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Abstract—The install ed capacity gets reduced due to planned
and forced outages. The apacity on bars is further reduced
due to various generation constraints which include problems
with plant auxiliaries, fuel shortages, bad quality of fuel etc.
The generation constraints have an impact on the avail abili ty of
generation and leads to severe power shortages espedally in
developing countries. By managing the generation constraints,
the daily load shedding can be minimized to agreat extent. The
generation constraints have greater influence than major grid
disturbances which occur once or twicein a year. The paper
discuses in detail the extent of generation constraints in
Western regional grid of India and suggests recommendations
to overcome these. A case study of major grid disturbancethat
occurred on 30" July, 2002 is discussed in the paper which
highlights the dfed of generation constraints on the pre-fault
conditions.

Index Terms—Generation constraints, System blackout,
Voltage @llapse and Restoration.

I. INTRODUCTION

A sizedle anount of generation is lost due to generation
constraints. The generation constraints include problems
with plant auxiliaries, fuel shortages, problems related to
quality of fuel, high frequency, reduction of adive power
generation due to transmisson line outages, generation
reduction due to high frequency, minor and major grid
disturbances etc. Due to planned outages, forced outages
and generation constraints, about 70% of the installed
cgpadty is only available to med the loads thus leading to
shortages and load shedding. Western region of India
suffers from a deficit of 6000 MW and consumer load is
shed in order to med this large deficit. With an installed
capadty of 31964MW (as on 30" June, 2004 in Western
region, the pe&k demand met is only of the order of 24000
MW whereas the demand of the region is of the order of
30000MW.

The generation constraints have been examined for all
the generating stations of Western region from three yeas
data viz.,200001. 200202 and 200203. In 200102, grid
disturbances acounted for hardly 213 Mus, out of 29225
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Mus lost due to all the fadtors described above. Similarly, in
200203 (in five months from April 2002to August 2002,
84 Mus acounted for grid disturbances out of total loss of
generation of 11113MUs on al the fadors. The paper aso
discusses various other constraints faced by generating
stations due to which the generation availability was
seriously hampered.

A case study of generation constraints was aso
undertaken to examine the impad of generation constraints
on the grid disturbance of 30th July, 2002 The generation
constraints have been studied for ead of the power stations.
Out of effedive total installed capadty of 31186 MW in
Western region, 23454 MW cgpadty was on bars on
30.07.02 acournting for the planned and forced outages.
However, the total generation available to med consumer
load was only 19578 MW. A staggering 4830 MW
generation was lost due to various constraints including
shortage of water in the reservoirs prevailing on the day.
These mnstraints coupled with ladk of hydro generation led
to cgpadty shortage and low frequency prevailed around 48
Hz on that day. The entire Western regiona grid coll apsed
due to onset of further loads during evening pe&k hours as
frequency fell further to 475 Hz and the generating urits
tripped on urder frequency protedion. The loss of
generation due to the grid dsturbance on 30.7.02 was
computed (the procedure explained in the paper) works out
to 234MUs. Thisisequivaent to lossof Rs.50 croresto the
generating stations on acwournt of non availability of
generation and more than Rs.1000 crores to the Indian
emnomy. These gtatistics on bladouts appea dramatic and
significant due to sudden impad on normal life. But what is
not adequately addressed is the generation constraints that
cause reduced availability leading to load shedding and
power cuts every day. In 200102, the generation lost due to
constraintsis gaggering 3336 MW.

The paper describes a cae study in which analysis in
detail was caried out on generation constraints at various
power stations and loss of generation due to the grid
disturbance The paper aso dscusses  generation
constraints related to various problems that are caising load
shedding in the region on a daily basis. The paper aso
gives sme recommendations for managing the cnstraints.
If 10% more generation is made avail able by managing the
constraints, additional 3000 MW consumer load can be met



which can reduce the power deficit to a large extent. This
would also save investment of more than Rs.12000crores.

