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I. Introduction

Some 157 Km by railrcad from the metropclitan city cof
Caleutta lies the industri~l township of Durgapur in West Benzal,
There is a sizeable industrial complex here, incluiling a major
iron and steel unit. The fertilizer project to be studied in this
paper will be located in this industrial centre. It is to ve put
up by the Pertilizer Corporation of India, a State-cined limited
company, which is already preducing fertilizers in Sinari (.inar)
and in Nengal (Punjab), snd is also constructing fertilizer
production units in Trombay (Maharashtra), Goraxhpur (U P,
Yemrup {issem), and Korba (M.P.), in addition to that in Durgapur.
This general vackground is important to oear ir. mind, since the
Durgapur project is only a part of a wider fertilizer programme
of the fiovernment of India.

In many ways the Durgapur Fertilizer Froject (hereafter,
DFF) is an extremely interesting project to evaluate. & number
of intricate aspects of project evaluntion assume considerable
importance in this analysis, and as an illustrative casc study on
project evaluation it has obvious merits. Hosever, there is one
problem with the DFP that' is rather disturbing. The plans for the
project have been frequently ﬂ?v’i——_—_sed, and the evaluator has to run
to keep at the seme place. At the time when this evaluation was
urdertaken, some considerable uncertainties persisted about the

exact shape of the project. The latest report that was provided




to us by tre geod offices of the Planning Commission of India was

one en'(,itl;d: j.(conomic and Tecrnical Soundness ‘nalysi-s @

ortilizer Froject of the Fertilizer Corporation of India Ltd,.

(mimcorraphed ). 'While it is an un-dated documont, it is clear from

thc figures and the estimates that the calculations prcceded the

dcevaluation of the Indiian Rupeec in June 1966. Furthermore, it is

cormon ¥nowledge that the exact specificaticns of the 9FP, including

its ovtnut targets, have chenged somewhat from that given in the

Teonoric ~nd Technical Sovndress relysis (heréafter _‘JLS_A_) Sirce,
hauever, later estimates could not be obtained, £nd also since the
object of this study is mainly to illustrate the methods and
techniques of project ecvaluation, we decided to do the avaluation
entirely within the framework put forward by the ZTS%. This means,
in offect, that the evalusticn is done from the point of view of the
inferrmation availeble at some point of time preceding June 1383,
whaen the ZTSA represented the availeble body of knowledge. This way
we get an internelly consistent picture, in terms of which the
methcds of project eveltation cen be illustrated, rather than
introducing some piecemeal changes, without knowing their impact

on the rest of the estimites and calculations.

Ii. The Project snd dte "Soundness!

As envisoged in the ETSA, the DFP will prcduce per year
135,000 tonnes of Nitrogen and 110,000 tonnes of Pp0g, in the form
of a "complex fertilizer" (viz. immonium Sulphate Phosphate) and

Urea. The former will be made out of Ammonium Sulphate and

: Jurgagur .
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Phosphoric A61d, with the Dossibility o adding Potasn to it, The
Leport of the z_SA.b:s based on thre assumption of mixing Nitrougen
and P~Og in equal preportions, with the question of Potash left
open. If the mixture is in the preportion of 19:19:0, then

579, 000 tonnes of the "complex fertilizer" will have to be produced,
If, however, the mixture is R0:20:0, then 550,000 tonnes of it will
be made. In addition 55,00C tonnes of Urea will also be prccuced,
with 46% Mitrogen. Further, 15,C00 tonnes of Anrydrous Mmonia
will be produced exclusively for sale. The position is sumnarized
in Table I,

The Reprrt of the ETCA, as its neme indicates, goes into
the economic and technical "soundness" of the DFP. Tt does not
use any one criterion of evaluation, but refers to ceveral
indicators. It finds the "investment output ratio" of the project
to be 1 : 0.8 (IISA, p.19), vhich amounts to a marginal capital
output retio of 1.25. It astimates the profitability at -arket
prices with standard assumptions about depreciation, etc., to ve
24.4 per cent (I7sh, p.12). It also guotes a return on equity
capital of 44.6 per cent. These figures are undovbtedly high,
but for reasons discussed elsewhc:re,l these may not necessarily

tell us much about the national economic profitability of the

DFF.

1 g5ee S.A. Marglin, Public Investment Criteria (London: Allen and
Unwin, 1967); 0. Sckstein, "A Survey of Fublic Txpenditure
Criteria," in R.Musgrave, et al, Public Financas : Needs, Sources

Utilization (Princeton, 1961), Mational Bureau of Teoncnic
Research; A.X. Sen, General Criteria of Project Tyaluetion,

United Nations, CID/IPE/TV.8.




-t 4 3=

The ETSA Report itself goec into one importsnt aspect of
the national cconomic profitability. It is the ouestion of  -~eign
exchange saving. It calculates the foreign exchange expenditure
per year during the operation of the DFF to be Rs.29 milliorn, which
is contrasted with the saving of foreign exchange worth Rs.310
million, in the shape of imports of fertilizers replaced by dcmestic
production at DFP. This amounts to an annual saving of Rs.281
million, on an initial foreign exchange investment of Rs.170 million.
Thus, reports the AT3A, "the foreign exchange expenditure incurred
in the setting up of the project will be earned back completely in
terms of foreign exchange saving in a very short period of less
than an year." (ZTSA, p.84).

