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A SOCTAL COST AFPIOACHE TC CHCICE OF TICHNCLOGY IN

BUILDING CONSTRUCT ION

A Study of Some Lltermative Technologies in Kerala

This paper is an attempt to apply the technigue of
Wocial cost-benefit analysis to the problem of choice of tech-
rology in building consiruction in KHerala, In the present
gection a general outliine of the social cost-benefit analysis
;@ glven and an aporoach by engineérs at the decision-making
level to its application to the problem of ¢hoice of yechnology
in .building conrstruction is suggested, The approach is_suffi-
giontly straightforwvaerd that it may be made use of as part of
@ye normal process of seleciiug the tgchnology most suitable
to &ﬁe for a new building project. .In the second seetion tvo
iibments of a dbuilcing system have been selected and the social
cosl approach applic¢ for sclecting an aporopriate technology
from a get-of alternutives. Tae third section puts forth
m¥rtain conclusious of the authors based on the anralysis

carried out in Section II,

Uhy and That of 3Jocis! Cost-Renefit Analysis

The tecanigue of socicl cost-benefit analysis or

what 8 known as. proieect evaluation is being incrcasingly
ﬂPPli&d in. tie selvction of public projects iu developing

coundries, Their apnlication ranges from industrial and



agriculturallbrdjects producing tangible outputs to infra-
structural projects (like ir-igation and transport) and social
amenities projects (like housing and health), The justifica-
‘tion..for social cost-bene?it analysis of public projects (or
for that matter the insistence on sqcial cost-benefit analysis
of projects by the .aid=-giving ag;ncies) résts mainly on the
‘following two grounds:

(a) The market price8of goods and services in the
doveIOping:cduntries do not reoeflect tacir real soc¢ial costs
for various reasons;v It ﬁay be due to the existence of mono-
”poly'on certéiﬁ QOpds vhich makes it possible for the monopo-
ligt td”dﬁarge a ﬁigher price than is warranted by demand and
supply or it nay be due to go&ernmental controls like raiions
inglbr fixing“of pr;ces 6n q¢rtain poliocy grounds:; For whatever
feasons, if thé markef for a.commodity is distorted, then ther
exists a di"ergencg betwéen its marketl price and its'éociél

value.

{(b) The sccond imbortant factor.is the existence of
indirect effects, Thig refers to the costs or benefits to the
society'shootiﬁg off f}om”a nroject and which eitherréannot be
quantified, or, 1if éuaﬁtifiable,-cannox be properly priced;
therefore project seléﬁtion on.t@e:basis of .direct effccts
m2y be ﬁislo;diﬁg in the presence of significant indirect
cffects, For instance, an indwvstrial projecct may crecate

pollution and an eirport may create noise, the real social



costs of which mould be difficult to measurc. hAgain, it is
impossible to measuie adeduatcly the bewmefits to health, capa-

clty for work and enjoyment of life which derive from improvcc

housing conditions,

If the above 'rdascning is accepted, thén the next
question is how do we go about doing a social.cost-benefit
andlysis? A simplifisd and general -method may be suggested.
For any dgiven project, the first step‘is the cnumeration of
gli'cosis and benecfits - both direct ond indirect. Once all
costs and benefits are known then tacy are quantified in
pﬁysiéal units. %is a2 first approximation, thesc costs aind
Beuefité are valued at thcir market prices and showr in the
fbfﬁ of a flow chart according to the time pattern of these
‘costs and benefits- In this flow chart costs will be. shown
on a resource-wise basis and not on a fumctional basis, All
transfer flows like taxes and intcrest payments will be exclu-
ded as thecy represent only a transfer of income from one party
to ‘another, Iﬂ the sccond approximation, the market values
‘of inputs =znd outputs {(i.e. costs and bencfits) will be repla-
ced by socicl valucs by usiug a set of shadow pricesf These

-shadow- - prices reflect the relative scarcity or abundance of

the resources.uscd uy and produced by the project. The

derivation of thcse shadow prices will be dealt with later
in our discussion on taec choice of techanology. Once the not
social volue (the sum of beuncfils minus the sum of costs)

for sach .year of thc projcct is derived, all these year by
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year values may be combined into a single value, called the
. Present Value of the project, (There arc other decision
criteria ysed in project eveluation, which necd not be gone

. : 1
into here).

