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CHAPTER IV

COST OF IRRIGATION BY ELECTRIC

HOTOR

In this chapter as also in the following two chapters
we shall attempt to compute the costs of irrigation for sampie
modes of 1ift of different types, i.e., electric motors, 0il
engines and the bullock~operated 1lifts selected in two sets
of villages. The following points need be noted in this
context
(i) Costs of irrigation are worked out only for the sample
modes of the cultivators. Since the study relates to economics
of different modes and as the sampling of cul tivators is mode-
wise, the costs are worked out for the particular mode of the
cultivator for wbich‘he got selected in the sample. Thus, it
is possible that the same cultivator got selected in the
sample under two diftferent sample modes of 1ift {(or the two
units of the same mode of 1ift). Even in such cases the costs
are worked out for the two modes independentily of each other

and separately.
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incurred by way of irrigating the crops during one year,

(ii) Costs of irrigation referred to here

i.e., June 1965 to May 1966, on the sample modes.

(iii) 'Costs' are not to be equated with 'expenditure' on the
mode of irrigation during the year. Most of the fixed costs
like depreciation and interest rate charges are imputed costs,
while most of the variable costs like the cost of maintenance
and operation are the actual expenses incurred during the
year by the cultivator concerned. In the case of bullock-
operated 1ift, some elements of even the variable costs are

imputeds

(iv) The problems pertaining to measurement of cost for each
mode of 1Lift are different from those of the other and, there-
fore, we have worked out the costs of irrigation for each mode
separately. In Chapter VII we have tried to reduce the costs
of different modes to a common standard so as to facilitate

the comparison of costs of ditferent medes of 1Lift.

(v) There are two factors external to the mode of irrigation
which affect the costs of 1ifting water from the wells.These
are (i) sub-soil water table which depends on rainfall during
the year and (ii) the type of crops which determine the

intensity and frequency of irrigation.



Rainfall during the Period of Reference

We may briefly comment here on the rainfall in the
district during the year, June 1965 to May 1966 (i.e.,
reference period). The supply of water to the well depends
upon the rainfall, as the acquifer lowers down with a meagre
rainfall, thereby affecting the level of water in the well.
The rumber of irrigations given to 2 crop also depend on
rainfell. In the Annexﬁﬁei%&e have presented data on rainfall
during the year June 1965 to May 1966 for the talukas in which
the sample villages are located.1‘ We have also presented for
each of these talukas the figures for normal rainfall provided
by the Metereological Depeartment. If we compare the rainfall
for the year June 1965 to May 1966 for each taluka with its

normal rainfall, it can be said that rainfall during the year

in this region was by and large normal.

Irrigated Crops in the Regiop

It may be mentioned here that the cost of irrigation
depends, among other factors, upon the level of operation
of the mode expressed in terms of the number of hours of
operatioﬁ during the reference period. However, the number of
hours of operationof a mode during any particular period

depends upon the intensity of irrigation required which varies

This data was obtained from metereological office in Poona
which has its rain gauge stations at all the talukas head-—
quarters in the district.
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according to the nature of crops. In the jpRpsextire to this
chapter {Anpextire Table 4B2), & list of irrigated crops in the
region, as &lso in the sample villages and, by different modes
of 1ift in the sample is enclosed. It may be observed from the
aforesaid table that the crops irrigated by different modes

of 1ift in the sample broadly conformed to crops irrigated in
the villages covered by the sample modes as well as those in

the region.

The intensity of irrigation of major crops irrigated by
the sample modes was of a varying nature. For instance, whereas
irrigational requirement, both in terms oif number of irriga-
tions and the gquantum of water per irrigationz of majoer crops
like Jjowar and wheat is moderately low, that of fruits and
vegetables (Onion and Potato) is moderately high. The inten-—
sity Qf‘irrigation of two other major crops,i.e. Sugarcane and
lucern-grass (miscellaneous non-food crop) is quite high wiﬁh
thelr crop seasons lasting for one full year and requiring
around 36 to 40 irrigations of 1 to 1.5 hectre inches each.

A more detailed analysis of major crops irrigated by sample

modes of irrigation is undertakem. in Chapter VII.

Sample of Flectric Motors

As stated earlier in the Chapter T, the sample of

electric motor was geared to the purpose of explaining the
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time-lag in the development of irrigational use of electricity.
The pump~sets connected in the village were therefore grouped
by the time-lag (expressed in terms of number of years) in
their dates of commnection from the dates of electrification
of the village in which they are located. Table 4.1 gives the
year of connections of the sample pump-sets in the selected
villages. To facilitate %he compar ison between the years of
comnections of sample pump-sets with those of total pump-sets,
connected in the sel ected villages, we have given in table
4.2 the distribution of total number of pump-sets in the
selected villages by their years of connection. If we compare
the table, relating to the diétribution of all pump~sets
connected in the villages with the table relating to the
distribution of sample pump-sets, it can be seen that pump-
sets comnected in all the years in the selected villages

are proportionately (roughly 40 per .cent) represented in the

sample.

It may be pointed out here that the cost functions which
are fitted here are related to this particular sample design

of modes of irrigation.

Various components of costs, concepts employed and the

methods of computation are discussed in the following pages.
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Pixed cost. The fixed cost is divided into two parts 3
(i) the depreciation charges on electric motor, pump-set and
other accessories, (ii) interest rate charges on the written
down value'of the investment at the beginning of the year of
reference (viz., June 1965-May 1966). For computing these

components we have to estimate the total investment.

Initial Total Investment

We shall now give %he costs of difrerent items of
investments of an electrically operated pumpset as reported
by the cultivators. Different items of investment .are :
(a) electric motor, pumpset and other accessories such as
pipes, starter and switch-board, etc.,(b) tramnsportation cost
of motor and accessoriesy (c) installation charges i.e.,
cost of comstruection of foundation and wiring)(d) construc~
ting pump-house, and (e) service connection charges and

deposit paid to M.D.E.B.

To start with, we shall give briefly the method of
collection of data on these invesiment costs and discuss their

limitations.

In the case of the cultivators who had financed their
equipment through loans from the Co-operative Land Develop-
ment Bank or the Block Development Office, the receipts or

the cash memos of the equipment were maintained with the
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taluka office of these Banks or the Block Development Office.
For those cultivators, therefore, the amount stated in the
receipts were considered for estimating the investment costs.
The other cultivators, who had financed the equipment of théir
own, were asked to produce the cash memos if they had. In
most of the cases the cultivators did not have such receipts.
However, many of these cultivators had puchased their eguip-
ment from the dealers in electric motors of different mkes

in Poona City, and in some cases from the dealers at the
taluka headquarters whose local addresses they could give.

For these cultivators, therefore, the dealers were contacted
and were requested to produce the cowmter-receipts of the
equipment sold to these cultivators. Since the dealers were
contacted through the Office of the Directorate of Industries,
Maharashtra State, they produced the required receipts, though
grudgingly. The authencity of these receipts were checked from
the total amount reported by the cultivators to have been
spent on the investment. Fortunately, in all the cases the
receipts produced by the deadlers were authentic. However,

the purpose of approaching the dealers in these equipments

and the office of the Co-operative Land Development Bank was
not entirely served. The purpose was not only to have correct
estimate of the initial investment costs, but also to have

as many details as possible on the different items of costs
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such as motor, pump, pipes, starter, etc. Unfortunately,
these details were not stated in the cash memos either at the
oftice of the Land Development Bark or Block Development
Office or even in the receipts with the dealers. For example,
the amount charged for pump, motor, the pipes and other
ancillary things like wires etc. was stated together and not
separately. All the dealers appeared to be reluctant to state
the quantities of pipe purchased by the customer and further
stated that the prices of the pipes varied with the quality
of the pipe purchased, which was fair enough. But, then they
had not specified the description of the pipe purchased by the
particular cultivator such as 'galvanized' or thickness of
circunference in centimetres etc. in the receipt. Later on,
the plausible explanation for wt giving the details in the
receipt by the dealers was obtained through the discussions

with the office-bearers of the Land Development Bank.