The picture is even more rosy if the foreign exchange
saving is calculated not in terms of the replacement of fertilizer
imports, but in terms of the replacement of food imports by the
use of these fertilizers. The annual saving of foreign exchange in
this case will be as much as R3.756 million (ETSA, p.84), which
does compare extremely well with the initial foreign exchange
investment of Rs.170 million. The picture is summarized in Table II.

These foreign exchange figures are somewhat misleading,
since they do not fully take into account the indirect forelgn
exchange implications of the DFP. These implications are of two
different kinds. First,, some of the "domestic" components of cost
do have indirect import content. It is understandable that it is

not easy to trace back all the import implicationms of the initial
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end operating costs of the DFF, and the ETSA need not be blamed
for not trying to do this exercise. However, the fact remains that
the actuel imports zaused by the DFP will be scmawhat larger than
the figures cquoted when the import components at various stages
of production are summed toget‘ner.2

Second, there may be possible foreign exchenge losses aven
when an entirely domestically produced input is used, if that input
js potentially exportable. For example, Naptha, which is an
important input in the DFP, is potentinlly exportable, thouin
possibly at a lower price than that at wrich it can bc imported.
It has, therefore, to be borne in rind that when an input lixe
Naptha is used, there is some aacrifice of possible exports and
thus of foreign exchange. We shall go into these correctiens
later on. It should be noted, havever, that even after these
corrections, the saving of foreign exchange involved in the DFF
is quite considersble, and indeed the "shadow price" of foreien
exchange will be found to be & crucial variable in the estimation

of the national econamic profitability of the DFP.

I11. The Basic Sets of Time Series
As scen in the ETSA Report, the DFP will take three years

to construct. By teking the first yecar as year 0, the DFP will be
complete by the end of year 2. In our estimtion of the presert

value we shall ccnvert all bencfits and cost figures into equivalent

2 yocormation is relstively scanty in this field, and ono of the
fow sources is T.A. Weisskopf, "A Multi-sectoral Prograrming Model
for India : Some Numerical Results," Economic and Political
Weekly, April 22, 1967.




amounts of bencfits of year O,

The ETSA Report gives the operating costs and output [isures for
ten years of operation (Arnexure No. 15(2) ). In their calculaticn of
the depreciation fizures, the ETSA ﬁeport assunies a life of 9 years
(EIsh, p.78). Ve have, however, chosen 10 years as the 1ifc since
depreciation figures often understate the actual productive life of
a unit, and the table in Annexure Mo.15{a) clearly indicateas the expected
outputs and inputs in the 10th year of operaticn. "¢ shall assume that
the residential building, roads and culverts will live beyond this
period.

In Table 111 the symbols that are being used are explained, in
Table IV we present the basic sets of time series of items of benefits
and costs. The first eight rows are simply taken from the ILSA, parti-
cularly from Annexurcs 12(e), 12(b), and 15(s). These items irclude
the direct domestic component of investment (Id), the direct forcign
exchange component of investment (If), the value of output in terms of
today's outlook of market prices (Vx), the value of the same output in
terms of the foreier price of the replaced imports of fertilizers (Vg),
the direct domestic component of operating cosis (Cd), the direct
foreim exchange cemponent of operating cests (Cf), the value of invest=-
mont in "buildirgs, roads and culverts" (IB), and the labour cost as
part of operating cost (LY. The value of cach of these items for each
year during the thirteen-year period from year O to year 12 is given
in Table IV. Maturally, the output and operating cost figures do not
begin until year 3, and the bulk of the investment figures are Over

by year <. Therc are, however, some investments for the first three
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years of operation (years 3 to 5), due to the accumulatior. of roecl
working capital.

The last four rows in Table IV are not rawv data but the
results of some operations with‘guch data, If gives the valuc of
the direct foreign exchange component of investment, but does not
include the indirect content significantly. As we mentioned ocfore,
data on this subject is scarce, but on the basis of the data that exict,
we have tried to make rough corrections for the indirect foruign cexchange
component, takinz into account both (a) indircct import cemponcnt,
and (b) loss of export earnirg because of the absorption of potentlally
exportable commodities in domestic production. The resultant cranges
in the domestic and foreign components in the investment are givern by

the corrected figures of TA and i}, respectively.,

In the case of operating costs, it was found that scme consl-
derable provision has becn made alrcad:y in the EISh for the iniircet
exchange componcnts. However one further correction was introduced into
the figures of Ea and Ef. The requirement of Maptha for the DFP is

estimated to be 158,400 thousand tonnes per year (2134, 3.35). The

i

ex-refinery prico of Naptha is token to be Rs.85 per tomne (3IL33, 3.38).
Since this is domestically produced (the DFP will get its Naptha frcm
the Barauni refineries), this cost was put under Cq+ Fowever, Liaptha

js potentially exportable so that its use in the DFP involves some

loss of possibilities of carning foreigh cxchange. Furthermore, there
are reasons to expect a shortage of Naptha to develop in India ©y
around 1971, so that the marginal Naptha may have to be importaed in

the periad following.3 The fact that the Barauni Naptna will still

3
We are grateful to Professor Alan Manne for educating us cn the
international trade position of Naptha.
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come to DFP makes no difference, since it could have been used
¢lsewhere otherwise, thereby cutting down imports.

