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CHAPTER V

COST OF IRRIGATION BY OIL EINGINE.

It may be pointed out, at the outset, that whereas the
sample of electric motors pertained only to those villages
which had developed irrigational use of electricity, the
sample of 0il engines covered besides above stated villages,
also the villages in the category, 'not having developed the
irrigational use of electricity'. Table 3.7 in Chapter III
gives the details qf the number of oil engines selected in
sample villages. Qut of 65 0il engines studied in the sample,
two engines were having horse power as 7.5 and 10, while the
rest 63 were having 5 horse power each. For the purpose of
fitting the cost function we have considered only these 63

engines of 5 horse power each.

Components of Costs

As in the case of electric motors, the total costs of



irrigation by oil engines have alsoc been divided into two
broad categories viz., fixed costs ani variasble costs.
Depreciation charges and interest rate charges, are the two
constituents of fixed costs. Operation charges (cost of fuel)
and maintenance changes are the components of variables costs.
The costs of irrigation by o0il engines in the sample have been
computed for the year, 1st June 1965 to end of May 1966 as in

the case of electric motors.

Distinctive PFeatures of 0il Engines

Though o0il engine and electric motor are both mecha-
nically operated devices, certain distinctive characteristics
© were observed in respect of oll engines (covered by the sample)
thus necessitating modification in the method of computing
costs. These distinctive features of oil engines are discussed

below.

(i) For computing depreciation charges, the life of an
0il engine is assumed to be ten years. The basis for this
assumption, as in the case of electric motor, is the fact
that the Land Development Bank recovers the loan amount for
engine and motor in ten annual instalments, however,6 out of
63 engines in the sample were found to be older than 10 years
during the year 1965-66. In other words, these engines had
exceeded their normal economic life. It may be recalled that

in the sample of electric motors, none of the motors was
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found to have exceeded its economic life in the year 1965-66,
as tne programme of electrification was started in the Poona

Division only during the year 1957-58.

(ii) In view of the necessity of shifting the engine from
one well to another well, more flexible types of pipes were
used to meet the requirements of different wells. These pipes
were mostly rubber-based with iron-cast springs round the
rubber-wall of the pipe for imparting sustefnance to it.
Under the circumstances, the 1life of the pipe could not be
taken as ten yeais. Most of the dealers in these pipes also
stated that the pipes last for about 3 to 5 years, depending
upon the gquality of rubber. The rate of depreciation for the
pipes is, therefore, taken to be different from that of
engine and pump in the case of this mode, while in the case
of electric motor, it was the same fof all the three itens,

i.e., motor, pump and pipes.

In the following sections, the methodology for working
out fixed costs for engines is described. To begin with, the

limitations of data regarding fixed costs are brought out.

Fixed Cost : Limitations of Data

It may be noted that in case of engines, the break-up
of investments in ditferent items could not be provided as in

the case of sample electric motors. This was due to the following
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two reasons : (a) While the years of purchase of sample
electric motors belonged to relatively recent period (1961
onwards) those of sample engines belonged to a comparatively
distant periods (earlier to even 1955-56) from the date

of survey. Therefore, in case of electric motors the receipt
books stating the details of cost of sample motors could be
tapped from the dealers from their records but this was not
possible in the case of engines as the relevant records were
in most of the cases destroyed being out-dated. The details
of costs,therefore,could be provided only for a broad classi-
fication, such asiéngine and pump, pipe,etc. depending upon
the memory of cultivator. (b) Not in all cases the engines
installed were purchased directly from the dealers. Many of
the sample engines were bought second-hand from other culti-
vators. In such cases, the entire unit was purchased; andg,
although the purchaser had implicit valuation of each item,
it was deemed unnecessary to get the minutest details of his
subjective valuation of diiferent items. The classification

has been, therefore, limited to only few major items of costs.

Initial Investment in Cil Engines

In Table 5.1, the data on broad break-~up of average total
costs of sample engines installed in different years are
presented. It may be noted that the costs stated in the table

refer to initial investmeut costs. It should be borne in mind



Table 5.1 : Initial investment in oil engines.
—_— (cost in Bs.)
Year of Number Average Average Average Average Average
install~ of cost of cost of cost of cost of total
ation of engines oil en- ©pilpes installa other invest~-
oil in the gine & tion charges ment
engines sample pump charges
{Bs. ) (Bs. ) (Bs. (Bs.) (Bs.)

195152 & G .00 &
195253 % 1240.00 13%6.00 191.67 15.0 1582.67
195554 & - .
135455 % 1505.67 201.00 260.00 2266.67
1957-58 5 1705.60 3%30.70 88.00 9,00 213%3%.3%0
1958-59 8 1721.25 452.78 134 .27 12 .22 23%20.52

(7) (1796.67)(484.38) (142.36) (14.71) (2438.12)
1959-60 3 218%3.33%3 295.3%4 165.00 1.67 2645 .%4
1960-61 6 2182.17 265.%3 166.17 14 .17 2627 .84
1962~6% 7 2258.53 537.48 160.00 15.71 2971.72

(6) (23%313%.28)(582.07) (186.67) (18.33) (3100.35)
1963-64 6 2165 .67 358.83 278.33 10.00 2812.83%

(5) (2368.80)(370.60) (334.00) (12.00) (3085.40)
1964 65 3 2821.67 416.67 128.33 10.00 3376.67
1965-66 14 2699.28 460.57 186.4% 19.28 2365 .57

(10)  (2876.49)(378.30) (212.50) (22.50) (3489.79)

Notess

1. Data in respect of 62 oil engines could be provided, since one
ofﬁ gines was hired by the respondent. The user had paid rent
of B8.300 per annum for the engine. In addition, he was reguired

to carry out repairs.

2. Figures in brackets indicate position for o0il engines newly
purchased during the year.
%. * Installation cost on trolly was B.100/- durimg 1951 and 1952,

whereas it was [B.144.28 per engine in 1965.

4. Average cost refers to purchase price in the year of
installation.
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that unlike electric motors, in case of oil engines the
initial investment costs and the costs'considered for compu-
tation of interest rate charges for the use of capital during
the year 1965-66 are two different entities. This is mainly
because in case of some engines, part of the investment (Hose
pipes, foundation etec.) got replenished earlier to 1965-66

and was, therefore, replaced. We shall of course dwell on this

aspect in a later section.

It can be observed from Teble 5.1 that the average total
investment cost per engine have slightly more than doubléd.
over the period in which the sample engines were distributed
(1951 to 1965). However, not all the components of costs have
recorded identical increase over the period. For emxample,
average cost of pipes per engine have recorded the higbesﬁ
increase over the period (roughly 2.5 times) followed byvv
engines (1.16 times the initial average cost in 1951 and 1952),
trolly installation (roughly 0.5 times) and transportation cost
(0.3% times). However, not much inference can be drawn from
this table, since the table averages out the details of costs
for engines of different makes, pipes of different types and
transportation costs for different distances. For instance,
the rise in the average cost of pipes per eﬁgine is not so
much due o rise in the prices of pipes, but due to the combi-

nation of different sizes (in length) and different types



(hose, iron-cast etc.) of pipes used by oil engines installed
in diiferent years. Similarly, the erratic behaviour of
average cost of engine and pump in some years is because of

averaging of costs of engines of different mekes in different

years.

Method for Changing Depreciation

However, Table 5.1 is previded to discuss the various
methods available for computing the fixed costs for use of
engine during the year and to give reasons for selection of
a particular method. Unlike the installation of electric motors
in the sample the installation of oil erngines in the sample,
covers quite a considerable time—span and hence there is
considerable variation in the initial investment cost of
different engines when compared to that of different electric
motors. In view of such variations in the imstallation costs
of engines, the relevance of the method adopted for computing
fixed costs of electric motor in respect of engine may be
doubted. We may, therefore, discuss here the al ternative to

the method adopted for working out fixed cost of electric motor.