II. GENERATION CONSTRAINTS

Even though the installed capadty of Western region is
31964 MW, the pe&k demand met is of the order of 24000
MW only. Table-l gives details of installed cgpadty and
pesk demand met in Western region since 199192,

TABLE-1 RATIO OF PEAK DEMAND MET TO EFFECTIVE CAPACITY

EFFECTIVE
INSTALLED PEAK DEMAND
YEAR CAPACITY (MW) MET(MW) %

199192 20952 13585 64.84%
199293 22176 14663 66.12%
199394 22652 15553 68.66%
199495 24030 16760 69.75%
199596 24601 17644 71.72%
199697 24853 18417 74.10%
199798 26244 20402 77.74%
199899 26984 20926 77.55%
99-2000 30400 22373 73.60%
200001 31013 22334 72.01%
2001-02 31186 23574 75.5%%
200203 31251 23907 76.50%

The pe&k demand met is about 76% of the installed
cgoadty. The reduced availability of generation is due to
planned outage of generating urnts for maintenance
works(annual overhaul and cgpital overhaul), forced outage
of generating urits, partial outages (non avail ability of some
auxili aries) and generation constraints. Table-Il list out the
generation constraints and the lossof generation due to these
constraints.

TABLE Il  GENERATION CONSTRAINTS
(ALL FIGURESIN MUs)

Problem 200203 200102 200001
(WR) (C.9) (WR) (C.9 (NTPC)

Auxili ary 2220671 1280663 8651257 5508221 4904687

problem

Coal/Gas 2517422 762362 4046669 683647 2950476

shortage

Coal/Gas 45351 0 2786981 1484887 62357

problem

High 505163 185625 1916922 986.387 50.738

frequency

Line outage 18536 1.861 5127 3.123 0

Line 0 0 0 0 0

constraints

Grid 84.021 0 212769 0 0

disturbance

Other 5313686 | 0 1159528 0 0

reasons

Tota 1111301 | 2230511 | 2922515 767988 8529471

The data used for analysig[1] consists of all the generating
plants in the region for the year 2001-02, and for five months
(April '02-August '02) in the yea 200203 and Nationa
Thermal Power Corporation (NTPC) plants only for the yea
200001 In 200102, the loss of generation due to
congtraints is 29225MUs which works out to 3336MW at
100% load fador which is substantial. This is around
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10.69% of the installed cgpadty in that yea. Analysis of
Table-ll reveds:

1) In 200102, 29225 Mus of energy islost (could not be
generated) due to various constraints listed in Table-l.
At 100% load fador, the energy lost is equivalent to
3336MW (10.7% of install ed cgpadty).

2) In200203, 11113Mus of energy islost due to various
constraints in five months (3672 Hrs) which is
equivaent to 3026MW (9.68% of install ed capadty) at
100% load fador.

3) In 200001, 8529Mus of energy is lost due to various
constraints which is equivalent to 974MW (17.2% of
install ed capadty of NTPC stations).

4) In general, about 10% of the cgadty on bars is
unavail able/unuilized due to the mnstraints listed in
the table.

5) Generation cgpadty not avail able (baded dovn) due to
the line outages is a minor fador.

6) Generation reduction due to high frequency conditions
in the grid acounted for lessthan 1% of the cgadty
on bars and this problem has become insignificant after
01.07.2002 due to the introduction of ABT in Western
region.

7) Fuel (codl/gas) related problems acounted for
significant loss of generation with about 318 MW
generation lost during 200102 and 123 MW during
five months in 200203. The problem is more during
the rainy season when problems such as conveyor belt
problem, wet coal problem, coa mill problems, poar
quality of coa are generally predominant.

8) The wal/gas dortages acounted for 22.6% of the
generation lost in 200203 (685 MW); 13.8% in 2001
02 (462 MW). The gas based power stations of Uran,
Kawas and Jhanor were dfeded due to non avail ability
of gas.

9) The generation lost due to grid disturbances was aso
insignificant (lessthan 1%).

10) The most significant fador contributing to reduction of
cgpadty on bars is due to problems with the auxili aries
— 295% in 200102 & 20% in 200203. The main
problems encountered with auxiliaries include boiler
feed pump problems, Induced draft (ID) fan problems,
Eledrostatic Predpitator (ESP) problem, Primary Air
(PA) fan problem etc.

Other Constraints

1) The other problems reported to have been due to
reduction of adive power for generating readive power
(during Rabi season/agricultural season), raw water
problem due to drying yp of rivers, coading tower
problems, conveyor belt breskdowns etc.

2) The hydro generation constraints are predominantly
dueto lesswater in the reservoirs due to poa monsoon.

3) Commercia problems also acount for bottling Y of
generation. Surplus generation avail able with some of



the licensees in Maharashtra could not be utili zed. This
problems are likely to be solved with the introduction
of Intra-State Availability Based Tariff (ABT) in
Maharashtra.

