates problems of air
pollution and non-efiective operation of boiler if it is not removed regularly and
effectively. A large space should be available near the plant for ash disposal.
Presently the ash from the plant is used for many industrial processes (€.B. cement
etc.) and therefore, its disposal 1o sea or river is not desired but sufficient space

should be available for storage.
PGE-10
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Availability of Water: Huge quantities of w

d|5pﬂsa|‘ of ash and as feed water to the boiler and drinking water for the working
staff. It is, thcrr_:rnre, desirable to locate the plant near the bank of a river or a canal so
as to have continuous supply of water.,

Land Requirement: The average land requirement is 3 to 4 acres per MW capacity.
The cost of land adds to the total cost of the plant and therefore, it should be available
at a cheap rate whl_ch means it should be away from the load centre or heart of the
city. The selected site should haye good bearing capacity so as to withstand the dead
load of the planl‘and forces transmitted to the foundation due to the plant operation.
Transport Facilities: As mentioned earlier, the present practice is to go in for
piihr:a_d_ super thermal power station so as to avoid the transportation of huge
quantitics of coal required everyday. However, if the plant is to be located away from
the pithead, then rail and road transport facilitics should be available.

ater are required for condenser, for

Hydel Power Plant:

1.

Location of Dam: From the cost point of view smaller the length of dam; the lower
will be the cost of construction, Therefore, the site has to be where the river valley
has a neck formation. In order to have capacity, a valley which has a large storage
capacity on the upstream side of the proposed dam site is probably the best. It is
desirable to locate a dam after the confluence of two rivers so that advantage of both
the valleys to provide larger slorage capacity is available.

Choice of Dam: The most important consideration in the choice of the dam is safety
and economy. Failure of a dam may result in substantial loss of life and property. The
proposed dam must satisfy the test of stability for: (i) shock loads which may be due
to earthquakes or sudden changes in reservoir levels and (ii) unusually high floods.
The dam should, as far as possible, be close to the turbines and should have the
shortest length of conduit.

Quantity of Water Available: This can be estimated on the basis of measurements
of steam flow +1ve- as long a period as possible.

Storage of w..er is necessary for maintaining continuity of power supply throughout
the year. Sufficient storage of water should be available since rainfall is not uniform
throughout the year and from one year to another.

~Accessibility of Site: The site should be accessible from the view point of

transportations of man and material, so that the overall cost for construction, of
project is kept low. :
Distance from the Load Centre: The distance should be as small as possible so that

the cost of transmission of power is minimum,
Availability of construction material and general knowledge, should also be

considered in site selection.

7.What are base load and peak load plants? [WBUT 2010]
Answer: . b,
The changing load on the power station makes its load curve of variable nature. E:g.
shows typical load curve of a power station. It is clear that load on the power station

Varies from time to time.
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Base load plants: The unvarying load which occurs almost the whole day on the
is known as base load. Referring to the load curve it is clear that 20 MW of load h
supplied by the station at all times of day and night i.e. throughout 24 hours. T}
20MW is the base load of the station. At base load on the station is almost of
nature, therefore, it can be suitably supplicd.

Peak load

| ﬂ.ﬁ{]n
ds lo hE
1Cre rﬂ I'e
COnstany

30—
40—

mo 3p—
MW

.« o
. 10— ,4,:&,513.':4//
4 8 1 20

2 16
*+—— Time in hours—»

Peak load Plants: The various peak demands of the load over and above the base load of
the station, is known as peak load. Referring to the load curve, it is clear that there are
peak demands of load excluding base load. These peak demands of the station generally
form a small part of the total load & may occur throughout the day.

8. Write down the salient requirements for a site to install a thermal power plant.

[WBUT 2011
Answer:
Refer to Question No. 4 of Short Answer Type Questions.
9. Discuss the economic justification of the thermal power plants. [WBUT 2012]

Answer:

So far the econonmiical aspect of thermal power plant is concerned, it may be mentioned
that it is considerably cheaper to transport bulk electric energy over extra high voltage
(EHV) transmission lines than to transport equivalent quantities of coal over rail road, the
recent trends in India (as well as abrad) is to build super (large) thermal power stations
near coal-mines. Bulk power can be transmitted to fairly long distances over transmission
lines of 400/765 kV and above. However, the country’s coal resources are located mainly

in the eastern belt and some coal-fired stations will continue to be sited in distant western
and southern regions.

Economical benefits of thermal power plant;

i) Efficient transportation: The transmission of electricity through high-voltage power
lines is more efficient than transporting coal or petroleum over the same distance.
Therefore, many thermal power ptants are set up near coal or oil ficlds.

ii) Economical: It is very economical to produce electricity using thermal power plants
near coal or oil fields.
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the minimum load is 400 mw. The capacity of the plant is
750 MW. Find: paciy P

a) plant Capacity factor

" G b) load factor
c) utilization factor

d) reserve capacity. [WBUT 2013]
Answer:
No. of units generated per year
=area OACD = 5.
]arca OBCD + area BAC 500 MW

= 400x 8760 + 5{5{}0 —-400) = 8760

. 876{1[4[}0 +—;-x mn} ... ¢

= g?ﬁ”‘ 00+ SU] =8760 « 450

7 -

" Average annual load = ﬁ_ﬁ;]‘;;___ﬂ‘lif_:' =450 MW B 8760 hours o

a).". plant capacity factor = 2Y¢r2€¢ annual load 450

adl 8, 0.6
rated plant capacity 50 5

b) .. Load factor -:i‘i{1 =3 =0.9 ' .
500 10
¢) Utilization factor = MXImum demand _200

rated capacity 750
d) Reserve capacity = Plant capacity —

=.666

Maximum demand = 750 - 500 =250 MW

1. A generating station has a maximum demand of 25 MW, a load factor of 60%, a

plant capacity factor of 50% and a plant use factor of 729, Find (a) the daily energy
produced (b) the reserve capacity of plant.

[WBUT 2014)
Answer:
g d
Load factor = a‘-’e‘ra;e deman
- maximum demand
or,  0.60= a"EfﬂEZ :Emand

Average demand = |5 MW
average demand

Plant capacity factor = installed capacity

15
installed capacity

or, [}5{]:

|
*- Installed capacity = {]_55- =30MW

. Reserve capacity of the plant = installed capacity — maximum demand
=30-25=5MW
PGE-13
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Daily energy produced = average demand x 24 = 13 * 24 =360 MWh

12. Classify the different expenditures of a power utility having generation
gories i.e., fixed, semi fixed and running

transmission and distribution in three cate

charges. [WBUT 2015)
Answer: _ ) g

The different expenditures of a power utility having gencration, transmission and

distribution can be divided into three categorics vizZ.! _
i) Fixed cost: It is the cost, which is independent of maximum demand and units

generated and salaries of high officials. The annual expenditure on the central
organisation and salaries of high officials is fixed since it has to be met whether the
plant has high or low maximum demand or it generates less or more units. Further,
the capital investment on the land is fixed and hence the amount of interest is also
fixed.

ii) Semi-fixed cost: It is the cost, which depends upon maximum demand but is
independent of units generated.

The semi-fixed cost is directly proportional to the maximum demand on power

station and is on account of annual interest and depreciation of capital investment of
building and equipment, taxes, salaries of management and clectrical staff. The
maximum demand on the power station determines its size and cost of installation.
The greater the maximum demand on a power station, the greater is the size and cost
of installation. Further, the taxes and clerical staff depend uon the size of the plant
and hence upon maximum demand. '

iii) Running cost: It is the cost, which depends only upon the number of units generated.
The running cost is an account of annual cost of fuel. lubricating oil maintenance
repairs and salaries of operating staff. Since these charges depend upon the energy
output, the running cost is directly proportional to the number of units generated by
the station. In other words, if the power station generates more units, it will have

higher running cost and vice versa.

13. Explain Cold-Reserve, Hot-Reserve, Spinning-Reserve with example of each.
[WBUT 2017]

Explain their significance.

Answer:
e Cold Reserve: Cold reserve in a power system is that reserve capacity which is

available for service but normally not ready for immediate loading. A Cold reserve is
ensured by special reserve units with small start-up and spin-up time. Period of the
cold reserve start-up is varies from 2 to 24 hours and more. Units with small start-up
time usually have a power-on reserve. For example, we have an idle generator that
can be taken into service if demand increases.
Hot Reserve: Hot Reserve in a power system is that reserve capacity which can be
made available quickly. For example, we have a hydroelectric generator of rating sy
100 MVA but currently supplies only 70 MVA. In this case we have 30 MVA hot
reserve than can be loaded immediately by simply opening the valve to the hydro

turbine.
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o Spinning Rescrve: Spinnin
operating units and units wi
reserve is also a Spinning R

E reserve of actjy
th the start-up 1
cserve,

€ capacity is capacily reserve located at
me of up to 5 minutes, Thus, a fast-start

14. What is load-curve ang load-duration curye? Explain their significance in power
generation economics, [WBUT 2017]
Answer:

1* Part:

Load-Curve: Refer to Question No. 2(b)(i) of Long Answer Type Questions.

fined as the curve between the load
d, plotted in the order of decreasing
sser loads towards the rights and the
N curve is shown in the figure

magnitude, i.e., with the gr
lowest loads at the time e
below.

Load in MW

Time in Hours

Fig: Load Duration Curve

This curve represents the same data as
constructed by selecting the maximum
load duration curve plotting for 24 hou
Similarly, the load duration curve plott

that of the load curve. The load duration curve s
peak points and connecting them by a curve. The
rs of a day is called the daily load duration curve,
ed for a year is called the annual joad curve. '
kWh (or MWh) consumed in a given period of time

Average Demand =

hours in the time period
area under the load duration curve
Average Demand = -
base of the load duratin curve

. 2 Part.

1) From the daily load curve we can have insight of load at different time for a day.
he area under the dail y load curve gives the total units of electric energy generated.
Units Generated / day = Area under the daily Load Curve in kW

The peak point on the daily load curve gives the highest demand on the Power Station
for thay day.
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Long Answer Type Questions
W. Calculate [WBUT 2008]

1. A generating station has a maximum demand of 50 M

i) Fixed cost
ii) Running cost
iii) No. of units consumed per year
from the following data:

iv) The cost per kWh
Annual cost of fuel =
Taxes, wages and sala
Interest and depreciation
Annual load factor = 50%

Rs. 9 x 10°
ries factor = Rs.
factor = 10%

g x10°

load factor * hours in a year

Answer:
maximum demand
0kWh=2.19x10° kWh

Units generated / annum =
—500x0.5%8790kWh= 219000

Annual fixed charges
Annual interest and depreciation =10% of capital cost
d here, so we assume the capital cost is Rs. 5

lﬂ%ﬂfSDx]ﬂﬁ —Rs. 5x10°

Since capital cost is not provide 0x ILUE' then
Annual interest and depreciation=

Annual running charges

Total annual running charges
= Annual cost of fuel and oil + Taxes, salaries and wages elc.

=Rs.(9x10° +6x 10°) =Rs.15x10°
r' on power Generation

2. a) Discuss the effects of "Load factor' and 'Diversity facto
Economics. [WBUT 2008]
OR, )
Define the terms “load factor” & “diversity factor” and explain the economic
implications of these factors on the energy generations. [WBUT 2009]
: OR,

Define the terms ‘load factor' and ‘diversity factor’ and explain the economic

f energy generation. [WBUT 2010, 2012]

implication of these factors on the cost o
Answer:

Load factor — The ratio of average load to the maximum demand during a given period
is known as load factor.

Average load
Maximum demand
If the plant is in operation for T hours

{ oad Factor = Aff::ragc LoadxT  _
Maximum Demandx T ~ Maximum demand x T hours

Thc load factor may be daily load factor, monthly load factor or annual load factor if the
time period considered is a day or month or year. Load factor is always less than I
because average load is smaller than the maximum demand. The load factor plays key

i.e. Load Factor=

Units generated in T hours
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role in determining the overall cost

_ . per unil generated. Higher the load factor of the
power station lesser will be the cost p

er unit generated.

Diversity factor — The ratio of the sum of individual maximum demands to the
maximum demand on power station is known as diversity factor.

: i Sum of indivi 1
Diversity factor = 1 ndividual maximum demands
Maximum demand on power station
A power station supplies load to various types of consumers whose maximum demand
generally do not occur at the same time. Therefore, the maximum demand on the power

station is always less than the sum of individual maximum demands of the consumers.

Diversity factor will always be greater than 1. The greater the diversity factor, the lesser
is the cost of generation of power,

b) i) What is a 'Load Curve'?

[WBUT 2008]
ii) How does 'Load Curve' differ from 'Load duration curve'? [WBUT 2008]
OR,
Difference between Load curve Load duration curve. [WBUT 2009]
OR,
Write short note on Difference between load curve and load duration curve
[WBUT 2010]
OR, .
Differentiate between Load Curve and Load Duration Curve. [WBUT 2013]
Answer:
1* Part:

Load curve — The curve showing the variation of load on the power station with respect
to time is known as a load curve.

The load on a power station is never constant, it varies from time to time. These load
variations during the whole day (i.e. 24 hours) are recorded half hourly or hourly and are
plotted against time on the curve. The curve thus obtained is known as daily load curve as
it shows the variations of load with respect to time duri ng the day.

The monthly load curve can be obtained from the daily load curves of that mouth. For
this purpose, average values of power over a mouth at different times of the day are
calculated and then plotted on the curve. The monthly i.e. is generally used to fix the
rates of energy.

The yearly i.c. is obtained by considered the monthly load curves of that particular year.
The yearly load curve is generally used to determine the average load factor.

2" Part:

Difference between Load Curve & Load Duration Curve:

Load Curve Load Duration Curve
l. The area under the load curve represents | 1. The area under the load duration curve
the energy generated in the period [ and the comresponding chronological load
considered. curve is equal and represents total energy
delivered by the generating station,
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e divided by the
d

2. The arca under the cu .
t-:-t:Ihnumher hours gives the average loa of generating PO
wer station. - .
'3“;_:‘-; L:'lk load indicated by the load curve 3. Proper S“IEC“DZ of ansclﬂrI::[:mE::z:
;pmscﬁt; the maximum demand of the plants and peak load power P .
wer station. casicr. .
c) A power station has to meet the following demand: [WBUT 2008]
Group A: 200 kW between g AMand 6 PM
Group B: 100 kW between 6 AM and 10 AM
Group C: 50 kW between 6 AM and 6 AM 16 AM
Group D: 100 kW between 10 AM and 6 PM and between an
plot the daily load curve and determiné
i) Diversity factor ii) Units generated per day
jii) Load factor.
Answer:
The given load cycle can be tabulated as under
Time (hours) 0-6 6-8 g —10 1018 18 — 24
Group A — — 200 kW 200 kW —
Group B — 100 kW 100 kW — —
GroupC ..., . — 50 kW 50 kW — —
GroupD 100 kW — — [00KW 100 kW
00 kW 150kW  350kW 300 kW 100 kW
is 100 kW for 0 — 6 hours

Total load on power station
From this table, if is clear that
150 kW for 6 — 8 hours, 350 kW for 8

{or 18 — 24 hours the load.

Load Duration Curve B
ives a clear analysis

3. Load durat

total load on power station
— 10 hours 300 kW for 10

maximurm demand

ion curve g
wer economically-

_ 18-hours and 100 kW

on the station is 350 kW and occurs

d =350 kW

It is clear from the curve that
from 8 A.M,10 10 AM.ic. maximum deman
um of individual maximum demands of groups=
Sum of individual maximum demands 450
- - = =1.286
Maximum demand on station 350

i) Unity generated / day = / rea (in kWh) under load curve
. =100x6+150x2+ 350%2+300x8+100x6

ZDD+IGE+SD+IDG=4SUkW

i) Diversity Factor =
) = 4600 kWh.
iii) Average load = 4600/24 =191.7kW

191.7
Load factor= 00 = 54.8¢
350 x100=54.8%.

3. A power station has to me

et the following load demand: [WBUT 2009]

50 kW between 10 AM and 6 PM

Load X:

Load Y: 30 kW between 6 PM and 10 P
M

Load Z: 20 KW between 4 PM and 10 PM

Plot the daily load curve and determine:
i) diversity factor
i) load factor.
PGE-18
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Answer:
Time hours 0-6 6-8 8- 10— 3
T = - -Iﬂ Iﬂsnlﬂ IE_H
Load-B - 30 30 _ _
Load-C 20 20 20 2
, Total 20 50 50 70 -
Maximum demand = 70 kW
Sum of individual maximum demands (50+30+20)=100kW
: 00
Diversity factor=]—?a- =1.43
Units generated/day = Area in kWh under load curve
=(20x6)+(50x2) + (50 2)+(70x3)
=120+100 +100+ 560 = 880 kWh
880
verage load=—— = 36.66
Averag 24
.66
Load factor= 5 x100=52.38%
4. A power supply is supplying the following loads:
Type of Load Maximum Diversity group  Demand factor
demand (kW)
Domestic 1500 1.2 0.8
Commercial 2000 1.1 0.9
Industrial 10000 1.25 1
The overall system diversity factor = 1.35
Determine: ,

i) Maximum demand
ii) Connected load of each type.
Answer:

i) The sum of maximum demands of three types of loads is

=1500+2000+10,000=13,500kW

As the system diversity factor is 1.35,

[WBUT 2010}

. Maximum demand on the supply system =13,500/1.35 =10, 000 kW

ii) Each type of load has its own diversity factor among its consumers.

Sum of maximum demands of different domestic consumers = Maximum domestic

demand x diversity factor=1500x1.2 = 1800 kW.
7. Connected domestic load = 1800/0.8 = 2250 kW

Connected commercial load = 2000x1.1/0.9 = 2444 kW
Connected industrial load=10,000x1.25/1 =12,500 kW.

PGE-19
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5. The annual load durati
maximum demand of 100

catered by one base
costs for the two plants

C, =4000x Ly +

(Here, L is the rating of a plant i
Cis in Rs.) Find the rating of the

' minimum of the grid.

Answer:

Let C, =Operat
C, = Operating cost ©
p, =Load (peak) on the
F. =Load (

f
C, = A kW+B kWh
C, = A, kW +B, kWh

From the given data
A =4000

B, =25

A= 2500 B,= 3.0
The time, / hours, for which base

by h= =
B, - B, 3.0-25
Now P, +P, =100
P, =100-F,
Now from Aslms and Imp
100—- £, 3000
100-30 8760
e 1007, _ 3000
100-30 8760
or, P,,=lﬂﬂ—(1{]{]-—30)xj—u—[]£
8760

oncurve ofa g
MW and minimu
load plant B and one
are as follows:

2.5x(Q, and Cs
n kw, Q is the total a
two plants sO that th

ing cost of base load plant
f peak load plant
base load plant

peak) on the peak load plant.
The operating costs of base load and peak |

load to be operated for minimum overa

44, _4000-2500

fd is represented by a straight line with
m demand of 20 MW. The load has to be
peak load plant P. The annual operating
spectively.

ation in kWh, and
t of generation is
[WBUT 2011]

_2500% L, +3.0xQpre

nnual gener
e annual cos

oad plants may be expressed as follows

1l cost is given

1500

—_—

0.5

3000 hours.

woL!

b~

B
e

Load (MW) ——»

300
=100~ ?ﬂxg?—ﬁ =100-23.9726 = 76.0274 MW =76 MW.

P, =100-76.0274 =23.9726 MW = 24 MW.

- PGE-20



POWER GENERATION ECONOMICS

ﬁi:é;fns;:edniga;;;:nr}lsu:n:r has 10 lamps of 40 W each connected to his premises.
i) From 12 midnight to 5 am—40wW
ii) From 5 am to 6 pm — no load
iii) From 6 pmto 7 pm — 320 W
iv) From 7 pm to 9 pm — 360 W &
v) From S pmto 12 midnight — 160 w.
Plot the load curve on plain paper taking X-axis as time & Y.axis as demand. Find
the average load, maximum load, load factor and electric energy consumption
during the day. [WBUT 2011, 2014]
OR,

A residential consumer has 20 lamps of 80 W each connected to his premises. His

demand is as follows:
() From 12 midnight to 5am — 40w
(ii) From 5am to 6pm - no load
(ifi) From 6pm to 7pm — 320w
(iv) From 7pm to 9pm - 360W and
(v) From 9pm to 12 midnight - 160w
Plot the load curve on plain paper taking X-axis as time & Y-axis as demand. Find
the average load, maximum load, load factors and electric energy consumption
during the day. [WBUT 2015]
Answer:
The maximum load is 360 W for 2 hours of the day, from 7 p.m. to 9 p.m. The load curve

is plotted in figure 1. It is the plot of the load in watts against the time in hours of the day.
The energy consumption during 24 hours the day is

(5x40) +(32051) +(360x 2) + (160 3) = 1720 Wh or 1.720 kWh per day.

Load factor— £1erey consumed during 24 hours 1720 Wh

=0.199 or 19.9%

Maximum demand x 24 hours 360 Wx24 h
Average load - 1720 Wh _ -,
24 h

The load factor is also given by the ratio of average load to maximum load i.e..

Load factor=21-" W _ 199 or 19.9%.
360 W

1 Maximum
400 demand
350T 360 “'-l_
320w
JooT
2807
Li_Jnd 200+
in
walls 150+ 160 W
lﬂﬂT Average load TLTW
%
0 % ——t—— —
17 45 8 12 4 6 8 12
PGE-21
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7. a) What are the merits of a pumped hydro plant? [WBUT 2011)

Answer: :

1. There is substantial increase in peak load capacity of the plant at comparatively low
capital cost. : )

2. Due to load comparable to rated load on the plant, the operating efficiency of the
plant is high.

3. There is an improvement in the load factor of the plant. ‘

4. The energy available during peak load periods is higher than that of d}Jr:ng off peak
periods so that in spite of losses incurred in pumping there is overall gain.

5. Load on the hydroelectric plant remains uniform, -

6. The hydroelectric plant becomes partly independent of the stream f1~w conditions.

b) The load curve of a grid for a duration of 24 hr is as shu« in the figure.
Determine
i) the daily energy requirement of the grid [WBUT 2011]
ii) the load factor
iii) energy consumed during the pumping in a pumped hydro plant, which may
be used to make the load curve of the grid a perfectly flat one. Assume no
losses in the pumped hydro plant ; -
iv) the duration for which the pumped hydro plant will run in generating mode.

200 === N T e
L (MW) E i
100 ] | i 1 ] 1 E 1
0 3 6 9 12 15 18 21 24 ”
Answer: (hr)
Time(hrs) Load (MW)
0-3 100
3-6 100
6-9 100+200=15ﬂ
9-12
Z'EIUHIJ'J:ISU
12-15 100
15-18 100
18 -21 100+20
;[]:]5{;.
-24
21 ZCI{IHUO:H(]
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i) The daily energy requirement of the grid
:-.(]ﬂﬂx3)+(Iﬂﬂx3]+(lSHx3}+(ISUx3)+(IDGx3)
+{Ilf]{]x3)+[]5ﬂ>*3]+(|5ﬂx3)
=300+300+450+ 450+ 300+ 300+ 450 + 450

Units generated 3000
r erage load — = =[25MW .
ii) Averag Times in hrs. 24

Maximum demand = 200 MW.
125
Load factor= 200 =0.625

iif) Energy consumed during the pumping in a pumped hydro-plant, which may be used
to make the load curve of the grid a perfectly flat one is = Average load <L.F x 8760
=125%.625x8760 = 684375 MWh

iv) The duration for which the pumped hydro-plant will run in generating mode is 6 hr.

Loadin ¢
(MW}

Average
load

306 9 12 15 18 21 24 b

8. An industrial consumer has a choice between low and high voltage supply
available at the following rates:

For high voltage — Rs.50 per kW per year + paise 4 per kWh

For low voltage — Rs.55 per kW per year + paise 5 per kWh

In order to have high voltage supply, consumer has to install his own transformer
which costs Rs.110 per kW. The losses in the transformer are 4% of full load.
Determine the number of working hours per week above which high voltage supply
Will be economical.

Assume interest and depreciation 12% of capital, working weeks per year 50 and
load of consumer as 1.5 MW. [WBUT 2011
Answer:

Consumer load = 1.5 MW = 1500 kW

Required rating of transformer = 200 _ 1500 _ 1562.5kW
(1-04) 096

Cost of the transformer to the consumer= 1562.5x110=Rs. 171875

Annual interest and depreciation = -l.%x 171875 = Rs. 20625

PGE-23
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Let the number of hours for which power is required by the co

- Number of hours for which power is used during the year=

i) Number of units consumed from low voltage side if the

voltage = 1500 x 50x = 75000x kWh/year . .

i) Number of units consumed from high voltage side if the load is connected to high
voltage = 1562:5 x 50x = 78125x kWh/ycar

5
i 00xx—
=1500%55+750 TXI{}[}

—82500+3750x a11)

nsumer=x hours/week

50x hours
load is connected to low

Total cost from low voltage supply in rupecs

4
Total cost from high voltage supply in rupees=1562.5x50+ 78125x % 100 +20625
= 78125+20625+3125x )]

If both the systems cost the same to the consumer, then equating (1) and (2) we pet

82500+ 3750x = 78125+20625 +3125x
3750x-3125x=78125+ 2062582500

=
=5 3750x - 3125x = 9875082500
— 625x =16250
= = 16250 = 26 hours
625
i.e.. Hence the number of working hours above which the high voltage supply will be

economical = 26 hours.
ble or not.

y be achieved? Explain whether it is desira
= [WBUT 2012]

9. a) How can high diversit

Answer:

A high diversity factor implied that with a smaller maximum demand on the station, it is

possible to cater 1o the needs of several consumers with varying maximum demands
occurring at different hours of the day. The lesser the maximum demand, the lesser will
be the capital investment on the generation. This helps reduce the overall cost of the unit

(kwh) generated.

A higher diversity factor
load on a power station.
consumers 1o use power during off-peak hours with certai
reduction in the cost of energy consumed during off-peak hours.

High diversity factor is always beneficial for economic operation of the system, which

can be achieved by
1) giving incentives 10 users 10 usc power in light load period.
2) using day-light saving

3) staggering office time _
4) using two parts tariffs both maximum demand and energy consumption.

and higher load factor are the desirable characteristics of the

The load factor can be improved by encouraging of the
n incentives such as offering a
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ifferent load requirements at
A has a maximum demand of 5 kW at 6 p.m. and a
demand of 3 kW at 7 pm. ang daily load factor of ~0%. Consumer B has a
maximum demand of 5 kw at 14 a.m., a load of 2 kW at 7 p.m. and an average load

of 1.20 kW. Consumer C has ap average load of 1 kW and his maximum demand is
3 kW at 7 p.m. Determine

i) the diversity factor

ii) the load factor and average load of each consumer

iii) the average load and load factor of the combined load. [WBUT 2012]
Answer:
[ i) Maximum Demand Load Factor
Consumer | SkWat6 p.m 3kWat7 p.m 20%
Consumer 2 MDSkWat 1l am 2kWat7 p.m Average load 1.2 kW
Consumer 3 MD3kWat7pm Average load 1 kW

i) Maximum demand of the system 8 kW at

7 p.m sum of the individual maximum
demands=5+5+3=13kW.

.. Diversity factor =l§=l,625

i)
Consumer |, Average load .2x5 = | kW
LF = 20% N
Consumer 2, Average load 1.2 kW

2
LF =I—q-h 100=24%

Consumer 3, .| Average load 1 kW

LF =31x 100=33.33%

iif) Combined average load=1+12+1=32kW

Combined load factor = —38—2 x 100 = 40%

10. a) Define and explain the significance of the following terms:

(i) Demand factor

(i) Diversity factor

(iii) Plant used factor.