The method adepted for charging depreciation of eleciric
motor for its use during the year was a straight line method,
thus accounting for one-tenth of its initial investment cost.
Since there are not large variations in the investment costs

of different motors, this method did not lead to large diffe-
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rences in the depreciation charges of different electric
motors. However, as seen earlier, there are large differences
in the cost of different engines and pumps since the oil
engines in the sample were spread over a number of years

(1951 to 1965). ‘he application of the same method would,
therefore, yield large differences in the fixed-cost component

of different engines.

An al ternative to this metnod would be to compute
fixed cost component on the sis of replacement cost of
englines. Such a method would of course not lead to diffe~
rences in the fixed—cost of different sauple engines. But the
adoption of this method would distort the picture of total
costs of irrigation (fixed + variable costs) in a particular

year for ergines covered Yy the sample.

It should be noted in this commection that depreciation
charge is only one of the components of the total costs of
irrigation, the other component being variable costs consisting
of two parts, namely, operation costs and maintenance costs.
Both these costs (operation and maintenance) in a varticular
year, as elaborated in later parts of the chapter, varied
directly, to some extent, with the age of the engine in that
year. In other words, older the engine in a particular year,

higher would be its operation and maintenance costs in that year.
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Thus it can be seen tuat the two major components of total
costs (fixed and variable) move in opposite direction

with respect to age of engine in a pgrticular year (older the
engine small e will be the amount chargeable for depreciation
and higher will be the operation and maintenance cost). Since
we are computing the costs of irrigation for a particular
year, and taking into cormsideration the above stated factors,
it was thought that the application of the same method of
charging depreciation (as in respect of electiric motor) to oil
ergine would bring out the true picture of costs of irrigation

by engines.

In case of electric motors, the equipment installed with
all its accessories were assumed to have economic life of ten
years. Secondly, all the motors were installed well within ten
years of the period for which the costs of irrigation are
being worked out. This being the case, the depreciation
charges for the year of study were derived from the initial
investment cost of sample motors. However, these conditions

did not exist in case of all the sample engines.

Neither the engine, pump anu pipe could be assumed to
have uniform life of ten years in view of altogether

dif ferent types (Hose pipe in some cases) of pipes used in



this case, nor all the engines, in the sample were installed
within ten years of the year for which the costs of irriga-
tion are being computed. Although some of the engines (6 out
of 65) were found to be working beyond their normsl life (10
years), in none of the cases the pipes were found to be in use
beyond their normal life. As stated earlier, the normel life
of hose pipe is assumed to be five years and that of iron-
based pipe as ten years. Since the costs are being computed
for the year 1965-66, the engines with hose pipes installed
earlier to 1960 had different set (new) of hose pipes

during the year 1965-66 and not the original enes, and there-
fore, the value of the newly purchased pipes are considered
for accounting depreciation charges for their use during the
period of study. Similarly, for the computation of deprecia~
tion charges of galvanised pipes (iron-based pipes) of engines
installed in the year 1955 or earlier, the value of new set

of pipes is considered ratther than the value of the original set.

Use of Pipes by Engines in the Sample

Qut of 62 engines of & H.P., 37 reported the use of
hose pipes at both the ends (i.e., suction and delivery), 15
reported the use of galvanized (iron-based) pipes at both the
ends, while 10 reported the use of both the types of pipes.

During the year 1965-66, out of 37 engines using entirely
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hose pipes, 21 sample engines had still in use the original
set of pipes (purchased along with the engines), whereas 16
engines had already replaced their original set of pipes with
the newly purchased pipes. All these 16 engines were installed
in the year 1960 or earlier, while all the 21 engines having
still the original set of pipes in use during the year 1965-66

were installed later than 1961.

Out of 15 engines reporting entirely the use of galva-
nized pipes, only 3 had replaced their original sets by the
year 1965-66. All these 3 engines were installed in the year
1951-52, the other 12 engines which had the original set in
use during the year 1965-66 were installed either in the year

1957 or later.

Lastly, out of 10 engines using both the types of
pipes, % engines reported the replacement of original set of
hose pipes only. The original set of galvamized pipes were
found in use for &ll the 10 sample engines during the year
1965-66. All these three engines were found to have been

installed earlier to the year 1960.

It may, therefore, be observed that in respect of 40
sample engines (roughly 66 per cent of total engines) using
hose pipes, the different& in the depreciation charges of pipes
attached to the engines was not due to their installation over

a larger span of time, since the pipes of the engime instalred
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in the earlier period were mostly replaced by the pipes
purchased at a later date. The difference in the amount of
depreciation charges for hose pipes for diifferent sample
engines was essentially due to (a) ditferent length of pipes

used and (b) different quality of pipes used.

Assumptions Underlying Computation of Depreciation Uharges

The assumptions made in working out the depreciation
charges for the year 1965-66 on different items of investment

eosts are discussed below ¢

Engine and Pump : As in the case of electric motor

end pump, the life of engine and pump is also assumed to be
ten years. For working out the depreciation charges for a
particular year, therefore, one-tenth of the book value is
taken into account. However, there is one difference between
electric motors and oil engines. Whereas all the installations
of motors were first-hand, some of the installations of oil
engines were second-hand. In other words, not all the sample
engines were directly purchased from the dealers; some of
them were purchased from other cultivators who had used
these engines for some time. The(owner—cultivators of such
sample engines were, therefore, asked to state whether they
had knowledge regarding the number of years of use of such
engines by their previous owners. In all cases the present

owners of second—hand engines were able to report on the age



230

of engine as at their time of purchase. It must be noted that
there was no other way to have a cross check on the informa-

tion provided by the respondent.

Second-hand Engines @ Although the price paid for the

purchase of second-hand engine could have been tsken as an
indicator of the age of engine on the date of purchase, it

may be noted that not in dll cases the price paid for engine
could be equated to original price of engine minus the deprecia-
tion charges for the number of years of use of engine by its
previous owner. Lhe price paid for the engine appeared to have
been determined by the intensity of the need of either the
buyer to possess it or that of the seller to dispose it of.

Tt also must have depended on the working condition of the
engine. In any case, the price paid for the engine could not
be taken as an indicator of the age of engine, and ﬁence the
age reported by the respondent has been taken as correct. In
such cases {cases of second-hand engines) the depreciation
charges (based on straight line method) for the year 1965-66
ar%computed as follows. The price paid for the purchase of
engine is divided by the remaining years of normal life.

The remaining part of the life of an engine is arrived after
deducting the age of the engine on the date of purchase from
its normal life of 10 years. Under this method of calculation

of depreciation charges for the year 1965-66 for the second-
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-hand engines, the actuar computed charges have become higher
or lower in case of second-hand engines than the correspording
newly purthased engines of the years, depending upon the price
paid by the cultivator to purchase the engine. Wherever the
price paid for the second-hand engine was found to be more
than the depreciated value of the engine as on date, the
depreciation charges of the engine for the year 1965-66 have
shot up when compared to the newly purchased engines of those

years and vice-versa.

Out of a total sample of 6% engines, 7 were reported to
have been purchased second-hand. In respect of 5 out of these
7 emgines, their owner cultivators had paid price much higher
than the depreciated value of the engine, resulting in higher
depreciation charges for the engines than fthe newly purchased
engines installed in tnose years. In case of only one second-
-hand enginesthe cultivator had paid a price lower than the

depreciated value of the engine.

Table 5.2 presents tne relevant information of second~

-hand engines.