A dccision criterion may then *be zpplied to test the
economi¢ worthiness of a project.  "At its simplest, the cri-
terion may be that if the Present Value of the project is
positive (‘total benefits greater than total costs), it will
be selected, ithercas 1f the Preseuft Value is negative, the
project will be rcjected, Often, however, it :will be possible
to ‘select from among a number-of altorrative projects. 1In this
case the project with }he highest Present Value will be sele-
cted, This regults in the choiceof a project giving the
rinximum social benefits. ‘herever ihe.indirect effects of any
projeeét are very important or sigmificant, but not measurable
tliey have to be mcentioned exnlicitly so as to make the decision
make¥s .aware of their conseqguences taking into account their
-relative importance to the econony.

.The Problem of Choice of Technology

The method of socizl ¢ost-bencfit aznalysis outlined
above is ecssentiolly a generel one where one is able to present
all the important costs and senefits of a'projeci in some
numericel maognitude., This is the casce with most- of the in-
dustrizl projeccts and certzin agricultursl projects like land

derelepment., 3But fhere arce public projects or programmes



fvhere it is nqt pdgsibie to present the bencefits in any tan-
gible way, let alome in numerical magnithdes. Ia such acti-
sﬁtigs wher; the'contfibutioﬁ to social welfzre cannot be
5§@gqtified} the objective is not that of incrcasing produ-

lyily'but social consumption, Social service projects 1like
%busing is a case:in point. The objectives imay be specific
ﬂlke prpvision of rééidontial buildings, educational.i.sti—
agyiops, hospitals etc, Given the objectives and a Eertain
am;nht of funds, the pfoblom facing the decisiown make;s is
Z?%w to achievc best results within the financial allocation
@I the project§ The¢ problem may be presentced in two ways:
(i)  Given the target, what is the least-cost method of
achiefing it? or (ii) Given tlhe objecctives (say, provision
of Wesidential bwilding to low income groups) and.ﬁ certain
ampunt of funds, wﬁut is the methoé of achieving maximun

!

gesults? In whatever weay the problem is ppsed, the probler
is one of "cogt minimisatici" or ”cost'offoctiveness”.

w

Let us take the bxample~of housing., For a given
progfemme of building cownstruction, {irst it is necessary
to ‘lay down the minimum technical stenderds to take into
ggﬁauni various agpectis like climatic cohditions, strength,
durabllity, etc.. Once the mormsg ave fixed, a good number
of @lternatives will get autowatically elimineted and thoere
williremain 2 set of teehnically feosibie zltcraatives, all

of thom conforming tc the minimum staokdards laid dowa.



The criterion of tecchnical efficierncy therefore helps in
eliminating o number of alternatives but it does not help
very mucihh for choosing 2 technology ffom'the remaining oncs,
This 1s.because all of them drc capeble of ‘achieving the
desired results. There will be & tecanology in ihe set of
technicelly feasible alterncotives which may said tb:be ihe
optimal technology. The notion of “optimum" in éconémids
refers to the "best; among feagiblc alternatives, Ordinarily
this selection of-tiae opfiual technology is dome with the help
of 2 fincncial analysis. Thehfinancial,analysis will indicate
the lteast cost technology ss the optimal one, An implicit
velue Jjudgement is containcd in such a financial analysis

in that financial costs of using up the resources are sssumcd
to be. the "real" or.”social" costs. ‘e have already nentioned
the reasons why such én assunption may not be correct. 1In
fact, most of the developing couniries do experience a diver-
gence in "figaneial costs znd “economic"‘or social costs .
resulting in the misallocation c¢f resources. Socjél cost—~
bencfit analysis cen be a useful method of correcting this

diyergence begtwecen "firnancial" and "cconomice" costs.