) Find the total number of units generated per year, fuel cost per year, total annyal

Cost and generation cost per kWh from the following data:
Installed Capacity = 200 MW, Capital cost = Rs. 3,000 per kW, Interest ang
depreciation = 12%, Fuel consumption = 0.9 kg/kWh, Fuel cost = Rs. 70 per 1,000
kg, other Operating cost = 30% fuel cost, Load factor = 80%, Peak load = 170 MW,

[WBUT 2013)
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Answer: )
a) Demand Factor - The demand factor of any system, of part of a system, is the ratio of
ystem, to the total connected load of the

maximum demand of the system, a part of the s _ _ _ 1
svstem, or of the part of the system, under consideration. Expressing the definition

mathematically.
Maximum demand
Connected load

Diversity Factor — The diversity factor of any systen
the maximum power demands of the subdivisions of the system, part of a system, to the

maximum demand of the whole system, or part of the system, under consideration,
measured at the peint of supply. Expressing the definition mathematically,
Sum of individual maximum demands

Maximum demand of entire group

Piant User Factar — It is defined as the ratio of energy produced in a given time to the

maximum possible energy that could have been produced during the actual number of
wematically,

hours the plant was in operation. Expressing the definition matl

Demand factor=
, or part of a system, is the ratio of

Diversity factor=

™

Plant use factor= -
Cxt

where. 1 =Actual number of hours the plant has been in operation.

b) Units generated = Max. Demand x L.F x Hours in a year

Annum =170x10" = .8x8760 KWh =1,191,360,000

Annual fuel consumption = .9x%191.360,000 = 1,072,224,000

Annual cost of fuel =1.072.224.000x70= Rs. 75,055,680,000

Other operating cost = 30% of fuel cost = .3x1,261,440x 70 =22,516,704,000
Capital cost = 3000170 =510.000

Annual cost of interest & depreciation = 12% x 510,000 = Rs. 61,200

Total annual charges
= Rs. [75,055,680.000+22,516,704,000+510,000+61,200] = Rs, 97,572,955,200

11. a) A total fixed load p is to be delivered by a generating station having two
generators A and B running in parallel. Establish how the generators will share the
load, so that total input becomes minimum, when both have same fuel costs and
different fuel costs.

b) Two generating plants A and B are interconnected by a transmission line. Plant
A is supplying its local load from its Bus, as well as also supplying some power to
plant B through the interconnected transmission line, so that plant B can meet Up
its local load demand at its Bus. Establish how the incremental production cost at

Bus-bar of plant B can be estimated?
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c) The fuel input per hour of plant A and Plant B are given as:
F,=02P] +40P, +120Rs, per hour

F, =0.2P] +30P, +200Rs. per hour
Determine the economic operating schedule and the corresponding cost of
generation, if the maximum and minimum loading on each limit is 100 MW and 25
MW. The demand is 180 MW and transmission losses are neglected. If the load is
equally shared by both the units determine the saving obtained by loading the
units as per equal Incremental production cost. [WBUT 2017]
Answer:
a) Here total fixed load p is to be delivered by a generating station having two generators
A and B running in parallel. Interconnection of the electric power systems is essential
from the economical point of view and also for reliable and Parallel Operation.
Interconnection of AC power systems requires synchronous generators to operate
in parallel with each other. In generating stations, two or more generators are connected
in parallel. The alternators are located at different locations forming a grid connected
system.
They are connected parallel by means of transformer and transmission lines. Under
normal operating conditions all the generators and synchronous motors in an
interconnected system operate in synchronism with each other. A machine has to be
adjusted for optimum operating efficiency and greater reliability if the generators are
connected in parallel.
As the load increases beyond the generated capacity of the connected units, additional
generators are parallel to carry the load. Similarly, if the load demand decreases, one or
more machines are taken off the line as per the requirement. It allows the units to operate
at a higher efficiency.

R

[

/‘ \ O Machine to be synchronized
M/C :

3-phase line or infinite bus

Y
B

!
!

b) Similar to Question No. 11(a) of Long Answer Type Questions.

c) Py =100 MW
_ B.. =25 MW
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B, =180 MW
and  F,=0.2P] +40P, +120Rs./hr.

A
F, =0.23 +307, + 200 Rs./hr.
The incremental cost characteristics are obtained as.
IF, =0.4P, +40 Rs/MWh
IF, = 0.4P, +30Rs./MWh
Using incremental cost Rule
04P,+40=/; 045, +30=4
Since, P, + 7, =180
A—4ﬂ+2—3ﬂ=rgu
0.4 0.4

1804

10
T4 )
220 I 71 mw

A-40+4-30=

A=
-

Thus. P, = 71-40 ___3]xlﬂ
g 0.4 4
71-30 _41x10
04 4
It should be noted that F, > F,,,
Therefore P, is set at the maximum value at 100 MW.

Thus. the economic scheduling i.e.,

=T1.5

P, = =102.5

P, =7T7.5MW
P, =100 MW
12. Write short notes on the following:
a) Base load and Peak load stations (WBUT 2009]
OR,
Economic aspect of base load and peak load power plant [WBUT 2011]
b) Heat rate and incremental rate of power plants [WBUT 2011, 2013]

c) Cost of power generation for thermal, hydro, nuclear power plants [WBUT 2012]

d) Cost of power generation for thermal, hydro, nuclear and diesel power plant
[WBUT 2014, 2015]

e) Constraints of power plants [WBUT 2015]
f) Site selection of nuclear power plant [WBUT 2015]
[WBUT 2017]

g) How to reduce power generation cost?
h) Factors Affecting Economics of Generation and Distribution of Power
[WBUT 2017]
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Answer:
a) Base load and Peak load stations:

Refer to Question No. 7 of Short A nswer Type Questions.

b) Heat rate and incremental rate of power plants:

A simplified performance curve of a boiler turbine generator unit is given in figure
. below. From the curve heat rate is defined as the ratio of fuel input to the corresponding
power output and hence the units are million Bty per MWhr. From the heat rate curve
incremental heat rate is defined as Incremental heat ratt*.:_—.._"ﬂ input

A output

rresponding small charge in output. As the
| fuel rate tends to

which means it is a

ratio equal to a small change in input to the co
incremental quantities tend to zero, incrementa

d(input) gF _ RN
m =Ep—whcre F is the fuel input in million Btwhr and P
is the power output in MW,

[ncremental heat rate =

Fuel input in million Buwhre

Prn Pae

Power output in MW —*

¢) Cost of power generation for thermal, hydro, nuclear power plants:

- L=

o L et
S
C R e
Pl s,
e

Thermal Hydro - Nuclear
1. Site Such plants are located | Such plants are | These plants are located
at a place where ample | located at any place | away  from thickly
supply of water and | because they | populated areas to avoid
coal is available | require less space | radioactive pollution.
transportation facilities | and small quantity '
are adequate. of water.
2. Initial | Initial cost is lower | Initial cost is very | Initial cost s highesf
Running | than those of | high because of | because of huge
Cost hydroelectric and | dam  construction | investment on building a
nuclear power plants. | and excavation | nuclear reactor.
— wnrk: .
: Higher than | Practically nil | Except the hydroelectric
Ruﬂning hydroelectric and | because no fuel is | plant, it has the minimum
e ——
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Thermal Hydro Nuclear K
Cost nuclear power plant | required. running  cost  because
because of the small amount of fuel can
requirement of huge produce relatively large

amount of coal. amount of power.

generation for thermal, hydro, nuclear and diesel power plant:

d) Cost of power
Diesel power plant:
Diesel
1. Site Such plants can be located at any place because they require
less space and small quantity of water.
3 Imitial Running Cost | Initial cost is less compared to other plants.
3. Running Cost Highest among all plants because of high price of diesel..

Rest Part: Refer fo Question No. 12(c) of Long Answer Type Questions.

¢) Conmstraints of Power Plants:

Thermal power plants:
i) It pollutes the atmosphere due to producti

fumes. Ash handling in thermal power plant
install / arrange ash handling plant
ii) It is costlier in running cost as compare
iii) The overall efficiency is low as huge amo
secondly heat losses occur at various stages of the
quality of coal in the country is day by day decreasing.

on of large amount of smoke and
is a great constraint and needs to be

=

d to hydroelectric plant.
unt of heat is lost in the condenser and

plant. The availability of good

Hydroelectric power plant:
i) There is uncertainty about the availability of huge amount of water duc 10

of weather conditions.
ii) Wild life and destruction of plants / trees at the time of construct
which is also high capital cost create environmental imbalance.
iii) Cost of transmission of power is high as the plant is located in hilly areas.

ion of dam

Nuclear power plant: _
i) The disposal of the bye-products, which are radioactive, is a big problem. They

have either to be disposed off in a deep trench or in a sea away from the seashore.
ii) These plants are not well suited for varying loads as the reactor does not respond
to the load fluctuations efficiently.
iii) The fission by products are generally radioactive and may cause a

amount of radioactive pollution.
iv) The fuel used is expensive and is difficult to recover.
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v) Capital cost i very high as compared to other types of plants.

Dicsel power plant:

i) The plant has high run

i) The plant can only ge

ii1) The plant does not
period.

ning charges as the fuel (ie., diesel) used is costly.
nerate small power.

work satisfactorily under over load conditions for a longer

Gas turbine power plant;

i) Since a greater part of power developed by the turbine is used in « (ving the
compressor. The net output is |ow.

if) The temperature of combustion chamber is quite high (300°F) so that its life is
comparatively reduced. e

iii) The over all efficiency is about 20% because

the exhaust gases fror: the turbine _
contain sufficient heat,

f) Site Selection of Nuclear Power Plants

i) Availability of water: As sufficient water is required for cooling purposes,.
therefore, the plant site should be located where ample quantity. of water,.is
available, e.g., across a river or by seaside. ) g

i) Disposal of waste: The site selected for such a plant should have adequate
arrangement for the disposal of radioactive waste.

iii) Distance from populated areas: The site for such type of power station should
be quite away from the populated areas as there is a danger of pr * ace of
radioactivity in atmosphere near the plant.

iv) Transportation facilities: The site selected for a nuclear power <tation should
have adequate facilities in order to transport the heavy equipment during erection
and to facilitate the movement of the worker employed in the plant.

8) How to reduce power generation cost?

Here are the non specific methodologies: e O £l

1. Reduce support downtime - Build the gadgets better in any case, keep up them
Painstakingly and do prescient examination which permit the most  practical ‘upkeep
Cycles. This is extensively utilized in utility-scale age today, however predicative
fnvestigatiun and enhancement of upkeep still have some power use to PHNG, vy yem »

2. Reduce work necessities - Automate the hell ouf of al| that you can, ideally so no
human needs to try and visit the gadgets aside from upkeep. This. Es critical on the fuel
CXlraction cycle for those things with fuel that must be extricated, handled and
ransported, What's more, it's essential on the task antil upkeep s..nd-::, Heap% of Instrument
©F Things innovation has been set up there and enhancing for quite a long time.. -
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or where better fuel exists - Lots of coal age plants
re constructed where the breeze blows

here the sun sparkles for the most
a major watershed with a major

3. Put them near their fuel source,
are worked adjacent to coal mines. Wind turbines a
generally emphatically. Sunlight based boards arc pul W

hours of the vear. Hydro plants are put where there's
vertical drop.

breeze gauging, better sunlight based anticipating,
range cost of items cxpectation, a lot of precious
stone ball looking with expansive datasets - or if nothing else extensive spreadsheets -
poes into making sense of what will be generally productive. Showing signs of
fmpmrc‘mcnt at a:'t}' of the hidden expectations - dry spell in the US southwest making
warm age and hydro exceptionally dangerous anybody? - will influence the subsequent to
type of age more ready to convey power productively.

4. Forecast better - Whether it's better
better dry season/surge forecast, long

5. Use markets - Build a great deal of business sectors. There's a long range showcase,
spot markets, auxiliary markets, transmission markets. Get the greater part of the
providers put resources into making it conceivable to offer their power at the most
elevated net revenue on business sectors. They will be spurred 1o make their plants and
advancements as proficient as would be prudent, and ready to exploit however many

markets as could be allowed in the most wise way.

h) Factors Affecting Economics of Generation and Distribution of Power: |
All the electrical energy generated in a power station must be consumed immediately as it

cannot v stored. So the electrical energy generated in a power station must be regulated
according 10 *he demand. The demand of electrical energy or load will also vary with the
time and a power station must be capable of meeting the maximum load at any time.

Certain definitions related to power station practice are given below:
Load curve: Load curve is plot of load in kilowatts versus time usually for a day or a

year.

Load duration curve: Load duration curve is the plot of load in kilowatts versus
time duration for which it occurs.

e Maximum demand: Maximum demand is the greatest of all demands which have

occurred during a given period of time. .
Average load: Average load is the average load on the power station in a given

period (day/month or year)
e Base load: Base load is the minimum load over a given period of time.
Connected load: Connected load of a system is the sum of the continuous ratings of

the load consuming apparatus connected to the system,
Peak load: Peak load is the maximum load consumed or produced by a unit or group
of units in a stated period of time. It may be the maximum instantaneous load or the

maximum average load over a designated interval of time,
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Demand facto: Demand factor
load of a consumer.

Div_'nrsit}' factor: Diversity factor is the ratio of sum of individual maximum
demands to the combined maximum demand on power stations

Load factor: Load factor is the ratio of average load during a speciﬁedipe"iﬂd to the
maximum load occurring during the period.

Load factor = Average Load / Maximum demand
Station load factor: Station load factor is the ratio of net power generated to the net
maximum demand on a power station.
Plant factor: Plant factor is the ratio of the average load on the plant for the period
of time considered, to the ageregate rating of the generating equipment installed in
the plant.

Capacity factor: Capacity factor is the ratio of the average load on the machine for a
period of time considered, to the rating of the machine.
Demand factor: Demand factor is the ratio of maximum demand of system or part of

system, to the total connected load of the system, or part of system, under
consideration.

is the ratio of maximum demand to the connected
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ELECTRICITY TARIFF

| Multiple Choice Type Questions

[WBUT 2017)

1. Domestic consumers are usually charged )
a) Flat demand tariff b) Block-rate tgnff

c) Flat rate tariff d) Off-peak tariff
: Answer: (b)
Short Answer Type Questions

umer tariff fixed by the power supply
[WBUT 2008]

{8 1. What are the objectives of cons
undertaking?
18 The following two tariffs are offered:
5 a) Rs. 100 plus 10 paise per unit
! b) A flat rate of 40 paise per unit.
& At what consumption is the first tariff economical?

Answer:
1* Part
Recovery of cost of producing electrical energy at the power station.
in transmission and distribution system.

Recovery of cost on the capital investment
Recovery of cost of operation and maintenance o
metering equipment, billing etc.

4. A suitable profit on the capital investment.

f supply of electrical energy e.g.

e b —

2" Part
Let x be the number of units at which charges due to both tariffs become equal.

Then 100+0.1x=04x

or, 0.3x=100
x=100/0.3=1000/3 = 333.33 units.

or,

g Therefore tariff (a) is economical if consumption is more than 333.33 units.
2. Enumerate the methods used to calculate depreciation. [WBUT 2009]
Answer:
The following are the commonly used methods for determining the annual depreciation
charge:

1) Straight line method
2) Diminishing value method
3) Sinking fund method.

In this method, a constant depreciation charge is made

1) Straight Line Method —
y. In

every year on the basis of total depreciation and the useful life of the properl
generals annual depreciation charge on the straight line method may be expressed 25
P-§

annual depreciation charge =——-
n
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p = Initial cost ol equipment, y =
value after the useful life of the pl
casy to apply as the annyal
depreciation and useful |ife
defects. Firstly, the assumpti
Secondly it does not account

Useful life of equipment in years, § = Scrap or salvage
ant. The straight line method is extremely simple and is
depreciation charge can be readily calculated from the total
of the equipment. However this method suffers from two
on of constant depreciation charge everv year is not correct.
for the interest, which may be drawn during accumulation.

2) Diminishing value methog —, Depreciation charge is made every year at a fixed

ration the dirrliniﬁrhcd value of the cquipment. In other wards, charge is first applied to the
initial cost of equipment and then 1o its diminished value.

Mathematical Treatment:

P = Capital cost of equipment, » = Usefy| li
after useful life. Suppose the annua] unit dep
of xinterms of P, and §.

fe of equipment in years, § =Scrap value
reciation is x. It is desired to find the value

Value of equipment afier one year=P-p = P(I —.1:]

Value of equipment after 2 years = Diminished value — Annual depreciation

=[P(1-x)]-[(P-£)x]
=P(x* -2x~1)=P(1-x)
Value of equipment after n years = P(1-x)

But the equipment after n years is equal to the scrap value §

§=P(1-x)" or (1-x)"=5/P or l~x=(5/P)" or x=1-(s/P)" ....(1)
From equation (1) the annual depreciation can be easily found. This method has two
drawbacks. Firstly, low depreciation charges are made in the late years when the
maintenance and repair charges are quite heavy. Secondly the depreciation charge is

independent of the rate of interest which if may draw during accumulation. Such interest
moneys, if earned, are to be treated as income.

3) Sinking fund method — In this method, a fixed depreciation charge is made every
Year and interest compounded on it annually, The constant depreciation charge is such
that total of annual installments plus the interest accumulations equal to the cost of
replacement of equipment after its useful life. Let P =Initial value of equipment,
n=Useful life of equipment, S =Scrap value after useful life, r=Annual rate of
INterest expressed as a decimal, Cost of replacement= P - §.

€L us suppose that an amount of q is set aside as depreciation charge every year and
interest Compounded on it so that an amount of P~S is available after years. An

“mount g at annual interest rate of r will become q(1+r)" at the end of n years, _Thr:
mount ¢ deposited at the end of first year will earn compound interest for #7—1 years
0d shall become q(1 """)nhl'
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ccomes=g(1+ F)M

q('l +f')""!

n-3
Amount g deposited at the end of 3" year becomes = g(1+ r)
—1 year becomes = g(1+r)

Amount q deposited at the end of first ycar b

Amount g deposited at the end of 2" year becomes =

n=fr=1)

Similarly amount g deposited at the end of n

= q(l +r)
Total fund after n years=g(1 +1v-'}c“_I +q(1+r) P peetg(l+r)
:q[[l +r]""+(l+r]H 4o (1 +r]]
This is a G.P. series and its sum is given ':;y: Total fund= a(! .,_::]" =l

This total must be equal to the cost of replacement of equipments i.e. P—5.

1+r) =1
P__S;q-_(_i)——

Sinking fund ¢ =(P—S]]:——L——] - (2)

(1+r)" -1

The value of g gives the uniform annual depreciation charge. The parenthetical term in

equation (2) is frequently referred to as the “sinking fund factor”™.
.. Sinking fund factor= ——"T—-
(1+r) =1
Though this method does not fund very frequent application in practical depreciation
accounting it is the fundamental method in making cconomy studies.

1. What are the components of two part tariff? State how it differs from the three
part tariff. WBUT 2011]
Answer:

Two-part tariff: When the rate of electrical energy is charged on the basis of maximum
demand of the consumer and the units consumed, it is called a two-part-tariff.

In two-part-tariff, the total charge to be made from the consumer is split into tWo
components viz. fixed charges and running charges. The fixed charges depend upon the
maximum demand of the consumer while the running charges depend upon the number
of units consumed by the consumer. Thus the consumer is charged at a certain am
per kW of maximum demand plus a certain amount per kWh of energy consumed i.¢.

Total charges = Rs (bx kW +¢x kIvh)
Where, b = Charges per kW of maximum demand

¢ = Charge per kWh of energy consumed
This type of tariff is mostly applicable to industrial consumers who ha

ount

ve apprcciablﬂ

maximum demand.
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Three-part tariff:
When the total charge to be made

: from the consumer is split into three parts viz. fixed
charge, semi fixed ch

arge and running charge. it is known as a three-part tariff i.c.,
total charge = Rs.(a + hx kI + ¢ o kiwh)

where @ = fixed charge made during ¢
depreciation o the ::c-shl
collecting revenues,
b = charge per kW of maximum demand,
¢ = charge per kWh of cnergy consumed,

The principa! ﬂ‘_bjc‘:liﬂlﬂ of this type of tariff is that the charges are split into three
components. This type is applied to big consumers,

If we add fixed f:harge made during each billing period with two part tariff, then we get
the three part tariff. Three part tariff is applicable to big consumers,

ach billing period. It includes interest  and
of secondary distribution and labour cost of

4. A consumer ha*.:‘._ a maximum demand of 200 kW at 40% load factor. If the tariff is
Rs. 100/kW of maximum demand Plus 10 paise/kWh, find the overall cost/kWh.

[WBUT 2014]
Answer:

Units consumed / year = Maximum demand = Load Factor
=200=(0.4)=8760 = 7.00.800 kWh
Annual charges = Annual maximum demand charges + Annual energy charges
= Rs. (100x200+0. 1 *700800) = Rs. 90,080

* Hours in a year

90,080
Overall cost / kWh = Rs.—%s—— =Re.0.1285 = 12.85 paise
7,00,800
5. Discuss about the ABT tariff, [WBUT 2014]

Answer: Refer to Question No. 1(a) of Long Answer type Questions.

Long Answer Type Questions

1. a) What are Availability Base Tariff (ABT)? What is the advantage of ABT over
normal bulk tariff? [WBUT 2008]
Answer:

I Part:

It is performance-based tariff for the supply of electricity I::;r generators owned and
controlled by the central government. It is also a new system ot scheduling and dispatch,
Which requires both generators and beneficiaries to commit to dav-ahead schedules, .
Itis a system of rewards and penalties seckin% to enforce day aI‘mad pr_e-mmmmed
schedules, though variations are permitted if notified one and one half hf.:ﬂ.lr's in advancu.‘
The order emphasizes prompt payment -:}!'dues. thp?}'mcm of prescribed changes wil]
be liable for appropriate action under sections 44 and 45 of the ERC Act.
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It has three parts.
e A fixed charge (FC) payable every month by cach beneficiary to the generator for
for each beneficiary. It

making capacity available for use. The FC is not the same ,
varies with the share of a beneficiary in a generators capacity. The FC. payable by

each beneficiary, will also vary with the level of availability achieved by a generator.
In the case of thermal stations like those of NLC. where the fixed charge has not

already been defined separately by GOI notification, it will comprise interest on loan,
depreciation. O & M expenses, ROE. Income Tax and Interest on working capital,
» In the case of hvdro stations it will be the residual cost after deducting the variable

cost calculated as being 90% of the lowest variable cost of thermal stations in a

region.
e An energy charge (defined as per the prevailing operational cost norms) per kWh of
¢ of supply drawn upon a daily basis.

energy supplied as per a pre-committed schedul
Unscheduled Interchange (Ul charge) for the supply and consumption of

pre-committed daily schedule. This charge varies

e A charge
ly/consumption.

energy in variation from the
nversely with the system frequency prevailing at the time of supp
Hence it reflects the marginal value of energy at the time of supply.

2™ Part:

Advantages of ABT over normal bulk tariff

ABT brings about enhanced grid discipline

Economically viable power with right pricing

Promote competition and efficiency and also

Encourage use of Merit Order Dispatch / Economic Dispatch in India.

b) How TOD tariff has helped the supplier of electricity to the industrial consumer?
What are the schedules of time applicable for a day in TOD tariff? [WBUT 2008]

Answer:
The Energy and Resources Institute (TERI), along with the GoNCTD (Government of

National Capitzl Territory of Delhi) initiated a programme called DEEP (Delhi Energy
Efficiency Programme) with an objective to make Delhi an energy efficient city. An
important part of this effort is to structure tariffs in a manner that would provide an
incentive to shifi consumption from peak to off-peak periods and to encourage use of
more efficient appliances. The aim is to design and demonstrate the impact of ToD (time-
of-day) pricing and use of energy efficient appliances on consumer and the utilities. For
this purpose three areas have been selected for pilot demonstrations for implementation in

select areas of the city.
The above task is being jointly undertaken along with the EE&REM (Encrgy Efficiency

and Renewable Energy Management) Centre of Delhi Transco Ltd, a GoNCTD

undertaking. Some of the phases of the programme include area identification, selection
of DSM (Demand Side Management) measurcs based on cost-benefit analysis, sample
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survey to establish baseline p
monitoring and evaluation, These tasks are being accompanie
campaigns, cducation outreacly programmes etc.
would provide successfiy| cases
One of the problems facing the
supply imbalance. Power deman
to 2005-26), the city's demand

Delhi has already recorded a
expected to rise even further.

Power requirement is met by generation capacity within Delhi. allocations from Central
Generating Stations (CGS) and other bankiy

12 and bilateral drrangements.
Overtime, there has been 3 consistent o

gap between energy requirement and availability
and between peak demand and peak met in the city.

In India, residential consumers dominat
terms of numbers but also in terms of |o

arameters, preparation of implementation plan and

d by extensive awareness

The learning from this programme
to be replicated in other parts of the Delh;j

electricity sector in India has been

d has been growing rapidly. In the Jast decade (199596
Erew at an average growth rate of around 6% annually,
peak demand of 3900 pMw during the summer, which is

and elsewhere,
its growing demand-

2. a) What is a tariff? Discuss and Compare various tariffs commonly practiced by

utilities. [WBUT 2009]
OR, '
a) What are the objectives and requirements of tariff? [WBUT 2014]
OR,
What are the objectives and requirements of a power utility tariff system?
[WBUT 2015]
b) Mention the different types of tariff. WBUT 2014]
Answer; .

1*"Part:

The rate at which electrical energy is supplied to a consumer is known as tariff. The

supply company has to ensure that the tariff is such that it not only recovers the total cost

of producing electrical energy but also earns profit against the capital investment,

curve and to improve the Joad

The tariff must have the following objectives:

(a) Recovery cost of producing electrical energy at the power station

(b) Recovery of cost on the capital investment in transmission and distribution
systems,

(€) Recovery of cost of operation and maintenan
metering equipment, billing etc.
(d) Reasonable profit against capital investment,

ce of supply of electrical energy i.e.
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2" Part:
Various types of tariff:
1. Simple tariff: W

energy consumed, it is called 3

'hen therc is a fixed rate per unit of

form rate tariff.
When different types of consumers &

re charged at different uniform

simple or uni
recd at a specified rate and the

r unit rates, il .
-en block of encrgy 15 charg a
ly reduced rates. 1t 1s called a

Block rate tariff: When a gin i
are charged at progressive

succeeding blocks of energy
d at the ratc of 55 paise per unit, the

block rate tariff.
For example. the first 30 units may be charge
t 25 units at the rate of 50 paisa per unit.

When the rate of electrical energy is charged on the basis of
d of the consumer and the units consumed, it is called a two-part-

nex
maximum deman

tariff. ) o
In two-part-tariff, the total charge to be made from the consumer IS split into two
components viz. fixed charges and running charges. The fixed charges depend upon
the maximum demand of the consumer while the running charges depend upon the
number of units consumed by the consumer. Thus the consumer is charged at a
certain amount per kW of maximum demand plus a certain amount per kWh of
energy consumed i.e

Total charges = Rs(bx kW +c¢x kIWh)
where, b = Charges per kW of m

¢ = Charge per kWh of energy consumed
tarifT is mostly applicable to industrial consumers who have appreciable

aximum demand

This tvpe of
maximum demand.
Advanrages
(i) It is understood by the consumers,
d charges which depend upon the maximum demand of the

(ii) It recovers the fixe
consumer but are in

Disadvanrages
(i) The consumer has to pay the fixed ¢
consumed or not consumed the electrical energy.
he maximum demand of the consumer.
the

(ii) There is always error in assessing 1
It is similar to two-part with the only difference that
d meter in the

the objection of two-part tariff where the

premises of the consumer, This removes
d is assumed merely on the basis of the ratable value. This type 0
smal

maximum deman
tariff is mostly applied to big consumers. However, it is not suitable for 3
) as a separate maximum demand meter 15

dependent of the units consumed.
harges irrespective of the fact whether he has

maximum demand is actuall

consumer (e.g. residential consumer

required.
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6. Power factor tariff: The tarify
into consideration is known as Power factor tariff.

- In an a.c system, power facor Plays an important role. A low power factor increases
the rating of station equipment and ine

losses. Therefore. 2 consumer having low
power factor must be penalizeq The following are the important types of power factor
tariff:
(1) kVA maximum demand tq
case, the fixed charges are
not in kW. As kva is

in which Power factor of the consumer’s load is taken

Fiff: it is a modified form of two-part tariff. In this
made on the basis of maximum demand in kVA and

inversely proportional to power factor. therefore, a
consumer having low power has to contribute more towards the fixed charges.