A few observations can be made on the basis of this
table. For example, it can be seen from the table that the
engines which were purchased second-hand weré mostly of a
particular make, namely Kirloskar, al though there were other

types of makes included in the sample of engines such as |
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fable 5.2 : Details of Second-hand engines in the sample.

Sr. Village Make Year of Age of Price

Deprecia- Average

No. of the purcha—- engine paid ted value price paid
engine se of on the for the of the for the
engine date of engine engine on sawe type
purcha~ by the +the basis of new en-
se(in user of deal- gine during
years) (B.) er's! the year of
price purchase of
(Bs. ) second~hand
engine(ks.)
1. Walunj Kirloskar 1965 2 2500 1920 3100
2. " n 1965 2 2090 2000 3150
3. Shivari " 1965 4 2315 1450 3100
4. " " 1965 3 2165 1820 3250
5. n " 1962 1 1930 2190 2400
6. n n 1963% 5 1150 900 2200
7. Phursangi English 1958 2 1850 N.A, N.A.

Peter

(N.A. = Not available)

Cooper, TestXool, Imani, Jawahar, Vishwas and Pacco etc.

Furthermore, it can alse be observed that most of these

second-hand dealings of engines pertain to a relatively

recent period with respect to period of survey}i.e.’1962

onwards. (As stated earlier, the total span of time covered

by the sample engines is 1951 to 1965). A few other facts

presented below would explain this phenomernon.

Among the erngines of Indian make, Kirloskar by far is

the most popular one, perhaps because of 1ts better performance
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with respect to consumption of fuel and maintenance cost when
compared to the engines of other makes.Although this cannot be
conclusively proved from sample data, it may be observed that
out of a total of 63 sample engines of 5 HP, as many as 44 (more
than 66 per cent) were Kirloskar engines. Purther, it may be
mentioned that since November 196% the name of Kirloskar engines
was excluded from the list of Government approved engines for
tacquavi loan purpose. This was done mainly because the manu~
facturers of Kirloskar engines deéclined to tone down their
prices. In other words, the manufacturers of Kirloskar engines
did not deem it necessary to rely on the demand coming forth
from tacquavi loan applicants for clearance of its inventories.
In spite of higher prices of the engines of this make, there
was great demand for these engines. The cultivators owning

the sample engines reported that they had to wait for quite
some time to have Kirloskar engines. In this connection, it may
al so be noted that although the engines were manufactured at
Poona, two owner-cultivators of two engines in the sample

from village Shinoli had to go as far as Bombay to place their
orders as the Poona-dealers in the engines reiused to book

the orders because of heavy rush. Under such circumstances,the
cultivators chose to go in for second-~hand erngines rather than
to wait and buy new engines of this make. It must also be

(of all mekes)
mentioned nere that the price of new englneglin the year 1965
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was roughly #.2,875,as against the average price of a second-

hand engine bought in that year which came to B§.2,250.

Incidentfally, one more observation is pertinent which
is relevant to the computations of interest rate costs. As
stated above, from November 1963 the name of Kirloskar engines
was removed from the Government approved list of engines for
tacquavi loan.Consequently, the Land Development Bank did rot
grent tacquavi loan at the interest rate of 4.5 per cent for
the purpose of installation of Kirloskar engines. The loan
sanctioned by Land Development Bark for the installation of
Kirloskar engine after November 1963 pertained to different
loan scheme and was subjgcted to different rate of interest.
This loan scheme was known as nomal loan and rate of interest
applicaole was 5.5 per cent,as against 4.5 per cent for tacquavi
loan. Eor computation of interest rate costs of Kirloskar
engines purchased on finance from Land Development Bank after
November 196%, 5.5% is taken as the interest charge, as this

was the cost actually borne by the farmer.

Pipes : The cultivators owning the engines were found to have
been using the pipes of both the types ofor irrigational
purposes, i.e., (a) galvanized pipes (b) hose pipes. Broadly,
the galvanized pipes were coupled with the engines installed

permanently or quasi-permanently at one place; while the hose
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pipes were coupled with engines often moved from one well to
another well. The flexibility of hose pipes made their move-

ment easier.

As in the case of electric motors, the life of galvanized
pipes coupled with engines is also assumed as ten years. For

these
charging depreciation costs oflpipes for a particular year,

their
therefore, one-tenth of Jic book value 1s computed.

However, for reasons stated earlier, the life of hose
pipe cannot be assumed on par with that of galvanized pipe.
Secondly, within this category of pipes, fhere were pipes of
different qualities having different costs per foot of lergth.
The cultivators using these pipes were, therefore, asked to
state the 1ife of the pipes used. By and large, the life of
the pipe and the cost of pipes per foot were found to have
positive relationship. The prices of pipes, however, were
rising throughout this perioed. In Table 5.3 the expectation
of life of pipes purchased in different years (as stated by
the cultivator) and the prices of the pipes per foot paid by

the cultivator are juxtaposed.

Since the maximum life of the best quality pipe was
stated to be five years, al though the above table gives the
prices ot pipes purchased from the year 1957 onwards to 1965,
for the purposes of computation of depreciation charges for
the year 1965~-66, only such pipes are considered which were

purchased in the year 1961 and onwards.
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Table 5.3 : Expectation of 1life of the pipes according to the
yvear of purchase and the price paid.

Price paid

per foot ’
of hose 1957 1958 1959 1960 1961 1962 1963 1964 1965

pipe (Bs.)
(Life in years)
1-2 - - - - - - - 5 3
2-3 - 5 5 - - - - 3 -
5-4 5 5 - - - - 3 - 3
4-5 5 5 - 5 5 - - 3 5
5-6 5 - - - 5 5 5 - -
6~-7 - - - - - 5 - 5 -
Above 7 - - - - - - - 5 5

Poundation (Pumpshed), Trollies etc. : Unlike electric metors

which were installed permanently on one well, some of the
sample engines were moved from one well to another. These
mobile erngines were mostly atfixed on trollies to facilitate
their movement from one well to ano ther. Ou% of a total of 62
engines in the sample, 19 were installed on trollies, 3% were
installed on foundation while another 10 were neither instal-
led on trollies or on ioundation but, were just fixed on a
base plate (a:. plate at the base of engine), However,not all
the engines fixed on trollies were moved from one well to

another. Two out of 19 engines fixed on trollies were found
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to be stationary and being operated on one well only. On the
other hand, 8 out of 10 engines which were installed on base

plate were moved from one well 1o ano ther.

All the respondents using sample engines, which were
founded on ground with & pumpshed, were avle to state the
expenditure separately for foundation and pumpshed. Hence for
the purpose of computation of depreciation charges, the
expenditure on foundation and the pumpshed is considered
separately. The maximum 1ife of the foundations of the
engine is considered as 10 years, which is the normal life of
engine. In respect of engines fixed on base plates, however,
the respondents were not able to state separately the price
paid for base plate since 1t was purchased along with the
engine. Hence the life of base-plate was also assumed 1o be
10 years. In case 01 such engineg2§£§pshed was also construc~—
ted, a separate depreciation charge is computed onn the basis
of its expected life, which in turmn, depended upon the guality
of comstruction. As in the case of electric motor,the culti-
vators using sample engines were asked to state their expecta-
tion about the life of pumpshed, wherever constructed. Since
these locations were actually visited, it may be pointed out
here, that the expectation of life as stated by the culti~
vators was: observed to be mostly in conformity with the type

of construction. Table 5.4 depicts the cost of comstruction
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of pumpshed and the expectation of life of pumpshed as stated

by the cultivators using the engires.

Table H.4

gxpected lives.

Investment costs of pumpsheds and their

(Cost in Rs.)