Generation at power stations operating on Naphtha ae
not dispatched due to high cost of fuel.

4)

The later two have not been included in the data given in
Table-ll.

III. CASE STUDY OF GRID DISTURBANCE ON
30.07.2002

Western Regional Grid demand had gone up from 13th of
July, 2002 with stoppage of rains and regiona reguirement
increased by more than 20% compared to that during the
same period d previous yea. Availability of power, on the
other hand, had actually come down due to multi ple thermal
outages. Anticipating rorma monsoon, number of thermal
units were taken out for planned maintenance & per the
annual overhaul plan. However, due to dry spell after first
week of July, the demand shot up espedally due to running
of agriculture pump sets.  Capadty under outage in the
regiona grid was in the range of 6000to 6500MW. On
30.7.02, the total cgpadty under planned and forced outage
is as high as 6067 MW. This includes 1395MW of bottled
up power at Dabhol (740 MW) and units not scheduled at
Gujarat Paguthan Energy Corporation (GPEC) (655 MW)
under planned outage and 1675MW under forced outage.
Hydel avail ability had also reduced due to depleted reservoir
levels. Hydro generation is less than half of the installed
cgpadty even during pe&k hours. The hydro generation
during pe&k hours is around 2280MW whereas the install ed
hydro cgpadty is4342 MW. About 2761MW generation is
not available due to paertial outages/constraints at thermal
and gas power plants out of the installed cgpadty of 26084
MW (10.6%). The availability works out to about 19578
MW against install ed cgpadty of 31186MW (excluding 589
MW wind power). All these fadtors had contributed to large
gap between demand and availability (shortfal of about
5000 MW) lealing to continuous low frequency operation
from 13th July, 2002 as the load shedding done is of the
order of only 4000 MW against the required quantum of
5000 MW. The generation constraints[2] and loss due to
these constraintsisdetailed in Tables-1ll & V.

TABLE -l SUMMARY OF LOSSOF GENERATION FOR 30.07.2002
Power Station Derated Capadty Generation Gen.loss
/ Unit Capadty on ber on 307.02 dueto
(MW) (MW) (MW) constraints
(MW)
Gujarat
Total (H) 547 150 150 397
Total 70881 4564 3980 584
(Thermal)
Total (H+T) 76351 4714 4130 981
Madhya
Pradesh
Total (H) 801 184 184 617
Total 21475 14075 1191 2165
(Thermal)
Total (H+T) 29485 15915 1375 8335
Chhattisgarh
Total (H) 120 120 70 50
Total 1240 1040 969 71
(Thermal)
Total (H+T) 1360 1160 1039 121
Maharashtra
Total (H) 289138 285138 1773 100538
Total(Thermal) | 9878 7527 6085 1451
Total (H+T) 1276938 | 1037838 | 7858 245638
Central
Sedor
Total NPC 760.00 76000 65200 10800
Total NTPC 567359 4810 4484 330
Western
Region
Hydro | 435938 330538 2177 206938
Thermal | 2606699 | 193883 16749 26%2.5
Nuclear | 760.00 76000 65200 10800
Grand Total 3118637 | 2345368 | 19578 482988
TABLE-IV LOSSOF GENERATION DUE TO CONSTRAINTS ON
30.7.02
(PLANT-WISE)
Gen.loss
Derated Gen.on due to
Power Cap. ICap.on bar(30.7.02 lconstraints
Station / Unit (MW) (MW) (MW) (MW) Remarks
Gujarat
Hydro
Ukai(H) 30000 15000 15000 15000
Ukai LBCH 5.00 0.00 0.00 500 |Low reservoir levels
Kadana 24000 0.00 0.00 24000
Panam canal 2.00 0.00 0.00 2.00
[Total (H) 547.00 15000 15000 397.00
IThermal
IAECO 49000 45750 41800 3950 |
Dhuvaran 56100 23050 65.00 16550 |Furnaceoil shortage
Ukai(Th) 85000 | 32000 | 28000 40.00 |Ageing of units 1&2
Gandhi Nagar 87000 75000 67800 72.00 |Raw water problems
& Coal problems
anakbori 147000 | 147000 | 140800 62.00 |Coal related problems
Utran 17400 174.00 85.00 89.00
Sikka 24000 12000 12000 0.00
Kutch Lignite 21500 0.00 0.00 0.00
IPPs
GIPCL 30500 30500 26500 40.00 (Gas dortage
Surat Lignite 25000 12500 12400 1.00 |
Essar 51500 51500 44000 7500 |Gas shortage
GPEC 65500 0.00 0.00 0.00 |Not scheduled due to
high cost of Naphtha
Hazra GSEG 15610 0.00 0.00 0.00
RPL 24000 0.00 0.00 0.00
Import from GACL|  97.00 97.00 97.00 0.00
Total ( Thermal) 708810 | 456400 | 398000 584.00
| Tota(H+T) 763510 | 471400 | 413000 98100
M adhya Pradesh
Hydro 80100 18400 18400 61700 |Low reservair levels




