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ABSTRACT

The present paper attempts to analyse the implications of the
relationship between reliability and rationing cost involved in a power
supply system in the framework of the standard inventory analysis,
instead of the conventional marginalist approach of welfare economics.
The study is substantiated by fitting a normal distribution to the daily
internal maximum demand of the Kerala power system during 1995-96,
and also by estimating, based on the techno-economic parameters of
different types of power plants, the rationing costs implied in different
reliability target criteria.
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"How weak and little is the light......

- Edward Thomas@ut in the Dark)

"Then He commanded the multitudes to sit down on the grass.
And He took the five loaves and the two fish, and looking up to heaven,
He blessed and broke and gave the loaves to the disciples;
and the disciples gave to the multitudes.”
- Matthew (14:19)

1. Introduction

Reliability in general terms of a component (or system) equals the
probability that the component (or system) does not fail during any
given interval (or, equivalently, it implies the probability that the
component (or system) is still functioning at any given time). For
example, if for a particular system the reliability is given as 0.90, this
means that the system, under normal conditions, will be functioning for
90 per cent of the time in any given interval. In a power supply system,
reliability refers to the ability of the system to meet the demand for
power at any given time. Most of the reliability criteria are measured in
terms of the probability of failing to meet the expected demand, thus
implying shortage of power.



As in the case of any other good or service, whenever demand
exceeds available supply, power shortage is experienced. In addition to
random deviations of demand from expectations, several factors (on the
supply side, affecting available supply) lead to shortages - insufficient
water level in the reservoirs, forced outages of generating units, scheduled
preventive maintenance, and generator deratings. When demand (or
load, L) exceeds available generating capacity (K), a shortage or 'loss of
load' occurs. The probability of shortage, or the expected fraction of
time that the available capacity is unable to meet the demand, P(L > K),
is known as loss of load probability (LOLP). The expected quantum of
energy not served, i.e., energy shortage, as a ratio to mean demand is
referred to as loss of energy probability (LOEP). Of these two indices,
LOLP is the most commonly used one in planning exercises.

Note that LOLP implies the expected accumulated amount of
time in any given period during which load exceeds available capacity.
Thus during a one year period, LOLP expressed in terms of days per year
is LOLP =365« P(L > K). When expressed as a fraction of time, LOLP
gives the probability that there will be a shortage of power (or loss of
load) of any magnitude in a given period. Hence the name. It has been a
common practice in some of the advanced countries to adopt in
electricity supply an arbitrary reliability target, such as a one-day-in-
ten-years LOLP. This does not mean a full day of shortages once every
10 years, rather, it refers to the total accumulated time of shortages that
should not exceed one day in 10 years, or, equivalently, 0.03 per cent of
a day. Telson (1975) has criticized this reliability criterion as too high
from an economic standpoint, and suggested a five-day-in-ten-years
LOLP (about 0.14 per cent of a day) as more appropriate. In some of the
Asian and African countries (e.g., Korea, Hong Kong, Thailand, and
Zimbabwe), LOLP criteria are found to vary from 12 to 24 hours per
year, equivalent to five to ten days in ten years (Government of India
1997:2).



In India, a reliability target planning criterion of 5 per cent (i.e.,
18.25 days a year) was adopted in the First National Power Plan (NPP,
1983) and in the Second NPP (1987). Such a very high level of LOLP
target was justified in view of the inability, in terms of funds, to bring in
a very large quantum of new capacity additions required for a desirably
low target. Later on the general improvement in the technical performance
of the generating plants, as also the introduction of new vintage larger
size plants with higher efficiency lent sufficient force to decide, during
the exercises for evolving the Third NPP (1991), on an LOLP target of 2
per cent (i.e., 7.3 days a year). The same level is now proposed to be
retained during the'™Five Year Plan (FYP) period in the Fourth NPP
(1997) also, in view of the unexpected wide gap between the target and
the achievement in capacity addition. At the same time, substantial
capacity addition in the near future through independent power
producers (IPP) has also been expected. It is hence proposed to improve
the reliability target planning criterion further to 1 per cent (i.e., 3.65
days a year) LOLP by the end of the"®YP. The LOEP, on the other
hand, is accepted to be targeted for less than 0.15 per cent.

Random fluctuations in demand imply that a situation may occur
where quantity demanded exceeds available capacity. The capacity
shortage or excess demand in turn implies that the unserved electricity
be rationed among the consumers. The rationing schemes, ranging from
simple rotating blackouts to sophisticated load shedding, affect
consumers' surplus differently. In addition to surplus loss, rationing
involves some administrative costs also. The sum of these two gives the
short run social cost of rationing (or outage), the magnitude of which
depends on the particular rationing scheme.

The perfect load shedding scheme, proposed originally by Brown
and Johnson (1969) assumes costless rationing according to willingness



to pay. Taking this as a base case, Crew and Kleindorfer (1976; 1986)
defined (incremental) rationing cost as any surplus losses and
administrative costs, that are incurred over and above those under the
Brown and Johnson scheme, and that depend only on the level of excess
demand. Random rationing and rationing in order of lowest willingness
to pay are other forms of rationing examined by Visscher (1973) and
Carlton (1977). With the former, consumers are served in random order
until capacity is exhausted, without incurring any additional penalty
costs. Our experiences of load shedding in India corresponds with this
scheme. The latter assumes that when consumers have to queue up for
service, those with the lowest willingness to pay may be willing to stand

in line the longest, leading to rationing in order of lowest willingness to
pay until capacity is exhausted, without any social costs. The simplest
rationing scheme (with the most convenient, linear, functional form)
assumes that each unit demanded but not supplied involves a constant
marginal outage cost (Anderson and Turvey 1977: Chapter 14). This
can be viewed as a special case of random rationing (Chao 1983).

Though rationing cost is crucial for determining both price and
capacity at optimal level, actual numerical estimates of it are very rare.
One way of estimating it is from LOLP itself, as a certain level of rationing
costis implied in a given LOLP target (Chao 1983; Pillai 1991). Derived
from a maximised expected net social welfare (gross welfare less capital
and operating costs less rationing cost), the estimate of the rationing
cost is found to vary inversely with the LOLP target chosen, and to
depend on the capital and operating costs of a given technology.

In this paper we seek to establish a relationship between LOLP
and LOEP on the one hand, and based on this relationship, we derive an
estimator of rationing cost in general, and also in terms of the actual
power demand distribution, found to be normal. We deviate from the
conventional comparative static analysis of welfare economics, involving
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long and tedious derivations, and, instead, make use of the simple results
on reliability from the standard inventory analysis - a novel approach,
that surprisingly and most assuredly yields the same results on rationing
cost as the former method. The relationship thus estimated is also
analysed for its implications for the peak load pricing rule under
uncertainty.

In the next section, we discuss the most common reliability indices
of LOLP and LOEP in the framework of the standard results of inventory
analysis, and bring out the relationship between them; and in section 3,
we apply these rules/results to power system reliability. Section 4 seeks
to establish a relationship among the two reliability criteria and outage
cost. Some numerical examples are given to illustrate the implications
of the relationship for different technologies based on the techno-
economic parameters of some representative power plants. The final
section is a brief summary.