Cost of construc— No.of Average Average

tion of pumpshed engines cost per expectation

(Amount in Bs.) reporting  pumpshed of life
pumpshed (In years)
cosd

0~99 10 62.50 5.00

100-’199 6 124—050 10000

200=-350 15 255 .50 15.53

%51-600 6 450.00 20.83

100 and atove 1 1175.00 30,00

As in the case of electric motors,

the diiferent size-

groups of expenditure represent dilfferent types of construc-

tion and hence the expectation oi life is ditferent for

dirferent size~-groups. For example,

the first size-group

(0-99) represents a pumpshed made of wooden planks on all

sides with a thatched roof. The second one also represents

a "kutcha" construction with the mud walls and a thatched

roof. The third and the fourth size-groups represent relatively

stronger construction with single brick-walls having no plaster

and plaster, respectively. The last size-group (1000 and above)
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however, consists of masonry comnstruction with reinforced
cement structure. It may, therefore, be observed from the
above table that the average expectation of life of pumpshed
increases with the expenditure incurred thereon which indica-

tes improvement in the quality of construction.

As against the variety observed in the case of con-—
struction of pumpshed, there were very little quality
differences found in the types o1 trollies employed by culti-
vators to shift the engine from one place to another. For one
thing, all the trollies were cast in iron al though there were
minor differences in shapes, sizes and mechanical devices.
Since all were permanently attached to engine,it is assumed
that the life of trolley is co-terminus: with the 1ife of
engine. It is, therefore, assumed that the trolly would last
for ten years only. The depreciation for the year 1965-66
is therefore charged at the rate of one-tenth of the purchase
price of the trolley. The prices of trolly ranged between
Bs.95 and B.150, depending upon the year of purchase, the size
of the trolly and the mechanical devices incorporated in the
trolly. Out of 19 trollies attached 1o engines, 18 were iron-~
cast while only one was a wooden trolly. The 1ife of the
wooden trolly is assumed to be 6 years,pbased on the estimate

Ef its life as stated by the respondent using this trolly.
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Computation of Interest Costs

The variocus assumptions involved in computation of other
component of fixed costs,i.e., interest costs for the use of

capital during the year 1965-66 are described below :

Sources of FPinance of 0il Engines

As in the case of electric motors, here also, borrowed
and owned sources of funds‘played equally important role in
financing the installation of oil. engines. Out of 62 engines of
5 HP, 25 were financed entirely out of owned sources while 12
were financed entirely out of borrowed sources of funds. The
remaining 25 engines were financed partly out of borrowed funds
and partly out of owned funds (details in Table 5.5). The share
of each source in the category of mixed finance was as follows :
In 18 out of 25 engines, the share of borrowed finances was
more than 75 per cent. In another 5 engines, the share of
borrowed finance was vetween 60 and 75 per cent, while in the
remaining two it was between 50 and 60 ver cent. I% ﬁay, there~
fore, be observed that while in 40 per cent of sample engines
(25 out of 62),the owned firance had tue largest share, in 60
per cent o§§ample engines ,borrowed finance had a large share in
their installation. There is, therefore, every reason to have
discriminatory rates of interest for computing interest costs
for the use of capital,depeuding upon the sources of finance

of engines.
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Table 5.5 : Distribution of Engines by age and source
of finance.

No.of years Number of engines

completed Borrowed Finance Own finarce Mixed Finance

by engines Interest Interest Interest Interest Interest

on 1st June @5 .5% @4 .5% @ 3.5% @5 .5& @4.5 &
1965 3.5% % 5%

Less than 1 3 2 - 2 4

1-3 3 4 4 - 5

3-5 - - 6 - 6

5-7 ’ - - 5 - 6 .

7-10 - = 4 - 2

Above 10 - - 6 - R

Total 6 6 25 2 23

As in the case of electric motors, the actual borrowing
rate of interest is charged for the borrowed source, while
for the owned sourées of finance ,the rate of inbterest consi-
dered is lower than the borrowing rate. As stated earlier, for
engines of a particular make (Kirloskar) installed after
November 1963 and financed out of institutional borrowings
(from Land Development Barnk) sthe rate of interest charged by
this agencgy was 5.5 per cent per amum. For other engines,the
subsidized (for loans ffom LDB) rate was 4.5%. For own funds,
the rate of interest is taken to be 3.5% as discussed earlier.

In case of mixed sources of finance (owned and borrowed

funds), the interest costs are computed for two parts separately
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at two different rates of interest and then added to arrive at
total interest costs. Lastly, in case of self-financed engines,
the depreciated value of the equipment is taken as the basis

of calculating the interest costs, whereas in case of borrowed
finance, the outstanding amount of loan is taken as the basis
for interest costs. Usually, the outstanding amount of loan was
found to be more then the depreciated value of the equipment,
mainly because the depletion of hose-~pipes was rather fast.

Out of 37 engines financed out of borrowed funds, the diver-
gence between outstanding loan amount and depreciated value
was observed in respect of 25 engines. The remaining 12 engines
were using galvanised pipes at both the ends. However, the
absolute difference between the outstanding loan amount (consi-
dered for computation of interest costs) and dépreciated value
of the equipment ranged between k.42 and KB.127, depending upon

the age of engine and quality of hkose-pipe.

Table 5.6 presents the interest costs and Table 5.7

presents their proportion to fixed costs and total costs.

With particular methodology adopted for computation of
interest costs as described above, the trenmd of average
interest costs for engines included in the sample follow
certain pattern as could be seen from the\Table 5.6. For
ins tance, for engines having similar source of finance, the

average interest cosits per engine vary invesely with the
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Table 5.6 : Age of engines and interest costs per engine
by category of finance.

(In Bs.)
No.of years Interest costs per engine by category of finance
completed by Borrowed Borrowed Own Mixed Mixed
engines oén @5 .5% @4 .5% @3 .5% @.5 & @4.5 &
18t June 1965 3.5% 3 5%
Less than 1 205 .46 155.29 - 210.19 141.77
1-3 168.66 102.54 T70.72 - 105.%4
3-5 - - 61.64 - 66 .47
5"‘7 - - 37-76 - 39028
7-10 - - 19.74 - 23.99
Above 10 - - 7.32 - -
Total 187.06 120.12 %8.58 210.19 78.92

number of years completed by them as on 1st June 1965. Like-
wise, for engines in the same age-group, the aversge interest
costs vary with the rate of interest considered for computing

such costs which is dependent on source of finance.

As can be observed from Table 5.7, the contribution of
interest costs to the total fixed costs of engines was around
20 per cent on the whole, and. its share in total fixed costs
varied between 6 to 33 per cent depending upon the age of
engines and sources of fimnce. The contribution of interest
costs to total costs of irrigation by engines was 9.9 per-

cent on an average. However, it may be noted here that
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since variable costs (operatibn costs) have greater share in
the total costs of irrigation by an oil engine, the contri-
bution of interest costs not only depends on above-mentioned
factors (age of the engine and source of finance) but also

on number of hours for which the engine is operated.

Variable Césts

As in the case of electric motor, the variable cosis
of 0il engine are divided into two broad groups, (i) opera-
tional costs (ii) maintenance costs. In respect of electric
mo tors, the basic fabric of operational costs being electri-
city, its quality @%Sthe same for all motors. However, in
respect of engines, the quality of fuel varied between engines.
It is, therefore, necessary to describe various types of fuel

used by engines in the sample.