There is currently a difference in the export price and
import price of Naptha thanks to market imperfections as well as the
cost of shipping. Further, the future prices of Naptha may well be
different. Since there arc considerable uncertainties about all this,
we have made a rather simpler assumption, viz., taking the forcign
exchange price of Naptha as Rs.76 per tonne at the nominal exchange
rate (corresponding to 16 at Rs.4.75 per 9@).4 As the shadow price
of foreign exchange is raised, the value of Naptha in our calculations

will be correspondingly increased. This nominal exchange cost is

added to the C¢ figure to obtain the corrected figure of -C-f. Regarding
domestic operating costs, C4, the cost of Naptha at Rs.B85 per tonne
js subtracted., This assumes the same transportation cost in each case,
since we have not changed the transportation cost of Naptha included
in the operating costs.

¥inally, e word about the value of output in terms of foreign
exchange. The EI'SA Report quotes two sets of figures on this, as we
noted in Section 11 above. One isilnterms of the cost of replacsd
imports of fertilizers, which is the one we have taken, since at the
margin the DFP is an import-substituting project. The other is in
torms of the cost of food imports saved, taking credit for the amount

of food prains to be produced by using the fertilizers manufactured

It is to be remembercd that all the calculation here are being
done in terms of the point of reference of che ETSA Report, which
is in a pre-devaluation situation. We shall, however, introduce
shadow price corrections of foreign exchenge, including (in one
caso) & shedow price equivalent to the post-Devaluation par value.
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in the DFP. The latter fipure is much higher than the former (scc
Section IT above),sinco- the return on fertilizers is extremely high
in Indian agriculture. But we are evaelunting here the geins from

the production of fertilizers and not from its use; oven if we do not
produce any fertilizers, we still brve the option of using the snme
emount by importation of it .5 What domestic producticn of fertilizers
permits us to do is precisely to recplace tlese imports, nnd therefore
the relevant value of the ocutput is that given by the import cost of
the fertilizers replaced, with suitable correction for the shadow
price of foreign exchange, to be introduced later. It should be ncted,
however, that in choosing this method of evaluation we are ruling out
prejudices and other constraints that might prevent the importation

of fertilizers if it is not manufactured at homo, If foreign nxchange
is very scarce, we can attach a high shadow price to the cost of
importing fertilizers; what we are ignoring is simply the possibility
of imports of fertilizers being ruled out on some other ground, .g.,

same peculiar prejudice of the planners.

IV. The Valugs of the Pa,ameters Used in the First Tvaluntion

For the purpose of our first set of estimates we shall assume
a social rate of discount of 10 per cent and a shadow price of foreign
exchange of 1.57. Since we started with the pre-Devaluation price
of dollar at Rs.4.76, this shadow price makes the rrice of foreign

exchange equal the pos,,t.-Devaluation official price. In later sections

5

On this ouestion see I.M.D .1ittle, "Public Sector Project Selgct.ion
in Relation to Indian Development" (Mimeogrnphed); to be published
in volume edited by AV .Bhuleskar, essays in the memory of Nehruj
A .K.Semn, of Po juation, United

Nations, CID/IP Jd2,
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wo shall try out meny other values of the social rate of discount
nd the shadow price of foreign exchange.

It is assumed that 80 per cent of the investment cost in the
DFP represents a sacrifice of alternative investment (possibly private
investment). This alternative investment would have yiclded & per-
petual return of 20 per cent per ycar. This is the return for the
society as a whole and not only to the investor himself. Of this
return & proportion of R0 per cent would have been reinvested, ngain
at 20 per cent perpetunl rcturn with similar proportion of reinvestment
at further steges. Thesc assumptions are made to get an idee of the
elternative benefits streams sncrificed by having the DFP. Since
the rate of discount (10%) is lower than the alternative rate of
return on capital investment (20%), there is a prer ijum on investment
vis-a-vis consumption.6 Therefore, in evaluating tie nlternative
opportunities sacrificed in having the DFP, we have tc find out the
exact pattermn of reinvestment out of alternative.investment. The
assumptions outlined above represent the best guess that we could
meke given the available evidence, which is samewhat scanty. Some
altermntive assumptions will be tried out in the later scctions.

Regarding the DFP itself, it is assumed that of the bencfit
from the project output, one-third will go to the Government. The
Government in its turn will reinvest a proportion of 80 per cent
of it, yielding 20 per cent rate of return, with 20 per cent re-
investmont at every gtage. The remaining two—thirds of the benefit

from project output .will go to the farmers and other non-government

See Marglin, Public Investment Criteria, op.cit.; T.Weisskopf
ot al, Lect ocial Cost-Benefit Analysis for Industrial

Project Formulation apd ®yaluation, United Nations, CID/IPE/TW.S.
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recipients, who in their turn #4111 consume 95 per cent of these
benefits and reinvest the rest yielding 20 per cent marginal

return with 20 per cent plough back at every successive stage. Once
again these represent our best guess, but the nature of some of these
parameters need to be somewhat clarified.

T?le division of the direct benefit from the DFP betwcen the
Government on the one hand and the farmers and other non-governnent
recipients on the other, depends much on the fertilizer sales pclicy
of the Government, As has been explained before, the DFF will substi-
tute the import of fertilizers from abroad, and as such the bencfit
is in the form of the saving of the true value of the foreign exchenge
costs. If the Government sells the fertilizer relatively cheap when
jt manufactures it at hame, compared with the price at which the
fertilizer will sell if it were jmported from abroad, this will tend
to make the farmers! share of the benefits from DFP to be considerable.
If, on the other hand, the Government sells the fertilizer at exectly
the same price at which it would have sold if it were imported, then
the farmerd' are not directly affected at all by the production of
fertilizer at the DFP compared with it being imported. Then the gain
from domestic manufaecture will go totally to the Government .