Gen.loss
Derated Gen.on due to
Power Cap. Cap.on bar(30.7.02 constraints
Station / Unit (MW) (MW) (MW) (MW) Remarks
[Thermal
IAmarkantak 29000 17000 13000 40.00
Satpura 101750 | 39750 37100 2650 (Coal mill problems
S.Gandhi TPS 84000 84000 69000 15000 |Coa mill problems&
Sili ca ontent high
[Total Thermal 214750 | 140750 | 119100 21650
Total (H+T) 294850 | 159150 | 137500 83350
ICHHATISGARH
Hydro
Hasdeo Bango 12000 12000 70.00 50.00 |Low reservoir levels
[Thermal
Korba (E) 40000 20000 17400 26.00 |Coal related problems
Korba(W) 84000 84000 79500 4500 [Coal related problems
[Total Thermal 124000 | 104000 | 96900 71.00
Total(H+T) 136000 | 116000 | 103900 12100
MAHARASHTRA
Koyna 196Q00 | 192000 [ 133200 58100 [Low reservoir levels
Tata Hydro 44700 447,00 37400 -
ISmall Hydro 484.38 484.38 60.00 42438 [Low reservoir levels
[Total(H): 280138 | 285138 | 177300 | 100538
[Thermal
Nasik 91000 70000 57500 12500 |Coal related problems
[Trombay 133000 | 133000 | 130700 2300 |
Koradi 1-4 108000 | 75500 62600 12900 |Coal related problems
Bhusawal 47800 42000 34200 7800 [Coal related problems
Parli 69000 69000 38800 30200 [Coal problems &
adive energy badk
downto generate
readive energy
Paras 58.00 0.00 0.00 0.00
Non-avail abili ty of
Uran 91200 91200 417.00 49500 [gas
IChandrapur 234000 | 163Q00 [ 140900 22100 |[Coal problems &
Poll ution control
norms & ESP
problems
K aperkheda 84000 84000 76200 7800 [Coal related problems
Dahanu-1& 2 50000 25000 25900 -
IPP
Dabhol PH - | 74000 0.00 0.00 0.00  [Not scheduled
[Total Thermal 987800 | 752700 | 608500 1451.00
[Total(H+T) 1276938 | 1037838| 785800 | 245638
Goa, Reliance 39.80 39.80 40.00 0.00
power, Salgoancar
Central Sedor
NPC
[Tarapur 32000 32000 30000 20.00
Coodling water
K akrapar 44000 44000 35200 88.00 roblem
[Total NPC 76000 76000 65200 10800
NTPC
KorbaSTP S 210000 | 192000 | 187000 50.00 |Poor quality of coal
indhyachal STPS| 226000 | 185000 | 181200 50.00 [Poor quality of coal
Kawas 656.20 54000 43200 10000 (Gas shortage
(Gandhar 657.39 50000 37000 13000 [Gas hortage
Total NTPC| 567359 | 481000 | 448400 33000
estern Region
Hydrg 435938 | 330538 | 217700 | 206938
Thermal| 2606699 | 1938830 | 1674900 | 265250
Nuclea] 76000 76000 65200 10800
Grand Total| 3118637 | 2345368 | 1957800 | 482988

The hydro generation constraints mainly comprise low

reservoir level (2069 MW).