Oprerational Costs : Types of inputs used

The o0il engines require }ubricating 0il besides fuel for
its operation. The lubricating oil circulates within the
engine when it is operated and wards of %he friction between
liner and piston (parts of engine) and bearings of enginer.
The quality of lubricating oil used by sample engines was
found to be of different types. The limitations of data on
the quality of fuel and oil used by sample engines may be

pointed out here. As far as the fuel was concerned, only two

types of fuel were observed to be in use,i.e., (a) diesel
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(b) crude oil or LSD. The cultivators using engines were,
therefore, in position to state the type of fuel used by them.
The price of diesel was observed to be varying between 77 paise
to 90 paise per litre during 1965-66. This variation was on
account of difierence in the prices of diesel between the
villages. There was no variation in the price per litre of
diesel reported by the engines belonging to the same village.
The price of crude o0il was observed to be varying between 50
paise to 58 paise per litre. Here the variation in the price
was reported by the engines belonging to the same village.
This was due to the fact that crude oil was scmetimes mixed
with petrol by their users to reduce its harmful effect on
the engine. The cultivators using this fuel, therefore,
reported the price of crude oil after adding a margin of

2 to 3 paise to account for the mixture of petrol.

Fuel Consumption : In the Table 5.8 the data on average

hourly rate of consumption of wwo types of fuel (diesel and
crude o0il) used by engines in the sample are presented. Since
the age of the engine is also likely to affect the howrly rate
of consumption, the engines have been classified by the number

of years completed by them as of end of May 1966.
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Table 5.8 : Hourly Rate of consumption of fuels (diesel and
crude 0il) used by sample engines.

Age of No.of No.of Average Average Average Average

the engines engines No.of No.of hourly hourly
engines using using hours hour s rate of rate of
diesel crude worked worked consump—- consump-
oil by by tion of tion of
engines engines diesel crude oil
using using by by engines
diesel  crude engine (In
during oil (In litres)
the during litres)
y ear the
year
0-3 13 7 351.54 53%.43% 1.15 1.25
4~6 14 5 590.80 695.70 1.27 1.5%
-9 7 9 620.1% 759.50 1.34 1.50
10 and
above 5 2 444 .90 60.50 1.29 1.36
Total 39 23 497.61 616.04 1.25 1.4%

It may be observed from the table that at the aggregative

level, the hourly consumptiun of low quality fuel,i.e.,crude

0il was more than the hourly consumption of diesel by roughly

15 per cent. Furthermore, it can be observed that for all the
size~groups oi age of the engine, the hourly rate of consump-
tion of low quality fuel was higher as compared to the howrly
rate of consumption of diesel. Although the nourly rate of ¢
consumption of the same quality fuel (diesel and crude oil)

does appear to increase with the increase in the age of
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engine for the first 3 size-groups, the hourly rate of
consumption of diesel and crude oil, respectively, of engines
having completed 10 years was below the howrly rate of consump-
tion of diesel and crude o0il of engines in the age-group 7-9
years. This was due to the following two reasons : (i) The

table averages out the‘hourly rate of consumption of engines

of diiferent makes;1 (ii) The number of observations in the
age-group of 10 and above are not enough to portray true picture

of average hourly rate of consumption. For instance, there were

only 2 engines in this age~-group using crude oil.

As the price per litre of crude oil wés roughly 35 per-
cent lower than the price per litre of diesel, while the
hourly rate oi consumption of crude oil was only 15 per cent
higher than that of diesel, the above table might give an
impression that it was economical to operate engine with low
gual ity fuel. However, from the analysis of 1 .. §er hour main-
tenance cost of engines in the latter parts of this chapter,
it could be seen that for engines using low quality fuel, such
costs were almost double of per hour maintensnce cost of engines
using diesel, particularly in respect of older engines, which

more than offset the gain in the eperational cost of engines

using low quality fuel.

The different makes of engines included in the sample were
Kirloskar, Cooper, Imani, Jawahar, Pacco, Testtool, etec.

The number of Kirloskar engines in the age-group of 10 years
and above were as many as 5 whose performance in respect of
fuel consumption was generally rated better than other engines.
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One more observation may be made on the basis of table
5.8. It can be observed that average number of hours worked
by engines during the year increased upto the age-group 7-9
years and then it fell down for the age-group of 10 years and
above. The fall is precipitated in the case of engines using
low quality fuel. It may be noted in this connection that 5
out of 7 engines i1n this age-group reported frequent break-downs
in the year June 1965 to May 1966. These break-downs ,in fact,
prohibited greater use of engines during the year. Thus, it can
be seen that though the engines ‘can be operated beyond 10 years,
the economic life of ergine only extends upto 10 years. The
assumption of economic life of an engine as 10 years, therefore,

stands to reason.

Lubricating Oila

s s S
(In respect of oil engines 1n the sampie, varying prices

of lubricating oil were observed. The price per litre of
lubricating oil ranged between 5.2 and B.3.60. This was due to
different qualities of 0il being used namely, fresh oil and
reclaimed oil. The price of fresh oil ranged between B5.3.10

to B.3.60 per litre,depending upon its viscosity or grade.1

On the other hand, the price of reclaimed 01l varied between

The different grades of oil used were No.30, 40, 50 and 60.
Normaily, the grade of oil to be used is recommended by the
manufacturer. It may be mentioned here that grade and quality
are not synonymous, since grade identifies its viscosity
while quality refers to its lubricating nature at varying
operating temperatures.
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Bs.2 to B.2.70 per litre,depending upon the extent of dissolved
or suspended impurities which the oil might have had before
reclaiming. Out of 6% eng.nes in the sample, 25 engines used

fresh 0il, while the remaining 38 used reclaimed oil.

It is a common krnowledge that use of reclaimed oil causes
excessive wear and tear on engine due to its poor lubricating
quality. Before analysing the impact of the use of two difte-
rent types of lubricating oil on the maintenance cost of engines,
it may be relevant to describe the methodology adopted for

computing maintenance cost of 0il ergines.

Maintenance Cost

As in the case of elegtric motors, in the case of engines.
too, the maintenance cost has been divided into three parts viz.,
(i) greasing, (ii) minor repairs and overhauling, and (iii)
major breakdowns and spare parts. The method of computation of
costs for the year 1965-66 coming under first two heads is
difterent than the method of computation of costs under the

third head..

In respect of engines jointly owned, the maintenance expen-
diture such as{ﬁlnor repairs, overhauling, spare parts, etlc.
incurred on the engine was shared by all the partners having
ownership rights in the engine. Hence it was possible to
ascertain the expenditure incurred on these items by contact-
ing one of the partners in the engine. This was not the case
with the expenditure on greasing, which was separately incurred
by all the partners. However, the expenditure on greasing
formed less than 1 per cent uf the total expenditure on
maintenance and operation of the engines.
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(i) Greasing : In Table 5.9, the hourly expenditure on

greasing of engines and pump for different levels of operation
of engines are presented. To facilitate comparison of costs

of greasing of engines with tmwse of electric motors of 5 HP,
the houwrly expenditure of motors under this head is also

depicted.

Table 5.9 : Expenditure on greasing of oil engines and pumps.
0il engines classified according to their levels
of operation.

(Cost in Bs.)