The Lrand Development Bank did not give cash to loanee
but issued a certificate of the loan amount in the name of
the dealer from whom the cultivator desired to buy the
equipment. Purthermore, it may be observed that the prices of
motor and the pump %o be sold as part of 'tacquavi loan'
were fixed by the Government and as such the prices were
below the open market prices of the equipment. Therefore,

once the cultivator produced the certificate of the Land
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Development Bank, the dealer had to sell to the customer at
the price fixed by the Government. The dealers, therefore,
suffered a loss in selling the equipmen£ on the invoice
certificate of the Land Development Bank. To make good for
such loss, the dealer charged exhorbitant prices for other
items of investment like pipes, starter, switch board, wires,
etc. To conceal this, the receipt was prepared without giving
the details either of quantity or the quality of the items
purchased. Unfortunately, there was not enough evidence to
prove this conclusively. However, there were other anomalies
observed in respect of the installation of pumpsets by the

dealers which are briefly described below.

In one of the sample villages, i.e., Chikhali, most of
the motors were purchased from a dealer in Poona city dealing
in the motors of tne make 'Jyoti'. The village is about 16
miles from Poona city. When the dealer was requested to
produce the counterfoils of the cash memos of the motors sold
in the village Chikhali, he gave 1t after some hesitation.
1t was observed in the receipts that the transportation charges
of the equipment entered therein were not uniform for all the
motors sold in the village. On clarification, the dealer
reported that the charge for transportation was fixed at 4
per cent of the value of the equipment purchased, which meant

B8.55 to BE.60 and #s.65 +o B.80 for % H.P. 2nd 5 H.P. motors,
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respectively, for a distance of 16 miles. Even this 4 per cent
was also not uniformly charged to all the customers. In case

of some customers, not even 1 per cent of the value was charged
for transportation by the same dealer. It may be stated here
that wherever the ﬁotors were purchased of some other make,

the transportation charges had come to only B.25 to Bs.30,

irrespective of the size of the motor in Horse-Power.

In the sample village Dawadi, (Taluka Khed) an irregula-
rity éf al together different nature was observed causing a
lot of wasteful expenditure for the-cultivators using
electric motors. The village was an 'Inam' village belonging
to one ofnthe ex=-Princely State rulers in India. The ex-
-ruler had constructed a palacial building in the village
which was looked after Wy the estate manager known locally
as 'Sardar' (a knmight). With the less freguentation of the
Priucely State ruler to the village, the Sardar Became almost
a monarch since méany of the cultivators in the village were
indebted to the Princely ruler and Sardar being the estate-~
-manager threatened to act on behalf of the ruler. Subse-
quently, the 'Sardar' was elected on the "Taluka Panchayat
Samiti" and was member of tbe Consultative Committee of the

District Co-operative Liand Development Bank.

When the village was electrified for domestic lighting,

the Sardar was approached by one of the representatives of
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a company manufacturing electric motors with an offevxe of 10
per cent commission on each of the motors sold, plus a free
electric motor for every ten motors sold in the village. The
Sardar, in turn, forced soﬁe of his debtors to go for electric
motors of the said company. As a member on the Consultative
Committee of the Liand Development Bank, he got the loams
sanctioned for the cultivators through the Land Development
Bank. The work regarding the sanction of loans and the setting
up of motors at sites was done so expedidtiously by the Sardar
that the electric motors were lying idle waiting just for the
connection from the M.S.E.B. for as many as 10 months. Finally,
tue concerned cultivators had to file a representation to tne
Liand Development Bapk to defer the first repayment instalment
of the loa%by one year since the motors were not actually put
to use when the notice regarding the first repayment instal-
ment was received. All this apart, within one month of éommi-
ssioning of motors, all the motors were burnt one after the
other. The cultivators had to get them repaired from Bombay,
but, after re-installation they burnt again. One of the culti-
vators of the village, who was an employee of Zilla Parishad,
got the motor inspected by a third party mechanic who found
out 2 manufacturing defect in the motor which was causing the
damage to the motor from the slightest fluctuation in the

voltage of current. The cultivator somehow got the moter sold
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and replaced it by a motor of different make. At the time of
survey uf the village,as marny as 9 motors in the village were
totally out of use and their owner-cultivators had reverted

back to the bullock~operated 1lift.

In yet another sample village, Retawadi, where the
cultivator had installed a 3 HP motor and financed it through
the loan from the Land Development Bank, he was bharged more
by the Dealer than his fellow cultivators in the village who

had instelled 5 HP motor and had used more of pipes in length.
7

All these point out to a need of close supervision by

the Land Development Bank over the prices charged by dealers
for different items of cost of instaliation of motor, and also
to give guidance {0 the cultivators in the selection of motors.
The Land Development Bank should have also ensured that the
same quality motors are supplied to loanees of Land Devel op-
ment Bank as are supplied on the open market. In the absence

of it, the entire spirit of subsidization of mitors was lost in

Some cases.

However, in the selected sample of motors these irre-
gularities had led to an artificial increase in the invest-
ment costs of motor to the cultivator. But these reported
costs under the circumstance represented the actual costs of

installation of sample motors to the cancerned cultivators,
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and hence the same were teken for the purpose of computation.

_ Table 4.7 and 4.4, summerize for 3 HP and 5 HP motors,
the’;ﬁQestment cost incurred by cultivators on different items
of cest. As the sample covers motors connected in different
finanecial years, we have provided the average costs on each

item for motors connected in each year separately.

As stated earlier, not many breakdowns of the investment
cowld be given because of the mamer of presentation ot the
costs in receipt-books of “the dealers, and in the vouchers
with the Land Development Bank. It should be noted that the
taples average out the invesiment costs of motors of different
makes which were found in the sample. Since the number of
motors of each maeke within the sample of each size of motor
was small, separate tables could not be given for each make.
Further, the mode of presentation of data in receipt books
by one of the dealers (in not giving the details of costs
for motor, pump, pipe and other accessories) acted as a
coustraint in furnishirg the details. We have, therefore,
clubbed together the costs of motor, pump, pipes, starter
and switch for presentation in the Tables altnough for some
dealers the details of the costs were available for each

of these items.
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Table 4.3 ¢ Investment cost of sample motors -~ 3 Horse power.
(Cost im Bs.)
Year of No.of Average Average Average Average Aversge
instal~ sample cost of cost of cost of cost of Total
lation motors motor,pump, instal- other pump~ invest-
instal- pipes and lation charges house me nt
led other acce- charges
ssories \

() (2) (3) (4) (5) (6) (7)
1962-63 1 12v0.00 120.00 66.00 600.00 2086.00
1963%-64 6 1542.25 136 .83 154.88 1725.00 2558.96
1964-65 23 1495.14 17715 141.99 295.15 2109.43
1965-66 1 11%4.82 300.00 1%36.00 10.00 1580.82
Total 31 1483.11 171.47 145.07 378.98- 2178.6%

4 : Investment cost of sample motors - 5 Horse power.

Table 4.

(Cost in Bs.)