This type of tariff has the advantage that it encourages the consumers to operate
their applications and machinery at improved power factor.

(ii) Sliding scale tariff: This also known as average power tariff. In this case, an
average power factor say (.3 lagging, is known as the reference. If the power
factor of the consumer fajs below this factor, suitable a

made. On the other hand, if the power factor is above the r
allowed to the consumer.

(iii) kW and kVAR tariff: In this type, both active power (

(kVAR) supplied are charged separately. A consumer
will draw more reactive power and he

dditional charges are
eference, a discount s

KW) and reactive power
having low power factor
nce shall have to pay more charges.

total charge to be made from the consumer is split into
three parts viz. fixed charge, semi fixed charge and running charge, it is known as a

three-part tariff i.c.,
Total charge = Rs(a+bx kW +cx kWwh)

where a = fixed charge made during each billing period.
depreciation on the cost of secondary distribution and |
revenues,

b = charge per kW of maximum demand,

¢ = charge per kWh of energy consumed,
The principal objection of this type of tariff is that
components. This type is applied to big consumers,

It includes interest and
ahour cost of collecting

the charges are split into three

First 500 units at Rs. 2.00 per unit, next 500 units at 1.50 per unit and additional
energy at Rs. 1.10 per unit.

Which of the two tariffs is economical and what is the corresponding monthly bj||?
[WBUT 2009)
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Answer:
Unit consumed per month = Maximum demand x Load factor ¥ Hours in a month
' —50x0.60x 720 = 21,600 kWh
1* case monthly charges = Rs.30 x 50 + Rs.1.20 X 21.600 = 1500 + 25920 = Rs.27,420 '
2 case monthly charges = S00x 2+ 500x1.50 + 20.600x1.10
— 1000 + 750+ 22.600 = Rs.24,410

Second tariff is more economical.

3. Two systems of tariff are available for a factory working eight hours a day for

300 working days in a year. .
a) High voltage supply at Rs. 75 per month per kVA of maximum demand plus

Rs. 1.15 per kWh consumed.
b) Low voltage supply at Rs. 80 per month per kVA plus Rs. 1.43 per kWh

consumed.
The factory has an average load of 400 kW at 0.8 power factor and a maximum

demand of 500 kW at the same power factor. The cost of high voltage equipment is
Rs. 200 per kVA of maximum demand and the losses can be taken as 4%. The
interest and depreciation charges on high voltage equipment are 15%. Calculate
the annual bill for both the system. [WBUT 2010)
Answer:

a) High voltage supply:

Maximum demand in kVA = 500/0.8 = 625kVA

As the losses in h.v. equipment arc 4% therefore capacity of h.v. equipment

625/0.96 kVA=651.0416kVA

Capital investment on h.v. equipment = Rs.900 * 651.0416 = Rs.585937.5
Annual interest and depreciation = 585937.5x 0.15=87890.625

Annual charge due to n cimum kVA demand = Rs.625x75%12= Rs.562500

Unit consumed / year= — xﬂﬂf; W= 1000000 kWh

Annual charge due to kWh consumption = Rs.1.1 5x1000000= Rs.1150000
Total annual cost = Rs.(] 150000+87890.625+562500) = Rs.1800390.625

b) Low voltage supply:

There is no loss of energy as no equipment is used:

Maximum demand in kVA = 500/0.8 =625kVA

Annual charge due to maximum kVA demand=Rs.625%80%12=Rs.600000
Units consumed / year=400x8x 300 = 960000 kWh

Annual charge due to kWh consumption=Rs.1.43 x960000=Rs.1372800

Total annual cost= Rs.(600000 + 1372800) = Rs.1972800.

PGE-42



POWER GENERATION ECONOMICS

[WBUT 2012]
Answer:

Maximum demand
= '?Eq 950 KVA

— 0.8
lLoss in switchgear = 5%
Input demand 950 3
=——=1000KVA
95
Cost in switchgear =60 = 1000

| = Rs. 60,000

Annual charges on depreciation
=0.12 x 60,000 = Rs, 7.200

Annual fixed charges due to maximum demand corresponding to tariff (b) = 30= 1000

= Rs. 30,000
Annual running charges due to kWh consumed
=1000 x 48 x 52 x 0,10 = 1,99.680
Total charges / annum = (1,99,680 + 30,000 + 7,200) =Rs. 2.36.880
Maximum demand corresponding to tariff (a) = 950 K VA
Annual fixed charges =32 x 950 = Rs. 30,400
Annual running charges for kWh consumed
=950x.8 17 ¢52x0.10=Rs. 1.89.696
Total = (1,89,696 + 30,400) =2.20,096

5. A factory has an average load of 400 kW at 0.8 p.f. and maximum demand of
500 kW at the same p.f. The factory is working for 8 hour a day for 300 working
days in a year. Two system of tariff is offered

1) High voltage supply at Rs 75 per month per kVA of maximum demand plus Rs
1.15 per kWh consumed ‘

Il) low voltage supply at Rs 80 per month per kVA of maximum demand plus Rs
1.43 per kWh consumed. , .

Cost of HV equipment is Rs 900 kVA, losses can be taken as 4% and interest and
depreciation of the HV equipment is 15%. Calculate the annual expenditure for
both the systems to find out the cheaper tariff. [WBUT 2014]
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Answer:
i) High voltage supply
Maximum demand in kKVA = %{%ﬂ =625kVA

As the losses in h.v equipment arc 4% therefore capacity of h.v equipment
625

0.96
Capital investment on h.v equipment = Rs. 900 x651.041
= Rs. 585,936.9
Annual interest and depreciation = Rs. 585,936.9 x 0.15
= Rs. 87.890.535

Annual charge due to maximum kVA demand

= Rs. 651.041 x 75 x 12

= Rs. 585,936.9
400x8x300 _; 099,000k Wh

0.96

__ Annual charge due to kWh consumption=0.115x 1.000,000 =115,000
Total annual cost= Rs(87.890.535 + 585,936.9 +115,000) = 788,827.435

=651.041kVA

Units consumed / year=

iif) Low voltage supply
There is no loss of energy as no equipment is used.
Maximum demand in kVA= %ﬂgﬂ =0625kVA

Annual charge due to maximum KVA demand = Rs. 625 x 80 x 12
= Rs. 600,000

Unit consumed / vear = 400 x 8 x 300 = 960,000 kWh

Annual charge due to kWh consumption
= Rs. 0.143 » 960,000 = Rs. 137.280

Difference in the annual cost of two systems

= Rs. (788.827.435 — 737.280) = Rs. 51,547.435
Hence low voltage supply is cheaper than high voltage supply by Rs. 51, 547.435.
Therefore taniff (a) is economical.
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6. a) Briefly discuss TOD tariff and ABT.

b) The following data are related to a power generating station
(i) Max demand 50 Mw

(ii) Capital Cost Rs. 150 x 10°
(iii) Taxes, wages and salaries - Rs. § x 10°
(iv) Interest and depreciation - 10,

(v) Annual fuel csast is Rs. 8 x 10° when annual Load Factor is 50% and the fuel
cost is Rs. 9 x 10" when the Load Factor is 60%.

compare the generation cost Per unit with improved Load Factor. [WBUT 2015]
Answer:

a) Refer to Question No. 7(b) of Long Answer Type Questions.

b) Maximum demand 50 MW

Capital cost=X150x10°

Taxes, wages and salaries =76« 10°

Interest and depreciiion = 10%

Annual fuel cost=F§. 10"

Load factor is 50",

Units generated / annum = maximum demand » load factor = hours in a year
=50x0.5x8760x 10" kWh
=219x10’ x10'kWh
=219x10°kWh

Annual fixed charges
Annual interest and depreciation=10% of capital cost=10%x150x10° =¥15x 10°

Annual running charges

Total annual running charges = Annual cost of fuel + Taxes & wages and salaries
=8x10° +6x10°
=314x10°

When the load factor is 60%

Units generated / annum = maximum demand x load factor * hours in a year

=50x0.6x8760x10"kWh
=30x8760x 10 kWh
=262800x 10’ kWh
=262.8x10°kWh
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Annual fixed charges

Annual interest and depreciation=10% of capital cost=10%> 150x10° =X15x10°

Annual running charges
Total annual running charges = Annual cost of fue
_9x10° +6x10°=T15%10°

| + Taxes wages & salaries

7. Write short notes on the following: '
[WBUT 2009)

a Cross-subsidization

h]} Availability based tariff [WBUT 2009, 2010, 2011, 2012, 2013)
¢) Pool tariff in transmission system [WBUT 2010, 2011)
d) Types of consumers and their tariffs [WBUT 2013]
e) Availability tariff and Availability Based tariff [WBUT 2017)
Answer:

a) Cross-subsidization:
Cross subsidization is the practice of charging higher prices 10 On¢ group of consumers in

order to subsidize lower prices for another group. State trading enterprises with
monopoly control over marketing agricultural exports arc sometimes alleged to cross
subsidize. but lack of transparency in their operations makes it difficult if not impossible
10 determine if that is the case. _

In the ICT sector, it is common for firms to supply a number of services. Network
operators generally sell services in both competitive and non-competitive markets,

A firm with market power in one area may charge a high price for non-competitive
services and use the proceeds to subsidize low prices for competitive services.

If the firm breaks even overall, a given service receives a subsidy if it does not generate
sufficient revenue to cover its total service long run incremental cost (TSLRIC).

For example take an incumbent firm with market power in the provision of long distance
calls. The incumbent could use its market power to charge high prices to long distance
customers, and use the excess revenue 10 support low prices for internet access and
undercut competing intemet access providers.

By cross-subsidizing competitive services, a telecommunications firm can:

« Ensure that it covers its overall costs, including fixed costs, and
e Strengthen the firm’s competitive position where it matters most, namely in the
supply of its more competitive products.

Cross-subsidization will only maximize the firm’s profitability if the resulting gain in
market share in the competitive market outweighs the loss in revenue from the reduced
price. This is because the firm could still increase prices for the non-competitive service,
even if it did not subsidize the competitive service. So its next best option would be to
increase the non-competitive price and keep the resulting revenue.
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b) Availability baseq tariff:

This tariff scheme, applicable to centra| se
approved by centra| regulatory commissjon
grid frequency to bring j within

clor generators and power utilities, has been
- Itis based on the rotational of correcting the

_ the permissible band. There is a provision for fixed
charge when power is avajlab|e (peak and non-peak separately) and a separate energy

charge _Whﬂﬂ power is delivercq. State power utilities need to pay a fixed price for the
generation ca[macity allocated to them 2 day carlier irrespective of their consumplion.
However, variable cost wil| pe paid only if energy is drawn. The tariff is linked to
unscheduled interchange (U charges will be paid or received under four conditions.

i) When a gencrator Benerates more than the schedule, increasing the system
frequency.

ii) When the beneficiary

party adversely affect on account of grid indiscipline. In all
the instances, there is sufficient incentive for both the generator and the beneficiary states

to maintained system frequency close to 50 Hz. Ul charge also offers greater incentive to
hydropower capacity in the System. On the supply side, there is a strict penalty for
wrongly declaring availability. |f the power utilities are saddled with surplus power, they

will be forced to look for buyers. This will encourage power trading and better rates for
the consumer.

¢) Pool tariff in transmission system:

Electricity pool is not a physical location, It is a set of rules and procedures managed by
the load dispatch centre. The power pool operates the wholesale market under mandatory
trading arrangements, bidding and settlement procedures. It is not possible to distinguish
which generator produces the electricity consumed by a particular consumer, Hence, this
is the concept of a central pool of generation to supply total consumer demand. Typically,
pool rules require generating and supply companies to submit a day-ahead bid package
and demand reservations for cach half-hour period during the next seven days. The pool
administration uses this to prepare a seven-day generating unit commitment plan, ranking
bids in the order of merit 1o determine the system marginal price at which offers match
demand. The pool price paid to generating companies generally comprise:

. The system marginal cost

2. Start up and no-load adjustment and

3. Ancillary services payment, back start capability and spinning reserve,

The pool price, paid by the supplier, needs to be hedged or capped. [t generally comprises
I Price paid to gencrating companies
2. An adjustment for.transmission losses
3. Pool administration charges and
4. Uplift (e.g., for constrained on units).
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X) There is some disincentive for

xi) ~ There is an explicit clearing price that is visible to participants,

xii) Demand is generally drawn from the grid without contract rather than having to
make a commitment in advance,

non-performance of dispatch instruction.

d) Types of consumers and their tariffs:
There are different types of consumers who consume el
They can be classified into four subgroups: ‘
1. Domestic consumers use electricity
2. Agricultural
trashing, etc.

3. Industrial consumers use electricity for industrial production such as heavy
industries, manufacturing companies, etc.

4. Commercial consumers are electricity
municipalities, hospitals, etc.

ectricity for different purposes.

for domestic purpose.,
consumers use electricity of agricultural purposes such as irrigation,

for commercial purposes such as

For tariff part: Refer to Question No. 2(a) of Long Answer Type Questions.

e) Availability tariff and Availability Based tariff:
Availability tariff: With a view to promote overall economic operation of the power
sector and to achieve improvement in operational parameter GOI felt that the existing
tariff structure in power sector needs to be rationalized. Accordingly GOI proposed, for
sale of electricity by generating companies to the beneficiaries. a three part tariff structure
in viz. Capacity charge, Energy charge, Unscheduled interchanges (UI)
TOTAL PAYMENT = (a) + (b) = (c)

where,

(a) = CAPACITY CHARGE

(b) = ENERGY CHARGE

(c) = ADJUSTMENT FOR DEVIATIONS (Ul CHARGE)

(2) = a function of Ex-bus MW availability of power plant for the day  declared before
the day startsx SEB's % share :

(b) = MWh for the day as per ex-bus drawl schedule for the SEB finalized before the day
starts x Energy charge rate .

(c) = Z(Actual energy interchange in a 15 min time block - scheduled energy interchange
for the time block) x Ul rate for the time block

ﬂdvnntages:
* Improved frequency and voltage
* Economic dispatch
*  Autonomy to the utility
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« Incentive for high plant availability, but no :ncentive to over generation during
off-peak hours

«  Technically and commercially right

«  Immediate solution for IPPs and Captives

«  True free market; market forces decide the pool price

+ Pool price known on-line

« Total transparency; No regulator required

« Simple practicable; Meters already developed and installed

Availability Based tariff: '
Refer to Question No. 7(b) of Long Answer Type Questions.
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UNIT COMMITMENT

L_Multiple Choice Type Questions

1. Five 200 MW plants are connected to a grid having a peak demand of 1000 VA. If
the generators are Operating at a lagging pf of 0.85, the spinning reserve is

[WBUT 2011]
a) 0 MW b) 50 Mw c) 150 MW d) 250 MW
Answer: (c)

2. A storage type power plant is essential for betterment of a grid that suffers from

[WBUT 2011]
a) very low peak demand

b) very h_Igh_peak demand but high load factor

c) very high peak demand but low load factor

d) very low peak demand but high load factor
Answer: (b)

3. Unit commitment is [WBUT 2014)
) @ must before we solve ec i i

Answer: (d)

4. For long term hydrothermal problem
a) A head variation can be ignored
b) transmission loss cannot be ignored

¢) unit commitment should be taken into account
d) all of these

Answer: (d)

[WBUT 2014

Short Answer Type Questions

1. What do you mean by unit commitment problem? Discuss the Importance of

'Spinning Reserve' as related to unit commitment problem. [WBUT 2008]
OR,

Discuss briefly about unit commitment and spinning reserve. WBUT 2008]

Answer:

Unit Commitment (UC) ) . .

It is not economical to run all the units available all the time. To dr::termme'the nits of a
Plant that should operate for a particular load is the problem of unit commitment (UC),
This problem is of importance for thermal plants as for other types of generation such as
hydro: their operating cost and start-up times are negligible so that their on-off status is
not important.
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pse priority ordering; wherein

A simple but sub-optimal approach to the problem is to imp i ring
less cfficient units in order as

the most efficient unit is loaded first to be followed by the

the load increases. _ .
A straightforward but highly time-consuming way of finding the most cconomical
combination of units to meet a particular load demand, is to try all possible combinations
of units that can supply this load: to divide the load optimally among the units of each
combination by use of the coordination equations, so as 10 find the most cconomical

operating cost of the combination: then, to determine the _ﬂ‘ﬂl‘lhiﬂﬂ[iﬂ"‘ which I'IH_S the
least operating cost among all these. Considerable computational saving can be achieved
bv using branch and bound or a dynamic pmgrnmming method for comparing the
economics of combinations as certain combinations need not be tried at all.

Spinning Reserve 1 . .
The liberalisation of the electricity supply industry and the introduction of competitive

markets for electrical energy have required the definition of ancillary services. The
purpose of these ancillary services is to help maintain the security and the quality of the
supply of electricity. In particular, control of the frequency requires that a certain amount
of active power be kept in reserve 1o be able to re-establish the balance between load and
generation at all times. In general, reserve can thus be defined as the amount of
generation capacity that can be used te produce active power over a given period of time
and which has not yet been committed to the production of energy during this period. In
practice. different types of reserve services are required to respond 1o different types of
events over diffcrent time frames. In particular, while the term “spinning reserve” is
widely used in literature, this service can be defined in different ways. This may lead to
some confusion.

To help reduce this confusion, this document proposes @ definition of spinning reserve. It
then provides the amount of spinning reserve required in several jurisdictions according

to this definition.

2. Discuss the various constraints related to unit commitment problem.
2 [WBUT 2010]

Answer:

Constraints in Unit Commitment:

1. Thermal Unit Constraints: Thermal.units require a trained lot of crew to opcrate the

units. A thermal power plant undergoes a gradual temperature change and this needs

some time intervals to bring the unit on line. As a result, the following constraints arise:
i, Minimum up time: It states that there should be a minimum time of operation
;-:rhcn the unit runs. It is not desired to turn off immediately after it is brought on-
ine.

i, Minimum down time: Once the thermal unit is decommissioned, there would be
a minimum time before it can be recommissioned.

iii. Crew constraints: I a plant consists of more than one unit, both the units cannot
be turned on simultancously as there is usually not enough staff to attend both the

units.
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iv. Operational constraints:
CNErgy must be consumed
any cffective power gene
treated as Stan up cost,

In operation of thermal units, a certain amount of
to bring the unit on-line, This encrgy does not result in
ration and in unjt commitment problem, it has been

2. Spinning Reserve: Sp'rnning reserve is defined as follows:

Spinning reserve = Z L= Py =P, at any interval of time,

Spinning reserve must be maintained so that the
unacceptable decline in frequency, i.e.,
unit is lost, other unit can mak

loss of one or more units does not cause
there must be sufficient reserve such that if one
€ up for the loss in a specified time period.

3. Hydro-constraints: As we pointed out that unit commitment problem is of much

importance for the scheduling of thermal units it is not the meaning of unit commitment

that cannot be completely separated from the scheduling of a hydro-unit,

The operation of hydro-thermal system having both hydro and thermal plants, however

for more complex as hydro-plants have negligible operation costs. but are required to
operate. Under constraints of water available for hydro-generation in a given period of

lime.

The problem of minimizi ng the operating cost of a hydrothermal system can be viewed as

one of minimizing the fuel cost of thermal plants. Under the constraint of water
availability for hydro-generation over g given period of operation, '

4. Fuel Constraints: A system in which some
constraint that require them to burn 1 specifi
most challenging unit commitment problem.

units have limited fuel on else have
ed amount of fuel in a given time presents a

3. What are the importance of unit commitments in a grid? Discuss the basis of

economic load scheduling of power plants in a connected grid. [WBUT 2011]
Answer:

1" Part:

Unit commitment involves determining the start up and shut down (ON/OFF) schedules
of generating units to be used to meet forecasted demand over a short-term (24 - 168 -
hours) period. The objective is to minimize total production cost to meet system demand
and reserve requirements while observing a large sct of operating constraints.

Optimum allocation (commitment) of generators (Units) at each generating stations at
various station load levels (including sharing among committed generators) are the unit
commitment problems and optimum allocation of generation to each station for various
SYstem load levels may be called as load scheduling problem.,

2" Part
The factors that govern the economic operation of hydrothermal plants are Incremental
fuel costs of steam plants, hydro generation as a function of head and discharge, water
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To find the schedules for hydrotherma)

d, it is prcsumcd that:
d of time producing the

intake losses, incremental transmission losses.
plants for time duration during the operating perio

i) adesired amount of water is used over the given perio
maximum amount of energy and S g
i) the fuel input and hence the generation cos of the thermal units will be
minimum. ) .
rdination equations which wil|

here will be two sets of co-0

With the above end in view, t
one set for the therma

be solved for optimum scheduling =

hydro units.
Let us consider that out of n-controllable gen

(n—m) are hydro generator units. Then the co-ordination equations arc’

| units and the other set for the

erators m arc stcam plants and the remaining

—‘E—hﬁ.f—}l—ﬂ.:l] i=12 M . (1)
dp, 6P
dﬁ’+?—§—ﬂ'——z=ﬂ j=m+l,m+2*.....n (2]

R—L+2
'ap, 6P,

Here
P, =output in MW of the ith steam unit

P, , =outputin MW of jth hydroelectric unit.

gﬁ; — Incremental transmission loss associated with the ith steam unit.

;2’-' — Incremental transmission loss associated with 1hejth hydropower unit.
—dT:' = Incremental cost for the ith thermal unit in Rs/M Wh.

:——g:i = Incremental water rate of jth hydro fmil in m’ | MW —sec.

R, = Conslant which converts the incremental water rate of the jth hydro plant into an

incremental cost. It has a unit of Rs per hour/m’ per sec.
If the transmission losses are neglected, Eqns. (1) and (2) become.

de,

-A=0
dF, ,
dw, .
RJ —-A=0
dp,
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The incremental ¢ost [ de

, . v
:F'J for the thermal units and incremental water rate [ iLié ]f'c-r

LT

the hydroelectric units are
can be represented by linea

iy

both non-linear but for simplified computation, both of these

I equations,

. ; Why is it important to keep a spinning reserve in the
grid? What is the downsijde of keeping a high spinning reserve? [WBUT 2011]
Answer:

Feserve generating capacity

which is connected to the bus and
ready to take load.

2" Part;

The total spinning-reserve from | the generating units must be greater than or equal to
the spinning-reserve requirement of the System. This can be either a fixed requirement in
MegaWatts (MW) or a specified percentage of the largest on-load output of any
generating unit. Again, the user can choose how strongly to enforce this constraint. The
purpose of the spinning-reserve requirement is 1o ensure that there is enough spare
capacity from the units on-Joad or “spinning” at any time to cover the accidental loss of

ands that are higher than their forecast
reserve requirement of the system will
particular unit supplies can be customised to the
¢ to impose several different spinning reserve
with each reserve requirement being over a different time-

indicate how much spinning-reserve a
user’s requirements. It is possibl
requirements simultaneously,
scale.

3" Part:

The downside of keeping a spinning-reserve in the
sufficient generating units running above their Minimu
times to allow the total output to be quickly reduced by a specified number of MW.

(There may be a variety of reasons for.such a requirement - for example to cover the
possibility of demands being lower than their forecast values.)

grid will ensure that there are
m Stable Generation levels at all

5. Discuss the various types of Unit Commitment method. [WBUT 2012, 2015)
Answer: '

The major available method for unit commitment can be grouped as follows:

* Deterministic techniques

* Meta-heuristic techniques

* Hydrothermal coordination o '
Deterministic approach includes priority list, inter/mixed-integer pmgrar]lpalng mel.hod,
dynamic and linear programming, branch-and-bound method, decomposition technique,
and colony system and Lagrangian relaxation.
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Meta-heuristic approaches includ
evolutionary p

genetic algorithm.

memetic algorithm (hybrid technique
Large scale UCP can also be solved
steps: aggregation, solution a

afion

H, vdrothermal Ci oordin
-term hydro

The problem of short
peneration production of hy
releases and storage levels.

hydro resources.

hydrothermal coordination.
~mal unit commitm

The objective here is 10 minimize t
and other generation requirements.
coordination probiem are based

the decompoasition
relaxation and netwo

6. Develop a simple Computationa

Answer:
Plant Scheduling:
The total cost of pro

be given by:

dro units, water f]
The objective is 10

In a hvdrothermal system. short-term hy
The hvdrotherma

ents and generati
he thermal pro

commitment and hydro scheduling sub problems.
method used like heuristic decomposition, combined Lagran

rk flow pru_gramming, gene

duction of electri

neural networks,

ngiE‘ ﬂﬂiﬁC'i-ﬂ.I
tabu scarch and

ystem, fuzzy I

¢ cxpert § _
rogramming. simulated anncaling
.}- ¥ -
valencing™ like method comprising three

using “‘equi

nd disaggregation.

ine the optimum hourly
g slations, Feservoir
y production from

1o delerm

through gcncratin
jize the encrg

scheduling is
OwWSs
maxin

is to be done as part of
| coordination problem requires the solution
on dispatch as well as the hydro schedules.
duction cost subject 10 meeting the load
Most of the methods for solving the hydrothermal

on decomposition methods involving the unit

The coordination procedure depends on
gian

dro scheduling

tic algorithm elc.

| method in economic load scheduling.
[WBUT 2012]

¢ energy in an n-machine controllable system will

C=3.C, =3 f.(F;)Rs/hour
(D)

= /.(F) + f1(Fs2) +...+ f,(F;,)Rs/hour

Our problem is to select n variables 7, (i=1,2....
certzin equality and inequality constrai imultaneously satisfied. As we have
does not affect fuel cost, there will be only

..n),sothat Cis minimized provided

nis are si
one

already observed that the reactive power

equ

Z P, =total power demand on the system

alitv constraint to be satisfied. This is given by:

— total power supplied by base load units.

i=l
= f: wer demanded from the controllable group of generators
=ip
e, Y P-F=0 2
e

i=l

ie,  2(Pas PozreFir) =0
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where, g is a function,

Along with this cquality constraint, n number of inequality constraints need to be
satisfied. These are:

Pfi—imlﬂ < ﬂ,‘, < !:.;,m“- i= ,2 ..... " aua (4]
Referring back to Eqn. (1) we observe that we are to optimize C. a function of n
variables, by independently sclecting (n—1) wvariables, the other variable gets

automatically fixed by the equality constraint Eqn. (2).

The mathematical procedure to find constrained optimum i.e. optimization technique is
given below for ready reference.

Let us consider a scalar cost function given by
C"—-f[xl.x;..”_x”] annnt ]
X X.e X, @re n independent variables. The problem is to find out the maximum or

minimum value of C,
The total differential dc may be expressed as:

de =£f—d.r1 +-{f—"£dx, +.,,,+£J£c£r ... (6)
dx, ox, ox, "

For an optimal value of C, the total differential must be zero. This condition demands that
all the partial derivatives in x(i=1,2...n) must be zero because the variables are

independent of cach other and there is no constraint in their variation. So. the condition
for optimization is: -

£= 0 fori=l, 2,..n iiaa [T
ox,
If the problem is now modified by stating that C is to be optimized subject to the
condition (constraint) that the equation below be satisfied.

2(x,%.....%.)=0 ]

The above equation is an equality constrain equation. On partial differentiation of the
above equation, it is obtained

ig.:irt+5—gc£r,+ ..... +-§—g-dx,,=ﬂ .eee (9)
ox, ox, dx,

With the constraint of this equation to be satisfied along with the Eqn. (6), there is no
liberty of choosing all the n differentials dx,.....dx, independently. As such one degree
of freedom is lost in the sense that only (n-1) of the differential may be chosen

independently and the remaining one is fixed by Eqn. (9). If both sides of Eqn. (9) is
multiplied by A and then subtracted from Eqn. (6), the result is: -

=| oL _,%¢ Sf ;98 | +...+[i5£-.1‘53J¢ (10
dc_(arﬂz{?q}dxﬁ{ﬁxz 0 ox, Ox ) " ( )5
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It can thercfore be construed that the pr

equality constraint g =0 is tantamount to
lled the lag-range multiplier.