Esscntially social cost analysis when applied to

the problem of choice of technology seeks to find out the
social value or cost of cach techrology. Since Lite preoblom
o

is one of selecting a technology involving lcast social cost,

no attenpt is warvantcd for measuring beaefits, Let us



assnme that a set of tecunically feasible sltermatives for
building constructicn is presentcd. The first step in an
ecopomic evaluation is to enumerate all the input items
- according to the amournt of recsources involved. Brbadly
~8peaking there are tuvo types of resources, labour apnd materials.
Labour may further be divided into skilled {(e.g. enginéering
and managerial personnel), semiskilled and unskilled. Materi-
-als may be divided into domestic materials end matbrials;
involving foreign exchangé, There .is no strict rule'fér the
detailed break dowiu of 1tewms and it can be carried out depen=-

"ding on the number of categories selected in each major input,

To begin with, ;alﬁes of all these itemns arc‘calgqla—

.tpd according to mafket aprices, But this only sﬁows the‘finan-
-cial costs or ‘rupce costs! of thé différont inputs, In order
to get the social costs, a cérrection hes to be carried~ouf.
The principle uaaderlying the socizl valuation of commoditiés

or services 15 the notion of opportunity Eést i,e. value in

alternative use. iacxn we take the céso of skilled )abour,

e ask-oufselves ﬁﬁe guestion as to what is the opportunily

cost of employing skillec labour, If there is no excess

supply of skilled labour,ltho‘Opportunity cost of employing
I‘Eﬂiil]cd labour in one project is withdraﬁal of the required
gnount of gskillzad labour fror: somc other setivity, In this

‘case, the wmarket wages pzid to the skilled labour wiil De

tréated as tho social cost of employing sidlled labour,



A different sort of situation may arisc.in the ceose
of unskilled labour. If there exists a surplus of unskilled
}gbour iq qﬁ economy,‘say_xérala,-meaning that there is wvidd-
gpread ugcmploj@ent~among orddinary people, the opportunity cast
_qf‘cmploying_somc-of them is keeping .thew idle, ror; they
have no_cpportunitylof gainful enployment, In guah A situs-
tion, the nmarket wage rate of unskilled labour. does not repre-
sent its gocial caost, If unskilled labour .can .be -casily
drawn 2t 3iie, tnen a shcdot?r wage rate equal to zero represénr
ting the socizl cost of ungkilled labour may be justifiable,
If additional costs in the form of inecreased conaupption ard
.Lo be born@ by the Economy Lheﬁ éhc ;xira consumption alement
nay be.tfe$£od 29 thé shadow wagé ;‘ctaT In Lha} case, the
ehhdow viage ;atn 31I1 be gréater thon zero but less than the
ma;ket wége raté;g

Tho co;rection for tae morket pricegs of domestic
uéﬁériéls maj be done in the following way. If the markot
.fo: é‘com:od{ty is frce of.monbpoli;tiq pgaclices,_govornmcntal
contirel or_rat;oning or sucu distortions, then the prico
pre&ajling in the énrketlis decnod tq:ye the social value of
the commoedity (e.g. bricks, tiles, ete.). In the case of any
digbqrbion in Lhe warket for inc céﬁ%adij, t@gn the. magnityde
aof the ovgrqstimcte or uﬁderestimate of the mcrket price from
the social value-hc; Lo 5; :oundiquﬁ. F;r example lzt us

cocsider the casce of cenment, Cemeat is uscd in most buildinb



fgonstruction activities but it is not possible to obtain as
Buch cEmehf as one would likc to have from the market, The
supply is not only regulated but its price is also controlled.
}np“badid reason for such & situation is that tbe demand for

i's consideracbly gréafcr than tiic supply. Therefore
government resorts to rcgulztive mezasurcs on grounds of pricority
and redional distridbution, The controlled price of cement is
$herefore not an indicator of its sociel cost. I£ is scarce
apd thus demands discrimincic wse so that it will find appli-
$ation only on important and esscntial construction activitics,
ﬁhé shadow price or SOCial.COSt cf cement can be vorked ont
by finding the extcni of the underestination of the controilcd
pricc from the socicl cost., This can be done by way of tke
pricc the comsumers zre williag to pay if there was an opun
market - or by calculating the bdenefits of cement in alternoiive

BwBOS like, say irrigation vorks.