2. Reliability Indices

The excess demand situation in the case of any good or service is
a major problem. If demand were uniform, it would be just enough to
gear supply or stock to the expected demand. However, random
fluctuations in demand (L) about its mean value [E{1) where E is the
expectation operator] involve some chances of shortage and necessitate
a further safety margin or buffer or reserve (R). Thus the standard
inventory analysis posits the supply or stock (S) at

S=pu+R Q)

The value of the reserves determines the reliability of service. If R
is too small, excess shortages result; if R istoo large, excessive holding
costs have to be borne. Hence the significance of an optimum level of
reserves.
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The simplest and the most frequently used approximation of
reserve levels is based only on the megrafd the standard deviation
(o) of the demand distribution. Here R is equated to the demand deviation
from its mean, (L #), which in turn is set equal to some valy¢izies
the standard deviation, i.e., R = luy= Zo; the value of Zis chosen
such as to fix at some predetermined level, the probability that demand
exceeds supply. Thus for the normal distribution, ondemand
deviation, (Z = 1) results in the expected demand exceeding supply for
15.9 per cent of the time; and Beviation (Z= 2), for 2.3 per cent of the
time only. In other words, if demand deviates from its mean byoone
point, then for 84.1 per cent of the time, we are confident, supply is sure
to meet demand. The risks, however, are different, sometimes
substantially, for other distributions. For instance, wher Z, the risk
of the expected demand exceeding supply is 13.5 per cent for exponential
distribution, and 21.1 per cent for uniform distribution; wher2, the
risks are 5 per cent and 6.7 per cent respectively.

Thus the reserve margin required is defined to be equabto Z
and (1) becomes

S=p+R =p+Zo. (2)

The probability of shortage (or LOLP) and hence the reliability of
service vary with demand distribution. Let the demand for a good follow
a probability function f(L), the probability that the demand lies between
L and (L + dL). Then the probability of shortage, i.e., the probability
that demand (L) will exceed available supply (S), is given by

LoLp=p(L>s) =ff(L)d ©)
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and the expected quantum of shortage (Q) is

Q=E(L-S) {(L -staL 4

The reliability of service,d), can be defined as the ratio of mean
value of supply to mean value of demand, and is given by

p=U-Q/u = 1-(QH)=1-LOEP, .. (5)

where LOEP is the loss of energy probability (also called shortage
factory in power system reliability analysis, defined as

LOEP = E(L — S)/E(LE Q/u.
From (4) and (5), we have an inverse relationship at the margin
between shortage/LOEP and available supply expressed through LOLP:

0 0
0_,

- =— = —LOLP. .....(6
o =Moo (LOER lf(L)dL 6)

Noting that %R ti
oting that 5o is negative,

0Q

0S

= LOLp. @)

)
~ (LOE
“as( P)

Using (2), we can also express (7) as

a(LOEF) = LOLPo/p =LOLPV, ... 8
0Zg

wherev =g/ is the coefficient of variation (CV) of demand.

1 This roughly corresponds to unit loss function in inventory analysis. Usually
it is given as Q& rather than as Q/ that refers to our LOEP. Unit loss
function Qb, appears more as a convenient formulation, than as a definitional
one, as for example, the unit loss function under the normal distribution can
thus be made equal to the term within the parentheses of equation (14), that
is, independent o¥, the demand variability, as is cancelled out in the
formulation.
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Thus, LOLP may be defined as a marginal rise in shortage for a
one unit fall in supply. This leads to two (equivalent) implications. i) It
implies from (7) that LOLP may also be expressed as a fraction of the
expected demand, the fraction being determined by the marginal change
in LOEP for a unit change in the available supply; it also shows, for
example, for a 10 per cent LOLP, that the marginal rise in LOEP associated
with a one unit fall in supply is equivalent to 10 per cent of the inverse
of the expected demand. ii) LOLP may also be interpreted [from (8)]
as a fraction of demand variability, the fraction being determined by the
marginal change in LOEP with respect to the standardised supply; it
also follows that for a 10 per cent LOLP, the marginal rise in LOEP for a
unit fall in standardized supply corresponds to 10 per cent of the
coefficient of variation of demand. The second implication is significant,
as it establishes a direct relationship between LOLP and marginal change
in shortage factor (LOEP) in terms of demand variability; and we will
make use of it in the estimation of rationing cost in Section 4.

To evaluate the reliability criteria, we need to consider the actual
demand distribution, since the risks are different for different
distributions, as we have already seen. For illustration, we take up the
distribution of the daily maximum (peak) demand for electricity on the
Kerala power system during 1995-96, presented in Table 1. When the
demand series is distributed in suitable class intervals, the tail (lower
and higher) values are found to be fewer in frequency, and hence we
have tried to explore whether the data fit a normal distribution well. We
have found that this closely approximates a normal distribution with
mean = 1425 MW and standard deviation = 97.7 MW, giving a coefficient
of variation (CV) of 6.86 per ceAt. Hence below we consider the
relevant properties of the reliability criteria in the context of the normal
distribution.

2 For a long time, Kerala has been reeling under severe power shortage, and
power cut/load shedding has become the rule of the day. The very low
variability in the maximum demand distribution obtained here might be a
reflection of the ironed-out pattern of the supply-constrained demand.
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Table 1  Distribution of the daily maximum demand for electricity
on the Kerala power system during 1995-96

Maximum Demand (MW) Actual Frequency Theoretical Frequeficy
1150 — 1200 3 4
1200 - 1250 10 10
1250 - 1300 26 23
1300 - 1350 49 45
1350 — 1400 57 65
1400 — 1450 71 72
1450 - 1500 59 65
1500 - 1550 52 45
1550 — 1600 32 23
1600 — 1650 6 10
1650 - 1700 1 4

Mean = 1425 MW

Standard Deviation = 97.72 MW

Chi Square value =11.01

Chi Square Critical value for 10 degrees of freedom
at 5 per cent level = 18.31

Hence we cannot reject the null hypothesis that the data fit the
theoretical distribution well.

Normal (Gaussian) distribution

We have the normal distribution

(L dL=(ov2n) " exgl(- /202 (L - )] oL ... ©)

Defining z=(L-WoG6, .. (10)
we find that the probability of shortage (LOLP) is

Thus the very reliability of the data is in question, but we use the same just
for illustration.
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LOLP=P(L>S) =(J§r)’jexp(— 7212) dZ =9(Z), ... (11)

S

which is a well-tabulated function.

The expected shortage is given by

Q= c(m)_l ex;{— z3 /2)— GZS(\/ZT)_ljexr(— zS /2) dz

=o[W(Z)-Z (LOLPY, .. (12)
where W(z) = (J2n] exd-2212] .. (13)

is the standard normal distribution N(O, 1), again a well-tabulated
function; and LOLP z(Z).