The constant A 1S¢a
is to be optimized

Now reverting to the preblem, which
C=f(Pne Pige Tae)

f with the eguaiity constraint
yyenPly, ) =0 being satisfied

i

' The augmented cost function
Ir=r-2¢
where. 4 is the Lag-range multiplier.
Now,
5f* o ,
- 4 A-—é-i—{]{fnrhl,z,.....,n)

—— —

5P, 6P, OF;
Fe} d
S 2P+ fiBe) ot [y Pa) ot SR

sP. 6P,
_81Ue) _ G _ i)
o, 6P,

where, (IC ); is the incremental cost of the ith generator.

5
Also Eéi#:ﬁ— Py 4 By oot Py ot By = By ] =1
w )
So, from Eqgn. (16)
(IC), =7 i=1 2t

ie. (IC)=(IC),=(IC), =4
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]
' If dc has to be zero, then all the n terms within parentheses are 10 be zero. The optimum
1 conditions are then: -
- J 5
de & e 128 0 fori=l 2. (1)
! if.'l" .r!i‘.‘l."
i These n equations and the constraint Eqn. (8) will yield (n* 1) variables i.. X, X5..x,
and 4.
. So definition of a lag-range cost function f* now be given by
'r 1 f’?lf—ig < (12)
H ﬁm%nﬁqn.[li}mbcwrinenas
HE = L";
e = i[—:—'[—ii‘!:—:c“- for i=1,2,..n e (13)
it §x dx,  Ox
‘ oblem of optimizing the function f with the

obtain the unconstrained optimization of f *,

o (14)

.. (1)

. (16)

)

... (18)

i (19
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The optimum condition, therefore, s obtained when we make sure that all the individual
controllable gencrators operate at equal incremental production costs and at the same
time, the generated powers add up to the power demanded from the controllable group.

The condition can be graphically depicted on the incremental cost curve as shown in Fig.

1. The optimum condition to be satisfied for a certain IC value A, such that
Py + Py e +ﬂﬂ+..‘_+ﬁh=ﬂ

) *

Fig: | Graphical depiction of optimum condition incremental curve
P, is the real power at the point where the horizontal line drawn form the IC axis at a
distance A from the origin, cuts the ith incremental curve.
We have not yet taken any cognizance to the n inequality constraints of Eqn. (4). The

If we use a quadratic cost function given by Eqgn. (1) the condition for optimum
scheduling or optimum dispatch is: -

B+2y,, P .4 fori=12_..n -eee (20)
So, ,a;,:’l;ﬂ sz}
7i

From the equality constraint of Eqn. (2)
Z F w=Fp
1=l

or, Z kﬁ_:pﬂ

i=| 2}’1
- B,
or, 1= i=l <) eesn (22)
B
i=l 2?!

The valye of 1 obtained in Eqn. (22) is substituted in Eqn. (21) to obtain the scheduling
of generation, |
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quirements in the solution of upj

7. Discuss the importance of spinning reserve re
[WBUT 2013)

commitment problem.

Answer:
Spinning resene is the term
from all synchronized units

supplied. Here. the synchrom

system.

amount of gencration available
present load and losses being
be named units spinning on the

used 1o describe the total
on the system minus the
zed units on the system may

i tput of all ;
Total generation output © Load at that time+
Losses at that time

Spinning resene = synchronized units at
a particular time
the power generation 0

of the system:

. = th .
Let P. be the spinning reserve. P, fthe i"" synchronized unit,
on the system and F the total loss

Fs :Z.F";" _(P.n + ﬂ]

The spinning reserve must be maintained so that
cause too far a drop in system frequency. Simply.
reserve on the other units to make up for the loss in a specified time period.

The spinning reserve musl be a given a percentage of forecasted peak load demand, or it

must be capable of taking up the loss of the most heavily loaded unit in a given period of

time.
It can zlso be calculated as a

} generation to mect the load.
The reserves must be properly allocated among fast-r
allows the automatic generat

P, the total load

the failure of one or morc units does not
if one unit fails, there must be an ample

bability of not having sufficient

function of the pro

esponding units and slow-
ion control system fo restore

responding units such that this
frequency and quickly interchange the time of outage of @ generating unit.

« Bevond the spinning reservec, the UC problem may consider various classes of
| ‘scheduled reserves’ or ofiline reserves. These include quick-start diesel or gas-
turbine units as well as most hydro-units and pumped storage hydro-units that can be
brought online. synchronized and brought upto maximum capacity quickly. As such,
these units can be counted in the overall reserve assessment as long as their time 10
come up to maximum capacity is taken into consideration.
e Reserves should be spread well around the entire power system (o avoid (ransmission
system limitations (often called ‘bottling” of reserves) and to allow different parts ©

the system 10 run as sislands’. should they become electrically disconnected.
(WBUT 2013, 2014

oad dispatch

8. What is unit commitment?
(wBuUT 2013]

Compare an optimal unit commitment problem with an economical |

problem.
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Answer:

1" Part:

In Operational scheduling of clectric power generation, the most important problems is
the unit commitm

et It involyes determining the stan up and shut down (ON/OFF)
schedules ”FE‘—'”_ﬂfﬂﬁﬂg Units to be yseqd 10 meet forecasted demand over a short-term (24
~ 168 hours) pcr!nd, The aim js 10 minimize tota] production cost to meet system demand
and reserve requirements while nhscrving a large set of operating constraints. In fact it is
a complex mathematica] optimization problem having |
variables. Prior tq

solve the economic dispatch proble
cause only those units w
tsolution can pe conside

both integer and continuous
M. unit commitment problem
hich were allocated 1o generating duties by
red for power generation,

[WBUT 2017]
Answer:

1* Part: Refer 1o Question No, 2 of Short Answer Type Questions.

2™ part;

* Cooling: Open evaporative cooling systems are an essential part of most commercial
HVAC or industrial processes, however these well aerated vater systems essentially
serub dust and organic material from the cooling air stream, setling up a perfect
environment for corrosion, fouling, scaling, microbial activity and  bio-film
formation, Accordingly a good water trealment program is not only essential for
regulatory compliance. but also to extend asset longevity, optimize plant efficiency, .
minimize operating costs and mitigate pathogen related public health risks.

* Banking of boilers: Boiler Bank Tubes are Bent to Shape Tubes or Steam
Generating Tubes where Water is converted to Steam. Boiler Bank Tubes carry 2
mixture of water and steam. Fabricated from Tubes in various sjzes and shapes,
bending of these tubes is generally to larger Radi.us hf.-m:e the?f'need some Tube
Bending Expertise to avoid wrinkles. surface cr:lu.:kmg,‘ lrregul_antles. ensuring long
life of tube resulting in smooth and efficient operation of the Boiler.
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Long Answer Type Questions

ution of the unit commitment
[WBUT 2008)

4. a) Discuss the priority order approach for the sol

problem.
Answer: _
lable all the time. Tao determine the units of a

It is not economical to run all the units avai

plant that should operate for a particular load is the problem of unit-commitment. This

problem is of importance for thermal plants as for other types of generation such as
hat their On-OfT status is not

hydro, the operating cost and start uptime are negligible s { : ‘
important. A simple but sub-optimal to the problem is to 1MpoOsc priority

approach
ordering. where in the most efficient unit is loaded first 10 be followed by the less
efficient units in order as the load increases. A straight-forward but highly time
consuming way of finding the most economical combination of units to meet @ particular
load demand. is to try all possible combinations of units that can supply the load, to

divide the load optimally among the units of each combination by use of the co-
ordination equations so as to find the most economical operating cost of the combination.
Then to determine the combination which has the least operating cost among all these.

followed while using the merit order

b) Explain the shut down algorithm to be
approach. [WBUT 2008]
Answer: ’

g of power plants, it assumes that the

When this method is applied to economic schedulin
the full range or over successive

incremental cost of all the generators is constant over

discrete portions within the range.

The economical way of meeting a load will be to load the machines in order of highest
eds forming of a table which could be

incremental efficiency. This method, therefore, ne
looked into, for any load condition and does not need any complicated calculations.

Normally the incremental cost curves are not constant, therefore this method is not used.
Unit Commitment and the Economic

2. a) Explain the difference between the
Dispatch problem. [WBUT 2009]
Answer:

ion of economy of

The optimal system operation, in general, involved the considerat
optimal releases of

operation, system security, emissions at certain fossil-fuel plants,
water at hydro generation, etc. All these considerations may make for conflicting
ade for optimal system operation. We

requirements and usual ly a compromise has to be m
consider the economy of operation only, also called the economic dispatch problem.
minimize the total cost of

The main aim in the economic dispatch problem is to
generating real power (production cost) at various stations while satisfying the loads and
links. For simplicity we consider the presence of thermal

the losses in the transmission
ider the presence of hydro plants, which

plants only in the beginning. We will cons
operate in conjunction with thermal plants. While there is negligible operating cost ata
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hydro plant. there is a limitation of availability of water over a period of time, which must
be used to save maximum fue| at the thermal plants,

The specified variables are reg| and reactive powers at PQ buses, real powers and voltage
magnitudes at PV buses and voltage magnitude and angle at the slack bus. The additional
variables to be specified for load flow solution are the tap settings of regulating
transformers. If the specified variables are allowed to vary in a region constrained by
practical considerations (upper and lower limits on active and reactive generations bus
voltage limits and range of transformer tap settings), there results an infinite number of
load flow solutions, each pertaining to one set of values of specified vaniables. The “best’
choice in some sense of the valyes of specified variables leads 1o the ‘best’ vad flow
solution. Economy of operation is naturally predominant in determining allocation of
generation to cach station for varjgys system load levels. The first problem in power
system parlance is called the ‘uni commitment’ (UC) problem and the second is called

the “load scheduling’ (LS) problem. One must first solve the UC problem before
proceeding with the LS problem,

b) What are the various costs to be considered in the Unit Commitment problem?

[WBUT 2009)
Answer: '

The various costs that are considered in the unit commitment problem include the loading

of generating equipment particularly of thermal plants, where unit efficiencies and fuel

costs are major factors in the cost of power production. The proper operation of hydro- -
plants can also affect generation cost where at times of the vear the availability of “wvater.
is high and at other times must be conserved. Purchase power availability, co ' ind the

scheduling of overhaul of generating unit all affect operating cost.

¢) Why are minimum ON time and minimum OFF time constraints important?
[WBUT 2009]
Answer; : . My WY A et
The. minimum ON time and minimum OFF time constraints are important ‘to. meet. .- .-
forecasted demand over a short-term (24 - 168 hours) period. The objective is to .-
minimize total production cost to meet system demand and reserve requirements while -°
Dbsewing a large set of operating constraints. bl oY ST

d) Discuss the basic principle of the dynamic programming method in solving the: - - -
Unit Commitment Problem. -« - [WBUT 2009] ~. ..
Answer; = ¥ o )
In 2 practical problem, the Unit Commitment (UC) table is to- be arrived at. for the

“Omplete load cycle. If the load is assumed to increase in small but finite size steps,: -
dynamic programming (DP) can be used to advaniage for computing the UC table,. . .

Wherein it is not necessary to solve the coordination equations; while at the same time the
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For these reasons, only the Dp

unit combinations to be tried are much reduced

s approach will be advanced here. )

: The total number of units available, their individual cos! characteristics and the load cyc|e
on the station are assumed to be known a priori, further. it shall be assumed that the logg
on cach unit of combination of units changes in suitably small but uniform steps of size

AMW (e.g. | MW).
Starting arbitrarily W

e
— il
Sk

most economical combination is determined
of the two units. At each load leve|
( or both units with a certain load
curve in discrete form for the two
[ a single equivalent unit. The third

ith any two units, the
for all the discrete load levels of the combined output
the most economic answer may be to run either uni
sharing between the two. The most economical cost

units thus obtained. can be viewed as the cost curve ©
unit is now added and the procedure repeated 10 find the cost curve of the three combined

units. It miay be noted that in this procedure the operating combinations of third and first,
§ aleo third and second are nol required to be worked out resulting in considerable saving
in computational effort. The p I all available units are exhausted. The

rocess is repeated, ti
advantage of this approach is t the optimal way of loading k units, it is

hat having obtained
ine the optimal manner of loading (k+1) units.
fined as follows:

rating x MW by N units,

o bty A e

e R

A P oy e
M -

quite easy to determ

Let 2 cost function F (x) be de
F, (x)=the minimum cost in Rs/hr of gene

fi(¥) =costof generating y MW by the Nith unit

F,_,(x—y)=the minimum cost of generating (x—y) MW by the remaining (N -1)

units.
Now the zpplication of DP results in the following recursive relation

Fule)=" U 0) ¢ Foa =)
: Using the above recursive relation, we can casily determine the combination of units,
yielding minimum operating costs for loads ranging in convenient Steps from the
minimum permissible load of the smallest unit to the sum of the capacities of all available
units. In this process the total minimum operating cost and the load shared by each unit of
the optimal combination are automatically determined for each load level.

[

3. Discuss the concept of reserves and constraints in the Unit t:«:trnrnl'l!“"-""t
problem. (WBUT 2013
Answer:

Spinning Reserve

Spinning reserve is defined as follows:

NG

Spinning reserve = S P- P, — P, atany interval of time.
i=l
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Spinning reserve must be maintained so that the loss of one or mare units does not cause

unflcfiﬂl’lﬂh'c d':f-“ﬂf: in frequency, i.e., there must be sufficient reserve such that if one
unit is lost, other unit can make up for the loss in a specified time period.

Constraints of Unit Commiitment Problems
UCP is a practical problem and ,

. nust take into account a large number of practical
constraints. These constraints

! are system, device/operational and environmental type.
Again, these are broadly Categorized as equality and inequality constraints.

Equality constraint is described by the system power balance (demand plus loss and
export) also known as demand constraint i.e.,

&

> B=p

¥

where [P, =Load demand

N =Number of units committed at a particular hour

Inequality constraints are:
e  Minimum up-time and down-time

®  Unit generation capability (upper/lower) limits
* Ramp rate limits

System reserve requirement
Plant crew constraint.

*  Unit status restrictions (must-run, fixed-MW, unavailable/ available).

The most non-linear constraints are the units minimum up-time and down-time
restriction. A unit is to be started up only if it will run for a minimum number of
continuous hours. By contrast, minimum down-time is the number of hours a unit must
be off-time before it can be brought on-line again. Violation of down-time constraint may
be alleviated by banking the units,

The upper and lower limits of generation on the generating units force them to operate
within their boundaries of operations. _

The rate of increasing or decreasing electrical output from the unit is restricted by the
ramp rate limit, . ;
System reserve requirement pertains to supply the load thmughnut_the sch‘edulmg period
with certain degree of reliability even during outage of some committed units. _
Plant crew constraint pertains to the number of units that can be started at the same time
in a particular plant due to the limited personnel (crew) available.
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4. a) For which type of pnwar.plant it is applicable and why? [WBUT 2014)

Answer:
The unit commitment decisions are coupled or ‘teratively solved in conjunction with

coordinating the use of hydro including pumped storage capabﬂ.ﬂms and ensuring system
reliability using probabilistic measures. The function may also include lajtmur conslraints
due to crew policy and costs, which is the normal times that a full operating crew will be

available without committing overtime COSls. A foremost consideration 1 to adequately
adopt environmental controls, such as fuel switching.

b) Describe the following in connection with unit commitment: [WBUT 2014)

i) spinning reserve

ii) must run and must out units

jii) maximum up time and minimum down time
jv) maximum up and down rate

v) Start-up cost.

Answer:
i) Refer to Question No. 1, 2 & 4 of Short Answer Type Questions.

ii) Must Run Units
These units are continuously committed during the scheduling period. This is due to

economic and system reliability considerations.

These units are always online due to high efficiency or operational reliability or high
initial capital cost such as nuclear units.

These units are out of service because of maintenance and forced outage and are

unavailable for commitment.

iii) The most non-linear constraints are the units minimum up-time and down-time
restriction. A unit is to be started up only if it will run for a minimum number of
continuous hours. By contrast, minimum down-time is the number of hours a unit must
be off-time before it can be brought on-line again. Violation of down-time constraint may
be alleviated by banking the units.

iv) These rates outline the region of the dispatch of a unit. |

v) Start-up Cost: When a unit is brought online, a certain amount of energy is spent
which does not result into outpul pOwer. The cost of the spent up energy is called the
start-up cost. This may be high in case of a ‘cold start’ where the unit is practically at
room temperature condition. The start-up cost may be low in case the unit being switched
on was switched off very recently and is very close to the operating temperaturc.

The start-up cost depends on how a thermal unit is treated during the shutdown period. If
the unit boiler is allowed to cool down and then heated back to operating temperature B
time for a scheduled tur on, the start-up cost is given by:
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Start-up cost when cooling = E, (] —c""’) F+C,

a = Thermal time constant

t = Time in hours the unit was cooled
C, = Cold-start fuel energy in keal/hr
F = Fuel cost

C, =Fixed cost

In case, the boiler is allowed to maintain operating temperature by supplying sufficient
energy (called *banking’), the cost of start-up is given by:

Start-up cost when banking = C xtxF +C,

C, = Heat energy/hr for maintaini NE unit at operating temperature.
{ =Time the plant is shutdown
information. Start-up cost is expressed as a function of the number of hours the unit has

been down (exponential when cooling and linear when banking). The shut-down cost is
given by fixed amount for each unit shut down.

5. Discuss the solutions of unit commitment problem. [WBUT 2015]

Answer:

[t is fact that to run the units available all the time is not economical. To determine the
units of a plant that should operate for a particular load is the problem of Unit
Commitment (UC). This problem is of importance for thermal plants as the other type of
generation such as, hydro, the operating cost and start up times are negligible so that their
on-off status is not important.

A simple but sub-optimal solution to the problem is to impose priority ordering where in
the most efficient unit is loaded first to be followed by the less efficient units in order as
the load increases.

A straight forward but highly time consuming way of finding the most economical
combination of units to meet a particular load demand, is to try all possible combinations
of units that can supply this load, to divide the load optimally among the units of each
combination by use of the coordination equations so as to find the most economical
operating cost of the combination, then to determine the combination, which has the least
Operating cost among all these. Considerable computational saving can be achieved by
using branch and bound or a dynamic programming method for comparing the economics
of combinations as certain combinations need not be tried at all.
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6. a) What is unit commitment? What is optimal unit commitment? How optiona|
unit commitment problem can be solved by Dynamic Programming Method?

b) A power system has four generating units listed in the Table below.
meters for the system

Table: Generating unit para

Unit No. Capacity (MW) Cost curve parameters (d=0)
Min Max _a(RsiMW 3 b (Rs/MW)

1 1.0 12 0.77 23.5

2 1.0 12 1.60 26.5

3 1.0 12 2.00 30.0

4 1.0 12 2.50 32.0

determine the most economical units to be

d is the fixed cost. It is required to )
committed for a load of 9 MW. Let the load change in steps of 1 MW. Find also the
minimum cost of operation of the committed units. [WBUT 2017]

Answer:
a) 1* Part: Refer to Question No. §(1" Part) of Short Answer Type Questions.
i

2™ Part:

As is evident, it is not economical to run all the units available all the time. To determine

the units of a plant that should operate for a particular load is the problem of unit

commitment (UC). This problem is of importance for thermal plants as for other types of
times are negligible so that

generation such as hydro; their operating cost and start-up

their on-off status is not important.

A simple but sub-optimal approach to the problem is to impose priority ordering, wherein
the most efficient unit is loaded first to be followed by the less efficient units in order as
the load increases. '
A straightforward but
combination of units to meet a particu
of units that can supply this load; to
combination by use of the coordination equations,
operating cost of the combination: then, to determine the combi

operating cost among all these. Considerable computational saving can be achieved by
using branch and bound or a dynamic programming method for comparing the economics
of combinations as certain combinations need not be tried at all.

highly time-consuming way of finding the most economical
lar load demand, is to try all possible combinations
divide the load optimally among the units of each
so as to find the most economical
nation which has the least

3 part: Refer to Question No. 2(d) of Long Answer Type Questions

b) Similar fo Question No.6 of Short Answer Type Questions.

7. Write short notes on the following:
(wBeuT 2012]

a) Unit commitment
b) Spinning reserve [WBUT 2012, 2015]

c) Lagrangian Multiplier (1) and its Physical significance
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Answer:
a) Unit commitment:

In operational scheduling of electric power generation, the most important problems is

the unit commitment. [t inm]ves dﬂ[{‘rn]fning the star up and shut down {ON;’DFF]

schedules Df-E“"FmU"g units to be used o meet forecasted demand over a short-term (24
~ 168 hours) period. The aim is to minimize total pre

: rduction cost to meet system demand
and rescrve requirements while observing a large set of operating constraints. In fact it is
a complex mathematical optimization problem having both integer and continuous
variables. Prior to solve the y

cconomic dispatch problem, unit commitment problem
should be solved because only those units which were allocated to generating duties by

the unit commitment solution can be considered for power generation,

f_,‘_an.rrrﬁinr.r of Unit Commitment Problems

UCP is a practical problem and must take into account a large number of practical
constraints. These constraints are system, device/operational and environmental type.
Again, these are broadly categorized as equality and inequality constraints,

Equality constraint is described by the system power balance (demand plus loss and
export) also known as demand constraint i.e.,
5

Z‘,:=‘Pn

where P, = Load demand

N =Number of units committed at a particular hour

[nequality constraints are:

*  Minimum up-time and down-time

*  Unit generation capability (upper/lower) limits

* Ramp rate limits

* System reserve requirement

* Plant crew constraint.

*  Unit status restrictions (must-run, fixed-MW, unavailable/ available).
The most non-linear constraints are the units minimum up-time and down-time
restriction. A unit is to be started up only if it will run for a minimum number of
continuous hours, By contrast, minimum down-time is the number of hours a unit must
be off-time before it can be brought on-line again. Violation of down-time constraint may
be alleviated by banking the units.
The upper and lower limits of generation on the generating units force them to operate
Within their boundaries of operations.
The rate of increasing or decreasing electrical output from the unit is restricted by the
rfamp rate limit.
System reserve requirement pertains to supply the load thruughuut_lhe s:h'eduling period
With certain degree of reliability even during outage of some committed units,
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Plant crew constraint pertains to the number of units
in a particular plant due to the limited personnel (crew

that can be started at the same tim,
) available.

b) Spinning reserve: [
To meet contingencies, the capacity of units on line (running) must hgwc @ definite
This margin is called spinning reserve, |y

margin over the load requircments at all times.
ensures continuity by meeting the load demand upto a certain extent of probable loss of

generation capacity. While rules of thumb are used, based on past experience, Patton's
analytical approach to this problem is the most promising.

Since the probability of unit outrage i creases with operating time and since a unit which
is to provide the spinning reserve at a particular time has to be started several hours

ahead. the problem of security of supply has to be treated in totality over a period of one
vn with complete certainty. Also, the spinning

day. Furthermore, the loads are never knov
reserve has to be provided at suitable generating stations of the system and not

necessarily at every generating station.

¢) Lagrangian Multiplier (1) and its Physical significance:
For an extremum of fto exist on g, the gradient of f must line up with the gradient of g.
The gradient is a horizontal vector (i.e., it has no z-component) that shows the direction

that the function increases; for g it is perpendicular to the curve, which is a straight line in
this case. If the two gradients are in the same direction, then one is a multiple (-4) of the

other, so
Vf=-AVg
The two vectors are equal, so all of their components are as well, giving
9. } /-.f—g =0 ’
ox; ox,
For all ¥ =1.---n, where the constant A is called the language multiplier.
The extremum is then found by solving the n+1 equations in n+1 unknowns, whi
done without inverting g, which is why language multipliers can be so useful.
For multiple constraints gl= 0,g2=0.---,
Ff"')ﬂvgl +J‘2vgi +e1=0

ch is

Physical Significance:

When you want to maximize (or minimize) a multivariable function f (x,y,:+-) subject

to the constraint that another multivariable function equals a constant, g(x, y,--')=¢*

follow these steps:
Step 1: Introduce a new variable A, and define a new function L as follows:

L(%, 3y 2) = [ (5 3-) = A(8(x5.::) =€)
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This function L is called the “Lagrangian“, and the new variable 1 is referred to as a
“Lagrange multiplier”,

Step 2: Set the gradient of /. equal to the zero vector.
?L(x,y,“..l) =0 « Zero vector
In other words, find the critical points of 7,
Step 3: Consider each solution, which wil| |
one into /- Or rather, first remove the

have 4 as an input. Whichever one gi
(or minimum) point your are secking,

0ok something like (%51 ¥0,-+-,4 ) . Plug each
4 component, then plug it into £ since f does not
ves the greatest (or smallest) value is the maximum
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ECONOMIC LOAD DISPATCH

Multiple Choice Type _gllestions

1. A 3-phase balanced system working at 0.9 power factor (lag) has a line loss of
3600 kW, If the power factor is reduced to 0.6, the line loss would be [WBUT 2008)
a) §100 kW b) 1600 KW c) 5400 kW d) 7200 kW

Answer: (d)

re the advantages of interconnected operation of power

2 Which of the following a
[WBUT 2008

system? Ay
a) Less reserve capacity requirement b) More reliability o
c) High power factor d) Reduction in short-circuit level

Answer: (a)

1. Smooth supply of reactive power output can be obtained from [WBUT 2008]
a) shunt capacitor b) synchronous condenser

c) static var compensator d) both (b) and (c)

Answer: (d)

4. For a lumped inductive load, with increase in supply frequency [WBUT 2008]
a) P & Q decrease b) P & Qincrease
c) P decreases but Qincreases d) P increases but Q decreases

where P is the active component and Q is the reactive component of load
Answer: (c)

5 Load frequency control is achieved by properly matching the individual

machines [WBUT 2008, 2014]
a) Reactive power b) Generated voltage
¢) Turbine input d) Turbine and Generator ratings
Answer: (d)

6. The power generated by two plants are Py = 50 MW. P, = 40 MW. If the loss
co- efficient are Byy = 0.001, Bz = 0.0025 and By, = = 0.0005, then the power loss

will be [WBUT 2009, 2014]
a) 5.5 MW b) 6.5 MW c) 4.5 MW d) 8.5 MW
Answer: (c)

7. Penalty factor in economic operations of the power system is to be considered
when ' (WBUT 2008, 2010, 2011]
a) generator losses are considered b) turbine losses are considered

c) transmission losses are considered  d) none of these
Answer: (c)
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g. The incremental transmi
a) always positive
c) may be positive or negative
Answer: (c)

ssion loss of a plant is [WBUT 2010]
b) always negative
d) none of these

9. Reactive power is delivered in a system by [WBUT 2010]
a) capacitor bank

_ b) reactor
c) induction machine d) all of these
Answer: (d)

10. Load flow solution is done to calculate

a) generated power by slack bus
b} system parameter

c) bus voltage & active power loss

d) bus voltage & phase angle of each and every bus
Answer: (d)

[WBUT 2012]

11. The incremental transmission o
a) positive always
c) can be positive or negative
Answer: (c)

ss of a plant is [WBUT 2013)
b) negative always
d) zero always

12. If for a given alternator in economic operation mode the incremental cost is

given by (0.012 p +8)Rs/ MWh. djo*’— =0.2and plant 2 =25 then the power generation

D
is [WBUT 2013]
a) 1000 MW b) 1250 MW c) 750 MW d) 1500 MW
Answer: (b)
13. The cost function of a 50 MW generator is given by F.)=225+53p+0.02p°.
When 100% loading is applied, the IFC will be [WBUT 2013] .
a) Rs. 55 per MWh b) Rs. 55 per MW
c) Rs. 33 per MWh d) Rs. 33 per MW

Answer: (c)

14. In terms of plant powers P, and p_ and loss coefficients B, the total

transmission loss p, is [WBUT 2013]
NN NN NN NN
V2 2B.p BY YB.p Y YBupp, O Y28 p
m=| pn=| m=l  n=l m=l  n=l mel  pzl
Answer: (c)

15. At stack bus, which one of the following combinations of variable is specified?
[WBUT 2013)
a) lv ) b) P,Q c) P-l"I d) Q*M

Answer: (a)
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16. Normally Zi., matrix is @ |
a) null matrix b) sparse matrix c) full matrix

Answer: (¢)

i its | nt are
17. The incremental cost characteristics of the two umts}‘r;:rI apla
Jc. =0.1p, +80 Rs! MWh, Ic, = 0.15p, +3.0 Rs/MWh. it
1 s 100 MW, the optimum sharing of the load is 013]

[WBUT 2013]
d) unity matrix

When the total load i

P P W
a) 40 MW 60 M
b) 33.3 MW 66.7 MW
c) 60 MW 40 MW
d) 66.7 MW 33.3 MW

Answer: (a)
ransmission loss is

wBuT 2013, 2014, 2017]
d) none of these

18. If the penalty factor of a plant is unity, its incremental t

a) 1.0 b) -1.0
Answer: (¢)

c) zero

19. If the speed regulation is 5.1 and the rated frequency is §0Hz then change in
[WBUT 2014, 2015)

frequency is

a) 3Hz b) 6 Hz c) 5 Hz d) none of these
Answer: (2) '
arried out on the basis of

b) equal area criterion [WBUT 2014]
its sharing equal power

20. Economic operation of power system is €
a) equal incremental fuel cost
c) equal fuel cost criterion d) all un

Answer: (a)

21. In transmission loss representation, the loss depend upon [WBUT 2018]

a) generation b) load
c) transmission parameters d) total power system

Answer: (¢)

23. For economic operation, the generator with highest positive incremental
transmission loss will operate at : (WBUT 2017]
a) The lowest positive incremental cost of production
b) The lowest negative incremental cost of production
c) The highest positive incremental cost of production

d) None of these
Answer: (a)

24. In a two plant system, the load is connected to plant 2. The loss coefficients
a) B,,.B,.,B,, are non zero wBuUT 2017]
b) B, and B,,are non zero but B,,is zero
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c) B,and B,are non zero but 5
d) B, is non zero byt p
Answer: (d)

1, I8 2ero
12and B,, are zerg

25. In the optimum

generator scheduling of different plants, the minimum fuel cost
is obtained when

! BUT 201

a) Only the Incremental fye| cost of each plant is the same e 7

b) The per_mlty factor of each plant is the same

c) The ratio of the 'Ncremental fuel cost to the penalty factor of each plant is
the same _

d) The incrementaj fuel cost of each plant multiplied by its penalty factor is
the same

Answer: (a)

Short Answer Type Questions

1. The economic dispatches of the plants of a
and 122 MW and the incremental cost are
ICy=7.92 +0.003125 P,

IC; = 7.85 +0.00388 P,

ICy =7.97 + 0.00964 P, respectively. The load increases by 50 Mw.
Find the modified schedules using the method of Participation factor.