The next item is that of saterinls involving foreiga
excitange .. This rpfcrg to materials wivich need tdé be iwmportcd
iof.materials with an astual or potuntial cuport markdd. The
wfficial foreign exclhonge cquivalcn; nav not represcnt the
égportunity cost of foreign cxcitange becausé‘ihe supply of
foreign exchaagc is controlled by the govermment, Forcign

exchiaage is oﬂe of the most scarce rosouvrecs of thOIGCOHOE)
ﬁnﬂ thercfore any'activity which caras {orcign exchenge neceds

ﬁb.be encourageda and onytlhing which uses up foreign eXciebge
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discouraged. Steel 15 ounc of the'items in building constru-
ction with an internaticnal narket, By findiag ont the inter-
national price of éteel valued at thke shadowrforeign exchange
rete we can represen£ tiie social cast of steel. It is nece-
ssary.té specifj tﬁe type of steel used up in the constru-

ction work,

In actuzl practice the method of converting narket

values of commodities and services 1into social values is by

way of deriving a sef of accdhnting ratics for each input
iten, . The accéunting ra;ios reprgsent the extént of over-
estimation/underestination ¢f the market values of inputs
from the social values. By multiplying the fnarket values
with accounting ratios, thé social.cost of cach technology
can Be determincd, The operationmal part of this excercise
will becont clear when we deal with the shadow pricing of

building mcterialg in Section II,

Finally, the choicc of technology involves the scle-~

I
ction of that technology which involves tihe least social co

Sengitivity Lnalysis

The task of the evaiuator will be casier if the
accounting ratios for mational parawmeters tike labour,
forcign exchznge, ctc.'arc'given-to nim by the central pla-
nning autaorities, Ia the ab seuce of such a situation, tad

evaluator appliss a sct of acccunting ratios waicih c thinks
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appropriate.” Bul it may be quite pocsible taat the decision-
makera may cttach a.different velue of certain veriableﬁ.
Bven if there.is agreeueri between ihe evaluator and decision-
npkers about thre accounting rastics, the velucs of certain
variables may De subject to flubtuaﬁfons due to unforeseen ’
?bﬁtinggnc;es. To,take'into'acéﬁunt fhese factors, a sensi~
&ivi{y’anglyqis may be carried out using different valuaes of
Berlein cruciel variables. Such av analysis helps io deter-
mﬁﬂiﬂg whether changes in values of certain variables zre

Prucla) to the selection of a project-or not.

Magro-objectives nnd project evaluetion

Ia our metlhod of evnluation sugbosted for the choicso
ofﬁggchnology what we really didhéﬁs to féke into account
'gh? nejor policy nbjoctives'of tie éovefnmént consistect
ﬁjth the availability of resources iu the economy. ‘“‘hen thiere
ia surplus of certain iuputs like unski}}ud lgbgur, the social
cs&}noildmpld&inqiiaﬁdur‘%ééomés.ibséhihan the markat wage
rfite which neans cencourageisnt to lasour intemsive techuolo-
g488. This is how tho policy of ‘grezier cmploymeut creetion
gots translated. in an‘exercise.iﬁ.prqject evaluation., Sini-
ijly, technologies uging Eertain lecrlly available ncteriszis
:_lik'é lime, bri‘cks, tilos, cte, will be preferred to tcecanaslo~
ﬁjés tovolviug the use of scarce inguts live steel and cerno: .
?hbause_shadow prices of Lre latter are greater taan thoir
@drkct prices, Ghadow priclng of zater-ialy therefore eacuurs-

ges the prcduction aund consumptiou of loeplly rvailable
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materials vig—-a-viz scarcé matcrials,

in cffccet what ¢ technigue of social cost-benet
analysis tclls us is that in selecting projects or technolo-
gies for implementing a preject the resource constraints
of the cconomy must be fully taken into account so that
decisions itolen will resglt in rational allocation of resour-

ces rather than further straianing the econony,

In the following section, we attempt a social cost
approach to the choice of building tecknology. The anz2lysis
considers the alternatives in two elements of a building
system: rocfing and mortars, Apert fron demonstraiing how
the sociel cost approach can be zpplied, the exercise also
throws light on the problems which have to be faced at the

practical loevel of the choice of technology,

IY

Socizl cost aporoach aponlicd to choice of building technology

In this section o comparative study will bé nade of
the financial =znd social costs of gsome alternative building
technolqgies. 48 uve are coucerned only with quantifying the
costs and et the bonefits of tine different technologies, the
comparative a;alysis is wmede here onlj in the case of ccr-
tain elements of a'bﬁilding for which alternative technolo-—

gies of rcughly comparable performance are available,
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The comparisons arc botween threc different teciniques of
xbofing for 'a small residential building, and between threc

alternative mortars for brickwork.