The shortage factor (LOEP), expressed in terms of LOLP, is
LOEP =v[¥(Z)- Z (LOLP)], .. (14)

wherev = o/p is the CV of demand distribution.Note that
LOEP < LOLP, and falls with demand variability. Thus, given the
normally distributed maximum demand, we can estimate LOLP and
LOEP for the corresponding standard variatg, But how shall we
determine Zin the context of a power system? The next section discusses
our method of estimation of Z

3 Also see (8).

4 See the Appendix 1 for the results on other two distributions, viz., exponential
and uniform, presented only for comparative illustration of the relationship
between LOLP and LOEP.
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3. Application to Power System Reliability

Now we turn to applying the above results from the standard
inventory analysis to the reliability analysis of a power system. Sufficient
redundancy and excess capacity throughout the system designed to
meet contingent exigencies are the major safeguards against power supply
shortages. At the generation level, excess capacity is expressed in the
form of buffer or reserve margins. In determining the capacity to be
installed to meet an expected maximum demand (peak load), due account
is taken of the possible fluctuations in load from its expectagipnf(
demand were uniform, installed capacity could correspond just to the
expected maximum demand. However, the random deviations of demand
as well as the day-to-day variations in the available capacity necessitate
some reserve margin to account for them. Thus installed capacity required
in a power supply system is determined in relation to the expected
maximum demand with due considerations for a certain reserve margin
to ensure reliability in meeting the contingent demand deviations. Thus
with 10 per cent reserve margin (PRM), installed capacity (K) equals 1.1

times the expected maximum demapy That is,
K=p+R=p(l+PRM). .. (15)
Now comparing (15) with (2), we find that
U PRM =270,
or Z=PRMwoc = PRMY, ... (16)
wherev =go/u is the CV of maximum demand.
Thus the standardized variate, Zhat determines LOLP and

reliability, as shown above, is in turn determined, in the reliability
analysis of a power system, by both demand and supply fators, i.e.,
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demand variability and PRM. Here we consider three possible
cases®

i) If PRM is just enough to contain demand variability, i.e.,
PRM =v, then Z =1, and for the normal distribution, installed capacity
falls short of the expected maximum demand only for 15.9 per cent of
the time; i.e., LOLP =0.159 [from (11)], LOEP = 0.083 times CV [from
(14)], and the reliability of service fjs= 1 — 0.088. For example, for the
Kerala power system witlyv = 6.9 per cent as in 1995-96, assuming
PRM =v, we have LOEP = 0.01 apd= 0.99, so that the expected peak
power shortage (with = 1425 MW) is 14.25 MW only [from (12)]. It
can also be seen that for every one unit drop in available supply, LOEP
increases by 0.01 per cent [from (7)].

ii) With PRM >v, we have Z > 1, that reduces the chances of
shortage and raises the service reliability. Thus, considering the overall
reserve margin of the Kerala power system in 1995-96 (including the
Central share of capacity, provided the Kerala system has undisturbed
access to its share of Central allocation) of about 44 per cent of the mean
maximum demand (1425 MW), we ggtZ6.35, and hence LOLP and
LOEP are just nil — evidently, the largesse of a very low demand variability.

iii) On the other hand, if the reserves are inadequate in relation to
demand variability, i.e., PRM ¥, then Z < 1, and the probability of
demand exceeding available supply increases and reliability decreases.
In this case, disregarding the Central share, Kerala's own installed capacity
in 1995-96 (1505.5 MW), in relation to the mean maximum demand,
gives a PRM of only 5.65 per cent, whereas the annual internal maximum

5 See Appendix 2 for sensitivity results on LOLP and LOEP (as also the
multiplier for the capacity charge component of the rationing cost) for
different values of PRM and, under the three distributions of normal,
exponential and uniform.
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demand (1651 MW, maximum of the daily peak loads), stood about 16
per cent above the mean maximum demand (and about 9 per cent below
the installed capacity). This necessitates that the Kerala system in
1995-96 must have a PRM of at least 20 per cent to meet the maximum
demand with an available capacity of about 2000 MW, implying
Z,=2.90 and very high reliability (LOLP = 0.0019 and LOEP = 0.00004).

If, on the other hand, the PRM were only 16 per cent, just enough to
cover the peak load (of 1651 MW), then the implied LOLP would be

1 percent(i.e., 0.0104, fof Z 2.31). However, in the actual situation, in
relation to the annual maximum demand, we haye Z-1.29, and
hence LOLP =0.901 and LOEP =0.092. Though the LOLP is very high,
the reliability of service turns out to be higher (0.908), thanks to the
very low demand variability. (If the CV were 25 per cent, LOEP would
be about 33 per cent.) The significance of our formulation of the
relationship (16) is very much evident from this discussion.

4. Reliability and Rationing Cost

Now that we have determined LOLP and LOEP, as aJsanZ
terms of PRM and, required in their estimation in the context of a
normally distributed maximum demand in a power supply system, we
now derive a relationship among rationing cost, and reliability (LOLP,
LOEP) in electricity supply in the event of excess (maximum) demand.
Instead of the conventional marginalist approach of analysing the
expected net social welfare, we seek to minimise the total cost made up
of costs of capacity, output (generation) and shortage that yields exactly
the same result as does the former. We assume the simplest rationing
scheme, with a constant marginal penalty cost of excess demand, that is
a special case of random rationing, that we usually experience in our
country. Thus the rationing costs we estimate later at the end of this
section approximate the reality. For sake of simplicity, again, we
dispense with subscripts and symbols for diverse technology and periods.
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From the preceding sections, we have the fraction of expected
energy shortage, LOEP, as LOEP gQgiving the availability factor as
(1 - LOEP). During the length (8) of a certain period (i.e., peak period),
the energy shortage@9Q =6 u LOEP units, involving a penalty price of
'r' per unit short. The energy available for supply, the, jis(1— LOEP)
units with an operating cost of 'b' per unit. The capacity cdstpet
kW of capacity, K. Thus the total cost is:

TC=BK+bOu(1-LOEP)+©Opu LOEP. ... a7)
Minimising the total cost,

9TC _o= - 9 | oFF
3K =0=p+(r—b)op K IOET e (18)

Now, using (10),
Z=(L-wo - K-Wwo =2, .. (19)

we can rewrite (18) as

0 0
+(-b) =——LOEP = 0, .. 20
B+ (r—b) 03z (20)

k

wherev =a/p.

0
fLOEP, the rate of change in LOEP with respect to
k

standardized capacity, depends on the particular demand distribution.
Using (8) and the definition of LOLP in (11), we obtain for normally
distributed demand:

6 The analysis can be extended to multiple period case also; for example,
shortage and non-shortage periods as well as peak and off-peak periods.
Only during the shortage duration (in peak period) is the third term in (17),
r 0 u LOEP, active; and this is the only case we consider here.
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0

k

LOEP = —LOLP=-vo(Z). .. (1)

Now, from (20) and (21), we get LOLP as
LOLP=@z)=B/6(r =b). .. (22)
Equation (22) presents a number of significant implications:

The denominator in (22) represents the net expected social cost of
shortage. Each unit of power cut imposes a penalty of 'r', but saves a
marginal operating cost of 'b'. As the net social cost of rationing increases,
LOLP falls. The rationale for this is clear. As (non-price) rationing (in the
event of excess demand) becomes more inefficient, rationing cost
increases; this necessitates to place more reliance on price rationing
(price rise) to reduce excess demand, which in turn leads to increased
profits and capacity expansion. Thus reliability also increases. Equation
(22) shows that for any given LOLP target criterion, a certain level of
rationing cost is implied in it. This then provides an estimate of rationing
cost:

in general,

r=b+poLOLP, (23)
or, in particular, for
normally distributed demand: 3=+6/9(Z), ... (24)
where Z= PRMM.

The general expression, (23), for 'r' that explicitly states the
relationship between the rationing cost and LOLP, is a significant result

7 See the Appendix 1 for the results on other two distributions, viz., exponential
and uniform.
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in that it brings out an economic justification in setting an outage cost
vis-a-vis an optimal reliability target planning criterion (LOLP); it also
marks the effects on this reliability criterion of the assumptions of capital
costs, generation costs and rationing costs (see Chao 1983; Pillai 1991).