Year of No.of Average Average Average Average Average
instal-~ sample cost of cost of cost of cost of Total
lation motors motor,pump, instal- other pump invesgt-
instal- ©pipes and lation charges house ment
led other acce- charges
ssories .
(1) (2) (3) 4) _ (5) _ (e) (1)
1962-6% 8 2092,.22 270,00 208.14 563.75 3134 .11
1964-65 26 1790.15 21%.23 169.95 192.50 2365 .8%
Total 42 1818.40 23%%.91 177.58 280.3%5 2510.24
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It can be observed from these tables that as the time-
span covered by the sample is small, i.e., three and half

years only, the total investment costs do not show|any

increase over the pericd. On the contrary, it siows a
[

decline in the total investment costs for the motoés of both
the sizes ~ 3 HP and 5 HP. However, the deciiue ig the
investment—-costs is more apparent than real. Strictly spesgking,
the investment costs between the years for the saﬁe sizes of
motors are not comparable with each other. The quantities as
well as the gquality of the equipments differ for sample motors
installed of the same size in different years. For example,

the average sizes of the pipes purchased along with the sample
motors of 3 HP in the years 1962-63, 196%-64, 1964-65 and
1965~66 were 30 feet, 61 feet, 71 feet, and 31 feet,respect-
1vely.These differences ih the average sizes of pipes partly
explain for the differences between the years in column 3 of
tables. The same is true with respect to 5 HP motors where also
the average sizes of pipelines per sample motor installed in
1962-63%, 1963~64 ard 1964-65 were 172 feet, 65 feet and 55
feet, respectively. Partly the difference is also due to the

quality of the equipment installed. In some cases the

accessories such as starters1 and pipes which were installed

Starter is a device which guards the motor from damages due
to fluctuations in the voltage o. cwrent. It automatically
cuts the supply of energy to the motor when the voltage of
current falls or rises beyond a certain range.
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by the cultivators were of such high quality that they had
cost almost one and half times of those used by the other
cultivators. For example, one of the motors in the sample had
a starter and a main switch worth.%.231 while mest of the cul-
tivators had spent B.160 on starter and main switch. Similarly,
while some of the cultivators had used pipes costing as much
as B.5.50 to k.6 per foot, the other had used pipes costing
onlf i5.%.50 to fis.4 per foot. Both these factors thus had
accounted for the difference in average cost or motor, puwmp

and pipes)eto.

It can be further observed from these tables that the
variations over years are comparatively less in respect of
average installation charges (Column 4) and other charges
(Column 5) for the motors of both the sizes. This is because
most of the dealers had a fixed rate of installation charges
which was then B.100 for 3 HP and %.150 for 5 HP motor. The
excess (in some cases) over the above-stated installation
charges were due to the additional cost (a) for different
types of foundations and (b) for girders (rail poles) fixed
inside the well to facilitate the vertical movement of motor
and pump which was sometimes necessary to cope up with the

fall in the level of water during the summer.

Similariy, the average cost of other charges (Column 5)

include the deposit which the cultivator had to pay to the

.
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Maharashtra State Electricity Board and the costs incurred
by bim to tramsport the equipment from the dealers shop to
the site of installation. PFor all these years’i.e., 1962-63
to 1965-66, the amount required to be paid to the Board in
the form of a refundable deposit remained the same, i.e. B.15
per horse power and a non-refundable sum of R5.81/- towards
service connection charges. Thus the total amount which the
cultivator had te pay came to B.126 (3 x 15 + 81) for 3 HP
and B.156 (5 x 15 + 81) for 5 HP motor. The variations
between the years in the average cost of other charges in the
tables are due to different transport costs obtaining for

cultivators for reasons explained earlier.

The variations in the average cost of pump~house are
the largest between the years. This is due to the various
types of construction undertaken by the cultivators to house
the pump-set. The types of construction ranged in the case of
sample cultivators from 2 bare wooden box covering the motor
and pump or a single-brick-wall "katcha" construction (some~
times even tin-walls) with a thatched roof to a full-fledged
reinforced concrete structure with stone-walls having a floor
area of about 150 square feebt. In the latter case the pump-

house was also used to store other implements and put to such

~‘ other ancilleary uses. But, since the main purpose of construc—

tion, as was revealed from the lecation of the house, was to
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house the pumpset, no a@pmrionment of the cost towards other
uses was done.lhe cost of construction, thus, varied from
B.10 in case of a wooden-box to B.200 or %.250 in case of
‘katcha' construction, and as much as B.1,000 in case of rein-

forced concrete structure.

In the followiung the method of computing depreciation
charges which are considered to work out the irrigation cost
by this mode of irrigation during thé‘year, is briefly discus-

sed.

Depreciation Cost

For computing depreciation charges for one year, the
straight 1line method of depreciation is followed. The assump-
tions regarding tne life-span of motor, pump and other
accessories and pump~houses are discussed when the sample data
are described. Interest is charged on the value of the
depreciated capital at the beginning of the year, i.e., 18t
June 1965; the value of depreciated capital in case of each
sample pumpset 1s calculated with respect to its date of
comection. If the pumpset is commected in the latter half
of any month the depreciatioﬁ?s not calculated for that month,
but if it is comnected in the first half of the month the

depreciation is charged for that month. Thus, 1t is assumed

As stated in Chapter {lf, the dates of connection of individual
pumpset were avaiiable in the meter-cards maintained at the
sub~divisional office.



that the cultivator tekes a fortnighi's time to adjust to

the electrically operated pumpset so as to use it effectively.
3

The life of the motor is tsken as ten years, and hence
in each individual case one-tenth of the total investment
cost on motor, puunp, pipeé, starter etc. is taken to be the
investment cost for the year. It may be noted here that the
transportation charges and installation charges are also
taken into account, and included in the total investment to
work out the depreciation cost for the year. In the case of
deposit paid to the Maharashtra State Electricity Board, the
refundable amount,i.e., security deposit at the rate of .15
per HP is not considered while calculating the depreciation

charges, although interest has been charged om this amount.

The depreciation charges are worked out separately for
the‘pump—house(because the 1ife of the pump~house, depending
as it was on‘the type of construction undertaken by the cul-
tivator, differed from ten years which was assumed for the
motor and the pump~set. The estimate of the life of the pump-
house was based on the expectation of the cultivator which was
confirmed by witnessing the type of consfruction. In Table 4.5
we have given the lives of pump~houses of sampﬁ%@otors as
reported by the cultivators. The constructions are classified
broadly into five categories and the average cost of construc-

tion are given with the average expectation of 1life as
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reported by the cultivators for each type of construction.

Table 4.5 3 Average life and investmeunt costs of pump-houses
constructed on motors in the sample.

Type of No.of Range of Average Average
consvruction pump- invest~ invest~ life of
houses ment cost ment pump~house
Bs. d
(Infs)  coft  ¥Eioyeste)
Wooden box 8 0-10 10.00 1.00
Single-brick/tin
wall construction 43 100-350 200.20 12.40
Brick-wall with
plastering etc. 18 400-750 525.00 21.75
Stone~wall con-
struction with 1000 &
plastering etce. 4 above 1350.00 32.00 .

The range of investment cost has beem given in the
table to indicate the. variations in the construction cost
within the same type due to change in the size of construc-
tion. For installation of mtor, sometimes the ground area
near the well was dug up for laying the foundation for the
motor (this was done specidlly where the well was deep and
the instel lations at fthe ground level would prohibit the use
of motor and pump during summer when the water~level receded) .
The construction of pump-house, under such circumstances,

entailed the construction of walls from the level of founda-
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tion upto the ground level which increased its size and

consequently the cost.

Interest REate Charges

Different rates of interest are charged depernding upon
the originating source of finance for the investment in the
electrically operated pumpset. Wherever the finance was bor-
rowed, the market rate of interest, i.e., the actual cost of
the borrowing is charged. In respect oﬁmotbrs in the sample,

‘generally, the finance was borrowed :from the State Cooperative
Land Development Bank and hence the rate of interest of 4.5
per cent per annum (the then prevailing lending rate of the
State Cooperative Land Development Bankgfor @Pe long term
finance) is charged. In some cases, the finance for installa-
tion of motor was borrowed from the Block Development Office
by the cultivators. Howeveq,the rate of interest charged per
annum by this agency was also 4.5 per cent to the cultivators
for the purchase of electric motors and hence tune same is

taken for the computation of interest costs.

Source of Finance

Table 4.6 gives the sources of finmance for pumpsets in
the sample. It may be noted that in some cases, specially
where the finance was borrowed, the sources of finance for

the installation of a pumpset were more than one, i.e., partly



175

borrowed and partly owned (self-financed).Since diiferential
rates of interest is charged depending upen the sources of

finance, the pumpsets having two sources of finance are given

separately.

Table 4.6 : Source of firances for pumpsets in the sample.

Source of finance No.of pumpsets

(A) Borrowed 18
(B) Owned 34

(¢) Partly borrowed and
partly owned 23

It may be further observed here that wherever the
borrowed funds were supplemented by owned capital, the extent
of owned capital invested in the installation of pumpset
varied with the quantum of loan made available to the culti-
vator from the District Cooperative Liand Development Bank.