[WBUT 2008, 2015]

pPower system are 393 MW, 335 mw

Answer:
Total power demand on the system =392+ 335 +122 + 50 = 899MW

Cost coefficients:
B,=792 y =0.003125
B, =185 y =(nnieg
B,=1797 y,=0.00964
The incremental fuel cost is given by the equation
ﬁﬁ[ﬁ‘. ! +ﬁ,J 399+[ 192 185 797 ]
P ]2}', 12}': 12}',_ s 2::.0{]3115 ZT‘GE}EES 2;(.[]{]964

+ +
2y, 2y, 2, 2x.003125 2x.00388 2x.00964
- 899+(7.92x160+7.85x128.865 + 7.97x 51.867)

160 +128.865+51.867
. 899 4 1267.2 +1011.59025 + 413.37999 N 3591.17024

340,732 340.732

=10.5395
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X , : ispatch
From the condition for optimum scheduling or optimuri dispat

i-f, 10.5395-792 26193 _ 5 6195x160=419.12MW
Ra=—3, " T2x.003125  2x.003125

- f. 105395-785 20895 _,6895x128.865 ~346.5824 MW
Fex="3, = 2x.00388  2x.00388

Sop, 105305-797 25695 _; 5695x51.867=133.2722MW

fa="3, A% 00064 2x.00964
2. A constant load of 300 MW is supplied by two 200MW generators,-1 and 2, for

which the respective incremental fuel cost are

C, _0.2p, +40

dry

a; =0.2P; +30

dfy;, ' .
Calculate the extra cost incurred in Rsfh if a load of 220 MW is scheduled
as P, =P, =110MW. ~ [WBUT 2014]
Answer:

iC‘,_ =0.2P. +40

dF; '

e =0.2F; +30

‘”::: ’
Now for economic operation of the units

dC, _ dC,

dr,  dr,

02P, +40=0.2F; +30
or, 02(R,-F,)=-10

or, ﬂ _Pﬁ, =:,1_ﬂ='50
B, +F; = 3?]0
5, -, =—30 .
25, =250
= R, =125 MW
Fg, = 175 MW
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R P, Plant output
- (7 +Py)

30 20 50|

30 25 55

30 40 70

40 45 85
50 50 100

100 75 175

100 120 220

For a total load of 220 MW unit | should take up to 100 MW and unit 2 should supply
120 MW. For equal distribution each unit supplies 110 MW,
The cost of generation for each unit are

C = [(dc, 1ap, ) dp, - Jic, dr, = [(0:2p, +40) ar, =027 +40P, +k Rs/h

G = J[dszdﬁ;,)dﬁ.;_ = [rc, dp, = [(022, +30)dP, =0.2P: +30P, +k, Rs./h
where k, and k, are constants.
The increase in cost for unit |

G, (110)-C,(100) =0.2(110° - 100° )+ 40(110-100)

=0.2x210x]0 +400 =420+ 400=820Rs./h
The increase in cost for unit 2

C,(110)-C, (100)=0.2(110* ~100%) + 30(1 10 - 120)

=0.2x230x(~10)-30x10 = —460 — 300 = =760 Rs./h
Net saving caused by optimum scheduling is
—760 + 820 = 60 Rs/h
This saving justifies the need for optimal load

sharing and the devices to be installed for
controlling the unit loadings automatically.

3. ﬁevalnp the condition of economic operation of a power system considering
transmission line loss. [WBUT 2014]

Answer: Refer to Question No. I(a) of Long Answer Type Questions.

4. The fuel costs in Rs/hr for the three thermal units are given by.
F.(R)=300+7P +0.004P°Rs./ hr.

F,(P,)=450+17.3P, +0.0025P; Rs./ hr.
F,(P,)=600+6.6P, +0.003P]Rs./ hr.

R.P,, P, are in MW. Find the optimum schedule and compare the cost of this to the
case when the generators share the load equally if the demand is 500 MW. Neglect
losses. [WBUT 2015]
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Answer:
F= 30+7H +0. GDdP Rs/hr.

F,=450+7.3F, +0.0025P Rs/hr.
F, =600 +6.6F, +0.003P Rs/hr.

Here power demand

P, = SO0MW
Cost coefficients:
B=7 y, =0.004
p.=13 n:ﬂ,ﬂﬂzi
p.=36 =0.003
The incremental fuel ::nst is given by the equation
o Bev B ) s0e{ 0 s s )
. 2, 21, 2)_ 7x0.004 2x0.0025 *2%0.003
g Y 1,1, !
2y, 2r, 20 2%0.004 2x0.0025 Exﬂ.ﬂm
5m+(?x125+?3x2ﬂﬂ+56xlﬁ66&] 5m+(s?s+1460+1099.955)
- 125+ 200 +166.66 491.66
_500+3434. 956 _ 3934.956 _ ¢ 103
491.66 491.66

From the condition for optimum scheduling or optimum dispatch

A- g8§-7
P, = A = =125 MW
2y, 2x0.004

F:= == — _=0.7%x200=1
2. 2x00035 Lo

A— 8-6.6
ﬂ’— =1.4x166.66=233.324 MW

=
2y,  2x0.003
Total fuel cost
C=C,+C,+C,

C, =(300+7x125+0.004x125") = (300 + 875+ 62.5) X 1237.5 /.
= (450+7.3x140+0.0025x140° ) = (450 +1022 + 49) =X 1521/ hr.
C, =(600 + 6.6x 233.324+0.003x 233.324°)

=(1539.9384 +163.320) = 2303.2584/ hr.
C =% (1237.5+1521+2303.2584) / hr. =X 50617584/ hr.
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sottled?
Answer:

1* Part: Refer to Question No. 8(h) of Long Answer Type Questions.
2" Part: Refer to Questi

ion No. 3(a) of Long Answer Type Questions.

[WBUT 2017]

Exchange of Peak Loads:
An important advantage of interconnected system is that the peak |
station can be exchanged. If the Joad curve of a
is greater than the rated capacity of
stations interconnected with it.

oad of the power
power station shows a peak demand that
the plant, then the excess load can be shared by other

Use of Older Plant:
The interconnected system makes it possible to use the older and less efficient plants to
carry peak loads of short duratjons. Although such plants may be inadequate when used

alone, yet they have sufficient capacity to carry short peaks of loads when interconnected

with other modern plants. Therefore, interconnected system gives a direct key to the use
of obsolete plants.

Increases Diversity Factor:

The load curves of different interconnected stations are generally different. The result is
that the maximum demand on the system is much reduced as compared to the sum of
individual maximum demands on different stations. In other words. the diversity factor of
the system is improved, thereby increasing the effective capacity of the system.

2" part: Power Grid Corporation of India — Its original name was the National Power
Transmission Corporation Limited".

L g part: 5 zones are inter-connected.

4™ part: The griﬂs were the Northem, Eastern, Western, North Eastern and Southern
Grids,

$" part: west Bengal is included in eastern zone.
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Long Answer Type Questions
d dispatch for a power
ssion for penalty factor,
ration of the generating

ation for optimum loa

1. a) Derive the co-ordination equ
d hence an expre

system including transmission losses an I

What is the significance of penalty factor in economi

plant? g P [WBUT 2008)
OR, .

Show that transmission loss of a power system can be expressed as a functuqn of

the active power outputs of the generators in the system. State the assumptions

you make. [WBUT 2009]
o f pl ;

Derive the expression for transmission loss as @ function of plant generation.

o F [WBUT 2013, 2015]

Answer: : :
The objective is to minimize the overall cost of generation at any time under equality
d with transmission loss, i.c.

constraint of meeting the load deman
e 1)

C=iC, ["3“]

i
Zﬂ&"ﬂ:"’izﬂ

where & =total number of generating plants
P, =generation of ith plant )
P, =sum of load demand at all buses (system load demand)

wnn L]

P, =total system transmission loss.
To solve the problem, we write the Lagrangian as
3 [
£=ZC;(PH}"I[ZH&"F}>_&:] sues {3)
1=]

i=l
that, if the power factor of load at eac
P, can be shown to be a function of active

it will be shown later in this section h bus is
assumed to remain constant, the system loss
power generation at each plant, i.c.

‘F:'. zﬂ[ﬂ“rﬁ;;f‘“f Pm) e (4)

Thus in the optimization problem posed above, Fy, (i=1,2-, k) are the only contro]

variables.
For optimum real power dispatch,

o8 _dC_, 2% o iz12,..k o (5)

op, dp, 0P,
Rearranging Eqn. (5) and recognizing that changing the output of only one plant can

affect the cost at only that plant, we have
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dC,
T—v=4 o —LL=2,i=1,2:k )
I—Ejf"'— dp!’.-‘l
a'Pﬁr
|
Lommee ol )
(1 - aﬁ..r‘ f{a‘r:fl )
is called the penalty factor of the jth plant.
The Lagrangian multiplier 1 is in rupees per megawatt-hour, when fuel cost is in rupees

per hour. Eqn. (6) implies that minimum fuel cost is obtained, when the incremental fuel

cost of each plant multiplied by its penalty factor is the same for all the plants.

The(":+llvariahlﬂﬁu‘}mffqz,u.....ﬂﬁ,:‘l]can be obtained from k potential dispatch

where

Eqn.(6) together with the power balance Eqn.(2). The partial derivative fP"

GF:’;-
loss (ITL), associated with the ith generating plant.
Eqn.(6) can be written in the alternative form

(IC), = AN =(ITL),]  i=123. wrrreerok
This Eqn.(8) is referred to as the exact Co-ordination equation.

is referred to

as the incremental transmission
.. (8)

b) A power system consists of two 100 MW units whose input cost data are
represented by the equations:

C, =0.05P] + 20P, + 800 Rupees / hour

C, =0.06P; +15P,+1000 Rupees / hour

Total received power Pg = 150 MW.
Answer:

The incremental production costs of both the units are

dC

d—P‘ =(0.05x2) R, +20 Rs. per MWhr

I
dc,
dP,

Now for economic operation of the units
dc, _dc,
ar, P,

e,  0.1R+20=0.12P,+15 e (1)

and B+ P, =150 MW - )

Solution of these equations
P, =59.1MW

P, =90.90 MW

[WBUT 2008]

=(0.06x2) P, +15 Rs. per MWhr
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Now cost of generation=C, +C,

C, =0.05P* +20F, +800 =0.05x59.1° +20x59.1+800 = 2156.6405 Rs./hr.

C, =0.06P3 +15P, +1000 =0.06x90.90° +15x90.90 +1000 = 2859.2686 Rs./hr.
Total cost = 2156.6405 + 2859.2686 = 5015.909 Rs./hr.

2. The loss coefficients for a system with plants are [WBUT 200g)
B= 0.001 B = 0.0007 By= 0.0015 ]

If the power outputs are 200 MW and 150 MW respectively, determine the load on

the system. Also calculate the penalty factors of the plants.

If the system A is Rs. 130 per MWh, calculate the incremental fuel costs of the

plants. .

Answer:

Total losses on the system

P, = B, B} +2B,PP, + ByP] =.001x200" + 2x.0007 x 200x 150 +.0015 %150
= 001x 40000+ 2x.0007 x 30000 +.0015x 22500 = 40+ 42+33.75
=234.25MW
. Load on the system =(200+150—115.75)MW = (350-115.75)MW =234.25MW
Penalty factor of the plant 1
B i 1

L % P, 11575 ST i
aF;, 200
Penalty factor of the plant 2
1 1 1 .
p— = = =4.
L s apf, giee 115.75 1-.7716 L
oF;, 150
A =Rs 130 per MWh
dC,
. dp,
Incremental fuel cost of plant ' is ——%— =1 =130x2.369 =308.0568 Rs/MWhr
-5
- I .
N - EPG1'
s dC,
. dh,
Incremental fuel cost of plant 2 is ————<=4
-%)
i P
Aty =A.L, =130x4.378 =569.14
dr;;

Total incremental fuel cost is, (3{)8.0563 +569.1 4) =877.1968 Rs/MWh.
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3. a) Develo

P a simple Computer approach for solving the economic dispatch
problem.

proble [WBUT 2010]
nswoer:

Economic Load Dispatch by Newton
The economic load dispatch problem ¢

F=f(x u)

-Raphson Method:
an be defined by equation

««se (10)
a(x, u)=0 e (1B)
h(x,u)sﬂ eeee (I€)

Upn SUS b

Xoin SXE X

-subjected to the power balance equation (2) and the power limit constraint,

Minimize F, (P, )= 3'(
i=|

a‘P;+,6’,%+;¢] e (2)
Subjected to

. . N

(1) the power balance equation Z;} =P +P and
|

(ii) the inequality constraints ol - F, <P™ for i=|, 2,3,...,NG where,
@, B, and 7, are the cost coefficients,

P

load, = total load demand of the system,

P

g = real power generation at jth generator bus,
NG =total number of generators,

£} =active power loss in the transmission lines,

Transmission line loss can be expressed as
MG NG NG

Fi=By+ BP +3 3 P, B F, e 3)

i=1 =1 j=|

The Lagrange function to obtain optimal power generation bein g given by
NG B NG
L(;;,;.]:ZFJPJM PM+3~Z}P&] )
=] L =

The necessary condition for optimization is given by
r
aL(‘F;‘ l) B aF':'- (Pﬂa ] +1 aﬂ __l].__,n

_ . (5)
or, — on |,
NG
and aL(P&,A)= - H::_Zﬁ =0 ()]
oA J '

=l
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The solution of a non-linear equation can be obtained using Newton-Raphson method
which any change in control variables, about their initial values, can be obtained usip

Taylor's expansion. Taylor's expansion of second order of cquations (5) and (6) can be
written as

2 AT 2 2 oK
R Y R - L
opP; i opP, a.n,l oP, 04 .
& &L oL oL
and AP +—Al=——"" .... (7b)
E‘ GACP_ k9 oA

fori=1,2,3,..., NG
Equations (7a) and (7b) can then be written in a matrix form as

-

‘L E 'L oL ]
O OF, 1 OhOLIAR, | | oF ... (8a)
a°L i o°L AL oL
ﬁA&PL LgAt OA
L i " - .
: fori=1,2,3,...,NG and k=1,2,3,..., NG
rHP,f; H.",A {ﬁpg} Jr;;'
or, =—
i H_u..' H, || A1 *.4
o ]
or, fH][Change in control variablcs] = [J’] .... (8b)

where [H ] and [J' ] are called Hessian and Jacobian matrix, respectively. The order of
different submatrices of [H ] matrix and their interrelationships are given below:

-

Order of H*"‘Fr ] = NGx NG

Order of :HF;.{J:NGH and [H,L.-,]=]:Hr-,z:|r
Order of jHﬂ]=IX]

The order of different sub-matrices of [J ] matrix are given below:
Orderof[.f,, ] = NG x1

. -/

Order of [J; | = N xI -

k
The first order derivatives required for equations (7a) and (7b) are given below:

5[.(!;.,2) B 3ﬁ(ﬂ.)+i o _
apP aP

£ LA
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NG
=(2aﬂf}l+ﬂ]+i{(!ﬁn+223ﬂﬁl]—l} ... (92)
k=]
fori=1,2,3,..., NG

af.(f;,i) NG
o) R B30, e 90)

The second order derivatives of equation (9a) with respect to P, are obtained as:

OL_OF,  ap

= FA—=2a,+2)B, fori=1,23,....NG ... (10a)
oF, or; " op
o’L &’

L 24B, ... (10b)

a PR.: a I’i’l a }?fr apgl

for i=1,2,3,...,NG; k=1,2,3.....NG but i #k
The second order derivatives of equation (9a) with respect to [ are given in equation (10c)
8L 'L 3*7 Ati
= = -1=8B,+ > 2B, P -1 .. (10c
oP, 04 oAdP, oP. " 2,28k, )

k=l

fori=1,2.3,.... NG
The second order derivatives of equation (9b) with respect to / are obtained as:
o’L
oA’
Economic load dispatch problem may be solved by solving equation (8a) or (8b) using

equations (9a) — (10d). The flowchart, in order to find economic generation schedule
using Newton-Raphson method, is shown in figure 1.

=0 ....(10d)
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Read,
1. Total no. of generators, NG, total load = £y

2 a.B.r for each generator, i.e. for

i=01213,...NG

3. B-coefficicnts matrix
4. Tolerance allowed, £ and maximum number

of iterations allowed, KPMAX

[ e F
Bl
oy

C?mptmhith] value of A, where A0 =[ﬂm +[

Compute initial gcn:raiiun al all generator buses,
P =(ﬂ“—ﬂ,)/2a*_. for i=1,2,3... NG

Set iteration count kp =0

PGE-86



POWER GENERATION ECONOMICS

O,

i

Compute the clements of Jacobian matrix [J], using equations (9a) and (9b)

Compule the elements of Hessian matrix [H). using equations (10a) - ( 10d)

Solve equation (8) to obtain the ﬁ}'ﬁfpl_fm i=1.2.3 ... NG and a2*)

(kp+1)
PF.';

bind -1“"“1 )

" |Update the control variables

=F{_‘-F}+ﬂp{h‘],rﬂrj-:tfljll"'l'hiﬁ
Ei Ei

S LIl

NG 2 :
Calculate tolerance, tol = 5 (&.P: *F]J + (M“"])

k

kp «kp +1

Is

kp > KPMAX"

Yes

tolsg?
k.
Using equation (3), compute

transmission line loss, F,

L 4

Compute  twtal cost of generation,

vl ¢ i .
Ffrza[a*Lﬁ{ﬂ :] +_.’.'.?‘PEP:'+_}',]

Dusplay andfor store
I.  No of iterations required, kp

2. Funalvalue of 4, A1)
3 Final economic generation,

Pif” for i=1.2.3..... NG

4. Transmission line loss, B

5. Toul cost of generation, Fi‘r'

Fig: 1 Flowchart to find economic generation 51
schedule using Newton-Raphson method top
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[WBUT 2010, 2013)

; b) In a tree plant system the cost functions are given by
r F,(P)=500+71+0:002 I}

il F.(P,)=400+6.5F,+0.003 /%
F,(P)=200+7.27,+0.006 5

The transmission loss is expressed as

P =0.00002 £}* +0.00005 P} +0.00001 7
900 MW. Find the economic dispatch schedule.

Assume total load to be

Answer:
(Ic), =7+0.002x2F,

(IC), =6.5+0.003x27,
(C),.=7.2+0.006x2F,
(rc), =(ic), =(IC). =4
P + P, + P, =900 MW

[ 7 6.5 72 ]
a00 + + +
2x0.002 2x0.003 2x0.006

A=
[ e il J
2x0.002  2x0.003 2x0.006
_ 900+ (7x250 +6.5%166.67+7.2x83.33)
B (250+166.67 +83.33)

000+ (1750 +1083.355 + 600
_ +(1750 + +600) _ 4333355 _ ¢ ceea

o 500
p=2h _BSSTIT_ g671x250 = 416775 MW

poAB _BSETIZ65 i oMW
27,  2x0.003

2. p oAb _BETI=12 ) p oMW
: _ 2y, 2x0.006

7. =0.00002F1 +0.00005 P} +0.00001F;
P =0.00002x416.775% +0.00005% 361.190° +0.0001 x1 2225
=3.474+6.52291+1.4945=11.4914 MW.

4, Explain ‘Flow only algorithm’ with required equations. [WBUT 2012]

Answer:

Newron - Raphson Method
Newton-Raphson method is a practical and powerful method of solving non-linear
' red to

algebric equations. It works faster, and is sure to converge in most cases as compa
Gauss-Siedel method. The only drawback is the large requirement of computer memorys
which can be overcome through a compact storage scheme. Convergence can be
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considerably speeded up by performing the first iteration through the G.S. method, and
using the values so obtained for solving N.R. iterations,
Set of n non-linear algebric equations is considered

ﬂ{»ﬁ,x;.m.xﬂ]=ﬂ where i=1,2,....n .. (1)

. m o o
It is assumed that initial values of unknowns are as .r:', xi', ewy .1:3 . Let Ax?, 1y JRERENE. iy

be the corrections to be found out, which on being added to the initial values, give the
actual solution. Therefore,

S+ A X4 A) =0 i=1,2,...,m .(2)

Expanding these equations around the initial values by Taylor series,

ﬁﬂ(_t:',_,.,xﬂ)+ [%J 51:11.4.[_5_-’(;_] ﬂx:

, ox,
+higher order terms = 0 ..(3)
0 a
where (ELJ [—{E’i] are the derivatives of f, w.r.t. (%, x,,..., x,) evaluated at
ox, dx,
p A
Neglecting the higher order terms, Eqn. (3) can be written in matrix form as: -
f;n ox, ox, -dr:]- )
1 e e
. -_f: Jf o l‘.'sf o __"ﬁx:_ ._ﬂ_l
5%, [3]
or in vector matrix form :
[P+ =0 )

where J? is the Jacobian Matrix evaluated at x°.
In compact notation,

J° =(£J$l]n ... (6)

In eqn. (5) Ax® is the vector of approximate correction.
This can be written in the form

A =(-0)" f° w7
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Thus Ax® can be evaluated by calculating inverse of J°. But in practice, evaluation of
1ly expensive and not really needed. Alsgo

inverse matrix is not done, as it is computationa i
inverse has to be found for every iteration. So eqn. (5) can be written in the form: -

JoA =-f° ... (8)
These being a set of linear algebric equations, can be solved for Ax’ efficiently by
triangularization and hack substitution. Up dated values of x are then,
_ X' =x A
In general, for the (r +1)th iteration

(j(x))ax ==/ (¥)

or, {—J[.r')]&r' =f(,t') e (9)
or, {—J')m’ = f"
and XY= x + A s (10)

Iterations are continued till Eqn. (1) is satisfied to any desired accuracy ..
| £(x") I-:: ¢ (a specified value),i=1,2,...,1

Thus each iteration involves the evaluation of b i (x") i J (x'} and the correction Ax". [t

indicates that time taken for each iteration by NR method is more compared to the GS
method, but the method converges in only a few itcrations and the total computation time

is much less than by the GS method.

5. a) How the transmission loss formula is expressed? Draw the flow chart for the
solution of coordination equation considering transmission loss.

[WBUT 2012, 2014]
Answer:
In general form. the transmission loss can be expressed as
P =PTBP+P' By + By (1)

Eqn. (1) is the generalised transmission loss formula.
Flow chart for the solution of coordination equation considering transmission loss.

PGE-90



POWER GENERATION ECONOMICS

/ Read, (¥a..] matrix formed by the given line data //

¥
CN'I'IFI.ITE [Zre] = [h,...]_l and [Re..] = Real [Zas), [Xew] = Im [Zttme]
¥
Read

I. Total no. of generator buses, NG
2. Total no. of buses, NB

L W.é.nB, O, foreach bus, ic., for
i=01213,...., NB
¥
Compute current at load buses, .‘:,=§- Jori=1,23,.......NB
_Il‘
i . .
¥
: /j
Compute k-coefficient at load buses, 't_;' = JMori=1,23 ... NB
r Iy
j:;\"G‘FI
¥
; sz
Compute m-coefficient at generator buses, "'j = ——._.-E—-——,fnr i=12 ... NG
5 *J'zl}'
J=NG+]
+

Form {c] matrix and compute [{']T[R,ﬂu;][c']

¥
Compute diagonal elements of [a] matrix

(1-Jsi) A
where ay == Jori=1,2,3,......, NG and NG+ A "
oy (NG+I)(NG+1) -

¥

T L] L]

Compute and store, [B] = Real [{aICI [RBus[C) [a] }
¥

Compute and store the transmission line loss, s
Pg)

P
'P.'I' _-,[Pgl,.Pn...--q PE.\'G}[H] H

Fig: 1 Flowchart to find out loss coefTicients (i.e., [B} matrix) and transmission line loss

PexG
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or,

oP pUBLICATIONS

[n a system of N sources
N N N P
ﬂ=}:):ﬂf£;a",,+}:ﬂmf’. + Boo |
e " NxN matrix) and is always
re called loss coefTicients or B-mcﬁ'lclcnts (
MW is transmitted

where B tenms a
5
ine the ganeratiun

symrnclrica].
b) A o-bus syste oterm
from plant 1 10 the load, Rs.2 4IMWAhT.
schedule and load dema
LOAD
The incremental production cost of the plants areé |
dFi _0.025R +15. dF; _o.05P,+20 [WBUT 2012]
dFf, dr, .
Answer: ‘ . .
Since the load is @t bus 2 alone, therefore the losses 1f the line will not be affected by
generator of plant 2.
= HII‘F:: as B, = B =0and B, =0
15.625= 15, x125°
B, =.001

Now coordination equation

df, ah
where P, =.001F orﬂs.U{JZH
dh

Substituting in the coordination equ
0.025P +15+ Ax.002F =4

0.025P, +0.0485, +15=24

ation for plant 1 we get

or,
or, 0734 =9
or, P =123.28 MW

and from the coordination equation for plant 2
0.05P, +20=24

4
P =—=80 MW

.05
. The transmission loss F, =.001 x123.28% =15.19 MW

. The load 7, ~123.28+80-15.19=188.1 MW
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2 ERUENERATION ECONOMICS
6. Describe how 3
daily generation g
Answer:

The most important pPlanning aspect of the control centre is load forecasting and

generation ‘schcdufing. Usually, short-term load forecasting is preferred where the
forecasting is done on a dai

daily basis. The forecasting mechanism ensures the prediction of
the load curve as accurately as possible with reference to the load curves of the previous
day, the corresponding day in the previous week and year and also taking into account
WFﬂlhEF Crﬂﬂdillﬂns. A furccasling program includes some allowances in order to cope
with special events, if any. An attempt is made to make forccasting method effective by
incorporating the objectjve of economic operation in the forecasting program,
In some rﬂf'?f_ﬂﬁliﬂg programs, sometimes the skill of a human operator and his/her
experience is included, byt usually load forecasting is attempted following automatic
computer algorithms based on extrapolation methods. Implementation of forecasting
programs based on artificial neural networks (ANN) is more effective and takes into
account the role of weather, laboyr problem possibilities, disputes and contingencies.
The next planning aspect is to determine the power reserve In the system. A certain
amount of power reserve is usually maintained in the interconnected system in excess of
the load demand in order 1o provide the scope for maintenance of units and to have some
spare capacity to meet minor contingencies. It also covers the errors in the estimation of
the load demands. However, the capacity of reserve depends on the number and size of
the generating units, maintenance requirements, characteristics of plants, security aspect,
load level, seasonal factors etc. though active power reserve determination is more
customary, still it is preferred to maintain some reserve of reactive power.
Plant scheduling and unit commitment are also very important planning aspects, Usually,
scheduling is done in such a way that the major hydro-plants and the thermal plants serve
as base load plants. Some low-merit thermal plants, captive plants and pumped storage
plants serve as peak load plant. The base load plants operate for full time while the peak
load plants are pressed into service for the required intervals of time only.
Maintenance of line loadability is also an important aspect of planning in control centres,
The control centre should plan the routing of power flow through designated lines in
order to avoid any overloading.
In proper system planning, the role of reactive power is very important. Proper reactive
power flow can only maintain the voltage level at different load bus within specified
values. Reactive generation at strategic locations is very important. Proper reactive power
scheduling should also include adequate security margins. The reactive power flow
control is also an important aspect. During light load period the system encounters
reactive power surplus and the long lines may suffer from Ferranti effect. Shunt inductive
reactors are then to be pressed into service to control the voltage at the remote f.-nd_s of the
lines. On the other hand, duri ng heavy load period, the system *’ﬂltﬂge drops and it needs
10 inject capacitive reactive power into the system. Capacitive reactive compensators are
then pressed into service.