Equation (22) is significant again in that it sets the optimal
marginal capacity cost as a fraction (equal to LOLP) of the net social
cost of rationing implied in that level of LOLP. That is, for a 10 per cent
LOLP, the marginal capacity cost corresponds to 10 percent of the net
rationing cost. Thus we obtain an optimal investment rule in shortage
period. The denominator in (22) may also be interpreted as the net
expected benefits from a unit increase in capacity. Each unit increase in
capacity implies that with each unit of power cut avoided, a rationing
cost of 'r'is escaped, but a marginal operating cost of 'b'is incurred.
Thus the investment rule in (22) states that the marginal capacity cost
(B/6) equals the net expected benefits from a unit increase in capacity in
shortage period times the probability of that period, i.e-, {jLOLP
(Turvey and Anderson 1977: Chapter 14).

Another significant implication of (22) is its potential in yielding
the stochastic equivalent of the deterministic peak load pricing rule,
whereby peak period price equals I3/8. Now substituting here for
/6 from (22), we have the stochastic pricing rule:

P=b(l-LOLP)+rOLP, .. (26)

a probability-weighted average of the marginal operating cost and the
marginal rationing cost (Turvey and Anderson 1977: Chapter 14). Since
(1 — LOLP) is the probability of meeting demand and LOLP, that of
power cut, the average price is applicable to both the situations. This is
in contrast to the deterministic pricing rule that charges the off-peak
customers only the marginal operating cost (b).
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Compared with the peak-period price, rationing cost is much
higher through the effect of LOLP on the unit capacity cost. If, for
example, PRM is just sufficient to meet demand variabiifg(ch that
Z, =1, then as we have already seen, LOLP for normal distribution is
0.159; for exponential distribution, it is 0.135 and for uniform
distribution, 0.211. Then from (23), we find that the capacity charge
component of the rationing cost is about (1/0.159 =) 6.3 times higher
than that of peak-load tariff rate if demand follows normal distribution;
it is about 7.4 times higher, if demand is exponentially distributed, and
about 4.7 times higher for uniformly distributed demand. If PR\ >
then LOLP falls, with a much higher implied rationing cost; and if
PRM <uv, reliability falls, with a lower implied rationing cost.

Some numerical examples will illustrate the implications of the
relationship between LOLP and rationing cost. Let us consider the
following parameters of different power plants, and estimate the outage
costs for different LOLP targets, as well as peak- and off-peak-period
prices (representing generation cost only, and assuming a peak period
of 3.5 hours a day, i.e., from 6 to 9.30 in the evening). The basic data (as
in 1996) are taken from International Energy Initiative (1998).

| A Coal-Based Thermal Power Plant of 350 MW Capacity:
(a) Capital cost : Rs. 1310 crores

Annuitised capital cost (at 12 per cent discount rate and for 25
years of plant life) . Rs. 4772.14/kW/year

Marginal capital cost at peak demand (with 10 per cent
transmission and distribution loss and 20 per cent reserve margin)
: Rs. 6299.23/kW/year.

8 See foot note 5.
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(b) Fuel costs

Coal consumption norm : 3192 kg./kW

Price of coal : Rs. 1000/tonne

Oil consumption norm : 72000 ml./kw

Price of oll : Rs. 6396/KI.

Total fuel cost : Rs. 3652.5/kW
(c) Operation and maintenance cost

(2.5 per cent of capital cost) : Rs. 935.7/kW
(d) Total operating cost (off-peak price) . Rs. 0.524/kWh
(e) Peak period price : Rs. 5.45/kWh
() Average (accounting) price : Rs. 1.24/kWh.
(g) Rationing cost (Rs./kWh) with

10 per cent LOLP - 49.83

5 per cent LOLP :99.14

2 per cent LOLP : 247.07

Five-day-in-ten-years LOLP : 3600.08

One-day-in-ten-years LOLP 1 17998.32

Il A Diesel-Based Thermal Power Plant of 5 MW Capacity

(@) Capital cost :Rs. 7.5 crores

Annuitised capital cost (at 12 per cent discount rate and for 25
years of plant life) : Rs. 1912.5/kW/year
Marginal capital cost at peak demand (with 10 per cent transmission
and distribution loss and 20 per cent reserve margin)

: Rs. 2524.5/kW/year.

(b) Fuel costs
Oil consumption norm . 438 litres/kW
Price of oil : Rs. 7/litre
Total fuel cost : Rs. 3066/kW
(c) Operation and maintenance cost
(4.5 per cent of capital cost) : Rs. 675/kW
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(d) Total operating cost (off-peak price) . Rs. 0.427/kWh

(e) Peak period price : Rs. 2.40/kWh
(H Average (accounting) price : Rs. 0.72/kWh
(g) Rationing cost (Rs./kWh) with
10 per cent LOLP 1 20.19
5 per cent LOLP : 39.95
2 per cent LOLP : 99.23
Five-day-in-ten-years LOLP : 1443.0
One-day-in-ten-years LOLP : 7213.28

Il A Gas-Based Thermal Power Plant of 300 MW Capacity
(@) Capital cost : Rs. 900 crores

Annuitised capital cost (at 12 per cent discount rate and for 25
years of plant life) : Rs. 3825/kW/year

Marginal capital cost at peak demand (with 10 per cent transmission
and distribution loss and 20 per cent reserve margin)
: Rs. 5049/kW/year.
(b) Fuel costs

Gas consumption norm : 1740.3 gms./kW

Price of gas :Rs. 3.2/gm.

Total fuel cost : Rs. 5569/kW
(c) Operation and maintenance cost

(4.5 per cent of capital cost) : Rs. 1350/kW

(d) Total operating cost (off-peak price) : Rs. 0.7898/kwWh
(e) Peak period price : Rs. 4.74/kWh
(H Average (accounting) price : Rs. 1.37/kWh
() Rationing cost (Rs./kWh) with

10 per cent LOLP :40.31

5 per cent LOLP . 79.83
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2 per cent LOLP : 198.40
Five-day-in-ten-years LOLP : 2885.93
One-day-in-ten-years LOLP : 14426.50

IV. A Hydro-Electric Power Plant of 120 MW Capacity

(a) Capital cost : Rs. 180 crores

(b)

©
(d)
©)
(®

Annuitised capital cost (at 12 per cent discount rate and for 25
years of plant life) : Rs. 1912.5/kWlyear

Marginal capital cost at peak demand (with 10 per cent transmission
and distribution loss and 20 per cent reserve margin)

: Rs. 2524.5/kW/year.
Operation and maintenance cost

(10 per cent of capital cost) : Rs. 1500/kW
Total operating cost (off-peak price) :Rs. 0.171/kWh
Peak period price : Rs. 2.15/kWh
Average (accounting) price . Rs. 0.46/kWh
Rationing cost (Rs./kWh) with
10 per cent LOLP - 19.93
5 per cent LOLP : 39.69
2 per cent LOLP : 98.98
Five-day-in-ten-years LOLP : 1442.74
One-day-in-ten-years LOLP . 7213.03

5. Conclusion

The present paper employs a novel approach to power system

reliability study by utilising the results on reliability in the standard

inventory analysis, making use of particular (normal) demand distribution

for the daily internal maximum (peak) demand of the Kerala power
system during 1995-96. Thus the concepts of buffer stock, shortage
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probability and unit loss function are extended to power system

reliability in terms of percentage reserve margin, LOLP and LOEP

respectively. We find that the inverse relationship at the margin between
LOEP and available supply corresponds to LOLP weighted by the inverse
of the expected demand. It is found that in the case of normally

distributed demand, LOEP < LOLP, and falls with demand variability.