In Table 4.7 we have presented the distribution of category
'¢' of table 4.6 (2% pumpsets) by 'average amount of owned
capital' and 'borrowed capital invested' in the installation

of pumpsets.

It can be observed from table 4.7 that at the aggregative
level, the proportion of borrowed capital to owned capital

invested is roughly 4:1. For more than half of the motors
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Table 4.7 ¢ Details of source of finance in respect ofrmotors
financed partly out of owned funds and partly out
of borrowed fundse.

(Amount in B.)

Amount of No.of Average Average  Average Averasge  Average
owned motors HP con- amount of amount of amount of borrowed
capital nected owned borrowed total in- capital +
invested per pumnp capital capital vest~- Average
-set invested invested ments owned
capital
0-200 3 %.00 106 .67 1933.3% 204 0.00 18.12
200-4 00 10 3.60 268.76 1772.50 2041 .26 6.60
400=-600 3 3.67 445 .67 1667.67 2113.%4 5.74
600-1000 5 4.25 561.40 2070.80 26%2.20 3,69
1000 & above 2 4.00 1674 .88 2250.00 3924 .88 1.%4
Total 23 3.69 456,58 1886.05 2342 .63 4.1%

(13 out of 2%), the proportion of borrowed to owned capital

invested is 7.8 to 1.

It is only in the last two groups that

the proportion of borrowed to owned capital hss declined to

2.4 to 1. It may be noted that in these two groups the total

amount invested for instellation is also more than the first

three groups. This was not only due to higher horse power

connected in these groups, but also because of larger amount

spent on the construction ot pump houses for which only owned

capital was invested. It is notable that there is & systematic

relationship between the horse power connected,

the total

amount of investment and the proportion of borrowed capital.
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It is seen that higher the amount of total investment, smaller

is the proportion of borrowed capital.

Thus it can be seen that oubt of the sample of 75 electri-
cally operated pumpsets, %4 were financed out of owned funds
and 18 out of borrowed funds. Of the remaining 2% which were
financed out of both borrowed and owned funds, 16 were predomi-
nently financed out of berrowed funds, while in the case of 7
pumpsets the borrowed funds were supplemented to a greater
degree by owned funds. On the whole, therefore, both the sources
of finance, i.e., borrowed and owned, had an equally important
role in the installation of sample pumpsets. Hence, for the
computation of interest rate charges for the use of capital,
two different rates of interest are coﬁsidered, one for owned
source of finance and another for the borrowed source of finance.
Where the financing 1s fully out of either borrowed or owned
funds, only one of the relevant interest rate charge is made
applicable, while in the case of mixed financing both the rates
are made applicable for thelr respective parts in the total
invested capital. The particular rates of interest adopted for

these two sources of finance are discussed below.

Rate of Interest In the case of borrowed funds the interest

rate charged is the same as that charged by the Liand Devel opment

Bank or the Block Development Office for the long-term loans.
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The interest rate charged by these agencies was 4.5 per cent

and hence the same is taken for computing interest costs. Where
the source of finance was owned, the rate of interest considered
for compubing interest rate charges is less than that charged

by the above-mentioned agencies.

The rate of interest to be charged has to be uniform for
all the modes of 1ift. To keep the parity of rates of interest
considered for the self~financed motors and other modes like
0il engine and traditional bullock operated 1ift which were found
t0 be more é?dily disposable,a short-term rate of interest is
considered for computing interest costs for electric motor also.
The fact that over 45 per cent of the sample motors were
financed wholly out of owned funds despite the availability
of institutional finance af subsidised rates is taken as an
indicator of lower opportunity cost of owned funds in rural
areas. For these reasons, the rate of interest on owned funds
was taken as 3.5 per cent - one per cent less than L.D. Bank
rate - which was the short-term Savings Bank rate of Commercial

banks.

Assumptions in Computing Interest Costs : We shall now

describe the procedure adopted and the underlying assumptions
in the computation of interest costs and later on give the

details of different items of investment cosis.
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As stated earlier, we have charged interest on the depre-
ciated value of the investment at the begimning of the
relerence period. Furthermore, the depreciation of initial
value of investment in the case of each of fthe pumpsets is
worked out from the month of its connectiam upto 1st June
1965, for all completed months vased on 'straight line method!
of depreciation with an assumpiion that the life of the motor
and the pumpset with all its accessories is ten years. In
respect of the pump-~house, the life is taken to be as stated
by the cultivator and also depending upon the nature of cons-
truction such as reinforced concrete structure or a thatched
brick-house or a tin-structure or a wooden box. For working out
depreciated value of pump-house, a straight line method is
adopted. Thus, annual depreciation is equal to one~tenth of the
book value of investment and the mouthly depreciation is
equivalent {to one~twelfth of annual depreciation. In this manner,
after accounting for depreciabtion upto 1st June 1965, from the
book value of investment, the depreciated value of the invest-
ment at the vegimning of period of reference is arrived at. On
this value of the capital, we have charged interest for the use
of capital during the year depending upon the source of finance.
Where the entire investment (pumpset plus pump—house) was
financed out of owned funds there was no problem in computing

interest costs, since the depreciated value could be charged at
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3.5 per cent. However, where the investment was financed out of
borrowed funds, either partly or entirely, some assumptions had
to be made to compute interest costs. The nature of these

assunptions is discussed below.

In all cases where the finance was borrowed, it was either
from the Land Development bank or the Block Development Oftice.
It is therefore, pertinent to describe the procedure of repay-
ment of the loan availed of from these agencies as the interest
rate in these cases has to be charged on outstanding amount

of loan as on 1st June 1965 and not on the original amount.

In case of such loans, the loanee was required to pay the
loan back in ten equal instalments with first instalment
commencing from the end of first year from the drawal of the
loan. This meant in the initial repayment instalments, the share
of the interest rate charges was more and that of principal
amount was less while in the latter instalments, the share of
interest rate charges declined and that of principal amount
increased. From this normal practice of repayment of loans, we
have deviated and made assumptions to sult our procedure of

charging, lnterest rates on depreciated value of equipment.

Two following assumptions are made as regards the repayment

of loans -

(A) Although it was observed that there was a time lag between
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the drawal of loan and installation of pumpset, (installation
meaning here the commencement of electric supply) it is assumed
that the drawal of loan and the installa tion of pumpset coin-
cides. In ether words, it is assumed that the first repayment
instalment is paid by the loanee after the completion of one
year of installation. This assumption regarding the simulta-
neous occurence of avalilment of loan and installation of pump-
set is made so as to have the same outstanding amount of loan

as well as depreciated value of equipment on 1st June 1965.

(B) In the normal practice, the repayment of loan to these
agencies was in ten equal instalments with every instalment
falling due on the completion of year from availment of loan

- first, second, third and so on upto ten years. However, in
computing depreciation of equipment, we have calculated the
depreciation for completed months also. To avoid the divergence
between the depreciated value of the loan and that of equipment,
we have assumed as if the principal amount was repaid every
month. Thus we have totally disregarded the actual practice of
repayment. It may however be noted that even under this assump-
tion the total amount repaid by the loanee would be the same as
under ten annual repayment ins talments, the only difference
being that, whereas in actual practice the proportion of prin-
cipal amount repaid in the instalment increases with every

instalment, under our assumption, the principal amount repaid
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would remain the same while the interest amount paid would

decline with every repayment instalment.

Secondly, wherever the equipment was financed out of two
sources namely, borrowed and owned, this assumption made it
easy to determine the component of borrowed funds in the depre-

ciated value of the equipment.

Interest costs and its contribution in total costis ! : Thus,

as discussed avove, the interest costs for each pumpset depend
upon the following parameters: (i) the number of years comple-
ted by the pumpset on 1st June 1965, {(ii) the initial total
investment costs for the pumpset, (iii) the source of finance
for the pumpset. The first two would determine the depreciated
value of the initial investment upto 1st June 1965, while the
third would determine the rate of interest which would be
considered for computing the costs. Tables4.8 and 4.9 present
the distribution of sample motors of two predominent sizes,
namely, 5 HP and 3 HP, respectively on the above-gstated para-

meters.