“Predicted load eurve” helps a load dispatch engineer planning
chedule for an interconnected system, [WBUT 2013]
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i
[1 LQ_MM—QH-S
i
|
: . |
f Plant | l gy
PGy | Load PD:
tted from plant 1 to the

_1f 100 MW is transmi
is incurred. Find the required generation for
stem is Rs. 25/MWH

the load when the sY
jven below:

m is shown in figure
ion loss of 10 MW

recelved by
of the two plants are g

A two bus syste

load, a transmiss
each plant and the power

The incremental fuel cost
4G _,02P, +16.0 Re/MWH
dF
dC; _.04p. +20.0 Rs/MWH [WBUT 2014]
dFy =
Answer:
s at bus 2 alone, P2 will not have any effect on Py, Therefore,

Since the load i
H:_: =ﬂ Hﬂd E; =ﬂ=H=|

Hence, PL=3“[1‘1
Since, P =0, B, =k
ﬂn:lﬂﬂMW, P, =]10MW

For,
ie. 10=38,(100)" or, B, =0.001(MW)~
For plant 1
| ar, _oh,
or, R
aPp,
| ﬂ.ﬂz.ﬂ;,+Iﬁ.ﬂﬂ=,l[l-§:—'-]=.&(l—-ﬂ,,ﬂ)
=A(1-2B,F;) s (1)
and for plant 2 becomes
0.042,, +zu.ou=z[ -
P,

Substituting the value of B, and A=25, we get

P, =128.5TMW
p., =125.00MW

The transmission power loss is .
P, =B, A’ =0.00] x(128.57)" =16.53MW
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and the load is

o =Py 4P p <128.57, 125-16.53=237.04 MW

8. a}_ How fr‘lputﬂ:utput curve of
efficiency and Heat-rate (H.R.) curve.

b) If n-numher'nf generators are running in parallel, then under what conditions,
cost uf_generatmn will be minimum?

c) The input-output Curve of a 10 MW statio
I=4x10%(10 +8L+041%)

(i) Without plotting an
occurs?

(i) Find the increase in
S MW by means of in

a generator can be represented? Explain the

nis expressed as follows:
Where Iis the input KJfhour and L is the output in MW.
Y curve find the load at which the minimur efficiency

input required to increase the station output from 3 to
put-output curve and also by incremental rate curve.

[WBUT 2017]
Answer:
a) The energy input can be obtained by measuring the coal INPUT / .

tonnage used during the hour and then multiplying by the coal Fuel rte

energy content in MBTU/on, The plot the fuel input can be HE;U.'hr

OUTPUT P,

Heat-rate Curve: The heat rate curve plots the heat energy required per MWH of
generated electrical output for the generator as a function of
the generator’s MW output. Thus, the heat rate curve
indicates the efficiency of the unit over its operating range.
Generally, units are least efficient at the minimum and
maximum portions of their MW output capability and most
efficient somewhere in the middle of their operating range.
The vertical axis is plotted in MBTUMWH and the
horizontal axis is plotted in MW. You may interpret the heat _
rate for a generator producing X MW as follows: the heat (Qutpin) MW

rate indicates the amount of heat input energy per MWH of generation required to
produce X MW of power.

The lower this number, the less input energy is required to produce each MWH of
electricity.

(Heat rate) Biu / kw-hr

—

b) The easiest way to setup n-number of generator parallel system is to use generators

that are exactly alike, or at least have the same output rating and alternator pitch,
Another flexible approach to backing up your power requirements is to ha_ve two'or more
Ecnerators of variable output. In either scenario, these can be connected in parallel with
Paralleling switchgear to achieve rpaximum output during peak requirement or the
desired minimal output during other times. ‘ - _
Individual units operating in parallel are typically of sn;aller capacities. The engines us.jed
in these generators are usually industrial, on-road or high-volume engines designed with
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m a high degree of reliability and low

manufacturing technology (hat gives the

advanced
per unit of power.

cost of generation

¢) i) Load at which maximum efficiency occurs:

1=4x|u"(m+5f.+u.4ﬁ]

d 4x1{l"[|1q+3+ﬂ.4f,]

or,
L
Output _ L

Efficiency = —
Input T

p—

- Efficiency, =719
[-E +8 +ﬂ,4LJ

4x10°
10 e
I+E+[}.4L is minimum

The efficiency will be maximum when

—d-(—I—O +3+ﬂ.4£.] =0
di\ L

.'.1{;]-+ﬂ.4 =0

L—-

or, L 10 3
0.4

or, L=5MW
Hence, the [cad at whic
i) Increase i input:
By input output curve:
When load, L=3MW
=4xl{]ﬁ(lﬂ+8x3+0.4x32]=15ﬁ4x105 ki/h

h the maximum efficiency occurs = SMW (Ans.)

Input, /;

When load, L =5MW
=4xmﬁ(m+sxs+u.4x5=]=z4axm*wh

Input, /
Increase in input =I5 — I =(240- 150.4)x10° =89.6x10°kI/h
9. Write short notes on the following:
a) Reactive power optimization [WBUT 2008, 2010}
b) Economic load dispatch [WBUT 2010, 2011]
c) Algorithm for computer solution of economic operation without considering
Josses in the system W 013]
d) Load sharing between base load and peak load plants wBuUT 2013, 2014
e) Active and reactive power optimization wauT 2014
wauT 2014]

f) Predicted load curve
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Answer:

a) Reactive power optimization:

The power flow solution calculates power flows and determines bus voltages at an
upcl‘ﬂ“_ﬂg point. However, it is left to the engineering judgement of the system planner to
determine optimum way of system operation considering operating objectives, operating
and cquipment constraints. Such an exercise is very tedious and time consuming for a
practical system with large number of operating controls and constrainis. A properly
designed “Plim_ﬂl power flow solution provides the best and most optimum practical
solution to achieve improvement in a single or multiple hierarchical objectives while
respecting various constraints on the system operation. An OPF can determine the most
effective subset of controls and their solution for a given operating condition to improve
the specified objectives. OPF can consider different objectives for improvement such as
transmission 'Inss minimization, voltage stability improvement and minimization of
system operating cost.

OPF/RPO analysis module of Power Application is based on the dual LP programming
approach and has the following features:

* Newton-Raphson load flow for solution at an operating point.

* OPF/RPO solution of multiple-islanded systems. The solution is available for
cach of the islands having a reference (slack) node. The reference node is
automatically identified by the algorithm as the largest generator node in each
island.

* Choice of objectives for the OPF/RPO (Transmission loss minimization, Voltage
Stability improvement, Removal of operating violations, Economic dispatch).

* Optimal load flow.

= OPF/RPO control options are active power injections. reactive power injections,
shunt compensations, series compensations, phase shifters. transformer taps.

® OPF/RPO sensitivity calculations with respect to the performance objective
provides information for suitable location of shunt reactive power compensation
and also identifies most effective controllers for optimization.

® No limits on the number of study cases and related reports in a single execution
of the program.

b) Economic load dispatch:

Economic load dispatch (ELD) problem is a constrained optimization problem in power
Systems that have the objective of dividing the total power demand among the online
participating generators economically while satisfying the various constraints. Over the
year, many efforts have been made to solve the problem, incorporating different !-unds of
constraints or multiple objectives, through var{uusl mathematical programming and
optimization techniques. The conventional mt:ti}ods include Lambda iteration method,
base point and participation factors method, gradient method, etc. Among I.h.ESE methods,
lambda iteration is most common one and owing to its ease of implementation, has bﬂ:t‘:n
applied through various software packages to solve ELD prnhl_cms. But for c!"f't:ctwe
implementation of this method, the formulation needs to be cunhm{nus. The ll:ia.'sm.EF.D
considers the power balance constraint apart from the generating capacity limits,
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However, a practical ELD must take ramp rate limits, prohibited operating zones, va|ye
point loading effects and multi fuel options into consideration to provide {he
completeness for the ELD problem formulation. The resulting ELD is a non-convey
optimization problem, which is a challenging onc and cannot be solved by the traditiong
methods. An ELD problem with valve point loading has also been solved by dynamic
programming (DP). Though promising results are obtained in small sized power systems
while solving it with DP, it unnecessarily raises the length of solution procedure resulting
in its vulnerability to solve large size ELD problems in stipulated time frames.

Moreover. evolutionary and behavioural random search algorithms such as Genetjc
Algorithm (GA). Particle Swarm Optimization (PSO) etc, have previously beep
implemented on the ELD problem at hand. In addition, an integrated parallel Ga
incorporating ideas form simulated annealing (SA) and Tabu search (TS) techniques was
also proposed in utilizing generator’s output power as the encoded parameter. Yalcinoz
has used a real-coded representation technique along with arithmetic genetic operators
and elitistic selection to yield a quality solution. GA has been deployed to solve ELD
with various modifications over the years. In a similar attempt, a unit independent
encoding scheme has also been proposed based on equal incremental cost criterion. In
spite of its successful implementation, GA does posses some weaknesses leading to
longer computation time and less guaranteed convergence, particularly in case of epistatic
objective function containing highly correlated parameters.

This paper proposes a new optimization approach, to solve the ELD using a hybrid
Bacterial Foraging (BF) — Differential Evolution (DE) algorithm, which is a recently
emerged stochastic optimization technique. Passion proposed the Bacterial Foraging
optimization technique, where the social foraging behaviour of Escherichia coli (those
living in our intestines) has been studied thoroughly. On the other hand DE is a simple
Genetic Algorithm (GA), which implements a differential mutation operator that
distinguishes it form traditional GA. In this work the chemotaxis step of bacterial
foraging is made adaptive and merged with the DE in order to tackle real world problems -

in a more elegant way.

c¢) Algorithm for computer solution of econmomic operation -without considering

losses in the system:
The simplest procedure for the economic scheduling of thermal power generating plants,

with losses neglected, is conventionally the A-iteration method, the algorithm being

presented below:
Step 1: An initial estimate of 2° is to be assigned.
Step 2: To compute P° corresponding to the following numerical relation.

P =a,(2) +B(X)+7,

(A° being identical to the initial estimate of the A of the i-th generator)

N
Step 3: To compute »_ P’

=)
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lhl
Step 4: To check whether Z B’ =P, is satisfied.

N
[Usually Zﬂﬂ — ., =£<0.001 (a tolerance)]
N . .
Step 5: If ZF: becomes less than Luss it is required to assign a new value of

=l

x
A'[=2"+A2] and go to step 2. Computational loop is continued il D P-P  =¢.

i=1

-
Step 6: If ZR” becomes greater than P, in step 4, a new value of A[=2°-AA] is

i=l

assigned and then it is required to proceed to step 2. Computational loop is continued till
pe

Z B =l =¢.

=l

Step 7: To stop, if step 4 is satisfied.

[f the cffects of power limits are to be considered, a partial modification is needed in the
algorithm. As 1 is increased or decreased in the iterative process, if a particular

generator loading P reaches the prescribed limit (!fm or .E__) its loading from now is

held fixed at this value and the balance of the load demand is then shared between the

remaining generation on equal incremental cost basis. This operation is also said to be
optimal.

d) Analysis of Load Sharing between Base Load and Peak Load Stations:

If the combination of two plants/services is to be used, in that case the next problem is
sharing of load between the plants. It is not desirable to transfer all the loads to one plant
and also depending upon the operating characteristics of the various plants the load
between the plants should be so decided that overall economy is achieved. This load

sharing can be casily manipulated by viewing the load duration curve of the plants as
follows:
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Fig. | shows a load duration curve.

kWpat
3 I _
= -3 Load duration
¥ 1 I N curve
e |, h .
A . EW s
0

Time {hours) ———

Fig: 1 Load duration curve of the plants

Let, A4, = Areaofcurve for peak load plant,
A,,. = Area of curve for base load plant,
kW . =Load for peak load plant,
kW, = Load for base load plant,

C =Total operating cost of the combination and
= Hours per year.

Let the base load be supplied by a plant having the annual cost equation as

(Rs.), =a, +bkW +ckWh cone (1)
For the plant supplying the peak load let the equation be
(Rs.), =a, + b,kW +c,kWh , e (2)

Since the base load plant is operated most of the time, therefore, normally a plant having
¢, <c, us used for meeting the base load.

Let b >b,.

Let the load between the two plants (Fig. 1) be divided by arbitrary line drawn on tfhﬂ
load duration curve represented by ‘1°. Under these conditions let kWi, be the kW 10
base load plant and let kW be the load for peak load plant.
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of the combination is given as:
Ci=a+ d, + hlkwhnw * h:kwwnh + Ay +c, - en (3)

Now, if the base_puwcr is extended by the amount of d(kW) to line ‘2", the total operating
cost of the combination will modify as follows:

Co=a+a,+b (kW H&W) + b, (kW,_, ~dkW)

In this case the (ota| Operating cost

(Ao + kW h)c, (4, ~dkW x h)c, e (B)
The change in cost,

C,-C = [hl _h:]‘ﬂ"w +{C| _C:]‘n':w <

. (5)

The optimum conditjon requirements are that above change must be zero, i.c.,
h= f-b, 6
g .een (6)

Thus it is possible to share the lo
operation is effected,

The method described above for distributing the load among the two power plants in an

interconnected system can be used for any type of plants as (i) Thermal and diesel,
(ii) Thermal and hydro, (iii) Nuclear and hydro and so on.

ad between the plants due to which overall economy in

¢) Active and reactive power optimization:

Reactive power optimization is an important function both in planning for the future and
day-to-day operations of power systems. It uses all the reactive power sources
judiciously, while planning suitable location and size of VAR compensation in a system.
With increasing fuel costs and capital investments, economics of reactive power planning
and scheduling have a tremendous effect on the profitable and reliable operation of a
power system. '
Electric power systems all over the world are moving towards deregulated electricity
markets. To control frequency, stability, security and voltage profile of the system and to
ensure the generation and transmission, ancillary services like frequency control, network
control and system restart are needed. Reactive power and voltzge control is one of the
ancillary services to maintain voltage profile through injecting or absorbing reactive
power in electricity market. A number of optimization techniques have been proposed in
the literature to solve the reactive power optimization problems.
To minimize the active power loss and the voltage deviation under some operational
constraints, reactive power optimization in power system need find a optimal solution,
containing the reactive pover output of gznerators (or voltage of generators V), the
reactive power compensation capacity (including the capacity of shunt capacitors Q. and
reactance @, ) and transformer tap-settings (7). It has a significant influence on security
and economic operation of power systems.

The augmented objective function is to minimize the wctive power loss AP and the
voltage deviation AV,
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Fzminl-;}dhf'.zi'ﬂf} (M
L alent coeflicient of nodal voltage

iel
where n is the node number and A is the equiv
- & a F . Eow
deviation Al” . Supposing ¥, is the maximum voltage of node i, Vg, 18 the minimum

voltage of node 7. the definition of AT, is given as below:

Wl (>T)
au=j 0 (Vo SV SVine) e (2)
LI:L-'I' '—l: (li < |I;rrlu"l'l} ‘
Equality constraints contain active and reactive power balance constrains in the
following.
.E:%—QfHZHmﬁm%+%m%Fﬂ e (3)
fet
6,)=0

ag = 0.-0.+ N, AQ, - Nﬁﬁgr; = IIII;ZFJ [Gu Sin'gﬂ - ‘Bﬂ COS
JEt

_ are active power and reactive power supply of bus i, 7, and O, are

v is the voltage module of bus i and j, ﬂ'y is

are the unit capacity of

where £, and O,
active and reactive load of bus i, T and

the difference angle between bus i and j. AQ, and AQ,
N, and N, are working span of capacitor and

capacitor and reactance of bus i.

reactance of bus 7.
Inequality constraints contain:

Fome $Vo S Viipa
";::rm. £J,"rl.'l s*’v‘dw
";hm-r- ihr: ﬂﬁum

-2

re=

Q‘G‘:": Egi E Q’ﬁ'm

S, 55
where V., N,, N,,. T, are voltage of generator, working span of capacitor, working

span of reactance and transformer tap. All of them are control variables. 0, and S; ar€

reactive power output of generator i and power flow on branch jj and they are state

variables.
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f) Predictive Load Cyrve:
Unit commitment refers 1o committi

= ; Mg a generating unit to be online and generating
electricity during a specific time slot,

so that the generation requirements of the system
can be met and other EMS functions can take necessary action. Generating stations such

as thermal units require quite an amount of time to come up to the required speed,
gencrate the required voltage and pet synchronized to the system. Once the unit is
committed, it should be avai|able to supply load; however, to leave the generating unit
committed all the time becomes an expensive affair. It makes much more sense to de-
commit the units when they are not required. Once the load forecasting is done,

depcnc.img on the requirement. it is economical to know when each unit is to be
committed and de-committed for specific time slots.

e
Umit IV
Y
Uit 111 ]
3 L‘mtE \\ |I.\ldul!'l'{'
Uit 1
6 AM 12 Noon 6 PM Mid Night 6 AM !

Timeof theday —

Fig: | Unit commitment of four generating stations

Fig. 1 illustrates a simple unit commitment example where four units are supplying the
load on the system and the units are committed and made available, de-committed and
turned off and when there is a demand as seen from the predicted load curve.

The unit commitment problem is not as simple as discussed above, as each power utility
will be working under a large number of constraints and laws and these have to be nuilt
into the unit commitment problem, so that an optimal economical schedule is available
for the operations.

Keeping ample spinning reserve as per the directive of the regulatory authority in each
country is a constraint. Spinning reserve is the difference between the total generation
Capacity available of all the units online (spinning) and the load supplied including the
losses. It gives an indication of how much extra capacity the system possesses to take
care of an emergency, whether the sudden loss of a generating unit or a transmission line,
Each utility will have norms for the percentage of generation nrﬁlead as spinning reserve.
Typically, the reserve is equivalent to the largest generation unit, so that the sudden loss
of any unit can be handled. The spinning reserve could also be a mix of stations that can
be q[:ick started with traditional thermal plants. The spinning reserve can also be
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geographically distributed so that the transmission corridor congestion may not pose g
threat.

Other constraints for unit commitment include the maximum uptime and minimum
downtime for thermal units. startup and shutdown time and costs, hydro units that may be
in a state where they have to run continuously due to rain and flooding of the reservoir
and other gencrating units that may have to conserve fuel. Respective uu_iitms may alsq
have their own constraints to be considerced while meeting their unit commitment.

The unit commitment defines a specific number of time intervals and l.hr:. number of units
to commit. The permutations and combinations can be exponentially high; however, once
the constraints are set and the actual system loading comes into the picture, the number of
feasible solutions diminishes. The usual methods used arc Lagrange relation, dynamic
programming and priority list schemes that are well established.
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STATE ESTIMATION AND LOAD
FORECASTING

Multiple Choice Type Questions

[WBUT 2009]
a) unbalance between active power generation and load

b) unbalance between reactive Power generation and load
c) unbalance between Mva demand and MVA generation

'd) unbalance between the loading at different phases
Answer: (a)

2. Load frequency control s achieved by properly matching the individual
machines

_ [WBUT 2009]
a) reactive power b) generated voltage
c) turbine input d) turbine and generator ratings
Answer: (d)

3. State estimation is done to know
a) best estimate of voltage magnitude and phase angl
b) economic dispatech solution
c) system power loss
d) load flow solution

[WBUT 2012, 2014, 2015}
e of each and every bus

Answer: (a)

4. Short term load forecasting is for [WBUT 2015]
a) state estimation b) planning for generation growth
c) allocation of spinning reserve d) contingency analysis

Answer: (d) :

5. Power system state estimation is normally a [WBUT 2015]
a) linear problem b) nonlinear problem
¢) quadratic problem d) none of these

Answer: (c)

8. Normally Z bus matrix is a [WBUT 201
a) null matrix b) unity matrix C) sparse matrix d) full matrix

Answer: (d)
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tions _J

[ Short Answer TYP® Ques
n any power system operation and
[WBUT 2010]

mation? Why is it important i

OR
system operation and

1. What is state esti
évant to power
[WBUT 2011, 2014, 2015)

control?
Wﬁat is state estimation? How is it rel

control?
system is nowad

Answer:
State estimation process of a power .
objective of this process is to obtain the best possible val !
available network data. Most state estima
WLS) problem as the process of state

and angles) by using the
practical usc are solved as weighted lcast squared (
of the state variables.
itudes and phase angles at the

estimation. It estimates rue value
les are the voltage magn
imperfect power system

In a power system. the state variab
buses. The inputs to the stalc estimation process arc
design the best estimate of the

measurements. The purpose of state estimation is 10

svstern voltage and phase angles, though there are errors in the measured quantities and
there may be redundant measurements in the input. The output data can be used for
carrying oul several real time studies and security analysis.

ays very much essential. The

ues of bus voltage (magnitudes
tion algorithms in

casting techniques. [WBUT 2012]

2 Write down about the different load fore

Answer:
Load forecasting techniques can be classified in two categories:
(i) Time series based
(ii) Regression based
In the time series approach, the load pattern is treated as a time series signal with known
periodicities. It does not ~onsider weather variables. '
In the regression apprc  h. firstly the available weather variables are selected and then
functional elements are assumed. Finally, the co-efficients of linear combination are
found. Regression approaches are either linear or piecewise linear and hence, do not yield
accurate forecast.
Recent advances in the area of artificial neural (ANN) has opened new vista
-'-“:pplicatiuns like non-linear smoothing and interpolation, ability to learn complex non-
linear mappings and adapting themselves to different statistical distribution. ANN can
from previous examples to new ones, can learn from experience, abstract
modify their behavior

s .for such

generalize

f:ssen[iai‘ characteristics from inputs containing irrelevant data, and

in response to their environments.

ANN are biologically inspired and try to emulate the functions of a human brain. The
gical neuron. The

basic elements of an ANN is an artificial neuron analogus to a biolo
nized in different network structures to form an
largely

artificial neurons are then orga
is much better and

There are many ANN structures are available. The accuracy
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depcnds. Upon training set data accuracy. Nowadays ANN based short term load
forecasting used cxptensively,

3. Explain what do y
differ from load flow?
Answer:

1" Part: Refer to Question No. I of Short Answer Type Questions.

2" Part:

On the face of it, it May appear as if there is not much of a difference between load flow
calculations and static-state estimation. But, this is a superficial point of view. In load
flow studies, it is taken for granted that the date on which calculations are based are
absolutely free from error. On the other hand. in state-estimation method, accuracy of
measurement on modeling errors are taken into account by ensuring redundancy of input
data. This means that the number of input data ‘m’ on which calculations are based are
much more than the number of unknown variables ‘n’ whose knowledge completely
specifies the system. The more the redundancy, the better it is from an estimation point

of view. But redundancy has a price to pay in terms of installation of additional
measuring equipment and communication facilities.

OU mean by state estimation of power system. How does it
[WBUT 2013)

Long Answer Type Questions

1. State the different load modellings used in
the limitations of these models.

load forecasting techniques. Indicate

[WBUT 2010]
Answer:

Load forecasting is a method to estimate the load for a future time point from the
available past data.

L. Estimation of Average and Trend Terms of Deterministic Part of Load
To obtain the simpiest possible estimate of deterministic part of load, d(c), we must

use the equation of straight line with zero intercept for trend curve fitting. Therefore, we
can write, d, (g):&fI +fo+e(o) -

Where, d, =average or the mean value of 4 ()
Bo = trend term that grows linearly with time, o
E(cr) =error in modelling the complete load using the average and the trend terms.

To estimate ¢ 4 (@), itis required to find the most accurate estimate of the values of .:_f. i
and /3. The method of LSE is helpful regarding estimating the error term e(o). Letus

use LSE method to estimate E’;, and £. Following earlier discussion in state estimation,
the estimation index fmay be written as
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. (2)

The estimation index f must be

f=E{e (o))
where EU represents the expectation ope

minimum for best estimation with respect to the stat
rst or

ration.

e variable to be estimated (here Eﬂ

and /3). This is possible by considering upto fi der term in Taylor series expansion,
We can write from equation (1).

E{E_,—dJ{J]+ﬂJ}=ﬂ e (3)

. (4)

E{fo -d_,{ﬂ‘]ﬂ'-#:?f,ﬂ]:ﬂ

the constant quantities, the above two

Since the expectation operation has no cffect on

equations ca be wrilten as _
3, =E{d,(o)}-PE{o] )
d,Elo 6
=Eld - "., v }
F=E4 J{U}‘T] E{J‘}

Here d , and f§ may be assumed to be constant with respect to time. Replacement

the time averaging formula and assuming total N number of

expectation operation by
6) we can write (using the concepts in

ctatistical data available, from equations (5) and (
statistics). ;

a, =%[gd,(a)-ﬁia] D)

{fi{dl{ﬂ}a}'_%‘?ﬂi‘;'
ﬂ= L - - - a=l
g

i{d_,[a]a‘}-—giga

ar,

ﬁ= =] -
s
ud‘r -l{sd‘l B N }}h
or, ﬁzg (o) L % (o) ﬁg‘ﬂ' ;a (ising quation (1)
>0
o, h’id_,l;ﬂ'}ﬂ'—-i;d_,[a‘}id+ﬂ[ig]‘

ﬂ _ ari L.
,\’z a’
eral
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w VYo =N:z_'tdd(a)n—id,,(a);i;wrﬂ{jz:{

ﬂ[ﬂggn[za}f}:Ngm(g;mid@ga

Nidl,(a;-iw}ia
2]

o= =]

Equatians_('_f} .and (8) can be effectively used to estimate the average and trend coefficient
of deterministic part of any load data. It should be noted here that equations (7) and (8)

hold good only if d, (o) is assumed to be stationary (because ergodic hypothesis does
not hold good if the data processed is

. (8)

non-stationary (time varying) one. If d, (o) is
non-stationary, then it is also possible to use equations (7) and (8) to estimate o ,and 3.

Provided d, (k) may be assumed to be stationary for certain time (i.c.. certain block of

data available) and equations (7) and (8) may be used for each time block separately.