Slze-group No.of Per engine Per hour
of hours of engines Average Average Average Per cost of
operation of 1in the hours of quanti~ cost of hour grease
engine size- opera- ty oz grease cost of for
during group tion grease during grease electric
1965~66 consum~ the during motors

ed dur~ year the opof B5HP
ing the (In f.) year during

year (In the year
(In kilo Bs. ) (In Bs.)
grams )

0-200 15 120,21 0.20 0.42 .0206  .0423
200-400 15 287.73 1.00 2.87 .0097  .0137
400-600 1% 484.7%  1.00 3.05 .0064 .0106
600-800 9 676 .11 1.15 3.50 .0052 .0052
800-1000 3 879.50  1.00 2.30 .0025 L0057
1000 & above 8 15%5.19 2.25 6.76 0044 .0037
Total 63 530.57 0.98 2.88 .006% .0083

Note s The price of one kilogram oi grease was reported to
be varying between B.2.25 to B.3100.
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The foiluwing observations may be made on the basis of
the above table : (a) At the aggregative level, per hour
consumption of grease for o0il engine was less than per hour
consumption of grease for electric motor. This was due to
greater amount of grease required for electric motor at the
time of overhauling in comparison te that regquired for oil
engine. (b) For engines operated in the range of 200 to 1000
hours, the amount of grease consumed was reported to be the
same, while in respect of first and the last size-group of
hours of operation, the consumption of grease reported during
the year was conspicuously low and high, respectively, as
compared to other size-groups. In this context, it may be
mentioned here that in most of the cases, the cultivators
purchased grease of fixed quantity (0.25 Kg,0.50 Kg or 1 Kg)
once or twice a year and there was tendency among the
respondents to state that the quantity bought during the year
was consumed. In respect of first size-group of hours of
operation (0-200 hours) of engine, it may be noted that 10
out of 15 engines were installed during the course of the
year and, tnerefore, were not overhauled. The consumption
of grease in these cases was reported to be very low,i.e.,
0.25 Kg or less. Also, in case of 3 other engines in this
size—group,wbickxﬁexﬁlnare than 10 years old, the consumption
of grease was reported to be low (0.25 Kg. in respect of 2

engines and nil in respect of one engine) since they were
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operated for less than 100 hours during the year on account of
frequent breskdowns. In respect of engines}n the last size-
group (over 1000 hours), the consumption of grease was infliated
due to (a) preponderence ofﬁointly-owned engines inthis size-

1

group, and (b) the method' adopted for estimating the consump-

tion in respect of such engines.

On the whole, it could be seen that per hour cost of
greasing declined with the inerease in the number of hours
of operation of engine, since, in most of the cases, the

expenditure on this count was of a fixed nature.

(ii) Minor Repairs and Overhauling : Minor repairs are defined

as those repairs, which could be done without replacing the
major spare parts such as liner, piston, érank—shaft, pump-
shaft, head valves, bearings, rings, nozzle e£c. They, there-
fore, include such repairs which were couparatively less time
consuming such as cleaning and repairs of fams of pump, re-~
pairs of oil tube and its replacement, cleaning the valves,
replacement of rubber bushes etc. Tne limitations of the
classification o#baintenance cost between minor repairs,
overhauling etc. and major breakdown and spare parts may be
observed here. The classification of actual expenditure ‘

incurred between these two heads of maintenance cost was 1o

Assuming that the consumption of grease by each paritner
is in proportion to his ownership right.
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some extent, overlappimg for the following reasons 3

(a) 34 out of 63 engines were overhauled during the year.
In a way, therefore, it was routinous expenditure for majority
of engines.Overhauling of the engine involved opening the
cover of the engine, and greasing and oiling different parts.
Sometimes for oiling purpose, certein parts were disintegrated
from the main body and cleaned before they were oiled. They
were then integrated again. This entire process of gverhauling
consumed three to four hours and it was mostly done during
summer when engline hed a lay off. However, in respect of some
of the engines, some spare parts (such as bearings or rings)
were replaced at the time of overhauling. Many of the culti-
vators were not able to say whether certain parts of the
engine were replacedzgtnige time- of overhauling. For this
reason,large variations (.10 to B.3%30) are observed in the

overhauling charges paid to the mechanic for different engines.

(b) The replacement of certain parts like liner, piston,
crank-shaft or its head necessarily led to opening up of the
body of engine and disintegrating different parts. Since
different parts of the engine lay exposed at the time of
replacement of spare~parts, overhauling was possible at such .
time. I+ may be noted thet out of 29 engines which did not

report overhauling during the year, .as many as 16 had either

replaced major spare parts such as liner and piston or had



35

undertaken the head -~ repairs during the year. However, the
cultivators using sample engines were not able to say defini-
tely whether the overhauling was done or not at the time of
replacement of spare parts. It may also be noted that in
respect of 20 engines in the sample, permanent mechanic was
employed by the cultivators to look after the maintenance of
tﬁe engine. The cultivators, tunerefore, appeared to have

lesser details about the maintenance cost of the engines than
e

*

desired.

Hence the division of expenditure between these two heads
of maintenance cost is not perfect. However, the magnitude
of transfer of expenditure from one head to the other head
of maintenance in case o% these sample emgines is small since

purely overhauling charges came to B.10 to .15 and the least

priced spare parts like ¥ings or bearings cost B.10 to Es.12.

Of the 6% sample engiﬁés of 5 HP, the expenditure on
minor repairs and overhauling was incurred in respect of
46 engines. 12 out of these 46 engines did mwt report over-
hauling being done in their cases. In other worés, the expen-
diture in case of these 12 engines related to minor repairs
such as replabement of oil-tube or rubber bushes or fixing
nut-bolts etec. The average expendl ture per engine on minor

repairs was RB5.5.26. The cost of oil tube was B.3 to .5, that
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of rubber bush #.0.30 to £.0.50. It may be noted that out

of these 12 engines, which did not report overhauling during
the year, 4 had worked for only about 260 hours each during
the year, while other 5, wunich had worke@ﬁg%;e than 400 hours
each, had undertaken replacement of major spare parts during

the year.
The expenditure on overhauling per engire (for 34

engines reporting this expenditure) during the year ranged
from B5.10 to B.91. The average expenditure was B.%2.38.

This wide variation in the expenditure reported by different
engines was due to (a) some (in all 6) engines undertaking
overhauling more than once,1 and (b) the iﬁcreased cost per
overbauling2 reported by some engines. In certain cases this
increased cost was also due %o replacement of rubber bushes
which went off frequently. Two englnes in the village Narayan—
gaon;, and one in the village Ranjangaon reported expenditure
on this count i.e. replacement of rubber bushes, to the tune

of .25/~ each.

Finally, 17 engines did not report either minor repairs
or overhauling duri:g the year. 11 engines out of these 17

engines had not completed one year during the year 1965-66.

All the engines reporting cost E.50 and sbove were over-
hauled twice during the year, with one engine being over-
hauled thrice.

Most of the engines reported cost per overhauling (includirg
charges paid to mechanic) as B.10 to B.15/-. But some engines
reported the cost per overhauling as B.20 to K.25. The
plauvsible reasons for this increased cost is discussed
earlier.
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A1l the other six had undertaken replacement of majer spare

parts during the year.

(iii) Major Breakdown and Spare Parts : Under this head of

maintenance cost, most of the items pertained fo replacement
of spare parts, the number of engines reporting breakdowns

due to bursting of engine-head being 4 only.

As In the case of electric motors, in case of engines
also, the total replacements of different parts and their
costs from the date of installation till the time of survey
were listed and apportioned on annuel basis to compute the
cost of maintenance under this head. Different items of spare-

parts covered under the list are :-

(1) Liner (2) Piston (3) Crank-shaft (4) Pump-shaft
(5) Headvalves (6) Piston rings (7) Head rings (8) Bearing
(9) Nozzle (10) Connector, Governor etc. The spare-parts
which were replaced mostly were liner and piston. 39 sample
engines reported replacement of liner and piston. It may be
noted that all the engines reporting its replacement stated
that 1t was replaced at a fixed interval of {time, such as
one year, two year, and so on. It is because of this infre-
quent and discrete nature expenditure on spare-parts that it
was thought to be better to take an average over%ll the years

since instaellation.
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As stated earlier, commonly replaced spare-parts were

liner and piston. On the other hand, the spare part which was

found to be rarely replaced was cramk-shaft. Only 2 engines
in the sample reported its replacement. It was incidentally
the costliest part to replace. The cost reported for its
replacement was B.500 to B.700. These engines expléZﬁed due to
pressure of accumulated gas generated due to the use of,
inferior fuel and the failure of water-cooling system. The
replacement cost of other spare parts as reported are as
follows : Valve packet (B.25), Pump Bearing (Bs.12), Engine-
-bearings (Bs.22), Piston rings (B.30), Nozzle (8.27 to B.30).
Most of these parts, except Nozzle, were reported to be
replaced at an interval of 1.5 years to 2.5 years by different
engines. It is not possible to probe more iﬂto the analysis

of expenditure under this head oﬁmaintena?ce cost because for
20 engines their owner-cultivators were not able to specify
the particular spare parts replaced at regular intervals,
Since they had employed & permanent mecharic for the servicing
of the engines. They could only state the amount spent on

the replacement of spare parts but could not specify the items.