Unfortumnately, no twa roofing systems'will be of
precisely the sane performanpe, either elimatically or in
ﬁurabiliiy, and this is oﬂe zlecent of =a building‘for'which
@oﬁ-performanée factors, such as_faéhioﬁ, arc fiequerntly at
;pagtnas luportant as'pefformancc in influencing the choice
of technblogy. HOVertheless,“ropfing is the most éostly
}1ngle item in anﬁlémall-Buildinglg'and thus the item for which
éhe'choice of tecﬂnology can be expectcd io have the greatest
Ampact ‘on cost., It is for this reason thet roofing sfstems

Brve been chosern for compariseon.,

Mortars, oun the ofher kand, are a.smaller'itcmlin_the
total building cosi, iiortars and plasters together.ﬁccount
for np 1o 13 per cent of ty:ical building costa, -But this
Xs onc cleuwent cf a buildiayg for which & number of wellfdgfi—
Yed alternatives arc available, cach giving the samc perfore
pancc. Tho comperison of differert mortar materialé is
dinterssting for this reason. |

Inlanf exarcise in cthe use of sqcial cogts as a tceol
for decision-makiug it is esséhtial that the underlying
objectives of the cexercise are clearly stated at the outset,

.Io the present ceoszse therc are two objectives:
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1, To create, Lhrbugh caoice of tcchnology, the
maxioum amount of employment for locally availa-
ble surplus labour,

2. To ccoitonise on the use of scarce rcsources,
particularliy the products of capital-intensive
industries.

These objectives can be stated in quantitative terms
by applying shedow prices to each of the inputs of fhe differ-
ent technologies which arc to be dompared. Uée bf tﬁe shedow
prices will lesd to 'a social cost for thc technology, which
can be compered with the sociel ébst of the a;ternative tceh—-
nologies; the technoiogy with the lowest social cost will be

that which best satisfies the statcd objectives.

The prirary conipoznents of cost of any complcted buil-
ding work are the cost of the building matcriels -s deli-
verecd to site, and the on-site labour, The on-site cost of
the building ﬁaterials, however,-1is itself cémposed of nuper—

including
ous components,lmanufacturing wha transportotion costs as well
as labour, and eaéh of thuse-components must.be quantificd
before a shadow »nricc for the'material éan he determined.
In this study,-tho followiag procecure wiil be fbllowed.
First, a detailed analysis‘will be made of the costs of the
rtajor bullding meterials, in order Yo determine the oamounst
of labour involved, in various catcgories. This ~nalvsis
will tlien be usced to determinc sha2dow prices for these

mazterials 2s dcliverca to sile.  Finally these shadow prices



2.2

15

will be used as the basis for determining the social cost of

each of the techniéuds.to be compared,

Labour compohents of building mategials manufacture

In general, it is possible Lo split the on-site cost
of a building matcrial into four components:

1. Cost of quarrying or getting raw materials and
trareporting to factory,

2. Cost of wenufacture,

3. Cost of fransportihd building materials to local
depot,

4w Cost of traensperting building meterials to site.
Tach of these componcmts of the site cost way be taken to
include tho profit, dealers's margin or taxes added at thet
stage..

In the: prescnt stﬁdy, an snalysis has been made of

the inputs at cach of. thesc stages, ard both the direcct aud

lodircet ladbour conponceit deteorrinced or ussessed, The in-

direct ldbour bbmpcncmt'is tho_labour_compone;t of the non-
labour inputs {¢.g. materials and scrvices) ai each stage.
(For exémple,~in Eoe case ¢f transpori, the labour of the
dfﬁver and of loading and uwmloeding ere¢ direct laﬁour, out
the IESOur component of the cost of fucl and.maintenance
charges are indirect labour'coéts)..

In each gase the labour componeﬁt irn each of three

categories has becn assessed,” The eulcgories are:
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Ly: ~Skilled and scumi-skilled labour within Keraly;

AR Unskilled ladour within Kercle,
Ly:- Labour outside Kerala,

The purpose oflthis sub—-division of labour will become clear
wheﬁ;shndow prices are discussed in 2,3, The sources of
information for tlhc anaiysis described above are far froa
complete, .nnd a number of assumptions have been made, and
some provisional values assigned, The more important of

these assumptions are:

1. The site is in Bouthern Kerala, 2t e distance of 10 ko
from the necarest rail head, building nmaterials depot, ctc.
£ 10 km haul is also assumed iq the case of local buil-

ding matecrials, saund, stone, lime ctc,

2, The cost of materials at site is that giver in the 1974
Schedule of _ates of the Public ijorks Department (PD)
with local treunsportation costs calculated as set out

in the Schedule.4

3. Cost of tromsport trow factory to ¢ity depot, whether
by bogat or truck may also be calculated according td
the PVD Schedule of Rates, excent in ceses waere o

freight cecqualisction charge applies.