It can be observed from the table that interest costs
for the year 1965-66 are the least where the finance is entirely
owned since it is subject to only 3.5 per cent rate of interest.

Similarly, the interest costs are the highest where the

The remaining components of fixed cost and total cost are
worked out in the latter sections of this chapter.
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financing of the motor 1s partly out of borrowed funds and
pértly out of §wned funds. This is not only because the average
investment cost is on the high siaéﬂwhere the financing is
through multiple sources, but also because the distribution of
sample motors under - this group is in favour of comparatively
recent connections, which means less aecounting for depreciation
upto 1st June 1965. For the same reason in the case of motors
with 3 HP size, the average interest rate charges for the year
1965-66 are the least for the motors which have been financed
entirely out of borrowed funds, althougn the rate of interest
in such cases is higher fhan where it is finanéed out of owned
funds. In the case of these motors not only the average invest-
ment cost is less than that of the motors having entirely owned
source of finance but alse the distribution of sample motors
under this group (having entirely borrowed source of finance)
is evenly matched between recent and older connectioms. Distri-
bution of sample motors under the other group (having entirely

owned source) is skewed in favour of recent comections.

The contribution of interest-rate charges (in percentage
serms) in the fotal fixed costs as well as in the total costs
of irrigation by el ectric motor during the year 1965-66, is
presented in tables 4.10 and 4.11 for 5 Hf and 3 HP motors,

respectively.
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‘ It can be observed from these tables that interest rate
charges conftribute about 25 to 31 per cent of the fixed cost
depending upon tne source of finance and age of motor. The
variations due to source of finance appear to be more significant
than variatiuns due to age. In the total costs of irrigation,
however, the share of interest costs is roughly about 15 per -
cent for the motors of both the sizes. But there are larger
variations in the percentage contribution to the total cost of
irrigation within each category of source of finance. This is
primarily due to the variations in the number of hours worked
during the year by the motors as well as the average investment

cost per motor.

The Variable Costs

We shall now describe the method adopted to work out the
variaple cost,i.e., the cost of running the pump and motor
during the reference period viz., June 1965-May 1966. Since the
description of the motors in the sample would facilitate the
understanding of the method adopted, we would first give some

more details about the motors selected for study.

Tables 4.12 presents the respondents' ownership rights

in the sample motors.

It can be seen from Table-4:12..72 that the respondents

did not have 100 per cent ownership rights in a2ll the sample
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Table 4.12 ¢ OQwnership rights of respondents in sample motors.

Ownership right of the respondent
in the sample motor (in percentage)

Number of sample
motors

100~
99-75
74=50
49-25
24-10

9 or less

46
2
8
9
9

1

motors. In nearly 40 per cent of motors the respondents shared

the ownership rights with other farmers. In such cases, their

uses of the motors were réstricted to certain specific periad,1

and hence, the particular respondent could mot furnish all

the details pertaining to operation and maintenance of the

motor which he shared with others. For this very reason,  the

dealers of the electric motors and tue Land Development Bank

were approached for getting the details of the investment.

It may be noted here that where the sample motor was shared

by more than one person, it was not possiple to contact all

the cotpertners in the motor to get all the details of'operation

Where the motor was shared by cultivators who were co-partners
~in the well, the operation of motor by each person sharing it
was subjected in most of the cases to rotation. Thus every
cultivator got his turn after fixed interval, while the dura-
tion of this turn depended upon his share in the invesitment
costs of the motor. The electricity bills and the maintenance
cost,0f course were shared by each cultivator in proportion to

his right in the motor.
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and maintenance because in some cases they were as mary as 15
tQ:ZO. Since the operation and maintenance costs wefe shared
in proportion to one's share in investment, these costs were
estimated on the basis of details furnished by the user-respon-

dent who was having his turn on the day of visit.

Components of bperation & Maintenance Costs

"Operation costs of an electric motor during the year
1965-66 (June 1965-May 1966) were the charges paid by the
cultivator/cultivators to t he Maharashtra State Electricity
Board for the use of ‘electricity. For motors under study,
there was no difficulty in estimating these charges as the
month-wise amount billed for each of the sample motors was
avallable in the meter-card of the moter at the sub-divisional
office. However, two points need to be elaborated. They
pertain to : (i) coverage -of time-span of the meter-readings2
in relation to the period of study 7... (ii) the apportionmeﬁt
of the total hours and thereby total operation costs between

different co-pariners where the motor was shared.

It may be noted that in respect of jointiy-owned motors,

besides the user-respondent, the senior-partner (i.e., partner
maintaining accounts and paying the energy charge) was invaria-
bly contacted. for ascertaining the information obtained from
user-respondent as also to get certain other information (analy-
sed in Chapter VIII) on motivation for shifting to electrically
operated device. ’ ‘

The operation costs for the year were based on meter-readihgs
during the year which give the units consumed by motor for the
period of reference. It may be noted that this information on
units consumed was correlated with the duration of crops irri-
gated during the period of reference, as reported by tne
respondents.
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(1) Goverage of Time-Span of Meter-Reading : The meter-

reading of every electrically operated pump was undertaken,
then, every month. Evest meter-reader of the Maharashtra State
Electricity Board had in his Jjurisdiction about 200 consumers,
spread, on an average, in 4 to 5 villages. The consumers of
each village, therefore, were covered in a particular week of
every month.For sample villages the period of meter-reading in

! . .
evergmonth is given below. ‘

Name of thne village Period of meter-reading

in every nmonth
1+ Phursungi ’ First week
2. Chikhali First week
%. Narodi First -week
4. Narayangaon Second week
5. Retawadi Second week
6. Walunj ' " Second week
7. Dawadi Third week

It can thus be seen that al though we have stated that
the period of reference for the computation of costs is 1st
June 1965 to end of May 1966, it is impossible to have such
a clear-cut picture of consumption of electricity during this
period due to the timing of meter-readings in different sample
villages. Three points may be noted in this. connection.

Rirst, the kharif season starts roughly from second or



third week of June and, therefore, the meter-readings taken

in secord and third week of June coincided with the beginning
of kharif season and hence for sucﬁ villages correlating the
two periods - one demarcated by meter-readings and the other
an agricultural yesr beginning with kharif season - did not
present a problem.For such of the villages where the meter-
reading was taken in the first week of - June the correlation of
two periods did present & problem. We béve, therefore, allowed
on either side a difference of 5 per cent between the estimate
of working of motor based on the repp}ting of the cultivator

and the other estimate based on meter-reading.

.
1'n

Lastly, where the first meter-reading o; the year ggune
1965) or the last meter-reading of the year Qﬁéy 1966) was
entered as'Lch'1, the hours were estimated for that particular
month on the basis uvf the reporting of the cultivator using the
sample motor. This estimate was then added to the hours arrived
at from the meter-readings for the remaining 11 months to get
the total hours of operation of mofor in the year on the basis
of meter—reading.2 In other words, the estimates derived from
two different sourceé were compared for 11 months only in such

cases.

The reading ‘'Lock' 1s stated in the meter-card when the consumer's
meter-box is found locked on the day of visit by the meter-
reader. Such phenomena as stated above,i.e., Lock either for

the first or the last month of the year viz., for June 1965 or

May 1966 was observed in case of six sample motors.

In respect of meter reading being stated as 'locked'! for the
first and the last mounth of the period of reference, the bill
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(ii) Apportiomment of Total Hours of Sample

Mo tor where the Motor was partly owned:

Where the motor was shared by many cultivators having the
right to draw water from the well, the following two practices

of sharing the operational costs were observed :

(a) Sharing of costs in proportion to one's right in the

well, which was expressed locally as "annas in a rupee".

(b) Sharing costs in proportion to the use of the motor
calculated on the basis of the record wherein the units con-
sumed by each co-partner were stated for all his turns during

the month.