- Thus, the total expenditure on meinterance is sum of
expenditure on (i) greasing during the year 1965-66, (2) On
and overnsuling
minor repairs/during the year 1965-66, (3) and apportionable

pPer annun expenditure on spare parts arnd breakdowns.
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Impact of use of different types of lubricating

0ils ard Fuels on maintenance cost

An attempt is made below to analysis the influence of
different types of lubricating oils and fuels used on the
maintenance cost of engines. Similearly, aivtempt is made to
bring out the impact of age of the engine on 1ts maintenance

cost.

In Table 5.10, the engines have been classified by the

type of lubricating oil wsed and by the type of fuel used.

Table 5.10 ¢+ Impact of type of lubricating oil and fuel used
by o0il engines on their maintenance cost.

(Per hour cost in Bs.)

Type of Number of engines of  Per hour Per hour
Lubricating which maintenance maintenance
oll used by Total TUsing Using cost of cost for all
engines diesel crude engines re- engines
oil porting use
of
Diesel Crude
oil
1 2 3 4 5 6 i
Fresh oil 25 16 9 .14 .20 A7
Reclaimed o0il 38 24 14 .16 .16 .16
Total 63 40 23 .15 .18 .16

Both,the quality of lubricating oil as well as the
quality of fuel used,had bearing on the maintenance cost of
the engine. Between the two, the impact of type of lubricating

0il on the maintenance cost was less discernible, as revealed
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by the last column of the Table 5.10. As could be gauged from
columns (5) and (6) of the above table, the impact of the
guality of fuel used on the maintenance cost of the engine was

more visible.

It may be mentioned here that age of the engine is one
more contributory factor in its maintenance cost. Since the
above table averages out per hour mainienance cost of englnes
over different age-groups, it does not bring out fully the
impact of the type of fuel used on the maintenance cost.
Table 5.11 would help understand the impact of age of engine

on its maintenance cost.

Table 5.11 : Agevof the engines and their maintenamce cost.
( Cost in Bs. )

Age-group No.of Average Average Average per
of engines age of no.of hour ma in-
engines the hours of tenance cost

engines operation (In Bs.)
(In Bs.) (during
1965-66)
Less than 3 Yrs. 20 1.80 401.30 0.17

More than 3 Yrs.
but less than
T years 19 4.95 618 .41 0.13

More than 7 years
but less than 10

years 16 8.12 .  698.52 0.15
10 years & above 7 1%.29 3%5.07 0.42
Total 62 5.69 537.06 0.16

Note ¢ In respect of ome engine, its age could not be
determined by its user. Hence, i1t is not comsidered
for the purpose of analysis.
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Age of the Engine & Its Maintenance Cost

In table 5.11, the engines covered by the sample have
been classified iuto 4 age-groups based on their number of
completed years as of end-May 1966. These age-groups in
descending order represent fairly new engines, moderately
0ld engines, fairly old engines and very old engines. For
engines in each of the size~groups, average maintenance cost

per hour of operation is computed.

As could be seen from the table 5.11, the average per
hour maintenance cost declines between the first two age-
groups, perhaps reflecting that the cultivators took some&ime
to adopt to mechanical mode of irrigation.'Thereafter, the
maintenance cost per hour of operation had gradually started
rising, but in the last size-group, per hour maintenance cost
had shown steep increase, thus bringing out impact of age.

The decline in periodicity of replacement of spare parts and
the increase in frequency of minor repairs had contributed to
steep rise in the maintenance cost of engines in the size-group
of 10 years and awve. It is also to be noted that the average
number of hours of operation of engines in this size-group
shows a sharp decline as compared to the hours of operatiocn

of engines in tht preceding size-group. 2 out of 7 engines

in the size-group had worked for less than 100 hours during

the year. In fact, the freguency of breakdowns had prohibited
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their greater use during the period of reference. It might be
of interest to note that in the last age-group, pPer hour
maintenance cost of engines using diesel at B.0.29 was roughly

half (i.e., 15.0.55) of tnose using crude oil.

Hours of Operation of Engine during the year

The limitations of the data on the hours of operation

of engines during the year are stated below.

As stated earlier, in the case of electric motors, only
such schedules were accepted for analysis in respect of which
the estimates of hours operated by electric mtor during the
year as obtained from the interviews of cultivator (hours of
irrigation of different crops during the years plus hours opfe~
rated for sale of water, if ary, reported by the user) tallied
more or less with the estimaies of hours arrived at from

tie units recorded for the same period by the meter. In other

D

,

words, in case of motor, an independent cross—check on the total

of hours of irrigation of different crops during the year
reported by the cultivator, was available. In case of erngine,

there was no such cross check available on the hours of irri-

gation reported by the cultivator.

0

The only possible of having a ceross~check on the hours
of operation of engines in a year reported by the cultivators

was to work out the estimate of hours of operation of engine
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based on the reported total consumption of fuel by ehgine
during tﬁe year. Knowing the hourly rate of consumption of

fuel by the engine, the estimate of total hours of operation
of engine during the year could be had, provided data on amual
consumption of fuel (in litres, or in gallons or in barrel)

was obtained. In short, if the details of total purchases of
fuel during the year and’the stock at the beginning anézghe

end 6f the year were known, an independent estimate of the
hours of utilisation of engine during the year could be formed.
Unfortunately, it was not possible to have the details of the
purchases, stocks etc. of the fuel of the engines.This was
mainly because, excepting for three engines, the cultivators
using the engines had purchased the fuel at retail whenever
the need arose and that too in different quantities. They were
not, therefore, able to state even approximately total gquantity
purchased during the year. The only cross—check that could be
had on number of hours reported by an erngine was 1o compare
the nours of irrigation for each irrigation for certair@ajor
crops by an engine of 5 HP with the reported hours for each
irrigation for the same crops by an electric motor of 5HP.

Such checks were made and found to be satisfactory. Details

pertaining to these checks are presented in a later chapter.

It may be worthwhile to state here a distinguishing

feature of total hours of operation of an engine, as against



total hours of operation of an electric motor in a year.

In respect of motor, which is essentially an immobile unit,
total hours of operation in a year related to one source of
irrigationli.eﬂ,one well. However, in case of an engine, which
could be moved from one well to ano ther, total hours of opera-
tion in the year were sum of total hours of operation on all

the wells on which the engine was operated during the yearf

Variable costs at different levels of operation

Table 5.12 depicts behaviour of per hour variable costs
at different levels of operation of engines. It may be obser-
ved from Table 5.12 that, by and large, per hour variable
costs show declining trend with the increase in level of
operation of oil engines. However, 1t 1s relevant to note that
per hour operation cost (i.e., fuel cost) does not show large
variation with the increase in hours of operation of engine.
This is mainly because per hour counsumption of fuel by an
engine was reported to be constant irrespéctive of its scale
of operation. The difference in pe%bour operation cost over

the size-groups is largely due to different types of fuel

used, as also price differential of fuels.