Rationing cost involved in power shortage includes loss of
consumers' surplus and cost of administering a certain rationing scheme.
Minimising the total cost incurred in power supply in a shortage period
yields a significant inverse relationship between LOLP and rationing
cost along with other (capacity and operating) cost components. Various
implications of this relationship are examined, for optimal investment
rule, stochastic version of peak load pricing, etc. Rationing cost implied
in different LOLP target criteria are also estimated, based on the techno-
economic parameters of different types of power plants. The assumption
in our model of a random rationing scheme brings these estimates up as
representing the actual penalty costs of the excess demand for power,
that we exert on the system in India. It is found that the rationing cost, as
also the peak-period price (representing generation cost only), associated
with a hydro-electric power plant is lower than that with thermal plants.
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APPENDIX 1

In this appendix we present, for comparative illustration, the results
on the relationship between LOLP and LOEP as also that between the
reliability indices and rationing cost in the case of exponential and
uniform distributions.

Exponential distribution

The exponential distribution is

f(L)dL = A exp(-AL)dL, .. (A1)
whereA = 14, and standard deviatiom, = 1 (= 1A). .....(A2)
Here the shortage probability (LOLP) is

LOLP=P(L>S)=exp®xSs). ... (A3)
Now from (2) and (A2), we get

LOLP=P(L>S)=exp®S) =exp[-(1+2)], ... (A4)
and the expected shortage,

Q=oexp-1+2). . (A5)
Thence the LOEP is

LOEP =vexp[-(1+Z)]=vLOLP = LOLP, ... (A6)

since v =1; hence the reliability of service is not influenced by CV and
LOEP = LOLP, unlike in the case of normal distribution.

For exponential distribution, we have from (8) and (A4):

ai LOEP =~ LOLP =— exp[- (1 +2];

k

hence the rationing cost: r = I3 exp[-(1 + Z )].

Uniform (Rectangular) distribution
The uniform distribution is
f(L)dL = 1/(L,— L), L,<L<L,

=0 otherwise. . (A7)
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We have
u=(L, +Ly)/2, and

o=(L,-L,)/2V3
and the limits on the distribution are

Lo = (“ - 0‘/:_3)
and
L, = (“ + G‘E’)
Considering the definition of Zmplied in (2), we get
LOLP=P(L >9 = ¥3-7,
2J3
and directly from (2)
1
LOLP=PL>9=——=(L,-9 ... A8
RL>9 - \Es( 179 (A8)

Note that LOLP is not defined for values of Zs greater than the square
root of 3.
The expected quantum of shortage is

1 o
=———(,-F=—=3-2
so that LOEP is

v v B
4—\/5(\/5—23)2 -E(ﬁ z,)LoLp

Like the normal distribution, LOEP < LOLP, and falls with demand
variability.
Using the definition of LOLP in (A8), we have the rationing cost as

B 243

P (E-2,)

Again, r also is1otdefined for values of reater than the square root
of 3.

LOEP =



APPENDIX 2

In this Appendix we present the sensitivity results for LOLP, LOEP and multiplier for the capacity charge component
of the rationing cost for different values of percentage reserve margin (PRM) and coefficient of vajiatibarf demand
is assumed to follow different distributions, viz., normal, exponential, and uniform

When Demand is Normally Distributed
1. Loss of Load Probability (LOEP)

Coefficient of Variation

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
10 0.15866 0.30854 0.3707 0.40129 0.42074 0.43251 0.44433 0.44828 0.A562 0.46017
20 0.02275 0.15866 0.25143 0.30854 0.34458 0.3707 0.38591 0.40129 0.41294 0.$2074
30 0.0013499 0.066807 0.15866 0.22663 0.27425 0.30B54 0.3836 0.35197 0]3707 088209
Percen{ 40| 0.000031671 0.02275 0.091749 0.15866 0.21186 0.25143 0.28434 0.80854 .32997 .34458
Reservg 50 0.0000003 0.0062097 0.04746 0.10%65 0.15866 0.2p327 0.23885 0.6435 Q.28774 .30854
Margin| 60 0 0.0013499 0.02275 0.0668p7 0.11507 0.15866 0.19489 0.22663 0.25143 0.p7425
70 0 0.00023263 0.0099031 0.040059  0.080757 0.121 0.15866 0.18943 0p177 0.p4196
80 0 0.000031671 0.003792¢ 0.02275 0.054799  0.091759 0.12714 0.15866 0.1L8673 0§21186
90 0 3.3977E-06 0.0013499 0.0122p4 0.03593 0.066807  0.098525 0.12924 0.15866 018406
100 0 0.00000025 0.00043423 0.0062(097  0.02275 0.04746  0.076359 0.10565 0,.1335 015866

2. Loss of Energy Probaubility (LOITP) )

Coefficient of Variation
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
10 | 0.008326204 0.03954489 0.076122191 0.1145p713 0.158408 0.1927653 0.2B19359 0J271778 .311147 [0.350856
20 | 0.00084801| 0.01665240 0.045529121 0.0790898 0.11%182 0.1522444 0.1908548 0.229014 .267633 [.306816
30 | 3.81257E-0§ 0.00585620 0.024978613 0.05244174 0.0843038 0.1186347 0.1p46245 0[191833 (.228367 [0.266684
Percen{ 40| 7.1193E-07 0.001696021 0.012489523 0.03330482 0.06p0726 0.0910582 0.1234098 .15818 |[0.193228 |0.230364
Reserve 50| 2.3642E-0 0.0004001Q5 0.006107138 0.02021994 0.041631 0.0674781 0.0969123 130301 (0.163771 |0.197724
Margin| 60 | 6.07466E-1 7.62514E-0 0.002544031 0.01171L242 0.0280315 0.0499572 0.0[764337 104883 .136587 ]0.168608
70 | 9.13288E-13 1.16604E-0§ 0.000932414 0.0064¢$268 0.0183188 0.0364748 0.0582834 084999 [0.11289 P.142819
80 | 5.05125E-1§ 1.42386E-06 0.000384(28 0.003’3%204 0.0116101 0.024979 0.0435994 06661 .092436  P.120145

90 | 1.02777E-19 1.38175E-07 0.000114377 0.00169171 0.0071301 0.0175686 0.0834971 053151 .074936 .100378
100 | 7.69305E-24 0.00000005  2.83606E{05 0.0008(0021 0.004R401 0.0122143 0.0242793 04044 .060134  p.083262

ocofPoQo o

0€




3. Multiplier for the Capacity Charge Component of the Rationing Cost

Percen
Reserve
Margin

Coefficient of Variation

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
6.303 3.241 2.698 2492 2.377) 2.31p 2.251 2.231 2.192 2173
43.956 6.303 3.977 3.241 2.902 2.698 2.591 2.492 2422 2.377
740.796 14.968 6.303 4.412 3.644 3.241 2.998 2.841 2.698 2.p17
31574.621 43.956 10.898 6.308 4.720 3.977 3.517 341 3.031 3.902
4000000.000 161.038 21.07 9.465 6.303 4.920 4.187 3,783 B.475 3.241
Not Defined 740.796 43.956 14.968 8.69D 6.303 5.181 4.412 3977 3|646
Not Defined 4298.672 100.978 24.963 12.383 8.264 6.303 5.279 4]593 41133
Not Defined 31574.627 263.671 43.956 18.249 10.898 7.865 6.303 5/355 4720
Not Defined|  294316.744 740.796 81.806 27.882 14.968 10.150 7.V38 §.303 9433
Not Defined| 4000000.00 2302.92 161.088 43.956 21.070 13)096 91465 7.491 5.303