Qut of 29 sample motors jointly owned the first practice
was followed in case of 26 motors, while the other practice

was observed only in case of 3 motors.

However, in the case of former practice of‘sbaring the
operation costs, it was observed in respect of all the sample
motors that the estimate of hours operated by one of the users
{(who was contacted in each such case) on the basis of the
waterings given by him to the crops was comparable with the
estimate of his share in the total hours of operatiom of the
motor, on the basis of meter-reading. In other words, each co-

partner was found to be sharing the total hours of operation of

for consumption:. of electricity for the relevant month was
computed on the basis of estimate of hours of operation during
that month as reported by the cultivator to arrive at total
electricity charges for the period of reference.
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gample motor during the year in pfoportion to his ownership
right. ihis was due to'ggaarrangement between the co-partners
that the motor would be operated for fixed number of hours

in a day (say, 4 hours in the morning and 4 hours in the after-
noon), and that it would be switched on and off by enly one

of the co-partners who would be in-charge of the keys of the

switch~board.

It may be noted that for both the practices of shariig
the operation costs, the fixed cost,i.e., the initial cost of
investment was shared between &8ll the co~partners in proportion
to one's right in the well where the motor was to be installed.
Since one of the aims of the study was to analyse the cost per
hour of operation at different scales of operation for diffe-
rent modes, some adjustment in the fixed cost of the motor
apportionable to the particular co-partner (who was interviewed),
was made where the second of the two practices of sharing the
operationt cost was observed. In such cases, the fixed cost
apportionable to the respondent was re-adjusted in proportion
t0 his share of hours operated in the total hours of the motor
during the year. In short, his share of fixed cost in the total
fixed costs and his share of operational costs in the total
operational costs were brought in the same proportion. Inci-
dentally, it may be noted that where the operational costs were

being shared on the basis of actual units consumed by each
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partrer, the partner consuming units in a proportion greater
than his ownership right derived more advantages vis-a-vis

other partners who consumed proportionately less.

Tariff Structure

The then existing tariff structure varied for different
uses of electricity such as lighting, industrial, agricultural,
etc. Dince we are interested oﬁly in tariff for agricul tural
purposes, we are giving the tariff for that purpose only. It
may be noted that agricultural tariff is applicable to opera-
ting & cane crusher or fodder cutter besides the use of
electricity for irrigational purpose.The tariff which was

structured on different slabs of consumption, read as follows :

(1) PFoer the first 50 units consumed in 1% paise per unit
a month per HP of connected load i.e. KWh 1%

(2) TPor the next 150 units cmsumed

during the month per HP of
connected load 12 paise per unit

/

(3) TFor all additional units
consumed during the month 10 paise per unit.

Minimum bill:%.40 per annum per HP of connected load. Besides
this, there was meter~rent of Re.l1 per month and a surcharge

of 10 per cent on the total bill.

With this tariff structure in force, sometimes, for the

KWH= Kilo watt of energy consumed for one hour. As 1 HP =
0.746 KW, 3 HP-- motor run for one hour woulgd consume

3 x 0.746 KWH = 2.238 KWH. Similary 5 HPZ%gth consume.” 3.73
units for its one hour use.
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same number of units consumed over a period of time by two
motors, different amount was charged for each depending upon
the frequency of meter-reading in each case. In table 4.13,
we present hypothetical case for two motors of 3 HP each
having the same consumption of 800 KWH (units) for the
period of two months, but the meter having been read twice in
the first case, giving the break-down of the units between
the months as %50 XKWH and 450 KWH; while in the other case
the meter having been read only once in the months, the first
time being found 'Locked' by the meter-reader. The amount
billed for each motor would be as follows for these two months.
Table 4.1% : Comparison of amounts billed for a hypothetical
case ~ Two motors with identical consumption but

with different number of meter-readings over a
period of 2 months.

Frequency of Meter Reading 1st month 2nd month Total for
in two months' period Units Amount Units Amount two months
billed billed (amount
(Bs.) (Rs. ). billﬁd in
’ Bs.

Case 1: Meter-reading twice

(A) Energy charges

Total units consumed
of which 350 43.50 450 55.50

Units charged at the
rate of 13 peaise per
unit 150 19.50 150 19.50

Units charged at the
rete of 12 paise per

unit 200 24.00 300 36.00
Units charged at the
rate of 10 paise - - - -

cont...
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Table 4.13 (contd.)

Frequency of meter reading 1st month 2nd month  Total for

in two months' period Units Amount Units Amount two months
billed billed (amount
(Bs.) (Bs.) billed in

fs. )

(B) Meter rent(Re.1 per meter) - 3$.00 100 %.00

(C) Sub-total (A+B) -  44.50 - 56.50

(D) Surcharge at the rate of

104 of 'C! - 4.45 - 5.65
(E) Total Bill ( C+D) .. -~ 48.95 -  62.15 111.10

Case IT : Meter-reading once
(A) Energy charges

Total units consumed Meter found 800 93%.50
of which tl1ocked!

Units charged at the
rate of 13 paise per
uwnit. - - 150 19.50

Units charged at the

rate of 12 paise per ‘

unit - - 450 54 .00
Units charged at the

rate of 10 paise per

unit - - 200 20.00
(B) Meter rent (Re.1 per
(C) Sub-total (A+B) - 1.00 - 94 .50
(D) Surcharge at the rate
of 10% of 0! - 0.10 - 9.45
(E) Total bill (C+D) - 1.10 - 10%.95 105.05

Thus it can be seen that under the then existing
regulations and tariff structure, the lesser number of actual

meter~readings led to a smaller amunt billed per month,
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since the number of units to be charged at the rate of 10
paise per unit increased with the lesser number of meter-
readings. However, this advantage must be weighed against the
incidence of a larger amount of bill on the cultivator under

an infrequent meter-reading, and, therefore, the opinion was
divided among the users as regards the frequency of meter-
reading and billing of energy charges. Out of a sample of 75
motors, the users of 55 sample motors wanted a monthly accurate

reading of meters while the users of other 20 wanted guarterly

reading and billing of energy charges.

Maintenance Cost

We shall now discuss the other part of variable costs viz.,
the maintenance costs of sample motors as répgrted by their
users. The maintenmance costs have been divided into three

parts, as follows :

i) Greasing or daily upkeep,
ii) Minor repairs and overhauling, and

iii) Major breakdown and spare parts.

Greasing or daily upkeep : The pump was usually greased

before the operation. The grease is a type of lubricatnt made
of petroleum product and is used to ease out the friction
between the bearings of the pump. Also, it was applied to the

bearings of the motor when overhauled. At the time of survey
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a kilogram of grease (in weight) was costing about B.2.25 to

.3. The users of sample motors were asked to state the amount

spent by them on grease duriug the year.

Where the ownership of the motor was held jointly by a
group of cultivators, two practices prevailed as regards the
sharing of cost of grease : (i) either it was purchased for
common use or (ii) each co~partner purchased separately. In
the case of latter practice, the estimate of expenditure on
this item has been slightly on the higher side since we have
assumed that the total expenditure on this item for the sample
motor is in the same proporition to the expenditure of the
particular co-partner as are total rights to the ownership
rights of that co-partner. However, share of expenditure on
this item in total expenditure on meintenance and operation
varied between only O.6s per cent to 2.15 per cent depending

upon the hourse of operation of motors of both 3 HP and 5 HP.

Minor Repairs and Overhauling : The repairs which could

be undertaken at the site without much delay and for which no
replacement of major spare parts, such as shaft of a pump,
bearings of a motor, rewinding of motor etc. were required,

are treated as minor repairs. The minor repairs, therefore,
relate to small repairs of pump or starter or replacement of
fuses and bulbs etec. It may be pointed out here that, although,

replacement of a fused wire is not a skilled job, many of the
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users (users of 28 motors in a sample of 75 ) got it done
through the lineman of the Board for which 25 paise to 50 paise
were charged by the lineman. These charges related to fuses
inside the switch-box within the premises of consumer. Where
the replacement of pole fuse was involved, (which is expected
to be done free of cost by the employees of the Board since
pole is the property of the Board) the cultivator was charged
Bs.2 to Bs.5 depending upon the urgency of his need by the

lineman.