On the other hand, maimbtenance costs per hour of opera-—
tion show consistent fall with the increase in level of

operation. This is on account of replacement of certain items
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of spare parts (such as liner and piston) and overhauling of

engines being undertaken at regular interval of time irres-

pective of their levels of operation. However, it is signifi-

cant to note that the rate of fall in per hour maintenance cost

deciines beyond the level of 1000 hours of operation. This was

due to reduction in periodicity of replacement of spare parts

as well as increase in frequency of minor repairs, and over-

hauling in respect of engines operated at these levels.

Table 5.12

Per hour cost of working of oil engines of 5 hours’

power. (Cost in Bs.)
No.of No.of Avera- Per hour maintenance cost Per Total
hours 0il ge No. Grea- MNinor Major Total hour  per
of ope- engi- of hou- sing repairs break- main-~ opera- hour
ration nes rs of and downs tenan~ tion varia-
during opera— over- and ce cost ble
1965-66 tion hauling spare- cost cost
(size~ during parts
Sroup 1965-66
0-200 15 120.21 0.0206 0.1745 0.1492 0.344% 0.9248 1.2691
(1.62) (13.75) (11.76) (27.13) (72.87)(100.0)
200-400"° 15 287.73 0.0097 0.0666 0.2255 0.3018 1.1482 1.4500
(0.66) (4.59) (15.56) (20.81) (79.19)(100.0)
400~-600 13 484 .7% 0.0064 0.0460 0.1771 0.2295 1.1255 1.3%550
(0.48) (3.39) (13.07) (16.94) (83.06)(100.00)
(0.46) (3.80) (10.49) (14.75) (85.25)(100.0)
8001000 3 879.50 0.0025 0.0192 0.0782 0.0899 1.0452 1.1451
(0.21) (1.68) (6.83) (8.72) (91.28)(100.00)
Above 1000 8 1535.19 0.0044 0.0131 0.0477 0.0652 0.9786 1.0438
(0.42) (1.26) (4.57) (6.25) (93.75)(100.0)
Total 63 530.57 0.0063 0.0409 0.1160 0.1632 1.0291 1.1923
(0.53) (3.43) (9.73) (1%.69) (86.31)(100.0)

Note: Figures in brackets indicates share (in percentage) in total.
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Total Costs of Irrigation

As mentioned in the previous chapter, total costs of
irrigation during the year consist of (a) fixed costs (i.e.,
depreciation charges and interest costs); and (b) variable costs
(viz., operation and maintenance costs). Table 5.1% preséhts

total costs of irrigation by sample oil engines for different

levels of operation during 1965-66.

Table 5.13 ¢+ Cost of irrigation by oil engines - 5 H.P.

Hours of No.of 0il Average Cost of Irrigation per Cost per
operation engines No.of 0il engine - hour of
during the hours Fixed Variable Total opera-
year of ope- tion
(In size- ration
group)
0~-200 15 120.21 388.17 152.57 540.74 4,50
(71.78) (28.22) (100.00)
200-400 15 287.73% 336 .09 417.21 75%.30 2.62
‘ (44.62) (55.38) (100.00)
400-600 13 484.73 419.26 666.77 1076.03 2.21
(38.96) (61.04) (100.00)
600-800 9 676.11 360,27 769.54 1129.81 1.67
(31.89) (68.11)  (100.0)
800-1000 3 879.50 %64 .16 1007.05 1371 .21 1.56
(26.56) (73%.44) (100.00)
Above 1000 3 1535.19 %91 .64 1602.44 1994 .08 1.30
(19.64) (80.36) (100.00)
Total 6% 5%20.57 37750 632 .56 1010.06 1.90
(37.37) (62.63) (100.00)

Note : Figures in brackets indicate share (in percentage)

in total cost.
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It may be observed from Table 5.13 that trend in two
components of costs of irrigation of oil engines at differ ent
levels of operation is similar to the one noticed in these
components of costs of electric motor in the previous chapter.
Thus, in respect of oil engines also, economies of scale of
operation can be perceived from declining per hour operational
cost (total costs of irrigation) at higher levels of operation.
Scal e-economies are obtained through (i) distribution of fixed
costs over larger number of hours, as also (ii) distribution of
certain variable costs incurred at fixed interval of time (such
as overhauling or replacement of liner and piston, etc.) over

larger number of hours.

However, 1t may be noted that whereas in respect of elec~
tric motor, average variable cost of the motors also showed

declining trend at higher levels due to tariff structure for

of
consumption/electricity, in case of oil engines, these costs

remained more or less constant because of fixed hourly rate of
consumption of fuel reported at all levels of their operation.
The above~mentioned features oﬂéggzﬁazgon of o0ll engines are

reflected in the slope of the cost-function fitted for them in

the following section.

Cost functions of o0ll engines

Cost functions have been fitted for oil eungines of 5 HP,

taking hours of eoperation as independent variable and cost per
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hour of operation as dependent variable. #£s in the case of
electric motor, both double log function and gquadratic function
were fitted. The results of two fits are presented in Annexure
5A. The comparison of two fits ylelds similar results aé in the
case of electric mtors, i.e., larger percentage variation is
explained by double log function than the quadratic function.
It may also be noted that the values of 't' and 'f' were found
highly significant for double log function.

The shape of the curve (graph presented in 4nnexure 5B)
is asymptotic to both the axes, witu a steep fall upto around
500 hours of operation. Beyord this level of operation, the curve
starts smoothening out gradually, and after 1700 hours of opera~
tion slmost runs parallel to x-axis. This is reflected in the
lower order comnstant term as also high exponential value of the
independent varisble in the double log function, in comparison to
double log function of 5 HP el ectric motor.

As discussed in the preceding sections, there are no
economies to scale in cost ol operatfion (fuel cost) of engine
due to comstant rate of consumption of fuel by engines. Alse,
it is seen earlier that there is decline in the rate of fall in
per hour maintenance cost of engines at higher levels of opera-
tion. The shape of the curve conforms to the alove-mentioned
behaviour of variable costs.

-~

In the latter chapters, we have compared the cost functions
for differ ent modes of irrigation and brought out their implica-
tions for choice of mode of irrigation at various levels of

operation.



ANNEXURE 5A

COST FUNCTIONS

L. Double log - 5 HP oil engine.

Number of observations = 6%
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x = Independent variable - Number of hours operated (In log)

y = Dependent variable - cost per hour of operation: (in Bse )

Coefficient

3.9297
-0.51%6

Constant (log a)

Regression coefficient

(o)

Analysis of Variance

(In log)

t-test

15 .89
t61:1’96 at 5% level
(normal table)

Source Degrees of Sum of _

freedom squares B.5.8. F-test
Regression 1 15 .8384 252 .52
BError 61 3.8260 F =4 .00 at 5%

1,61
level
Total 62 19.6644 (table value)
r2 = 0.805%
ariati

Perc:le»l‘sa.geV“frw ;‘%Ql'::l explained = 80.53

Function : log y = log a +blog x

!

Fivted function: log y

!

3.9297 - .5136 log x
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II. Quadratic Punction = 5 HP 0il Engine

No. of observations = 6%
x = Independent variable - Number of hours operated

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

!

Coefficient t-test
Constant (a) +5.869%
Regression =7 b1 -0.0084 6.28
teo=1.96 at 5%
Coefficients b2 +0.0000031 4.61 level
(Normal table)
Analysis of Variance
Source Degrees Sum of Mean -
of squares E.S.S. F-test
freedom
Regression 2 160.77 26.32
’ level
Total 62 344 .04 (Table value)
2 _
r~ = 0.46729
iati , ¢
Percentagev??}a =02 explained = 46.73

Function y = a + b1 + b2x2

5.869% - .005419% + .00000%1%°

i

Fitted function y