T€



When Demand is Exponentially Distributed

1. Loss of Load Probability (LOLP) = Loss of Energy Probability (LOEP) )
Coefficient of Variation
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
10 0.13534 | 0.22313 0.2636(0 0.286%0 0.301]19 0.31140 0.31/891 0.32465 0.32919 0.p3287
20 0.04979 | 0.13534 0.18888 0.223]13 0.246/60 0.26860 0.27645 0.28650 0.29457 0.p0119
30 0.01832 | 0.08208 0.1353[4 0.17377 0.201)90 0.22813 0.23965 0.25284 0.26360 0.p7253
Percent | 40 0.00674 | 0.04979 0.09697 0.13934 0.16530 0.14888 0.2p775 0.42313 0.p3588 0[24660
Reserve | 50 0.00248 | 0.03040 0.069#8 0.10540 0.13p34 0.13988 0.18009 0.19691 021107 0}22313
Margin 60 | 0.000912| 0.0183p 0.04979 0.082p8 0.11G80 0.13p34 0.15612 0.1f377 0.18888 0p0190
70 | 0.000335 | 0.0111]1 0.03567 0.06393 0.09072 0.11456 0.13534 0.15335 0.16901 0.].8268
80 | 0.000123 | 0.00674 0.02556 0.04979 0.07427 0.09697 0.11732 0.1B534 0.15124 0..6530
90 | 4.5400E-05 0.00409 0.01832 0.038f7 0.06081 0.08p08 0.10170 0.11943 0.13534 014957
100 | 1.6702E-09 0.00248 0.01312 0.030p0 0.04979 0.06P48 0.08816 0.1p540 0.12110 0Ji3534
2. Multiplier for the Capacity Charge Component of the Rationing Cost t
Coefficient of Variation
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
10 7.389 4.482 | 3.794| 3.490 3.32( 3.211  3.136 3.080 3.0B8 3.do4
20 20.086 7.389 | 5.294| 4.482  4.05f 3.794  3.617 3.490 3.3p5 3.9420
30 54.598 12.182| 7.389| 5.759  4.95 4.48p  4.173  3.9%55  3.794  3.469
Percent | 40 148.413 | 20.086 10.312 7.389 6.090 5.284  4.814 4.482  4.p39  4]055
Reserve [ 50 403.429| 33.115 14.392 9.488 7.389  6.2p5 5.553 5.078  4.738  4[482
Margin 60 | 1096.633| 54.598 20.086 12.182 9.02)5 7.389  6.405 5755 5.294  4p53
70 | 2980.958 | 90.017| 28.032 15.643 11.023 8.749  7.389  6.5P1  5.917  5.h74
80 | 8103.084 | 148.418 39.121 20.086 13.464 10.3l2 8.5p4 7.389  6.612 650
90 | 22026.466| 244.692 54.598 25.790 16.445 12.1)82 9.833 8.373  7.389  6J686
100 | 59874.142| 403.42p 76.198 33.115 20.086 14.392 11.343 9.488  8.p57  7|389

(A%



When Demand is Uniformly Distributed
1. Loss of Load Probability (LOLP)

Coefficient of Variation
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10 0.21132 0.3557 0.4038 0.4278 0.4423 0.4519 0.4588 0.4639 0.4679 0}4711

20 | Not Defined 0.2113 0.3075 0.3557 0.3844 0.4038 0.4175 0.4278 0.4358 0}4423

30 | Not Defined 0.0670 0.2113 0.2835 0.3269 0.3557 0.3y63 0.3917 0.4038 04134
Percent 40| Not Defined Not Defingd 0.1151 0.2113 0.269(1 0.3p75 0.3350 0.8557 0{3717 .3845
Reserve 50| Not Defined Not Defing¢d 0.0189 0.139] 0.2113 0.2594 0.2938 0.3196 0,.3396 .3557
Margin 60 | Not Defined Not Defined Not Defingd 0.0670 0.1534 0.2113 0.2p26 0.2835 0.3075 0}3268

70 | Not Defined Not Defined Not Defindd Not Defingd 0.0959 0.1432 0.2]113 0.2474 0.p755 0]2979

80 | Not Defined Not Defined Not Defindd Not Defingd 0.0381] 0.1151 0.1y01 0.2113 0.p434 0]2691

90 | Not Defined Not Defined Not Defingd Not Defined Not Defifed 0.0§70 0.1p88 0.1752 0.p113 0}2402

100 | Not Defined Not Definefl Not Defindd Not Defined Not Defined 0.0189 0.0B76 0.1392 0.1792 0}2113

2. Loss of Energy Probability (LOEP)
Coefficient of Variation
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10 0.00774 0.04382 0.08472 0.1268 0.16939 0.2122 0.2552 0.2982 0J3413 (.3845

20 0.00104 0.01547 0.04915 0.08764 0.12805 0.1694 0.2114 0.2536 0J2961 (.3388

30 0.02321 0.00155 0.02321 0.0556 0.09249 0.1815 0.14717 0.2126 0J2541 .296
Percent 40 0.07424 0.00207 0.00688 0.03094 0.062p9 0.0983 0.1361 0|1753 Q.2154 p.2561
Reserve 50 0.15415 0.01702 0.00019 0.01342 0.03868 0.0699 0.0047 0[1415 (.1798 p.2191
Margin 60 0.26292 0.04641 0.00311 0.00311 0.02043 0.0464 0.Q773 0.1114 0}1474 D.185

70 0.40056 0.09023 0.01566 0.00001 0.00796 0.0277 0.0541 0.0848 0J1183 (.1537

80 0.56706 0.14848 0.03782 0.0041 0.00126 0.0138 0.0351 0.0619 0J0924 (Q.1254

90 0.76244 0.22117 0.06962 0.0154 0.00033 0.0047 0.0201 0.0426 0J0696 (.0999

100 0.98668 0.30829 0.11103 0.034049 0.00518 0.0p04 0.0093 0.p268 0J0501 (.0774

€€



3. Multiplier for the Capacity Charge Component of the Rationing Cost

Coefficient of Variation

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
10 4,732 2.812 2.477 2.337 2.261 2213 2.1B0 2.156 2.137 2123
20 | Not Defined 4,732 3.252 2.812 2.601 2477 2305 2.337 2.p94 2|261
30 | Not Defined 14.928 4732 3.527 3.060 2.812 2.658 2.553 2477 2]419
Percent | 40| Not Defined Not Defin¢d 8.688 4.732 3.717 3.252 2.p85 2(812 4.690 P.601
Reserve| 50| Not Defingd Not Defined  52.981 7.186 4,732 3.854 3404 31129 2.944 p.812
Margin 60 | Not Defined Not Defined Not Defingd 14.928 6.511 4732 3.959 3.p27 3|252 3.060
70 | Not Defined Not Defined Not Defined Not Defined 10.432 6.1p7 4,132 4.042 31630 3.357
80 | Not Defined Not Defined Not Defined Not Defingd 26.23% 8.6B88 5.879 4.fy32 4108 J.717
90 | Not Defined Not Definefl Not Defingd Not Defined Not Defined 14.928 7.761 5[f06 4|732 4.163
100 | Not Defined Not Defined Not Defingd Not Defined Not Defir\\ed 52981 11/{415 7/186 5579 4.732