The annual overhauling of the machinery, i.e., the motor
and tune pumpset, was done in many cases. Out of 75 sample
motors, 46 motors were overhauled during the period under
reference. The charge for overhauling was reported in the range
of B.10 to B5.20, depending upon the parts replaced at the time
of overhauling. However, the cultivators were not adble to

state which particular parts were replaced at that time.

Major Breakdown and Spare Parts : The repairs which

caused delgy and which could not be carried out at the site
of the pumpset (for example, rewinding of motor) or for which
major spare parts had to be replaced (e.g., bearings of motor,
shaft of pump etc.) are taken as magof repairs or breakdowns.
These repairs, therefore, relate mostly to rewimding of coils
of metor burnt due to fluctuations in the voltage of

electricity and malfunctioning of starter, replacement of
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bearings of motor, replacement of fans or the shaft of the

pump end lastly, the replacement of starter.

It may be noted that for the computation of annual costs
under this head, a different method than the one adopted for
the other two components viz., Greasing and Minor Repairs,
is followed. While for the first two components (Greasing amd
Minor Repairs) the actual costs purported to have been incurred
during the year 1st June 1965 - end of May 1966 are considered,
in this case, the total costs incurred were collected from
the period of insetallation upto the time of survey and then
total amount on these items was apportioned for one year. This

was done for the following reasons

(i) The amount required to be spent for repéirs under
each of these items was considerable when compared to amount
spent under the other two components of maintenance 'costs
viz., Greading and Minor Repairs. The breakdown fhemselves
being of accidentdl nature, strict adherence to a perticular
period for the estimates of costs would have vitiated the
true picture of annual costs since accidents are likely to
occur for one motor quite frequently duwring a particular
period while they are not likely to occur at all for’ another
in the same period and the sample is not large enough to

even out these differences in the occurence.
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(ii) During the pilot survey, the cultivavors showed a
tendency to state the expenditure on these items as having
been incurred during the period of reference although it was
actually incurred in an early year. In short, the exéenditure
under this item was not oI recurrent nature and, therefore,
the memory of a cultivator could not be relied upon to state

the expenditure on this item in a particular period.

As stated earlier, the expenditure on major repairs
mostly pertained to rewinding of coils of motor. Qut of a
sample of 75 motors, 46 motors were reported to be burnt since
their installation. Some of the motors were even burnt twice
or thrice. The expenditure for rewinding the coil was to the
tune of B.300 to B.500 depending upon the quality of coils.
The other expenditure under this item pertained to expenditure
incurred to remove the damage caused to the starter1, to
replace the pump-shaft, and for repairing damages to the switch-
box. Tpe expenditure incurred was of the order of k.85 to B.100
for the starter, k.50 to B.60 for pump-shaft and .40 to B.50

for switch box.

As stated earlier, the starter is an automatic device which

cuts off the supply of electricity to motor by tripping oxf
whenever there is & fluctuatiomn in the voltage. However, it

was observed that some cultivators disavrlowed the normal func-
tioning of starter by tieing it, so that it may not trip of.

This was done particularly when the cultivater had employed
casual labour for transplantation of certain crops which required
well-water. Under such circumstances, whenever the voltage
fluctuated beyond certain range, the motor was burnt. Sometimes
it simultaneously caused damage to the starter and the switch-

box.
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Tn tables 4.14 and 4.15 we have presented data on per
hour expenditure on different items of maintenance as also
operational cost for % HP and 5 HP motors, separately for

different levels of operation.

It can be observed from these tables that per hour cost
under the item 'greasing and minor repairs' declines in
absolute terms as the number of hours operated by metors
increase. The expenditure under these items was of a fixed
nature as the cultivators generally undertook overhauling
once a year. While the expenditure under the item‘major break-
down and spare parts' does not indicate any such relationship
with the hours operated by motor, which shows the chanced
occurrence of accidents. Perhaps the occurrence of accidents
during the year and the delay in getting the repairs done might
have precluded the greater use of motors which hal worked fox
less than 400 hours during the year. The operation cost of
motors shows a sudden fall in the first two size-groups of
hours of operation andi then the rate of fall gradually declines
as number of hours increase. This was due to the then existing
tariff schedule, described above, stipulating & minimum charge
of B5.120 for 3 HP ard B.200 for 5 HP motor thus requiring a
minimum of %00 to 325 hours of working during the year. Although

tariff is structured for different levels of units consumed
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during the month, due to ditferent number of meter-readings
in diiferent size-groups, the impact of tariff structure in
reducing the per hour operation cost with the increase in the

number of hours operated is not much seen.

However, it mey be observed that the percentage contri-
bution of each item to total variable costs does not show any
particular trend. This is mainly due to chance occurrence of

major breakdowns and the different number of meter-readings

for motors in different size-groups of hours of operation.

Total Cost

As stated earlier, we have computed for each of the sample
motors the diifferent components of costs, namely, the fixed
cost consisting of depreciation and interest rate charges and
variable costs consisting of maintenance cost and operation
costs. The addition of these costs viz., fixed and variable,
are taken as the total costs of irrigation by electric motor
for one year. These total costs are divided by the total number

of hours operated by the motor to obtain the cost per hour of

operation.

Tables 4.16 and 4.17 present data on -per annum costs of
irrigation by sample electric motors of 3 HP and 5 HP,
respectively. To perceive behaviour of cost of irrigation at
different levels of operation, electric motors of these two
sizes have been grouped by their number of hours of operation

during the year 1965-66.
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The following observafions emérge out of tebles 4.16 and
4.17

(a) Per annum fixed costs (depreciation charges and
interest custs).of irrigation vary between certain range for
motors of both the sigzes, and do not bear any relationship to
level of operation of the mo%ors. The variation in fixed cosis
per motor over different size groups of hours of operation is
accounted for by the difference in initial investment in motor
and pumphouse as also interest costs due to different sources
of finance. Economies of scale in costs of irrigation by motor
are discernible from the progressive decline in the share of
fixed costs in total costs of irrigation with the increase in

the devel of operation.

(b) Although variable costs of irrigation temd to rise
with the scale of operation Jof motor, the increase in variable
costs 1s proportionately less as compared to that in the hours
of operation of motor dwiung the year. This is mainly due to
(i) tariff structure prescribing minimum consumption during
the year as dalso certain variable costs (overhauling) being
of fixed nature, and (ii) relatively less occurence of major
break-downs (burning of moter) in respect of motors operated

beyond 600 hours.

(c) As a result, the cost per hour of operation decline
progressively with the increase in the level of operation of

el ectric motor.
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The cost functions fitted for these 2 sizes of sample
motors typically represent the avove-mentioned behaviour of

costs of irrigation by electric motor.

Cost Functions

]

We shall now proceed to derive cost function for v . »

3 HP and 5 HP motors separately. For 31 nﬁﬁber of 3 HP
motors and 42 number of 5 HP motors we have.attempted to fit a
cost function teking number of hours operated as independent
variable and cost per hour of operation as dependent variable.
Double log function and guadratic function were attempted, the

results of which are presented in Annexure 4C.

As can be seen from the results of costs functions
fitted for each size of motor,i.e.,3HP and 5HP, larger per-
centage variation is explained by double log function than a
guadratic function in each case, and hence double log function
is a better fit for each size of motor. It may be noted that
for each size o1 motor, the value of ¥ and F are highly

significant for double log function.