4. The roﬁaining_oost is the ex-fuctory value of the buil-
ding materials. The proportion of this valuc attrie
butable to labour and other inwuis nay be deternmined
from the latest figures aveilable for that industry
in the Wational or Sktate fhAnnual Survey oflndustries.5

For some industries for whic? 1o such data exist, the

infornmation wos obtainod from locally conducted surveyss
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54 The labour componcut of some of the inputs %o building
naterials oanufacture or tracsportation on which deta |
are not availanle have beon provisionally assuwped fo
be follows:

Labour componrent of raw naterinls value

in cement, stecl aenalacture : 40 per cent

Labour cotpeoncat of raw mcterials value
in tile manvlocture

50 peyv count
Labour couporent of input value of all
tuel {coal, o0il, electricity) used 3a
building maturials wanuofacture .and haulage ¢ 30 per cont

Labour cosponent of freight egualisation
eharge on cement, stecl

30 per ccut

bw here no better information is availeble for industrios
in Keralza, 2 divisior of the lebour costs between skiilcd

and unskllled catcgacics in the raotic 1:2 has becn asswzed.

The &halysis_is thus location-speciflic, zpproximate, and pro-
visihnhl. hg it i5 bassd on PUD rates, 1L is also stoictly
appliceble only to public sector constiuctibn.7 Tho full

inZormation oo which it is basaed is zel ecut in Lhe ippendix.
The labour componcris of ihe more iltportant buvildiig

mate rials, calculatcd

r

5 desceyiboed, avae shown in Table 1.

It #®11! be scen Lant therce are bue well dofised gfoups. Tuc
$1¥1£ group consists of matariclgs nanufﬁcburcd.only oulsicde
the State, and trensportoa lorng distonces tu site, Theilr
metfod of manufocture is canitnal—inteosive, t1ey are subjoct
to gxcise duty, ~uwc¢ thair transport po;ts arc considgeradle,
leading to low lolour comporeris. Iac bul? of this labour
is wgmployed ocutside tic Staie. Covienl nnd thCi arc¢c in thic

!
caFégorj. Thace sccond grou,s 1ucludes bols the locally gquarricd
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and the locally manufacturcd materials (stone and sand, bricks,
tiles, lime and . surkhi). Both the querryiug and manufacturiag
of these materials is labour intcmsive. The cost at site,

and also the labour component is very dcpendent on transport
costs, and hence on the distance of the factory, quarry etce.
from the site, '7ith the assumptions made,:tho labour compo=-
nentg§ vary from 435 to 70 per cent, but these percentages

would be higher if haulage distances werce less. The labour
component.of trucik -transportation is ncturally rather 1low,

and is largely attributable to loading and unloading.

The cesc of timber is unusual asnong thé materials
listed in that the rew material (forest trees) is itself
in sho;t'supply, and therefore of very high .value. Althcugh
the process of éaw—ﬁilling (certainly in Kerala) is highly
labour intensive, the value added in scw-nilling is only s
small prOporfion of the on-site cost of tinbcr. “hen the
labour jn the forestry operations is cdded to that in saw-
milling and trassport, the totcl is only o little over 2°¢
per cent of the cost at site.

Although by mno means 2all thic commonly-used building
mate;ials are listed in Table 1., those listed account o1
70 to 90 per cent of the cost of nmatericls in typical rcoent
residential buildiags in Kerala.6 AR opproximate figure
for the labour conponent of other mcterisls could be obtzined

from counsideration of the type of wmanufzcturc in cachu casc.