From the point of view of the Government the relative sheres
of the DFF benefits are policy variables, though constrained by various
political and other prassures. From the point of the evaluator of the
DFf, hawever, the general fertilizer sales policy of the Government is
not within his jurisdiction. For him, this policy is cimply one of
the given facts of the situation. Given the premium on investment and

the Government's ability to reinvest & much larger share of the benefits
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accruing to it vis-a-vis those goin,- *o the farmers, therc is a case
for raising the value of g as far as possible. There nre, however,
1imits that operate on the Government policies, and for the yurpose of
this evaluation it has becn assumed that the price policy will be such
that the Government will get one-third of the benefits and the farmers
and other non-government recipients the rest. In a later section we
shall show how sensitive the profitability of the DFf ic to chenges

in this price policy affecting the distribution of benefits. Alterne-
tive assumptions will then bo taken.

Regarding the supply of unskilled labour, it is assumed that
considerable unemployment of unskilled labour will persist for at least
ten years after the beginning of the DFT operation. Thus the value of
unskilled labour (in investment as well as in operations) does not
rofloct its opportunity cost in terms of alternative output. A pro-
portion of 10 per cent of the cost of domestic investment is tnken to
bo tho wngo cost of unskillod lnbour, and n proportion of 50 por cent
is tnken to be the share of unskilled labour in the total labcur cost
in the operations. It is assumed that the unskilled labourers consume
everything they earn.

Finally, since the DFF like other public industrial undertakings
will provide some subsidized housing and other township facilities,
there are also some indirect benefits from the projoct. We take these
to amount to a perpetual return of 15 per cent on the value of
investment on building, roads and culverts in the colony (IB). This
is net of maintenance and depreciation, and 1t is assumed that even
when the rroduction unit of the DFF will havet o be replaced, the colony
will persist, with its accompanying indirect benefits. These benefits

are assumed to be wholly consumed,

The values of the parameters to be used are summarized in Table V.
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VY. Pr t Value of the DFF at the Mark ic

As preparatory to the calculation of the present value of the
DFI at market prices and at the relevant shadow prices, we calculate
the present value of the relevant sets of tim: series given in Table
IV. We use for this purpose a rate of discount of 10 per cent, as
explained in the last sectiom. The present velues are all done in
terms of year O, The results are given in Tatle VI.

As the first step we calculate the present value of the DFF
ot market prices. If this were negative, thon the DFF will be shown
to be commercially non-profitable at a rate of interest of 10 per cent.
But in fact the present (Pl) value at market prices turns out to be
Rs.241.5 million (See Table ViI.A). In commercial terms P, represcnts
the net profits that can be earned in the DFP today by future sales
and purchases of the outputs and inputs of the DFF with borrowing
and lending at 10 per cent interest. The project 1s clearly cormer-
cially profitable.

rgsent Value After Correction for Foreim Exchange Trice and
for Indirect Bepefits Bemefits

1f the velue of the fertilizer output 1s equated not to market
price but to the cost of importing the corresponding amount of ferti-
1igers from abroad, we have to replace V. by Ve After this correc-
tion, the present value (Pz) of the DFE rises to Rs.288 million, as

shown in Table VII<{B«:
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So far the cost of foreign ~change has been talen to be that
given by its nominal price at the time of the ETSA evaluation. If the
shadow price is taken to be higher than this, the present value will
rise, since the DFF is a foreign exchange earning project. Taking a
foreign exchenge price of 1.57, 1.e., & premium on foreign cxchange
of 57 per cent, the present value (I'y) becomes Rs.851 million, ns
shown in Table VII.C. This figure is obtained by raising by 577 the
value of output in terms of foreign exchange (Vp) as well as the cost
of the foreign exchange components of investment costs and operating
costs ﬁf and Ef).

The correction for indirect benefits from building, roads,
and culverts in the colony is introduced by adding tc Iy, the present
value of a perpetuity of 15% return m Ig, in the light of the line
reasoning outlined in Section IV. The new present velue (P4) y 28

shown in Table VII.D, is Rs.872 million.

VII. Correction for Labour Cost and the irice of Investment

Because of the presence of unemployed lnbour in the unskilled
category in substantial amount, the alternative output sacrificed by
employing unskilled lebour in the DFT may be taken to be negligible.
Taking half of the present value of the operating labour cost as
the present value of the wage cost of unskilled labour in operations,
and taking a tenth of the domestic investment cost as the unskilled
wage element in it, we obtain the overstatement of costs implied in
the nominal cost figures. When these correcticms are made, as shown
in Table VII.E, we obtain a new present value of the DFF equal to

Rs .904 million.
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Yo now go into a major correction in the present value esti-
mates, Since tho rate of discount is 10 per cent, and the rate of
return on investment in general is taken to be 20 per cent, there is
a clear premium on investment vis-a-vis consumption. If therc was
no reinvestment out of the return to investment, a2 rupee of invest-
ment would have ylelded 0,20 per year in porpetuity, which when
discountod at 10% would have given us a value of Rs.2. In this
situation a wit of investment would be twice as valuable at the
margin as a unit of present consumption, and the price of investment
would be 2,

The picture is more complicated in reality, since there is
same reinvestment out of the roturn to investment itself, and further
reinvestment out of the return to reinvestment, and so on. It can
be sham" that with a uniform rate of return of r, & wniform rate of
plough-back of a, and & sncial rate of discount of i, the present

value (F) of unit of investment is given by:

= _ (W-2)r *
P i-c2.r (6%)

In our case, since we take a = 2, r = .2, and i = .1, this
yields a price of investment of 2.67, as shown in Teble VII.F, If
the real cost of investment (including the correc tion for the price
of foreign exchange) is multiplied by this price 2.67, we get the
proper present value of the investment cost.