The shape of the curve (graphs presented in Annexure 4D)
is asymptotic to both the ax@s, with a steep fall upto 300
hours of operation and then ;moothening of curve beyond 300
hours of operation. This is due toxthe fact that part of varia-
blé costs viz., operational costs are constant over this range

(i.e., upto 300 hours) because of the regulations stipulating
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minimum guarantee of consumption for motor users. Beyond this
range, although the distribution of fi;ed costs over a larger
nunber of hours contribute to its taperingﬁaown, the variate
costs.(i.e., maintenance + operational cqéts) do not further
contrioute to its tapering, since theseféosts increase more

or less at a consﬁant rate with the ingéease in the number of
hours. Due to a limited number of obgérvations with respect 1o
hours operated during the year, thexburve and the function

show a continuous tendency to fa%}/for both thne sizes of motor
and as such optimum level of op§éation cannot be defined. How-
ever, the objective of the stqﬂ& is to work out the economics
of different modes at differeét levels of operation and, there-
fore, we shall be making uﬁg of these curves for comparing thenm
with the cost functions of/other modes viz., 01l engine and
bullock—-operated 1ift.Laétly, it may be observed that since

the minimum consumptiop/guarantee is lower for 3 HP than for

5 HP motor, at extregéiy low level of operation, i.e., less
than 300 hours, the use of 3 HP is economical than 5 HP,

all other things peing equal viz., depth of well, size of
holding etc. ngs is reflected in the comstant terms of two

egua tions per@éining to double log functions of 3 HP and 5 HP.
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ATNEXURE 2K ¢ Teluka-wise normal rainfall and rainfall during
~ June 1965 to May 1966.

(Rainfall in Milli-metre)

Month Aibegaog iaveliB iunnarB A:.{{hed =
June 1965 41.4 119.6 25.6 107.4 29.3 113%.5 11.8 114.8
July 1965 605.% 241.1 20%.8 168.9 350.6 231.6 221.7 174.2
Augugt 1965 158.0 130.1 159.7 106.5 10B.8 133.6 122.3% 1v0.8
Sept. 1965 79.6 12%.9 %1.6 130.1 29.8 118.9 22.4 1%5.6
Qct. 1965 9.9 67.8 10.3  76.2 12.0 66.0 35.1 69.1
Nov. 1965 - 37.6 - 30.5 - 39.6. 7.7 35.8
Dec. 1965 14 .4 3.1 15 .3 4.3 28.5 4.1 40,2 4.3
Janvary 1966 - 2.0 - 2.5 - 2.5 - 2.5
February 1966 - 0.3 - 1.% - 1.5 - 1.0
March 1966 - 23 - 2.0 - 2.0 - 2.0
April 1966 - 10.9 - 14 .2 - 10.7 - 3.9
May 1966 20.0 c£2.3 4.3 27.4 53.8 19.1 43%.6 23%.9
Total g28.6 761.0 520.6 571.3 612.8 742.6 504.8 672.9

Mawal MULlsS ot Purananar Dirur

A B A B A B A B
June 1965 84.1 159.8 235.2 215.7 58.5 88.7 95.2 106.9
July 1965 391.4 429.5 ©54.9 687.5 135.7 110.7 94.0 7T4.4
August 1965 142.7 243.6 313.4 3%368.1 227.1 64.0 120.8 48.3%
Sept. 1965 44 .2 149.3 50.0 161.8 104.6 112.0 89.0 144.5
October 1965 39.1 T76.5 19.8 68.3 3.9 B2.b 1.7 61.5
November 1965 0.4 27.4 5.0 20.7 3.3 3%.8 9.8 3%3.3%
December 1965 7.9 4.3 35.5 3.3 25.4 5.3 18.0 7.1
Jamary 1966 - 1.8 - 1.8 - 2.0 - 4.1
February 1966 - 1.0 - 0.8 - 1.0 - 2.8
March 1966 - 1.5 10.0 2.8 22.U 2.3 - 2.0
April 1966 - 9.4 - 9.9 - 15 .2 - T
May 1966 22.0 20.1 5%3.0 18.8 150.9 35.1 103.0 18.%
Total 731.8 1124.2 1576.8 1569.5 731.4 »52.6 531.5 510.3

A = Actudal rainfall during the year; B = Normal rainfall in the
taluka.
Sourcet Metereological Department, Poona.
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ANNEXURE 4B : List of Crops irrigated in the region/sample
" wvillages and by the sample modes of 1ift.

List of irrigated Irrigated Irrigated Major crops
crops in 8 talukas* crops in crops re— irrigated by
the sample ported by sample modes
villages sample
modes of
Liget
Rice _/ u/
Wheat / / /
Jowar (Rabi) / / /
Bajra / /
Ragi / /
Gram / /
Sugarcane _/ _/ _/
Condiment & spices
Fruits & vegetables e / /
Cotton ' / /
Ground-nut / /
Tobbaco£ ’

~

Miscellaneous food crops
Miscellaneous non-food

crops /

* Source ¢ District Socio-Economic Survey, District
Statistical Office, Poona. '

/

.

+ Source ; Village Records of Sample villages. s

£ = Area irrigated was nominal. In dl1 the 8 talukas
together, the area irrigated under tobacco was 44 hectares.

»



ANNEXURE 4C

COST FUNCTIONS

I. Double-log Function — 5 HP Electric Motor

No.of observations = 42
x - Independent variable: No.of hours operated (in log.)

y - Dependent variable : Cost per hour of operation
(in B.) (in log)

Coefficients t-test
Constant (log a) 5.7713%
Regression coeffi- -0.8730 34 .48
cient (b) t40=2.021 at 5% level

(Table value)

Analysis of Variance

Source Degrees of Sum of Mean
freedom squares E.S.S. F-test
Regression 1 %7.9569 1188.97
Brror 40 1.2770 .03%192 F1 4O=4.®8 at
149 54 1evel
(Table value)

Total 41 39.2%39

r? = 0.9673

Percentage variation explained = 96.7%
Function: log y = log a + b log x

5.771% - 0.87%0 log x
8730

It

Fitted function ¢ log y

I

y = 320.9%318 x
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II. Quadratic Function - 5 HP Electric Motor

No. 0f observations = 42
x - Independent variable ¢ No. of hours operated

y - Dependent variable : Cost per hour of operation (in B.)

Coefficients t—-test
Constant (a) 11.1188
Regression ) b, -0.0217 6.47) t59:2.08 at 5%
coefficients ) b, 0.0000091 4.62) level
(Table value)
Analysis of Variance
Source Degree of Sum of
freed.@m squal'es MquSoSe F"'test
Regression 2 663.4146 25 .67
Error 239 50%.8269 12.9186 F2 39=3.24 at
? 5% level
Total 41 1167.2415 (Table value)
r? = .56836

Percentage variation explained = 56.84

Function ¢ y = a + b1x + b2x2

Fitted function: y = 11.1188 - .0217x + -OOOOO91X2
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IIT. Double log Function % HP Electric motor

No. of Obsgservations = 31
x - Independent variable : No. of hours operated (In log)

y - Dependent variable : Cost per hour of operation
(in B.) (Im log)

Coefficient 1~ test
constant (log a) 5.0931
Regression 16.74
coefficient ~-0.806% t29=2.045 ot 5% level

(table value)

Analysis of variance

Source Degrees  Sum of Mean F-test

of squares E.5.5.
freedon
Regression 1 18.4178 280,51
Error 29 1.9041 0.0657 ) level
(Table value)
Total 30 20.%219
r? = 0.906%

Percentage variation explained = 90.63

1

Function ¢+ log y = log a + b log x

H

5.09%1 - .806% log x

Fitted function t log y
162.8553% x

il

y
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IV. Quadratic Function - % HP Electric Motor

No. of observations = 31
X - Independent variable - No. of hours operated

y - Dependent variable =~ Cost per hour of operation (in B.)

Coefficlent t-test
Constant (a) 12.2970
Regression ) b -0.033%5 3411 t,g=2.048 at
coefficients) b 0.0000178 2.71 ) 5% level

2 (table value)

Analysis of Variance

Source Degrees Sum of Mean

of squar es BE.5.5, P-test

freedom
Regression 2 454 .9419 5.45

Py, 54=3.34 at 5% level
Error 28 1166.73%39 41.6691 = (Table value)
Total 30 1621.6758
r2 = 0.28054

Percentage variation explained = 28.054

Functiony = a + qu + b2X2

Fitted Function y = 12.2970 - .0335x% + .0000178x°