Limitation of the Method
The data processed in equations (7) and (8) may not be adequate for statistical
calculations and therefore, the estimate available may be erroncous. In addition to this,

the statistical data to be processed for state estimation may be non-stationary, which will
induce some error in the estimated values.

2. Generalised Load Modelling

The generalised load model should contain the second and higher order terms on the
right-hand side of equation (1) and it can be written as

d{,(a):iﬁ,aﬁe(a] : e (9)

=1
where the coefficient B, needs to be computed from previous data available. It is obvious
that the load model described in equation (9) is a non-linear function of the time & and it

requires the L coefficients to be estimated.

The exponential form is another approach to non-linear load modeling, which may be
Written as

dd(g)szm+£[ﬂ) - (10)
Here, there are only two unknown coefficients,y and £. In addition to this, the

€Xponential model can easily be transformed into a linear t‘arm_ by taking the n;a.llural log
of the given data. In both the cases. the method of LSE can easily be used to estimate the
Model parameters from the given historical data.
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3. Estimation of Stochastic Part of Load
From equation d(o)=d, (o)+d, (o). it may be written that

d,(0)=d(o)-d,(0)
After modelling of the deterministic part, nowW
stochastic part of load.

o (1 1)

the task is how to model and estimate th,

4. Time Series Approach

The auto-regressive model is the simplest fo
model is used to represent the behaviour of a
this method. the data for 4, (o) should ensure a zero m
must be assumed to be stationary and then only it may be po
auto-regressive model for this sequence.

rm of this stochastic time series models. This
zero mean stationary stochastic sequence, |

ean. The scries of data variable
ssible to identify a suitable

Auto-Regressive (AR) Models:
The n-th order auto-regressive [AR(m)]

d,(o) =z' ad,(o-i)+ w(o)

model of sequence d, (o) can be expressed as

= 2

where the coefficients a, are the model parameters and w(c) is a zero mean. The

solution of equation (12) may represent 2 stationary process if the roots of the

characteristics equation given by
l-az"'-a,z" -...—a,z" =0 e (13)
remain inside the unit circle in the z-plane forth
The auto-correlation functions being first comp
order n and the parameter vector 4 [i.e., coefficients @,

to estimate the statistics of the noise process w(c}'] . The best estimate of W

obtained from the residual e(a]=d, (J)-&I{J), where the estimate c?, (J)
determined from equation (12). )

e particular values of coefTicients 4.
uted from the given data and the model
] being estimated, the next task is

(u’) may be

is

d, (o) =—-ia,d',[a'—i) T (14)
The variance o’ of w(c) is then given by
=—rl-ie2(r:.r) e (15)
=
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Aunto-Regressive Mo ving-Average (ARMA ) Models:

The AR model may not be helpful in some cases; the order n of the model is required to
be very high to represent the available Joad behaviour. In such a case, ARMA (n, m)
model is used and is given by

d, (k): _Zﬂ',d. (J—f]+irﬁr1.if(cr—-j)+ w(a‘) vens {16)

In this case, the task is to estimate two structural parameters (n and m), model parameters
2 i
(a, and b;) and the &* of the nojse term W(G’),

5. Kalman Filtering Approach

Thc‘timc. s-‘.Eri_cs' approaches are employed in the load forecasting processes due to its
relative snrr}pllcat}* Gl‘?t‘he model forms. But, the available statistical information about the
load data is not utilized properly in these methods. In addition to this, the model

identification problem is quite difficult in ARMA model. To avoid these difficulties, the
Kalman filtering techniques are used.

2. Estimate two values random variables x by weighted LSE method for

1 0 0 11 0.5
W=l0 05 0 H=|1 0 y=|045 [WBUT 2012]
0 0 0.1 0 1 lII.SIJ ‘
Answer:
1 1 .
Gi\ﬂ:n H= 1 0 . HT=[] I UJ
0 1 1 0 1]
10 o] 11 |
WH=l0 05 0 |x|1 0|=|05 0
0 0 {LI_ 0 1 0 0.
I 1 0] b 1.5 1
HWH = 05 0 (=
1 0 1 1 1.1
=10 0.1

=1 -
w15 1] _[ 16923 15385
I L1] |-1.5385 23077
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1 0 0

1.6923 -1.5335][1 1 n] 0 05 0
_1.5385 23077 |[1 0 1 0 0 0l

[1.5923 —1.5335}[] 0.5 {]]_[ﬂ.ISBE 0.8462 —n.ls:m]

s L=(HTWHY'H'W =[

0.7692 -0.7692 0.2308

-1.5385 2.3077 J|! o 0.1
y,] [05
However, y=| 3 |= 0.45
¥ 0.51

N
y:

ence o o] 1538 0.8462 —0.1538
¥=Ly=| 12602 -0.7692 0.2308

'
1

[0.1538y,+0.8642y, 0. 1538y,
7| 0.7692y,-0.7692; +0.2308 y,
0.3792
= .oy =0.5, y, =045, y,=0.51
[G.ISGI] P =011

Here the weighing matrix W
Let us justify the estimate by checking the clements of covarianc

1 00
Let us assume R=(0 1 0
0 0 1

Using £=LRL we get

suggests that the estimate of x is more dependent on y,.
e matrix & .

_ [t o o]f0.1538 0.7692
0.1538 0.8462 -0.1538
: >0 1 0| 08462 -0.7692
0.7692 -0.7692 0.2308 )
Jo o 1]/-0.1538 02308

C0.1538  0.7692
g ‘ 0.7633 4.553{)]

_]:Q.ISBE 08462 —0.1538] o o 07692 1:
“l0.7692 -0.7692 0.2308 || S D 2367
> -0.1538  0.2308 URES *as

So, the elements of covariance matrix & are quite high. Therefo

re, the above estimate of

x is not very accurate.

Next we assume W=R"'=

o o -
=2 -2
_— o O
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Then i 03333 0.6667 -0.3333
0.3333 -0.3333 0.6667
grid i{u,zaﬁ?}
0.3567

_[ 0.6667 -n,ma}

-0.3333  0.6666

Here, the elements of covariance matrix & are comparatively lower than the earlier

estimate. Therefore, the above estimate of x s acceptable,

3. If measurement vector M =(Q" )[R IM™= , derive the estimation of state

variable quantities X7 and X{" in relation to control variables U,,U, and U,

for three elements of M(M,, M., M,). R is the diagonal matrix of the variances in
the normal distribution of residual errors. [WBUT 2013]
Answer:

If we have a sample of m measurements given by vector z, and n states (voltage
magnitude and angle), n<m and e is m dimensional vector of measurement errors. Here

h is the m dimensional non-linear function vector relating measurements to the state
vector. Then the measurement vector can be written in the matrix form as

5] [m(x.xy,e, x)] Te,
| | h(hrysns)| e

z=| . |= . + . =h(x}+ﬂ' -(l}
Zn] M. (xl,xz,...'..‘,x")d e,

The weighted least square estimator will minimize the following objective function:

minJ (x) =§(z, —h,(x)]z/ﬁ'ﬁ )

—
ol
F

gy

where R= P e ()

where [ R] is called the covariance matrix of measurement errors,
Eqn. (2) can be written as
o
minJ(,r}=[z+h(:c)] [R I][:L'—h(.‘t')] ”"(4)

The minimum of J(x) can be obtained when g (x)=6j(x)/6x=0

o,  —H"(x)R"[z-h(x)]=0 e (5)
where H (x)=&h(x)/8x is the Jacobian matrix of dimension (mxn) measurement.
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Note that (5) is valid only when m > n; that is, the number of Pﬂfﬂlj‘ﬁlﬂﬁ to be estimateq
is less than the number of measurements made. If n>m there will be many values of
states that will satis(y the above equation. In such cases, pscudo-measurements are added
to give a completely determined or over-determined problem. _ .
Pseudo-measurements are not obtained from meters but are typically calculated using
historical data or short-term load forecast. or as zero injl’-‘CliUl_ﬂ: . _

The most common exact pscudo-measurement ifs the bus injection at a substation g
has no generation and serves no load. Here we can say with certainty that real ang
reactive power injection at this bus is zero.

The non-linear function #(x) can be linearized as

Jrl:x+.§.x)==h(x)+H(x)m' ()]
If we write H(x) as H. the following iterative procedure is obtained:

(H'R'H)Ax=H"R"'[z-h(x)] ' oy )
or.  Ax=(H'R'H) H'R'[z-h(x)] | ene (8)
where x'*'=x'+Ax.

#ext s H(x) RH() H() R [z-h(x*)] o 1{9)

The symmetric matrix (H "R7H ) =G(x) is called the gain or information matrix and (7)
through (9) are known as normal equations.

State Estimation by Orthogonal Decomposition
In the Weighted Least Square method of state estimation, the solution to the system states
using normal equation may sometimes have very slow convergence or may fail to

~tonverge under certain condifions. Analysis has shown that ill-conditioning may happen
when zany of the following factors are present:

e Disparity in weighting factor;
e Large number of injLction measurements;
* Connection of long and short transmission lines.

"‘The orthogonal transformation mefhod (also known as the Q-R method) performs QR
decomposition of the Jacobian matrix directly. According to this, any m-n matrix of full
'rank can be decomposed into two matrices of the form
A=QR .
where Q is an orthogonal matrix of size m-m and R is an upper triangular matrix of size
‘m-n. Since Q is an orthogonal matrix Q"0 =1,

o, -Q'4=R g ... (10)

PGE-114



WER GE ON ECO

If Q and R are partitioned as

1=[o, Q,,]m=g,u e (l)

the orthogonal transformation is therefore more numerically stable. When this algorithm

is applied to the WLS state estimation, (8) m::(HrR"H]'I H’R"[z—.&(x)] is solved
to climinate the R matrix,

[fthe R™' matrix is written as
| |

R'=Rp? 4a{12)

LS '

ml
1 ]
where R ?= — e (13)
G-i'rli
L

L G-I'ITI .

L1
on  [HR'H] =H RR3[H] <[ 17 H'] e (14)

-

where [H']:{R“;][H]

Eqn. (8) therefore becomes
Ax=(HTH') (HT)[R?}[z-—h(x)] veer (15)

or,  Av=(HTH)"(H)[a] e (16)

1
where &’:[R?][ﬁz]

and ﬂz=[z—h(x)]

The orthogonal decomposition algorithm is used to find an orthogonal matrix [Q] such
that

[H']=[Q][V] e (17)
The matrix [U] has an upper triangular structure. The state estimation equation with
these substitutions become

ax=[U'@"ou ' [U"g" Jar e (18)
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which after rearrangement can be written as
[U:-][Ulm:[ur][gr]mf _ - (19)
or, [U]M=[erﬂ:' -+ (20)

The orthogonal decomposition algorithm for the power system state estimation can be

explained by
e Determining the QO matrix and U matrix. The O matrix must be orthogonal.

« Performing the factorization [H'] =[0][U]-
¢ Computing the vector [Q".ﬁz'] L
« Computing x from back substitution using [U]Ax =[Q"]m—’ :

4. Explain the process of Short Term Load Forecasting. What information are

necessary for the forecasting process? [WBUT 2013]
OR,

Write short note on Short term load forecasting. [WBUT 2014]

Answer:

1" Part:

For day-to-day operation, covering one day or a week. short-term forecasting is needed in
order 1o commit enough generating capacity formatting the forecasting demand and for
maintaining the required spinning reserve. Hence, it is usually done 24 hours ahead when
the weather forecast for the following day becomes available from the meteorological
office. This mostly consists of estimating the weather-dependent component and that due
to any special event or festival because the base load for the day is already known.

The power supply authorities can build up a weather load model of the system for this
purpose or can consult some tables. The final estimate is obviously done after accounting
the transmission and distribution losses of the system. In addition to the prediction of
hourly values. a short-term load forecasting (STLF) is also concerned with forecasting of
daily peak-system load. system load at certain times of a day, hourly values of system
energy. and daily and weekly system energy.

2™ Part:
i.  For proper planning of power system,;
ii.  For proper planning of transmission and distribution facilities;
iii.  For proper power system operation;
iv.  For proper financing;
v.  For proper manpower development;
vi.  For proper grid formation; |
vii.  For proper electrical sales.
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(i) For Proper Planning of Power § ystem

*  Todetermine the potential need for additional new generating facilities;

e Todetermine the location of units;

+ To determine the size of plants;

» Todetermine the year in which they are required;

» To determine that they should provide primary peaking capacity or energy or
both; '

o To determine whether they should be constructed and owned by the Central
Government or State Government or Flectricity Boards or by some other
autonomous corporations.

(i) For Proper Planning of Transmission and Distribution Facilities: For planning the
transmission and distribution facilities. the load forecasting is necded so that the right
amount of power is available at the right place and at the right tin.e Wastage due to
misplanning like purchase of equipment, which is not immediately required, can be
avoided.

(iii) For Proper Power System Operation: Load forecast based on correct values of
demand and diversity factor will prevent overdesigning of conductor size. etc. as well
as overloading of distribution transformers and feeders. Thus. they help to correct
voltage, power factor, etc. and to reduce the losses in the distribution system.

(iv) For Proper Fiuauc:"ng: The load forecasts help the Boards to estimate the future
expenditure, earnings, and returns and to schedule its financing program accordingly.

. (v) For Proper Manpower Development: Accurate load forecasting annually reviewed
will come to the aid of the Boards in their personnel and technical manpower
planning on a long-term basis. Such a realistic forecast will reduce unnecessary
expenditure and put the Boards” finances on a sound and profitable footing.

(vi) For Proper Grid Formation: Interconnections between various state grids are now
becoming more and more common and the aim is to have fully interconnected
regional grids and ultimately even a super grid for the whole country. These
expensive high-voltage interconnections must be based on reliable load data,
otherwise the generators connected to the grid may frequently fall out of step causing

- power to be shut down.

(vii) For Proper Electrical Sales: In countries, where spinning reserves are more, proper
planning and the execution of electrical sales program are aided by proper load

forecasting.
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5. a) Explain “Line only algorithm" with required equations.  [WBUT 2014, 2015
wer: .
ﬁn;n:rﬂows only algorithm, the data for line flows (both active and rt::acuve) through
transmission lines are processed to gencrate the vector of voltage ::hf‘f'crcnce across
transmission lines. Let e be that voltage difference vector and this vector can be
represented by the following equation,
e=Ax+r, e (1)

where A4 is node incidence matrix and r. is the error vector for errors in voltage data.
Eqn. (1) is a linear equation, therefore we can use WLSE to estimate x following

equation X = (,'a""ﬂ"H]'t HTW=z=GH"Wz and is given by
§=(ATWA)" ATWe eas (2,

The vector e is not directly measurable, but it is required to be generated from line flows
data. We can write

S, =V (Vi=7))y, +V Vi,

or, Sr; = I{I.K_;J"rj + l’.f"l}'ry% [hem" I{Ij e l{ . V‘,‘]
or. B, -jO,=V,V,y, [assumingiy, =0]
V EZU(E;'_JQJ) : e (3)
b V. .

where z, =impedance of line between the buses i and j.

Therefore, vector e has a non-linear relationship with measurement vector z (the line
flows) and state vector x and we can write, '

e=f(x, z) N ()

So, Eqn. (2) may be rewritien as
i=(AWA)" AW (%, 2)

The above equation being non-linear one, it can only be solved by iterative approach. For
Jj-th iteration, we can write

#t= (ATwA)” AW (%, 2) e (5)

It should be noted here that for a linear problem, the optimal solution may be obtained
using Eqn. (2). However, the data e is needed to be generated using nnn-line?f
transformation [Eqn. (3)]. This requires the use of iterative algorithm using Eqn. (4)- This
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algorithm is Cﬂmlputalinnaiiy casier than injection only algorithm, because here the gain
. T = 7 .
matrix (A W"’) A'W is constant. The concept of decoupling can also be employed in

line flows only algorithm to estimate the state vector x.

b) Estimate two values random variable x by weighted LSE method.

" [WBUT 2014, 2015]
nswcer.

This equation is called the ‘normal equation’ and may be solved explicitly for the LSE of
the vector x as

£=(HH)" HYy il 1)
The eslima!c given in Eqn. (1) is often referred to as the ‘ordinary’ least squares estimate
and ls_obtamf:d by minimising the index function that puts equal weightage to the errors
of estimation of all components of the vector y. It is often desirable to put different
weightages on the different components of y since some of the measurements may be

more reliable and accurate than the others and these should be given more importance. To
achieve this, we define the estimation index as

J=yWy eee (2)
where, W is a real symmetric weighting matrix of dimension mxm. This is often
chosen as a diagonal matrix for simplicity.
It is relatively straightforward to extend the method of LSE to the weighted form of J
and to derive the following form of the normal equation.

HWHx-HWy=0 s [3)
This leads to the desired weighted least squares estimate (WLSE)
$=(HWH)" HWy coee (4)

This pertains to minimisation as the hessian 2HTH is a non-negative definite.

Some Properties:

Rewriting Eqn. (4) as |
i=ky .. (3]

where, k=(HWH)" HW ern (6)

Here the matrix k& depends on the value of H and the choice of ¥ .

Using Eqns. (1) and (6) it is easy to get the relation as follows.
%= KHx+kr=(HWH) (HWH)x+kr

or, x+kr

-
and E{x}= E{x}

.-(8)
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ndependent of columns of H
atisfied Eqn. (8) is called an
ro On an average.

In Eqn. (8) it is assumed that the error is statistically 1

and the vector r has a zero mean. An estimate thai. S
t the estimation error 15 ze

unbiased estimate. This implies tha
X=kr . (9)
The covariance of the error of estimation is therefore given by
P = KRK' 1)

veclor r. Note that the covariance P, is a

where R is the covariance of the error
4 a smaller trace of this matrix is 1o set

measure of the accuracy of the estimation an
ariance matrix is then given by

L.

i = R The optimum value of the error co¥
p,=(HR'H)

6. a) What does load forecasting mean? [WBUT 2017]

b) How load forecasting can be classified?

¢) What are the deciding factors behind load forecasting?
d) What are the different techniques of load forecasting?

e) How load forecasting can be estimated?
Answer:

a) Load forecasting is 2 technique used by power or energy-providing companies to
predict the power/encrgy needed to meet the demand and supply equilibrium. The

accuracy of forecasting is of great significance for the operational and managerial loading
of 2 utility company. '

b) The load forecasting can be classified as:
1. Demand Forecasting and
2. Energy Forecasting

c) Deciding factors behind load forecasting:
e Time factors such as:
— Hours of the day (day/night)
— Day of the week (week day/weekend)
— Time of the year (season)
e Weather conditions (temperature and humidity)
e Class of customers (residential, commercial, industrial, agricultural, public, etc.)
e Special events (TV programmes, public holidays, etc.)
o Population
. Ecnnnn'ﬁr.: indicators (per capita income, Gross national product (GNP), Gross
domestic product (GDP), etc.)
e Trends in using technologies
e Electricity price
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d) Refer to Question p,, 2 of Short Answer Type Questions.

e) Electrical load ﬁ:lrecasting is the estimation for future load by an industry or utility

company™s it has many applications including energy purchasing and generation, load
on, and infrastructure dcvelnpment,

task. First, because the load series is
eral levels of seasonality: the load at a given hour is dependent
not only on the load at the previous hour, but also on the load at the same hour on the
previous day, and on the load at the same hoyr on tite day with the same denomination in

the previous WEE}f- Secondly, there are many important exogenous variables that must be
considered, especially weather- related variables.
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MISCELLANEOUS

Multiple Choice mg_guestiuns

jum gives an energy equlvalent to
natural uranium g VT 2009, 2010

1. One kilogram of
b) 1000 kg of coal

a) 100 kg of coal

c) 500 kg of coal d) 10000 kg of coal

Answer: (d)

2. If the speed regulation of the governor is 4% and the rated frequency is 50Hz,

then the change in frequency is [WBUT 2009]
a)2Hz b) 2 kHz c) 0.5 Hz d) 1.2 Hz

Answer: (a)
3. Low power factor has the drawback(s) of [WBUT 2011]

a) high cost of equipment for a given loa

b) increased transmission & distribution losses
c) poor voltage regulation

d) all of these

Answer: (d)

Short Answer Type Questions

roblems of high VAR loading in a grid? What are the measures

1. What are the p
[WBUT 2011]

adopted in a grid to minimize these problems?
Answer:

The VAR demand of the system varies in wider limits during day and contingent
operating conditions, W hich cannot be supplied by the generators without considerable
voltage drop as they ar¢ generally located far off from the load centres. During off-peak
condition the network experiences over voltages at some location whereas during peak
load condition there is a average low voltage problem.

It has been observed that in certain areas in the grid the voltage of 400 kV busés goes
down as low as 320 kV and the voltage of 220 kV buses goes as low as 165 kV on
account of heavy reactive power drawn by the underlying system. Under such condition
lc-s_s of any line results in further voltage dip account of increased reactive power Josses.
This results in the voltage instability and subsequent grid failure. Several much incidents
had taken place in recent past especially in the Western Regional grid and Souther®
Begmna] grid. This shows the lack of awareness regarding high reactive power demant
in tt}r: system, which is aggravating the low voltage problem in the grid

Baﬁ_lcal ly the reactive power demand in any power system can be mctdin any way ifi
available but the same is not true for the reactive power. Indeed, the reactive pOWe
demand should be met al the demand point itself rather than 1u'zms orting it T
somewhere else in order to maintain good voltage profile. In fact adcquaﬁ: cnmpﬂm““an
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in the network at proper voltage level causes erratic behaviour of the grid and
consequently would hamper the grid security.

Thc major techniques available for compensation in EHV network and thereby voltage
improvement in the network are transformer tap settings, excitation control of generators,
SEries capacitors, shunt capacitors. static var compensators etc.

Long Answer Type Questions

1. Write short note on Economic running of combined Hydro and Steam Power

plants. [WBUT 2017]
Answer:

Economic running of combined Hydro and Steam Power plants:

No country or region is rich in both fuel and hydro resources to generate electricity

economically. So it is essential to combine these resources to get the best results. By
doing so, the following benefits can be achieved.

Flexibility of operation:

The main drawback of a steam power plant is that long time to start up, synchronies the
plant and increase the |oad. Therefore it is essential for steam power plant to be cope with
the rapid rate of increase in load and have necessary margin of safety against breakdown
and other dangerous. In addition to that, to reduce the stresses and strains on boiler joints,
it is essential to have sufficient boiler plant be hot for whole day and night to meet the
peak load requirements. This indicates that there is a continuous loss of energy that can't
be eliminated.

On the other-hand, in hydro-electric power plant the load can be raised from no load to
rated load rapidly because the plant can be run up easily and quickly synchronized. Also
the plant can be capable of withstanding sudden variations in load demand and therefore
it is suitable for peak load operation. If steam and hydro plant are combined in a system,
its operation will be flexible and violent fluctuations of load can be rectified by hydro
plant very easily.

Security of supply: As far as security and reliability of operation for electric supply are
concerned, there is not much to select between these two power plants. Actually
reliability varies for each plant. In case of steam power plant, reliability purely depends
on the supply of coal and in later case, it depends on flow of stream. So combining these
two plants would be more value to reliability compared to individual system,

Improved utilization of hydro-power: During rainy season flow of stream will be more,
S0 that the hydro plant can be able to generate more power meeting the base load and

€nce steam power plant may not produce as much energy resulting in great savings of
Coal. Conversely, during draught periods steam power plzuju produces more power and
hydro power generation is minimum which will result in savings of water in the reservoir.
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ecessary to provide for any unforeseey,

nt: In any power system, sparc plant is n _
or maintenance and repairs of plant takes place. Hydp,
nce than a steam power plang

due to less maintena
d of sparc plant because one can meet the
tageous 0 keep up spare plant even ip

Spare pla
demand due to sudden breakdown

1 is best for use it as spare
is no nee

power plan
is morc advan

But for a combined system. there
sudden unavoidable situation. But it

combined power plants.
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QUESTION 2012

Group - A
(Multiple Choice Type Questions)

1. Choose the correct alternatives for the following:

i) Load factor for a peak load plant is
a)o b) 1
v'c) low d) high

i) Hydel power plant can be used as
a) peak load plant b) base load plant

¥'c) both (a) and (b) d) none of these

iii) Load flow solution is done to calculate
a) generated power by slack bus
b) system parameter
c) bus voltage & active power loss
v'd) bus voltage & phase angle of each and every bus

iv) Demand factor is
a) always greater than 1 ¥"b) always less than 1

c) of any value d) depends upon the system

v) Efficiency of a thermal power plant is

a) 40% b) 60%

c) 80% v'd) 30%
vi) Running cost is high for ...........ccceev v ey ... pOWeTr plant.

v"a) thermal : b) hydel

c) nuclear d) non-conventional
vii) Initial cost is higher for ............... .o ev e, .. pOWeEr plant.

a) thermal v'b) hydel

c) nuclear d) diesel
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vii) Diversity factor ... is good for power generation economics.

a) less than 1 v'b) greater than 1
c) zero d) equals to 1
ix) In load duration curve loads are arranged in
a) ascending order v'b) descending order
c) any order d) a way that depends upon the load curve

x) State estimation is done to know
¥ a) best estimate of voltage magnitude an
b) economic dispatch solution
c) system power loss
d) load fiow solution

d phase angle of each and every bus

Group—B
(Short Answer Type Questions)

2 Discuss the economic justification of the thermal power plants.
See Topic: ECONOMICS OF GENERATION, Short Answer Type Question No. 9.

3. Discuss the various types of Unit Commitment method.
See Topic: UNIT COMMITMENT, Short Answer Type Question No. 5.
4 Define the terms ‘load factor’ and diversity factor' and explain the economic implication of these

factors on the cost of energy generation.
See Topic: ECONOMICS OF GENERATION, Long Answer Type Question No. 2(a).

5. Develop a simple Computational method in economic load scheduling.
See Topic: UNIT COMMITMENT, Short Answer Type Question No. 6.

6. Write down about the different load forecasting techniques.
See Topic: STATE ESTIMATION AND LOAD FORECASTING, Short Answer Type Question No. 2.

Group-C
(Long Answer Type Questions)

7. a) Explain "Flow only algorithm' with required equations.
b) Estimate two values random variables x by weighted LSE method for

1 0 0O 11 0.5
w=|0 05 0 H=|1 0 y=|0.45
0o 0 0l 01 0.51
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a) See Topic: ECONOM)C LOAD DISPATCH, Long Answer Type Question No, 4.
b) See Topic: STATE ESTIMATION AND LOAD FORECASTING, Long
2.

Answer Type Question No.
8. a) Write a short note on ‘ABT"

b) A factory to be set Up is to have a fixed load of 760 kw at 0 8
supply energy at the following alternate rates:

i) LV supply at Rs.32/kVA max demand/annum

pf. The electricity board offers to

+10 paise/xWh
A max demand/annum +10 paise/kWh

BOKVA and Switchgear
depreciation charges for the switchgear

hoursiweek, determine the more econg
a) See Topie: ELECTRICITY TAR] FF
b) See Topic: ELECTRIC ITY TARIFF

losses at full load amount to 5%, Interest,
are 12% of the capital cost |f the factory is to work for 48
mical tariff.

s Long Answer Type Question No. G(h).

» Long Answer Type Question No. 4,

P.-m. and a demand of 3kW at 7p.m. and daily
load factor of 20%. Consumer B has a maximum demand of SkW at 11 a.m., a load of 2K\W at

7p.m. and an average load of 1.20 kw. Consumer C has an average load of 1kW and his maximum
demand is 3kw at 7p.m. Determine :

i) the diversity factor
ii)  the load factor and average load of each consumer

iii)  the average load and load factor of the combined load.

See Topic: ECONOMICS oF GENERATION, Long Answer Type Question No. 9a) & (b).

S expressed? Draw the
coordination equation considering transmission loss.

b) A two-bus system is shown in given
logd, a loss of 15.625 MW is incurred.
cost of received power is Rs.24/MWhr.