Since this type of correction is atill not widely practiced

in the literature of project evaluatiom, & word in explanation is
enlled for. The source of the problam, as we noted before, is the

a4 fferenco betwesn the rate of return on investment (0,2) and the

See U.N., A Sccial Cost-Blgggfit Ansalysis of the Fanaugun Froject,
United Nations, CID/IFE/TW.2.; see also Welsskopf et al,

Lectures, op,cit.
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rate of discount (0.1). Suppose n rupee of investment is diverted
from an alternative investment to the DFF. Its nominsl price may be
Re.1, but what this implies is a sacrifice of return of 0.2 per ycar
with 207 of it roinvested each yenr. Thus what we are renlly sacri-
fioing is a certain time stream of consumption which is quite hign
thanks to the rate of return to investment in the economy in seneral
being rather high (20%), in particuler higher than the rate of discount
10% used. We have to cnlculate the present value of this sacrificed
atroam of investment at 10% discount rate, which we are using to
calculate the present value also of the DFT return. Using our formula,
it is found that every rupee of altermative jnvestment sacrificed
jmplies a loss of a time stream of consumption which has a present
walue of 2.67. Unless the DFT can yield more than this loss, it will
not meke a net cortribution. Hence the need for correcting the nominal
capital costs.8 Wo take 80% of DFF investment to represent reduction
of investment elsewhere and use the price of investment (2.67),
obteined above.

After this correction (see Table VI1.F), we obtain a present
value of the DFF equal to Rs.188 million, which is substant inlly lower
than the earlier estimate, but still significantly positive. It is
easy to check, however, that we hnve now over-corrected. We havo
corrected only the investment cost of the DFF, teking into account
that 80% of the DFP investment came from reduced investment elsewhere;
but we have not given sny credit to the DFP for the pert of its output

that will be reinvested. This correction is carried out in Tebls

V11.G, which we now explain,

See Marglin, Iublic Iuvestment Criteris, op.cit.
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Of the diroct bemefit from the output of the DFF, a third
will go to the Governmont, of which 80% will be invested. The rest
two-third will go to the farmers and other non-government reciplents,
of which only 5% w3ll be investeds This yields a 30% roinvestment
out of the projact output, as shown in (7a), The part thet will be
thus invested will itself yield a 20% return and a 20% continuous
roinvestment, tho present valve of & unit of which has ealready been
estimeted to be 2.67 4in the yeor in which this reinvestment takes
place. If we, thorefore, raise 30 por cant of the present value of
tho output (net of operating cost but with correcti m for the price
of foreign exchange) by 1.87, i.e., the premjum of the price of
{nvestment over its nominal price of 1, then we get the required
correction for the present value of the DFf. This is done in (7)
jn Table VII.G. The corrected present value is thus Rs.882 milliom.

Since this exhausts tho corrections thet we wished to intro-
duce in the first round of the DFP evaluation, Rs.8682 million ig the
figure we have bean trying to get. The correction for the shadow
price of investment in the project output almost cancels out the
negative correction 4n the cost of investment.

Before 2:ing om to a difforont sot of oxereises on the DFI,
we should explain wne rspect of the calculation tnat may not be
entirely clear. Correctitns for 1abour cost introduced in ecuation (5)
in Table VII.E may give the improssion that we are treating unskilled
Jebour as costless for the DFP project. This will seem to go counter
to a considerable volume of 1iterature on the subject axplaining the
cost of labour in terms of reduoing the investible surplus in an

socnamy. There is, however, no such conflist, A rise of Re.l in
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wago payment to unskillod labour, given othor things, reduces the
profits from the project output by that amount, and therefore,
roducos investment out of it pqurl to 30 por cent of it, given our
essumption. The wége earners aro assumcd to consume their whole
earmnings, so that this additionnl wago paymont dces not cause Any
extra savings by the wage errmers. In net terms, therefore, there
is a consequent reduction of investment by Re.0.3, »nd an increase
in consumption of the same amount. This shift from investment to
consumption to the extent of 30 por cent of the wage cost

implies a loss to the community given our assumption of e price of
invostment (2.67) in excess of unity. The oxact messure of the loss
from this shift is given by 1.67 times Re.0.3. Thus the amployment
of evon unskilled labour is not treated as totally costless for the
DFE; it is justified only when the roturn from unskilled labour use
in the DFi compensates for the loss induced by thie shift from

9
investment to consumption.

VIII. An Alternative t of As 8

Since the objott of this paper is to illustrate the methods
of project evaluaticn in the context of the DFI, it may be useful to
consider a samowhat different sct of agsumptions. We may chenge the
DFf specifications in two respects, It is fair to say that the plans
of Indian public projects have often printed & somewhat rosier picture

of the output possibilities and of the gestation lag than what hrve

Sec Marglin, 2 ]
January, 1966 (mimeogra
1967, Third Mition).
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beon found later. 'We shall assume that the DFF will (1) take three
years longer to construct than planned, and (ii) the output stresm
will in fact be only 75% of the capecity planned in the ETSA Repert.
This alternative specification will be called ADFF, an rltcernative
DFf. Being less favourable than the DFl, which was shown earlier
to be very profitable both commercially end from the point of viow
of the nation, the ADFP will also be & more interesting project es

an exercise, the profitability depending critically on the values to

be selected.,

In tho annlysis that follows, we shall teke altornative

values of:
1. The social rate of discount (1).
2. The shedow price of foreign ocxchange (e).
S. The proportion of the ADFE investment coming fram

reduction of alternative investment (y).
4. The proportion of ADFI bonefits reinvested (s).