Ve



35

CENTRE FOR DEVELOPMENT STUDIES
LIST OF WORKING PAPERS

(From 1991 onwards)

MRIDUL EAPEN Hantex: An Economic Appraisal.
September, 1991, WZHRI2

SUNIL MANI Government Intervention in Commercial Crop Development:
A Case of Flue Cured Virginia Tobacco.
November, 1991, W.P.243

K. PUSHPANGADAN Wage Determination in a Casual Labour Market: The
Case Study of Paddy Field Labour in Kerala.
January, 1992, W.P.244

K.N. NAIR & S.P. PADHI Dynamics of Land Distribution: An Alternative
Approach and Analysis with Reference to Kerala.

January, 1992, W.P.245
THOMAS ISAAC Estimates of External Trade Flows of Kerala - 1975-76 and

1980-81.

March, 1992, W.P.246

THOMAS ISAAC, RAM MANOHAR REDDY, NATA DUVVURRY Re-
gional Terms of Trade for the State of Kerala.
March, 1992, W.P.247

P. MOHANAN PILLAI Constraints on the Diffusion of Innovations in Kerala:
A Case Study of Smokeless Chulas.
March, 1992, W.P.248

R. ANANDRAJ Cyclicality in Industrial Growth in India: An Exploratory
Analysis.
April, 1992, W.P.249

T.M. THOMAS ISAAC, RAM MANOHAR REDDY, NATA DUVVURY
Balance of Trade, Remittance and Net Capital Flows: An Analysis of
Economic Development in Kerala since independence.

October, 1992, W.P.250

M. KABIR, T.N. KRISHNAN Social Intermediation and Health Transition:
Lessons from Kerala,
October, 1992, W.P.251



36

SUNIL MANI, P. NANDAKUMAR  Aggregate Net Financial Flows to India:
The Relative Importance of Private Loan vis-a-vis Foreign Direct
Investments.

August, 1993, W.P.252

PULAPRE BALAKRISHNAN Rationale and the Result of the Current
Stabilisation Programme.
November, 1993, W.P.253

K.K. SUBRAHMANIAN, P. MOHANAN PILLAI  Modern Small Industry in
Kerala: A Review of Structural Change and Growth Performance.
January, 1994, W.P.254

DILIP M.MENON Becoming Hindu and Muslim : Identity and Conflict in
Malabar 1900-1936.
January, 1994, W.P.255

D. NARAYANA Government Intervention in Commaodity Trade: An Analysis
of the Coffee Trade in India.
January, 1994, W.P.256

K.J. JOSEPH, P. NANDAKUMAR On the Determinants of Current Account
Deficits: A Comparative Analysis of India, China and South Korea.
January, 1994, W.P.257

K.K. SUBRAHMANIAN, K.J. JOSEPH Foreign Control and Export Intensity
of Firms in Indian Industry.
February, 1994, W.P.258

PULAPRE BALAKRISHNAN, K. PUSHPANGADAN Total Factor Produc-
tivity Growth in Indian Manufacturing - A Fresh Look.
April 1994, W.P.259

D. NARAYANA, K.N. NAIR Role of the Leading Input in Shaping Institutions:
Tendency in the Context of Irrigation Uncertainty.
May, 1994, W.P.260

G. MURUGAN, K. PUSHPANGADAN Pricing of Drinking Water: An Appli-
cation of Coase Two-part Tariff.
December, 1994 W.B61

MOHANAN PILLAI  On the Mexican Crisis.
December, 1995, W.B62

SUNIL MANI Financing Domestic Technology Development through the Ven-
ture Capital Route.
December, 1995, W.B63



37

T.T. SREEKUMAR Peasants and Formal Credit in Thiruvithamcore: The State
Institutions and Social Structure 1914-1940.
December, 1995 W.P64

AMITABH Estimation of the Affordability of Land for Housing Purposes in
Lucknow City, Uttar Pradesh (India): 1970-1990.
March, 1996. W.P.265

K. PUSHPANGADAN, G. MURUGAN, K. NAVANEETHAM  Travel Time,
User Rate & Cost of Supply: Drinking Water in Kerala, India:
June 1996. W.P.266

K.J. JOSEPH Structural Adjustment in India: A Survey of Recent Studies &
Issues for Further Research,
June 1996 W.P.267

D. NARAYANA Asian Fertility Transition: Is Gender Equity in Formal Occupa-
tions an Explanatory Factor?
October, 1996 W.P.268

D. NARAYANA, SAIKAT SINHAROY Import and Domestic Production of
Capital Goods from Substitution to Complementarity,
October 1996. W.P.269

NEW SERIES

W.P. 270 ACHIN CHAKRABORTY On the Possibility of a Weighting Sys-
tem for Functioning®ecember 1996

W.P. 271 SRIJIT MISHRA Production and Grain Drain in two inland Re-
gions of OrissaDecember 1996

W.P. 272 SUNIL MANI Divestment and Public Sector Enterprise Reforms,
Indian Experience Since 19%&bruary 1997

W.P. 273 ROBERT E. EVENSON, K.J. JOSEPHroreign Technology Li-
censing in Indian Industry : An econometric analysis of the choice of
partners, terms of contract and the effect on licensees’ performance
March 1997

W.P. 274 K. PUSHPANGADAN, G. MURUGANUSser Financing & Collec-
tive action: Relevance sustainable Rural water supply in liMbach
1997.

W.P. 275 G. OMKARNATH Capabilities and the process of Development
March 1997

W. P. 276 V. SANTHAKUMAR Institutional Lock-in in Natural Resource
Management: The Case of Water Resources in Kefgbai] 1997.



W. P. 277

W. P. 278

W.P. 279

W.P. 280

W.P. 281

W.P. 282

W.P. 283

W.P. 284

W.P. 285

W.P. 286

W.P. 287

W.P. 288

W.P. 289

W.P. 290

W.P. 291

W.P. 292

W.P. 293

38

PRADEEP KUMAR PANDA Living Arrangements of the Elderly
in Rural Orissa, May 1997.

PRADEEP KUMAR PANDA The Effects of Safe Drinking Water
and Sanitation on Diarrhoeal Diseases Among Children in Rural
Orissa,May 1997.

U.S. MISRA, MALA RAMANATHAN, S. IRUDAYA RAJAN
Induced Abortion Potential Among Indian Women, August 1997.

PRADEEP KUMAR PANDA Female Headship, Poverty and
Child Welfare : A Study of Rural Orissa, Indiaugust 1997.

SUNIL MANI Government Intervention in Industrial R & D, Some
Lessons from the International Experience for Inddagust 1997.