A

Pl

flow chart for the solution of

figure. If a load of 125 Mw is transmitted from plant 1.to the
Determine_the generation schedule and load demand if the |

The incremental production cost of the plants are:

L =0.0258 +15, ﬁ"—: 0.05P, +20
dnp, dP.

See Topie: ECONOMIC LOAD DISPATCH, Long Answer Type Question No. 5(a) & (b).

. o 1
1
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11. Write short notes on the following:

a) Unit commitment
b) Cost of power generalio

c} Spinning TESenve. R
e: UNIT {"{}M.\ll‘l‘.\IENT. Long Answer Type Question No. 6(a)-

ONOMICS OF GEN ERATION, Long An
T COMMITME NT, Long Answer Type Question

UESTION 2013

Group-A
pe Qucﬂinns}

n for thermal, hydro, nuclear power plants

a) See Topi No. 11(c).

b) Sec Topic: EC
c) See Topic: UNI

No. 6(b)-

(Multiple Choice Ty

4 Choose the comect alternatives for any ten of the following:

i) Aload curve is 3 plot of
a) load versus generation capacity b) load versus current
v'c) load versus time d) load versus cost of power
ers can provide highest load factor?
b) a continuous process plant
d) a cold storage plant

i) Which of the following categones of consum
v'a) a domestic consumer
¢, 2 stee! melting unit using arc furnace
iii) The incremental transmission loss of a plant is
a) positive aiways
¥'c) can be posttive or negative

b) negative always
d) zero always

iv) Load factor during 2 period is
a) average load / installed capacity

¢) maximum load / average load

v'b) average load / maximum load
d) maximum load / installed capacity

v) Demand faclor is the
a) maximum demand / average demand

c) average demand / maximum demand

v'b) maximum demand / connected load
d) connected load / maximum demand
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vi) If for a given alternator in economic operation mode the incremental cost is given by
dp :
(0.012 p+8)Rs/ MWh . _t?p:_ =0.2 and plant A =25 then the power generation is

a) 1000 MW
c) 750 MW

v'b) 1250 MW
d) 1500 MW

vii) The cost function of a 50 MW generator is given by F(p)=225+53p+0.02p°. When 100%
loading is applied, the IFC will be
a) Rs. 55 per MWh

v'c) Rs. 33 per MWh

-

b) Rs. 55 per MW
d) Rs. 33 per MW

viil) In terms of plant powers p, and p, and loss coefficients B, the total transmission loss p,

is
N N N N
a) Z} Z;Bmp,. b) >, Y.B,.p.
m=l np= m=l  am]
N N N N
Vo)) Y.B.p.p. d) Y. D.28,.p.
m=l =)

ix) At stack bus, which one of the following combinations of variable is specified?
va) |v,d b) P,Q

o pv d O,

x) Normally Z, = matrixis a

a) null matrix b) sparse matrix
v'¢) full matrix d) unity matrix

xi) The incremental cost characteristics of the two units in a plant are
Ic,=0.1p, +8.0 Rs/MWh, Ic,=0.15p, +3.0 Rs/ MWh.
When the total load is 100 MW, the optimum sharing of the load is

P P
v'a) 40 MW 60 MW
b) 33.3 MW 66.7 MW
c) 60 MW 40 MW
d) 66.7 MW 333 MW

PGE-129



wﬂ*ji‘i‘fm”ﬂ:‘ﬁf.‘;wm-'.--4- -

i

A A AN A A AT AT ALAAA

.

-- .-.-.m-a““‘#‘ﬂ‘“ﬂ“ﬂtﬁ'&«(mmﬂum‘ w

POPULAR PUBLICATIONS

xii) If the penalty factor of a plant is unity, its incremental transmission 10ss 1S

a)1.0
¥'c) zero

b)-1.0
d) none of these

Group—-DB
(Short Answer Type Questions)

2 Derive the expression for transmission |oss as a function of plant generation.

See Topic: ECONOMIC LOAD DISPATCH, Long Answer Type Question No. I(a).

3. Explain what do you mean by state estimation of power system. How does it differ from loag

fiow?

See Topic: STATE ESTIMATION & LOAD FORECASTING, Short Answer Type Question No, 3.

4 Discuss the importance of spinning reserve requirements in the solution of unit commitment
problem.
See Topic: UNIT COMMITMENT, Short Answer Type Question No. 7.

ment problem with an economical

-

5 What is unit commitment? Compare an optimal unit commit

load dispatch problem.
See Topic: UNIT COMMITMENT, Short Answer Type Question No. 8.

6. The yearly load duration curve of a power plant is a straight line. The maximum load is 500 MW
and the minimum load is 400 MW. The capacity of the plant is 750 MW. Find:

2) plant capacity factor b) load factor

¢) utilization factor d) reserve capacity.
See Topic: ECONOMICS OF GENERATION, Short Answer Type Question No. 10.

Group-C
(Long Answer Type Questions)

7. a) Discuss the concept of reserves and constraints in the Unit Commitment problem.
b) In a three-plant system the cost functions are given by

F,(P)=500+7P, +0.002F’
F,(P,)=400+6.5P, + 0.0037;
F,(P,) =200+ 7.2F, +0.0067
and the transmission loss is expresses as B ={]_00002P|’ +ﬂ.ﬂﬂ{]{]5P; +0.0001 pJ’. Assume
total load to be 900 MW. Find the economic dispatch schedule.
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a) See Topic: UNIT COMMITMENT, Long Answer Type Question No. 3.
b) See Topic: ECONOMIC LOAD DISPATCH, Long Answer Type Question No. 3(b).

8. a) Explain the process of Short Term Load Forecasting. What information are necessary for the
forecasting process?

b) Describe how a *Predicted load curve® helps a load dispatch engineer planning daily generation
schedule for an interconnected system.

a) See Topic: STATE ESTIMATION & LOAD FORECASTING, Long Answer Type Question No. 4.
b) See Topic: ECONOMIC LOAD DISPATCH, Long Answer Type Question No. 6.

9. a) If measurement vector Af = (07 )[R™"*]JAr™ , derive the estimation of state variable quantities

X~ and X7 in relation to control variables U,.U,, and y,, for three elements of Ar(Af,, M,. M.).

R is the diagonal matrix of the variances in the normal distribution of residual errors

b) Differentiate between Load Curve and Load Duration Curve.

a) See Topic: STATE ESTIMATION & LOAD FORECASTING. Long Answer Type Question No. 3.
b) See Topic: ECONOMICS OF GENERATION, Long Answer Type Question No. 2(b).

10.a) Define and explain the significance of the following terms:

(i) Demand factor

(ii) Diversity factor

(i) Plant used factor.
b) Find the total number of units generated per year, fuel cost per year, total annual cost and
generation cost per kWh from the following data:
Installed capacity = 200 MW, Capital cost = Rs. 3,000 per kW, Interest and depreciation = 12%,
Fuel consumption = 0.9 kg/kWh, Fuel cost = Rs. 70 per 1,000 kg, other operating cost = 30% fuel
cost, Load factor = 80%, Peak load = 170 MW.
See Topic: ECONOMICS OF GENERATION, Long Answer Type Question No. 10(a) & (b).

11. Write short notes on any three of the following:
a) Heat rate and Incremental fuel cost
b) Availability based tariff (ABT)
c) Types of consumers and their tariffs
d) Algorithm for computer solution of ecanomic operation without considering losses in the
system
&) Load sharing between base load and peak load plants.
1) See Topic: ECONOMICS OF GENERATION, Long Answer Type Question No. 12(b).
" b) See Topic: ELECTRICITY TARIFF, Long Answer Type Question No. 7(b)
) See Topic: ELECTRICITY TARIFF, Long Answer Type Question No. 7(d).
d) See Topic: ECONOMIC LOAD DISPATCH, Long Answer Type Question No. 9(c).
t) See Topic: ECONOMIC Load Dispatch, Long Answer Type Question No. 9(d).
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UESTION 2014

Group—A
(Multiple Choice Type Questions)

1. Answer any ten questions.
i) State estimation is done to know
¥ g) bes! estimate of voltage magnitude a
b) economic dispatch solution
c) system power loss
d) load fiow solution

nd phase angle of each and every bus

i) The power generated by two plants are p1 = 50MW, p2 = 40MW. If the loss coefficients are B11

= 0.00% and B22 =0.0025 and B12 = —0.0005 then power loss will be
a) 5.5 MW b) 6.5 MW

v'¢) 45 MW d) 8.5 MW

iii) If the penalty factor of a plant is unity its incremental transmission loss is
a) 1.0 vb) 0
c)-1.0 d) none of these

iv) Load frequency control is achieved by properly matching the individual machine’s
a) reactive power b) generated power
¢) turbine input v'd) turbine and generator rating

v) Frequency variation occurs in power systems due to
v’ a) unbalance between active power generation and load
b) unbalance between reactive power generation and load
¢) unbalance between mva demand and mva generation
d) unbalance between the loadings at different phases

vi) If the speed regulation is 5.1 and the rated frequency is 60Hz then change in frequency is
v'a)3Hz b) 6 Hz
c)5Hz d) none of these

vii) Economic operation of power system is carried out on the basis of
v'a) equal incremental fuel cost b) equal area criterion
c) equal fuel cost criterion d) all units sharing equal power
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viii) Unit commitment is

a) a must before we solve economic operation problem
b) a short term problem of maintenance scheduling

c) more meaningful for thermal units

v'd) all of these

i) For long term hydrothermal problem
a) A head variation can be ignored
b) transmission loss cannot be ignored

c) unit commitment should be taken into account
v'd) all of these

x) For economic operation the generator with highest positive incremental transmission loss will
operate at

a) the highest positive incremental cost of production
b) the highest negative incremental cost of production
v'c) the lowest positive incremental cost of production
d) the lowest negative incremental cost of production

xi) Nuclear power station is normally used for
a) peak load
c) average load

¥'b) base load

d) any load
xii) Which plant can never have 100% load factor?
a) hydro b) coal
v'c) base load d) peak load
Group-B

(Short Answer Type Questions)

2. A consumer has a maximum demand of 200 kW at 40% load factor. If the tariff is Rs. 100/kW of
maximum demand plus 10 paise/kWh, find the overall cost/kWh.
See Topic: ELECTRICITY TARIFF, Short Answer Type Question No. 4.

3. A generating station has a maximum demand of 25 MW, a load factor of 60%, a plant capacity
factor of 50% and a plant use factor of 72%. Find (a) the daily energy produced (b) the reserve
Capacity of plant. )

See Topic: ECONOMICS OF GENERATION, Short Answer Type Question No. 11.
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4. Develop the condition of economic operation of 8 power system considering transmission jjnq

loss.
an No. 3.

See Topic: ECONOMIC LOAD DISPATCH, Short Answer Type Questi

5. Discuss about the ABT tariff
See Topic: ELECTRICITY TARIFF, Short Answer Type Question No. .

6 A constant load of 300 MW is supplied by two 200MW generators, 1 and 2, for which the
respective incremental fuel cost are

P 0.2F; +40
‘fﬂ.‘_ )

9 _02p, +30

dﬁ_: -

e the extra cost incurred in Rs/h if a load of 220 MW is scheduled as Pa, = Pﬁ: =110MwW.

Calculat
See Topic: ECONOMIC LOAD DISPATCH, Short Answer Type Question No. 2.

Group-C
{Long Answer Type Questions)

7 a) A residential consumer has 20 lamps of BOW each connected to his premises. His demand is

as follows:

i) From 12 midnight to 5 am — 40W
ii) From 5 am to 6 pm — na load

ii) From 6 pm to 7 pm = 320

iv) From 7 pm to & pm — 360W and

v) From @ pm to 12 midnight — 160 W
Piot the load curve on plain paper taking x-axis as time and y-axis as demand. Find the av

load, maximum load, load factors and electric energy consumption during the day.
See Topic: ECONOMICS OF GENERATION, Long Answer Type Question No. 6.

erage

b) What is state estimation? How is it relevant to power system operation and control?
See Topic: STATE ESTIMATION & LOAD FORECASTING, Short Answer Type Qu estion No. 1.

8. a) How the transmission loss formula is expressed? Draw the flow chart for the solution of

coordination equation considering transmission loss.
See Topic: ECONOMIC LOAD DISPATCH, Long Answer Type Question No. 5(a).
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b) 1 |
Plant 2
| PG-

‘_l Lead PD;

shown in figure. If 100 MW is transmitted from plant 1 to the load, a

transmission loss of 10 MW is incurred. Find the required generation for each plant and the power
received by the load when the system is Rs. 25/MWH

The incremental fuel cost of the two plants are given below

MGy

A two bus system is

dC

L=0.02F, +16.0 RsMWH
dr, '
dC

2=0.042, +20.0 Rs/MWH
dp, :

Sec Topic: ECONOMIC LOAD DISPATCH, Long Answer Type Question No. 7.

9. a) What are the objectives and requirements of tariff?
Sce Topic: ELECTRICITY TARIFF, Long Answer Type Question No. 2(a).

b) Mention the different types of tariff. _
See Topic: ELECTRICITY TARIFF, Long Answer Type Question No. 2(b).

¢) A factory has an average load of 400 kW at 0.8 p.f. and maximum demand of 500 kW at the

same p.f. The factory is working for 8 hour a day for 300 working days in a year. Two system of
tariff is offered

) High voltage supply at Rs 75 per month per kVA of maximum demand plus Rs 1.15 per kWh
consumed

i) low voltage supply at Rs 80 per month per kVA of maximum demand plus Rs 1.43 per kWh
consumed.

Cost of HV equipment is Rs 900 kVA, losses can be taken as 4% and interest and depreciation of
the HV equipment is 15%. Calculate the annual expenditure for both the systems to find out the
cheaper tariff.

See Topic: ELECTRICITY TARIFF, Long Answer Type Question No. 5.

10. a) What is unit commitment? For which type of power plant it is applicable and why?
b) Describe the following in connection with unit commitment:

i) spinning reserve

ii) must run and must out units

iif) maximum up time and minimum down time
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iv) maximum up and down rate

v) Start-up cost
See Topic: UNIT COMMITMENT, Long Answer Type Question No. d(n) & (b).
11. a) Explain "Line only algorithm" with required equations.

b) Estimate two values random variable x by weighted LSE method.

Sce Topic: STATE ESTIMATION & LOAD FORECASTING, Long Answer Type Question No, 5

& (b).

12. Write s:hurt notes on any three of the following:
a) Load sharing between base load and peak load plants
b) Cost of power generation for thermal, hydro, nuclear and diesel power plant
¢) Active and reactive power optimization
d) Short term load forecasting
e) Predicted load curve
a) See Topic: ECONOMIC LOAD DISPATCH, Long
b) See Topic: ECONOMICS OF G ENERATION, Long Answer Type Question No. 12(d).
¢) See Topic: ECONOMIC LOAD DISPATCH, Long Answer Type Question No. 9(c).
d) See Topic: STATE ESTIMATION & LOAD FORECASTING, Long Answer Type Question No. 4.
See Topic: ECONOMIC LOAD DISPATCH, Long Answer Type Question No. 9(f).

Answer Type Question No. 9(d).

€)

QUESTION 2015

Group-A
(Multiple Choice Type Questions)

1. Answer any ten questions:
i) State estimation is done to know
v a) best estimate of voltage magnitude and phase angle of each and every bus
b) economiic dispatch solution
c) system power loss
d) load fiow solution

ii) A generating unit has an incremental production cost of Rs. 60 per MWh. If the penalty factor for

this unit is 1.2, the incremental cost of power delivered is
v'a) Rs. 50 per MWh b) Rs. 72 per MWh
¢) Rs. 61.20 per MWh d) Rs. 48 per MWh
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iif) %i:h plant can never have 100% load factor?
a) hydro

b) coal-fired
v'c) base load

d) peak load

iv) Short term load forecasting is for

a) state estimation b) planning for generation growth

c) allocation of spinning reserve

¥'d) contingency analysis
v) Load factor for a base Ioad plantis
a)0 b) 1
c) low ¥'d) high

vi) In transmission |oss representation, the loss depend upon
a) generation b) load

¥'c) transmission parameters d) total power system

vii) Power system state estimation is normally a
a) linear problem

b) nonlinear problem
¥c) quadratic problem

d) none of these

vii} A generating station which has a high investment cost is usually operated as
v'a) peak load station b) off load station
c) base load station d) none of these
ix) A system has 5 generators each havi ng a capacity of 400 MW. If 4
while the system load is 1300 MW. The spinning source is
a) 700 MW ¥'b) 300 MW
c) 400 MW d), 1600 MWV

of the generators are running

X) If the speed regulation is 5.1 and the rated frequency is 60 c/s, then the change is frequency is
...fa:l‘ 3cls b)6 c/s

c)5Scls ) d) none of these

xi) Normally Z bus matrix is a
a) null matrix b) unity matrix
c) sparse matrix ¥'d) full matrix
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Group-DB
(Short Answer Type Questions)
2. Derive the expression for transmission loss as @ function of plant generation.
See Topic: ECONMIC LOAD DISPATCH, Long Answer Type Question No. 1(n).

3 Discuss the various types of unit commitment method.
See Topic: UNIT COMMITMENT, Short Answer Type Question No. 5.

4. Briefly explain the vanous cost components of energy generation.
See Topic: ECONOMICS OF GENERATION, Short Answer Type Question No. 1.

5 \Wnat are the objectives and requirements of a power utility tariff system?
See Topic: ELECTRICITY TARIFF, Short Answer Type Question No. 2(a).

§ Classity the different expenditures of a power utility having generation transmission and
distribution in three categories I.e., fixed, semi fixed and running charges.
See topic: ECONOMICS OF GENERATION, Short Answer Type Question No. 12.

7 The fuel costs in Rs/hr for the three therm al units are given by.
F(P)=300+7H +0.004P*Rs./ hr.
F.(P)=450+17.3P, +0.0025P; Rs./ hr.
F,(P,)=600+6.6P, +0.003P Rs./ hr.

P, P.. P, are in MW. Find the optimum schedule and compare the cost of this to the case when the

generators share the load equally if the demand is 500 MW. Neglect losses.
Sce Topic: ECONOMIC LOAD DISPATCII, Short Answer Type Question No. 4.

Group-C
(Long Answer Type Questions)

8. 2) A residential consumer has 20 lamps of 80 W each connected to his premises. His demand is
as fellows:

(i) From 12 midnight to Sam —40W

(ii) From 5am to 6pm — no loac

(iii) From 6pm to 7pm =320W

(iv) From 7pm to 9pm —360W and

(v) From 8pm tc 12 midnight —160W
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Plot the load curve on plain paper taking X-axis as ime and Y-axis as demand. Find the average
load, maximum load, load factors and electric energy consumption dunng the day.

(b) What is state estimation? How it is relevart lo power system operation and control?

a) See Topic: ECONOMICS OF GENERATION, Long Answer Type Question No, 6.

b) See topic: STATE ESTIMATION AND LOAD FORECASTING, Short Answer Type Question No.
s

9. a) Briefly discuss TOD tariff and ABT.

b) The following data are related to a power generating station
(i) Max demand 50 Mw

(ii) Capital Cost Rs. 150 x 10°
(ili) Taxes, wages and salaries - Rs. 5 x 10°
(iv) Interest and depreciation — 10%

(v) Annual fuel cost is Rs. 8 x 10° when annual Load Factor is 50% and the fuel costis Rs. 9 x
10® when the Load Factor is §0%

Compare the generation cost per unit with improved Load Factor
See Topic: ELECTRICITY TARIFF, Long Answer Type Question No. 6(a) & (b).

10. a) Discuss the solutions of unit commitment problem.

b) The economic dispatches of the plants of power system are 383 MW, 335 MW and 122 MW.
The incremental costs are

IC, =7.92+0.003125P
IC, =7.85+0.00388 P,
IC, =7.97+0.00964P,

The load increases by 50 MW. Find the modified schedules using partition factor.
a) Sce Topic: UNIT COMMITMENT, Long Answer Type Question No. 5
b) See Topic: ECONOMIC LOAD DISPATCH, Short Answer Type Question No. 1.

11. a) Explain "Line only algorithm® with required equations.

b) Estimate two values random variables x by weighted LSE method. _

See topic: STATE ESTIMATION & LOAD FORECASTING, Long Answer Type Question No. 5(2) &
(b).

12. Write short nates on any two of the following:
a) Spinning Reserve
b) Cost of power generation for thermal, hydro, nuclear and diesel power plant,
c) Constraints of power plants
d) Site selection of nuclear power plant
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Answer Type Question No. 7(b).

10N, Long Answer Type Question No. 12(d).
swer Type Question No. 12(e).
swer Type Question No. 12(D).

a) See Topic: UNIT COMMITMENT, Long
b) See Topic: ECONOMICS OF GENERAT
¢) See Topic: ECONOMICS OF GENERATION, Long An
d) See Topic: ECONOMICS OF GENERATION, Long An

QUESTION 20 17

Group—-A
(Multiple Choice Type Questions)

1. Choose the comect alternatives for any fen of the following:

i) Gas turbine can be brought to the bus-bar from cold in about
b) 30-minutes

d) 2-hours

v'3) 2-minutes
¢} 1-hour

i) A synchronous generator has higher capacity for

v a) Leading p.f. b) Lagging p.f.
c) Unity p.f. d) It does not depend on p.f

an infinite bus of 1.0 p.u. voltage. If

iii) An alternator having induced emf of 1.6 p.u. is connected to
the maximum power that

bus-bar reactance of 0.6 p. u. and alternator has reactance of 0.2 p.u,,
can be transferred is given by
a)8pu
c) 2.67 pu d)5.0p.u

v'b) 2 p.u.

iv) Annual depreciation cost of a plant may be calculated by
a) straight line method b) sinking fund method
c) diminishing value method v'd) any of these

v) Domestic consumers are usually charged

a) Flat demand tariff v'b) Block-rate tariff
c) Flat rate tariff d) Off-peak tariff
vi) The cost of generation is theoretically minimum if
a) The system constraints are considered b) The operational constraints are considered
c) both (a) and (b) v'd) the constraints are not considered
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vii) The most appropriate operating speeds n r.p.m of generators used in Thermal, Nuclear and
Hydro power plants would respectively be

a) 3000, 300, 1500

¥'b) 3000, 3000, 200
c) 1500, 1500, 3000

d) 1000, 900, 750

viii) If the penalty factor of a plant
a) 1.0

v'c) zero

IS unity, its incremental transmission loss is
b)-1.0
d) none of these

ix) For economic operation, the generator with
operate at

highest positive incremental transmission loss will

¥"a) The lowest positive incremental cost of production
b) The lowest negative incremental cost of production

c) The highest positive incremental cost of production
d) None of these

x) The maximum demand of a consumer is 2 kw and his daily energy consumption is 20 units. His
load factor is

a) 10% v'b) 41.6%
c) 50% d) none of these

xi) In a two plant system, the load is connected to plant 2. The loss coefficients
a) 8,,,8B,,, B,, are non zero

b) B,, and B,, are non zero but B,,is zero
c) B,,and B,,are non zero but B,, is zero

¥'d) B,,is non zero but B,,and B,, are zero

Xii) In the optimum generator scheduling of different plants, the minimum fuel cost is obtained when
v"a) Only the incremental fuel cost of each plant is the same
b) The penalty factor of each plant is the same
¢) The ratio of the incremental fuel cost to the penalty factor of each plant is the same
d) The incremental fuel cost of each plant multiplied by its penalty factor is the same
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Group—B

(Short Answer Type Questio ns)

traints with emphases to Minimum Up Time, Minimum Down Time ang
d ‘Banking’ of Boilers?
Answer Type Question

2 Explain Thermal Unit cons
Crew Caonstraints Whatis ‘cooling’ an
See Topic: UNIT COMMITMENT, Short

No. 9.

g-Reserve with example of each. Explain their

3 Explain Cold-Reserve, Hot-Reserve, Spinnin

significance P
Sce Topic: ECONOMICS OF GENERATION, Short e\.nm\'cr___Tj'pt Question No- 13.

A What is load-curve and load-duration curve? Explain their significance in power generation

economics
See Topic: ECONOMICS OF GENERATION, Short Answer Type Question No. 14.
the problems can be settled?

load dispatch. How
5.

5 Explain the problems of economic
H. Short Answer Type Question No.

Sec Topic: ECONOMIC LOAD DISPATC

r System? What is the name of Indian
terconnected in Indian power System?
n included?

advantages of interconnected powe
any Zones are in
ich zone West Bengal has bee
Short Answer Type Question No. 6.

& What are the
interconnected power system? How m
What zre the names of those zones? Inwh
See Topic: ECONOMIC LOAD DISPATCH,

Group-C
(Long Answer Type Questions)
| unit commitment

7. a) What is unit commitment? What is optimal unit commitment? How optiona

problem can be solved by Dynamic Programming Method?
b) A power system has four generating units listed in the Table below.
Tzble: Generating unit parameters for the system

Unit No.  Capacity (MW) Cost curve parameters (d=0)
Min Max a (Rs/MW) b (Rs/MW)
1 1.0 12 0.77 23.5
2 1.0 12 1.60 265
3 1.0 12 2.00 30.0
4 1.0 12 2.50 32.0
dis the fixed cost. It is required to determine the most economical units to be committed fora load
t of operation of thé

of 9 MW. Let the load change in steps of 1 MW. Find also the minimum cos

committed units.
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See Topic: UNIT CO MMITMENT, Long Answer Type Question No. 6.

8. a) What does load ferecasting mean?

b) How load forecasting can be classified?

c) What are the deciding factors behind load forecasting?
d) What are the different techniques of load forecasting?
e) How load forecasting can be estimated?

See Topic: STATE ESTIMATION AND LOAD FORECASTING, Long Answer Type Question No. 6.

9. a) How input-output curve of a generator can be represented? Explain the efficiency and Heat-
rate (H.R.) curve -

b) If n-number of generators are running in parallel, then under what conditions, cost of generation
will be minimum?
c) The input-output curve of a 10 MW station is expressed as follows:

I=4x10° (10 +8L + U.dL"]where l'is the input KJ/fhour and L is the output in MW

(I} Without plotting any curve find the load at which the minimum efficiency occurs?
(if). Find the increase in input required to increase the station output from 3 to 5 MW by means
of input-output curve and also by incremental rate curve.
See Topic: ECONOMIC LOAD DISPATCH, Long Answer Type Question No. 8.

10. a) A total fixed load p is to be delivered by a generating station having two generators A and 8
running in parallel. Establish how the generators will share the load, so that total input becomes
minimum, when both have same fuel costs and different fuel costs.

b) Two generating plants A and B are interconnected by a transmission line. Plant A is supplying its
local load from its Bus, as well as also supplying some power to plant 8 through the interconnected
transmission line, so that plant B can meet up its local load demand at its Bus. Establish how the
incremental production cost at Bus-bar of plant 8 can be estimated?

c) The fuel input per hour of plant A and Plant B are given as:

F,=0.2P; + 40P, +120Rs. per hour

F, =0.2P; +30P, + 200Rs. per hour
“ Determine the economic operating schedule and the comesponding cost of generation, if the
maximum and minimum loading on each limit is 100 MW and 25 MW. The demand is 180 MW and
transmission losses are neglected. If the load is equally shared by both the units determine the
saving obtained by loading the units as per equal incremental production cost
See Topic: ECONOMICS OF GENERATION, Long Answer Type Question No. 11.
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11. Write the short notes any three of the following:
a) How to reduce power generation cost?

b) Availability tariff and

c) Lagrangian Multiplier () and its Physi
d) Factors Affecting Economics of Gener

g) Economic running of
CONOMICS OF G ENERATION, Long An

a) See Topic: E

b) See Topic: ELECTRICITY TARIFF, Long

¢) See Topic: UNIT COMM
d) See Topic:
¢) See Topic:

ECONOMICS OF G ENERATION, Long
ECONOMICS OF G ENERATION, Long Answer

Availability Based tariff

ation and D
combined Hydro and Steam

Answer Typ
ITMENT, Long Answer Type

PGE-14

Answer Type

cal significance

istribution of Power

Power plants.
swer Type Quecstion No. 12(g).

¢ Question No. 7(c).

Question No. T(c).

Question No. 12(h).
Type Question No. 1.
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