Freviously we tock 1 = .10, e = 1,57, y = 0,8, and 8 = 0.3. The
last was obtained by our assumption about the division of the net
benefit from the project (a third going to the Government) and the

respective proportions of roinvestment (80% of the Government net

benefits reinvestcd and 5% of the net benefits going to the farmers
reinvested ), as sham in (7a) in Teble VII1.G. Without going into
the genesis of s, we shell simply take alternative velues of 8 in
the exercises that follow.

In the last exercise weo took the general rate of social
retum (r) in the econamy to be 20%. We do not believe this rate
to be too high, but in many studies it is conventional to take &

lower genersl rate of return. For the exercise that follow, we shall
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take 167 as tho general rate of returmn on altornative invostment in

the econamy., Otherwise wo retain ali the valuo and time sories ‘ugod

in the precoding analysis.

IX. Sensitivity Annlysisi Socio 0 count and Shadow Iric
of Foreigy Evchange
We may first exemine the present valuc for ADFi, corresponding

to the values of the social rate cf discount (1), shadow price of

foreign exchange (e), the project benefit reinvestment ratio (s), and

the proportion of displaced alternative investment (y), as assumed

in the previous exercise, viz., i = 0.10, e = 1.57, 8 = 0.3 and y = 0,8.

This happens to be Rs.88.3 million. It is, as we could expect, & }

substantially lower sum than the DFF present value for the same

, assumptions.

Keeping 8 = 0.3, end y = 0.8, we may now examine variations in

ue for various values of i in the range (5%, 15%)

the ADFF present val

and o in the range (1.00, 2.25). The results are given in Table IX.

1 observations can be made on the observed pattern.

the present value of ADFI is highly sensitive

Severa

(1) By and large,

to the shadcw price of foreign exchange, which is not surprising since

4t 3s an import replacing project. While for ¢ = 1.00 or e = 1.25, the

present value of ADFF is negative for any rate of interest in the

range in question, it is positive for apy rate of interest in the range

when ¢ = 2.00, or e = 2.25.

(2) However, the sensitivity to tha shadow price of foreign

exchange is greatest at low interest rates and loast at high rates

of interest. While at 5% discount rete the present value shifts from

Minug Rs.2,724.7 million at o = 1.00 to flus Ps.1,427.8 million at
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e = 2.26, at 15% rato of discount tho corresponding shift is only
from Mipus Re.124.7 millicn to ilug Rs.135.4 millionm.

This is relevant in anticipating the 1ikely extent of error
in getting e “wrong" shadow price of forelgn exchango. Thls may
not be much at reletively at high rates of social discount but is vory
big at lover discount rates.

(3) Related to the above observation is the one concerning
the impact of variations of interest rate given the shadow price of
foreign exchange. The present value Worsens monotonically as we
move to higher rates of discount with e = .00, or o = 2.25, and
improves monotonically with e = 1.00. The former is the usually
expected result, for a typical investment project 1s supposed to
worsen with higher interest cost, The latter phenomenon 1s closely
related to the fact that the shadow price of investment, (a cnst
o 1 ement), 18 negatively related to the socinl rate of discount, as
can be seen from (6%) above. In fact gince a.r = 0,045, as the
interest approaches 4.5%, T rises without bound, since the discounted
yalue of the returns fram & unit of displeced investment moves towards
infinity (givon the rate of rotum of 15% and a proportion of ro-
investment of 0.3). Thus & rise in interest rate, in reducing ¥,
gives some relief. This effect is naturally strongest at low rates
of discount close to 4.5%,

Of courss, T also enters the benefit side in terms of the
reinvested portion of the project benefit and this works the other
way. This being a foreign exchange saving project, a higher value
of the shadow price of foreign exchange has & bigger impact o the
venefits, and then & high T s (in net) & favourable factor. At
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high values of foreign exchango, thorefore, we do not notice this
trend of improvement with a higher i (i.e., with a lower T). At
intermediate values, & higher 1 improves matters for a while through
the impact of T on the cost side, but after a limit this effect weakems
out and is compensated by the normal deteriorating offects of a high

interest rate on the profitability of an investment pruject.

X. Segngitivity Apalysis: Reinvestment of Iroject Benefits

As was explained eerlier, one of the relevant considerations
is the proportion of the benefits reinvested (s). This is so becnuse
the social rate of discount (1) may 1lie below the rate of social return
on general investment in the economy (r). The value of s depends on
the price policy of fertilizer sale, among other things, as was

’ discussed in an earlier section. It will also depend on such things
as the fiscal and monetary policies of the Government as well as on
all factors influencing the distribution of project benefits between
the Government and the different classes.lo

How sensitive are the results to our reinvestment assumption?
In Teble X the value of s is shifted from 0 to 1 at different rntes
of interest, with e = 1.57, and y = 0.8. The following observations
can be made.