In resped of therma and gas

based powver stations, the following constraints have been

reported:

» Shortage of gas (840 MW a GIPCL, Essr, Kawas,
Jhanor, Uran)
» Coal related problems (843MW at Korba, Vindhyadal,
Wanakbori, Korba East, Korba West, Nasik, Koradi,
Bhusawal, Khaperkheda & Perli).
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» Coal mill problems and high silica ontent in coal (177

MW at Satpura and Birsinghpur)

Furnaceoil shortage (166 MW at Dhuvaran)

Raw water shortage (72 MW at Gandhinagar)

Pollution control norms and ESP problem (221 MW at

Chandrapur)

» Codlingwater problem (83 MW at Kakrapar)

> Active power badked down for readive power
generation (102MW at Parli)

» Not scheduled due to high cost of Naphtha(655 MW at
GPEC)

» Others (257MW)

Y V VY

Under continuous low frequency conditions, the States in
the region have been overdrawing at low frequency and
consequently reduced the seaurity levels. The States in the
region were unable to carry out scheduled load shedding as
per the scheme worked out by Western Regional Load
Despatch Centre (WRLDC). System frequency touched 48
Hz more than 50 times ead day from 28th July onwards.
On 30.7.02, system frequency touched 48 Hz on 74
occasions. The antinued low frequency operation around
48 Hz led to bypassng of the under frequency relays by the
constituents in view of repeaed under frequency (UF) relay
operations and consumer protests.

On 30.07.2002 during evening pe& hours, Western
region was cdering to a demand of around 19900MW with
a load shedding of 3900 MW with frequency hovering
around 48 Hz[3]. Table-V shows the details of utility-wise
catered demand and load shedding in the region during
evening pe&k hours. A comparison of utility-wise load
shedding and generation constraints indicates the impad of
generation constraints on load shedding.

TABLE-V PRE-FAULT CONDITIONS

S. CONSTITUENT | CATERED LoAD GEN.
No DEMAND SHEDDING CONSTRAINTS
(MW) MW) (MW)
1. CSEB 1100 100 121
2. GEB 6000 1000 981
3. MP3EB 3150 1000 834
4, MSEB 9550 1800 2456
5. GOA 100 NIL NIL
TOTAL 19900 3900 4392

* Additional constraints at Central Sedor stations amount
to 438MW.

At 1930 hrs, system frequency was 48.2 Hz and the
frequency decayed to 4760 Hz by 1932 hrs. Madhya
Pradesh State Eledricity Board(MPSEB) was overdrawing
by 470 MW and Maharashtra by 90 MW. Gujarat caried
out distress load shedding of 150 MW immediately and
frequency improved to 4860 Hz. However, MPSEB's
overdrawal continued and increased upto 700MW. At 2007
hrs, system frequency was 48.30 Hz and system frequency
decyed steaily to 47.59 Hz in about 4 minutes. At this



time, the onset of pe&k load in Gujarat started. Some of the
hydro stations in Maharashtra and M.P also withdrew units
at this time due to reduction of demand in these States. The
U.F relays (discrete) at 48.2 Hz and 47.9 Hz did not operate
apparently as the relays are bypassed o the feeders with UF
relays were tripped for manua load shedding. The
congtituents aso could not read to falling frequency by
carying out distressload shedding. Distressload shedding
or U/F load shedding of even 150 MW could have saved the
system.

At 201126hrs. Western Regional Grid frequency dipped
to 4759 Hz due to overdrawal of MPSEB by 500 MW
(Schedule 1246 MW, Drawal 1750 MW). As frequency
touched 476 Hz, the isanding schemes of Tata Power
Company (TPC) /Reliance Energy Ltd (REL), Kakrapar,
Ahmedabad Eledric Co.(Gas) and Gujarat Industrial Power
Corporation Ltd (GIPCL) Stage-| operated. Utran urits and
Jhanor units went on house load and survived.

With all the four islanding schemes operated, the rest of
the grid lost about 180 MW. At 2011 hrs. the system
stiffnessof WR grid is around 650MW per Hz. The lossof
180 MW resulted in frequency going below 47.5 Hz and a
number of gas, thermal and nuclea generating urits at
Tarapur Atomic Power Station (TAPS) tripped in cascade
due to operation of generator under frequency protedion (set
at 47.5 Hz).