S. IRUDAYA RAJAN, K. C. ZACHARIAH Long Term Implica-
tions of Low Fertility in KeralaDctober 1997.

INDRANI CHAKRABORTY Living Standard and Economic
Growth: A fresh Look at the Relationship Through the Non- Paramet-
ric Approach,October 1997.

K. P. KANNAN Political Economy of Labour and Development in
Kerala, January 1998.

V. SANTHAKUMAR Inefficiency and Institutional Issues in the
Provision of Merit Goods;ebruary 1998.

ACHIN CHAKRABORTY The Irrelevance of Methodology and
the Art of the Possible : Reading Sen and Hirschiirabruary 1998.

K. PUSHPANGADAN, G. MURUGAN Pricing with Changing
Welfare Criterion: An Application of Ramsey- Wilson Model to Ur-
ban Water SupplyMarch 1998.

S. SUDHA, S. IRUDAYA RAJANIntensifying Masculinity of Sex
Ratios in India : New Evidence 1981-1981gy 1998.

JOHN KURIEN Small Scale Fisheries in the Context of Globalisation,
October 1998.

CHRISTOPHE Z. GUILMOTO, S. IRUDAYA RAJAN Regional
Heterogeneity and Fertility Behaviour in Indidlovember 1998.

P. K. MICHAEL THARAKAN Coffee, Tea or Pepper? Factors
Affecting Choice of Crops by Agro-Entrepreneurs in Nineteenth
Century South-West Indidlovember 1998

PRADEEP KUMAR PANDA Poverty and young Women's Em-
ployment: Linkages in Keral&ebruary, 1999.

MRIDUL EAPEN Economic Diversification In Kerala: A Spatial
Analysis April, 1999.



W.P. 294

W.P. 295

W.P. 296

W.P. 297

W.P. 298

W.P. 299

W.P. 300

W.P. 301

W.P. 302

W.P. 303

W.P. 304

W.P. 305

W.P. 306

W.P. 307

W.P. 308

W.P. 309

39

K. P. KANNAN Poverty Alleviation as Advancing Basic Human
Capabilities: Kerala's Achievements Compangay, 1999.

N. SHANTA AND J. DENNIS RAJA KUMAR Corporate Statis-
tics: The Missing Number$jay, 1999.

P.K. MICHAEL THARAKAN AND K. NAVANEETHAM
Population Projection and Policy Implications for Education:A
Discussion with Reference to Keralaly, 1999.

K.C. ZACHARIAH, E. T. MATHEW, S. IRUDAYA RAJAN
Impact of Migration on Kerala's Economy and Sociétjy, 1999.

D. NARAYANA, K. K. HARI KURUP, Decentralisation of the
Health Care Sector in Kerala : Some Issuksjuary, 2000.

JOHN KURIEN Factoring Social and Cultural Dimensions into
Food and Livelihood Security Issues of Marine Fisheries; A Case
Study of Kerala State, Indigbruary, 2000.

D. NARAYANA Banking Sector Reforms and the Emerging
Inequalities in Commercial Credit Deployment in Indif&grch, 2000.

P. L. BEENA An Analysis of Mergers in the Private Corporate
Sector in IndiaMarch, 2000.

K. PUSHPANGADAN, G. MURUGAN, Gender Bias in a
Marginalised Community: A Study of Fisherfolk in Coastal Kerala,
May 2000.

K. C. ZACHARIAH, E. T. MATHEW, S. IRUDAYA RAJAN ,

Socio-Economic and Demographic Consequenes of Migration in
Kerala, May 2000.

K. P. KANNAN, Food Security in a Regional Perspective; A View
from 'Food Deficit' Kerala,July 2000.

K. N. HARILAL, K.J. JOSEPH, Stagnation and Revival of Kerala
Economy: An Open Economy Perspectueyust 2000.

S. IRUDAYA RAJAN, Home Away From Home: A Survey of Oldage
Homes and inmates in Keralaugust 2000.

K. NAVANEETHAM, A. DHARMALINGAM, Utilization of
Maternal Health Care Services in South Indiatober 2000.

K. P. KANNAN, N . VIJAYAMOHANAN PILLAI, Plight of the
Power Sector in India : SEBs and their Saga of Inefficiblosember
2000.

V. SANTHAKUMAR AND ACHIN CHAKRABORTY,
EnvironmentaMaluation and its Implications on the Costs and Benefits
of a Hydroelectric Project in Kerala, Indidlovember 2000.



W.P. 310

W.P. 311

W.P. 312

W.P. 313

W.P. 314

W.P. 315

W.P. 316

W.P. 317

W.P. 318

40

K. K. SUBRAHMANIAN. E. ABDUL AZEEZ , Industrial Growth
In Kerala: Trends And Explanatiodovember 2000

INDRANI CHAKRABORTY Economic Reforms, Capital Inflows
and Macro Economic Impact in Indidanuary 2001

N. VIJAYAMOHANAN PILLAI  Electricity Demand Analysis
and Forecasting —The Tradition is Questionedbruary 2001

VEERAMANI. C India's Intra-Industry Trade Under Economic
Liberalization: Trends and Country Specific Factdvigrch 2001

U.S.MISHRA AND MALA RAMANATHAN Delivery Compli-
cations and Determinants of Caesarean Section Rates in India - An
Analysis of National Family Health Surveys, 1992M&rch 2001.
ACHIN CHAKRABORTY The Concept and Measurement
of Group InequalityMay 2001.

K. P. KANNAN AND N. VIJAYAMOHANAN PILLAI  The
Political Economy of Public Utilities: A Study of the Indian
Power SectorJune 2001.

K.J. JOSEPHAND K. N. HARILAL India's IT Export Boom:
Challenges Aheadluly 2001.

JOHN KURIEN AND ANTONYTO PAUL Social Security
Nets for Marine Fisheries-The growth and Changing
Composition of Social Security Programmes in the Fisheries
Sector of Kerala State, Indi&eptember 2001.

W.P. 319 K. C. ZACHARIAH, P. R. GOPINATHAN NAIR AND

S. IRUDAYA RAJAN Return Emigrants in Kerala:
Rehabilitation Problems and Development Potent@dtober
2001

W.P. 320 N. VIJAYAMOHANAN PILLAI, K. P. KANNAN, Time and

Cost Over-runs of the Power Projects in Keralblovember
2001.

W.P. 321 VEERAMANI C. Analysing Trade Flows and Industrial

Structure of India: The Question of Data Harmonisation,
November 2001.

W.P. 322 K. C. ZACHARIAH, The Syrian Christians of Kerala:

Demographic and Socioeconomic Transition in the Twentieth
Century,November 2001.

W.P. 323 V. K. RAMACHANDRAN, MADHURA SWAMINATHAN,

VIKAS RAWAL, How have Hired Workers Fared? A Case
Study of Women Workers from an Indian Village, 1977 to
1999. December 2001.



41

W.P. 324 K. P. KANNAN, N. VIJAYAMOHANAN  PILLAI, The
Aetiology of the Inefficiency Syndrome in the Indian Power
Sector: Main Issues and Conclusions of a Studarch
2002.



This work is licensed under a
Creative Commons
Attribution — NonCommercial - NoDerivs 3.0 Licence.

To view a copy of the licence please see:
http://creativecommons.org/licenses/by-nc-nd/3.0/


http://creativecommons.org/licenses/by-nc-nd/3.0/

	325
	Creative commons cover sheet