(1) The sensitivity to s is, by and large, very high. It
shifts the present value from Minus Rs.8,416.3 million to Blus

Rs.16,867.6 million at 5% as s is moved from O to 1.

10 On this, see Weisskopf et al, Loctures: United Natioms,
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(2) The sensitivity diminishes steadily as we ccnsider

higher valucs of the social disccunt rate. This is as one would

exrect, since the impaci of s ¢n the present value is throuch the

shadow price of investmont (I} being grestor chan unity. As i

appreaches r, the value of T drops towards unity. At 1 = 0,15,
we have 1 = r, since r = 0,15, 1nd then s mrkes no difference, a8
is shown in the lest row of Table X.
If we take a reletivcly low socinl rete of discount, we
must be very careful abcut our assumption regarding reinvestment of
project benefits. We can, however, afford tc relax on this if the
discount rate is closo to the social rate of retum on investment.
There is alsc a policy implication. A project of this kind
can be vastly imrroved by doliberately fostering policics that relsothe
ratio of reinvestment, e.g., high fertilizer prices, high marginal

rrtes of taxation,

XI. Sepsitivity Analysig: Displrcement of Alternative Investmont

Tho highor the proportion of displrced investment (v), the
greater the oppertunity cost of & wnit of our rublic investment, when
4 is below r, 1.e., when T is grenter thaa unily. Table %1 goes into
three values of y ~t varicus rates of intorest, with s = 0.3, and
e = 1.57. Wo nota the following.

(1) By end large, the present value is vory sensitive to the
proportion of displaced investmant. At 5%, while y = 0.6 gives a
Fresent value of flus Re.1,446.6 million, ¥y = 1.0 ylelds Mipug
Rs.5,108,.9 million.
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(2) Thc sensitivity to y diminishes as i is raised tovards
ro At i = r (here 15% each), T is unity, und whether the public
project is cbtained by displacing other investment or other consump-
tion makes then no differonce whatever, This is the other side of
the coin studied in tho last secticn.

If {4 is low, we must be very careful abcut thc correctness
of our assumption regarding y. At high rates of interest closo to r,
it makes no differance.

lolicy-wise, if 1 is low, it makes sense to finance the
project through means that displace other investment least. At rates
of interest between, say, 5% or 13%, it mekes s difference betwecn
a pogitive and a pazativg present value, and the difference is lerge
in magnitude towards the bottom of the range.

xi. of Varia of I Val

With 7 values of s in the range (0, 1), 3 values of y in the
gone (0.6, 1.0), 7 values of o in (1.00, 2.25), and 11 values of 1 in
(5%, 15%), we have 1,617 alternative cases. 'We do not have the spnce
for all the results, but the range of variatic of the present value
of ADFP is worth commenting on. This is given in Tnable XII.

Dapending on our assumption the present. vnluo of DT can be

as high as Rs.32,902.1 million, or ns low ns Minus Rs.13,702.5 million.

Interostingly, both the extreme values cccur at 5% interest rate end
2.25 shadow price of foreign exchange, and the variation is entirely
due to the proportion of displace. investment (y) and tho roinvestment
rato of project benefits (s), whioh '2° 0.6 and 1.0 in the former

cese and 1.0 and O in the lstter case, both at tho borders of our
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paremoter ranges. Howevor while the sensitivity to s and y is lerge,
and is largest st low intcrest rates (most at 5%) as oxplained before,
4 and e are also important. BEven with y = 0.6, and s = 1, a shift

of 4 from 57 to 12% snd of e from 1,00 to 2.25 transforms the maximum
Fresmt value of Rs.32,902.1 million to & nerrtive valuo., Similarly,
& shift of 1 alone from 57 to 11% trensforms the minimum presant

velue of Minys Rs.13,782.5 million to & positive present value.

X111, Conc R k

With our standard assumptions, viz., 8 = 0.3, y = 08, 1 = 0.05,
and ¢ = 1.57,both DFT and ADFP are good projects. As is to be expected,
DFF yields us much higher present value than ADFT.

Variatiomms of 8, y, 4 and ¢ in the case of ADFi show (1) the
sensitivity of the present value to oach of these, and (41) tho crucial
importance of these values in certain ranges in making ADFT' an accopt=
able project or not. The smsitivity to each being fairly large in
many cases, we have to be very careful in selecting these values.

Bven a small error in these may distort our results very substantially.

Howovor, in certain ranges the sensitivity is not so largs.
1f, for exsmple, i is in the neighbourbood of 156%, the presant value

4g not sensitive st all to veriations in s and y, and is not vory
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sensitive to changes in o. But at lcw interest rates, e, 8 and y
are 81l very influantial. How much time and energy ve should spand
on correctly ostimating tho valucs of theso parnmeters should
depend very much on the vnluos of the other paramcters. The depth
of the empirical exercises to be done on this shculd depend on the
guidance provided by sensitivity analyscs as {1lustrated abova,
This is one more field of public policy where anpirical work has

strong analytioal prorequisites.