TABLE VI LOSS OF GENERATION DUE TO GRID DISTURBANCE ON

30.07.2002
(All figuresin MUs)
Gen. Total Total |Genlost
State/ on |Gen. on|Gen. on| gen. of |Gen. on| Gen on | Gen on |gen of 3| dueto
system [27.7.02/28.7.02|29.7.02| 3 days |30.7.02|317.02| 1.8.02 | days |grid dist.
@1l e (©)] Q) ©)] © @ ® | #E®

GEB 80.84 | 79.74 | 84.85 | 24542 | 74.80 | 5649 | 7819 | 20948 | 35.94

MPSEB | 3413 | 4040 | 3281 | 107.34| 2822 | 1646 | 3171 | 7639 | 30.96

CSEB | 27.54| 26.08 | 2328 | 7690 | 20.14 | 2005 | 2610 | 6629 | 1061

MSEB |16421| 15674 | 16318 | 48413 | 13948 | 96.25 | 15445|39019| 9394

Goa 078 | 078 | 073 | 229 | 0.00 | 0.74 | 0.79 | 153 0.76

NTPC |11775| 11358 | 11433 | 34566 | 9813 | 8580 | 117.00| 30093 | 44.73

NPC 1809 | 17.69 | 1680 | 5258 | 1365 | 945 | 1279 | 3589 | 1668

Western

Region |44333| 43501 | 43598 |131432| 37443 | 28523 | 42104 [108Q70] 23363

The loss of generation due to this mgjor grid dsturbance
has been computed by comparing the generation avail able
(from the units on bar on the day of the occurrence) three
days prior to the occurrence and three days from the day of
the occurrence (including the day of occurrence) as total
normalizaion took around three dayg2]. The detailed
cdculation is swown in Table-VI. the lossof generation is
around 23363 MUs which is equivalent to 9735MW.

IV. CONCLUSIONS ON IMPACT OF GENERATION
CONSTRAINTS

The impad of generation constraints is equivalent to
inability to mea more than 3000MW load on ead day. The
load shedding (partial bladouts) can be drasticaly reduced
if the generation constraints are minimized. The partial
blackouts that are experienced everyday can be mntained.

The mgjor grid disturbances are dso precaded by severe
generation constraints as een from the cae study of
30.07.2002 major occurrence. Better pre-fault conditions
would reducethe extent and duration of the bladkout.

More dtention should be given to managing the
generation constraints and this thrust should be equivalent to
that given for defense plans against major collapses. A
major disturbance oncein awhile muld be lesspainful than
apartial bladkout ead day.

The financial loss in one yea (2001-02) due to the
generation constraints is of the order of Rs.6000 crores in
one yea wheress the financial loss due to a maor grid
disturbance is around Rs.50 crores to the generators and
utiliti es.

The avail ability of the generators and their P.L.F increase
significantly if the generation constraints are properly
addressed.

V. RECOMMENDATIONS

Many of the problems facel by the thermal generating
units is due to coa related problems. At present, the
auxili ary consumption from all thermal stations in the region
is around 2000 MW. It is posshble to reduce aixiliary
consumption by at least by 2% which would enable wheding
of additional 400 MW demand. Bad quality of coa even
leads to more forced outages and incressed anciliary
consumption. Blending of Indian coa with imported coal
would improve the availability & P.L.F of thermal unitsto a
grea extent.

Introduction of ABT at the inter-regional level helped in
merit order operation and total elimination of high
frequency. Due to lack of similar mechanism at the intra-
state level, utilization of surplus power with licensess,
Independent Power Producers (IPPs) and Captive Power
Plants (CPPs) could not be done. Intra-state ABT would
release dl bottled up generation and ensure merit order.

Restructuring and reforms gould be speeded up so that
separate generating companies (GENCO) would give more
focus to generation constraints. Applicaion of ABT norms
in the intra-state level (as at the inter-state level) would
ensure high avail abilit y.



Shortage of gas supplies has been adversely affeding the
power sedor. In Western region, the gas based power plants
at Kawas & Jhanor were serioudly affeded due to shortage
of gas. Out of the 1310 MW cgpadty, about 500 MW
generation from these plants could not be used. In case of
Uran power station of Maharashtra, shortage of gas led to
generation of around 450 MW even though the installed
cgpadty of the station is 912 MW. Badk to badk contrads
with the gas suppliers would compensate the generators and
alow them to arrange for aternative supplies.

Hydro power projeds dould be amnceved with pumped
storage schemes 0 that water can be reused and conserved.
Pumped storage schemes aso make the demand profile
flatter and help in effedive frequency control. Some of the
pumped storage schemes in the region (150 MW pumped
storage scheme & Bhira, 240 MW plant at Kadana) could
not be made operational due to non-avail ability of cheg off-
pe&k power. With the introduction of ABT at the intra-state
level, even the plants of private licensees can draw cheg
off-peek power for pumping at the unscheduled interchange
(UI) rates applicable under ABT.
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