Qutaut

Mesxic Tonnes per Yeat
1o "Complex Fertil izer”
(Ammonium Sulphate Phosphate)
19:19t0 1,000
20 t%o t 0 558.‘000
2. Urea (46% Nitrogen)
L= Equivalent of 1 and 2 ¢
(i) Nitrogea 135, 000
(11) P05 110,000
3. Ashydrous Ammonia for sale 15,000
L Sewroe: Econpmic and Technical Soundness Analysis : durgapur Fertilizer
project of the Ferti] iger Corporation of India [imited, 1966,

po 327
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Iahle 11

So:mdness Indicators Used in the Preisst BRpari

Marginal capital output ratio 1.28
profitabil ity per unit of capital iavestrent 24.4 per cont
Foreign exchange saving:

(1) "Saving" of foreign exchange per year in terms of
slternative import of fertilisers (=foreign exchange
value of fertiliszer output minus amnual direct
foreign exchange cost) Rs.281 million

(1) "Saving" of foreign exchange per year in terms
of al ternative import of food (=foreign exchange
value of food-output resul ting from the
fertil isers produced minus snnual direct
foreign exchange cost) Rs. 756 million

(111) Iaitial foreign exchange imvestment Rs.170 million

L sewest EIRA, pp. 19, 84.7
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Table III
Symbol s Used

direct domestic component of investment;
direct import component of investment:
real domestic component of investment:

real foreign exchange commonent of investment:

val we of output at market prices:
val w of output at c.i.f. prices of alternative imports:
investment on plants and offsite facil ities:
investment on buildings, roads and culverts:
direct domestic component of operating cost per year;
direct import component of operating cost per yoar:
real domestic component of operating ocost per year:
real foreign exchange component of operating ocost per year:
operating labour cost per year:
marginal rapof soclal return per unit of alternative investment sacrificed:
the social rate of disocount:

re-

marginal proportion of/investment out of return to alternative investment
sacrificed:
e~
marginal proportion of/investment out of benefits from project output
accruing to the governmment:

proportion of the benefits from project output going to the goverament;
proportion of JFP investment coming from reduction of altermtive investment
shadow price of foreign exchange:

proportion of unskilled labour cost in the oost of domestic investment:
proportion of unskilled labour cost in total operating labour cost:

marginal propensity to consume of unsk flled wage earners:

marginal propensitv to consume of farmers and other non-Government
recipients of direct benefit from output:

preseat valw of the stream of the varisble within brackets.
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Iable ¥
Yalussof Parametaxs Taken
1. Marginal rate of social retum on alternative investment (r) = 0,20
2. Marginal proportion of reinvestment out of return on alternative
investment (a) = 0,20
3. Proportion of benefits from project output that will go to the
Govermment (g) =¥
4. Warginal proportion of reinvestment out of benefits from
project output accruing to the Government (b) = 0.80
8. Proportion of CFP investment cost coming from reduction of
slternative investment (y) = 0,80 ‘
6. Proportion of unskilled 1 abour cost in the cost of domestic ‘
investment (m = 0,10 !
7. Proportion of unskilled 1abour cost in the total operating I
) labour cost (n) = 0,50 '
8. Social rate of discount ({) = 0,10
9. Shadow price of foreign exchange (e) = 1,57
10, Propensity to consume of unskilled wage eamer (cy) =1,0C
11, Propensity to consume of farmers and other non-govemment
recipients of direct bemefit from output (c2) = 0,95

12. Building services ("indi rect bemefit™) per year as percentage of .
Ig =0,1

R




Lhms Calculations using the values given in Tebles IV and V]



[

WM
(In Rs, million)
A.Rstismato of present value of DFP at market prices:

21 # (V) - PCa) - 2(Cp - A - PP 4}
= 241.5

l.wmmwuz

Pa= P +2(Vp - 2(Vy (2)
= 288

C.Carrection for shadow price of forsiga exchaagas

Py= P2+ 0.57 L P(Vp - 2dp - HCp , 3
= 851

D.Carrastion for imdirect besafits.i e . housing. xasds. R1c3
4= 23+1p (—-gﬂ%-) 0
= 8712
I.WW
Py = 24+ (0,5 x 38,15 + (0.1 x 1%,%) (5)
= 904

I.WMMW

? = 1{&-2)2—&2)5 = 2,67, giving » "premiua” of 1,67 ()
Py = Py -L Py *+1.51.PANT x 0.8 x 1.67 ®)
= 108

G.WW

Reinvestment ratio of net bemefit (except of indirect benefit and
benefit of consumption out of wages of unskilled labour)

‘= (0.00 x}) + (0.0 x¥) = 0.3 e
- - “ - ﬂ
ety +@-0[leay - 2@p} 157 & [x.3 m
- 082

[loum:cdluhthu Using Tebles IV, V and Vlj




4.

S.
8.
7.
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Table VIII
Differences beotwoen ADFE and DFf Evalustion

ADF? output capncity as & proportion to ADFE
ADF? gestation lag in excess of that of DFT
General rate of social return to investment
in the economy (r):

(1) DFF = 0.20

(11) ADFE 0.15

Marginal prcportion of reinvestment cut of social
return to general investment (a)s

(1) DFE = 0.2
(14) ADFT = 0.3
Indirect benefits : nil for ADFF.
Iabour cost t as given by market for ADFE.

Other respects t the same in ADFP as in DFF.

0.78

5 years
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Tablo XI

Sensitivity to the Sacrifice of Alternative
Investmont in Finencing ADFT ¢

Unit = Rs. 1 million

\ | 0.8 0.8 1.0
5% 1,446.6 -831.1 -3,108.9
7% 412 .8 573 - 298.3
97 224.8 80.2 - 64,4
’ 11 % 119.2 53,9 - 11.3
15 % 46 .8 22.5 - 1.9
15 % - 8. - 6.1 - 6.

[\mh #=0.3,0end o= 1.57_‘
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