19

Thus the labour ccmponent of the cost of laterite blocks
tould be assumed tc be about the sare eag that for building
'it,one, whereas electricity suoply fittings, iron-mongery crd

fpaints vould be in the saiae category as cenent and steel,

Shedow prices for lebour and material

1]

In the abscuncc of shadow waoge rates for different
fegions of tiec country determincd by thc cen'trs.l clanniag
anthorities, determination of = genorally zcceptable shadow
price for labour is a difficult matter and is the subject of
mhch debate anorq economists. IIn such cases, it is usunl
1 makela number of altcrnative assumpticns which zre iu
lige with the social objcctives of the project analysis, ~ni
calenlate the costs '.:r-:c: benefits separatcly for each s.s.sun—
;__btifb_'ns, or set of. ~ssumptions by carrying out =z sensitivity
analysis, . i disadvantage of the sensitivity annlysis is ti~t
i"'-t does not cof course yire sny onc Gofinit . value for the
sbcial cost of a projcct, Z:‘,u.t the procedurerey be valuabl.
for .that very reasca, since it lcaves it lc¢ the decisione
me ker to make th: choice on thoe bdasis of iils judgerent oy
;ﬁt’n relative importance of &he vorious objoctives, =sad tha

fcuracy of the datc.

In areas such as Keraln, where unrsiilled labour is
abh;ndant ana unemployient high, it is cownion to assune &
shedow wage rate of zero for such labour., This gives the
gréatest possible weight to the cbjcctive of providing employ-

Lzaen_t'for those who most nreed it. 4 zerc woge rote may



20

underestimate the recl socinl cost of ,eriploying lebour, and

a shadow.wage rote scnewhere between zero cond the actusl wage
rate might be more apprepricte, Thef%ctor by whicﬁ t he
ectual price of ajcomuo¢i§y_is nultiplied to give the shadow
price is called the zccounting ratio. In the present study
zlternative accounting ratios of zero and 0.5 will be used

for unsikilled labour,

In Kerala, an equally important objective is the
crcation of employment in unskilled ond scmi-skilled jobs,
There is 2 plentiful supply of ‘unemploycd a2t every level of
educction, but the supply of iabour airoady possessing a given
skill required mey be less. A shadow wage rate higher tnan
that for unskilled labour, but still o little lower ihan the
actual wage ratc imay be appropriate, ﬁlterngtivc tigh and
low accounting ratios of 0.5 and 1,0 will be used in the
precsent study.

The creation of employment outside Herala is unot
apnong ‘the objectives of the analysis, Moreover, dcecisions
about investment in the industrices whiclh provide these jobs
is not directly affceted by local decisioun-making, 4An account
ing ratio of 1.0 fcr labour in such industries is therefore

appropriate,

Thesc¢ altecrnative accounting ratiosfor labour orc

shewn in Table 2.
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Zconomy "in the wuse of scarce resources is the second
social Objeciive of iﬁé analysis. In.thq cose of cemcnt and
steel, the total guantity availablc for building is fixed by
.the productive capadity-in thé countryj which can be increcased
Qn;y graduully?' Docisions to use cement and steel in cne
project aust raesult in'wiLhQrawing thése:&terials frecm anothor
alternative project. 1In éuch a situatidn the true social éost
of the use of the_matefiai.may be determines by the altermative
uger's willingness to pay. Thus in the case of cement the
social éost of 'using cement is beﬁtpr indicated by the price
which a private wusger ié prépared'to nay {the open rmarket price)
than the controlled nprice zctually paid for cement Psed on
publie projeqts. The ‘two cecounting ratios slhown for cement

in Table 2 are high and low cstimates of the ratio of tue

present open nmarket and contrclloed price of cement at sito,

The cas¢e of steél Qg rathér.morc cémpl%cated, since
ot the present time there is no scarcity of béré and rods inm
&he ﬁpmestic_market, due'to the low level of invcstmept acti-
'vity in the eccnony. There is however, a world ma}ket in
”gfeel, wrd any stesl saved dcmesticallf could be exporioc,
The foreign excuauge sotcerned'is of Aaigher valuc to the econouy
then its nominal -rupee equivalent, since faréign gxchauge
for imported‘capdtﬁl goods is at presodt scarcé. The alter-
native aécounting ratios given for steel in Table 2 are
@etermineq by multiplying the reticv of world markel to éomes—

tic prices by olterrctive skadow forcigu coxehange ratiog 0
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Accourting ratios of 1.5 and 2.0 have been applied to the

‘noninal foreign exchange rate to obtain tnese shadow foreign

exchangec rates.
Timber is ancther material for which dewmand is at

bresent grcater than sunply. It migh£ be crgued that the
existing prices c¢f timber logs Already reflcet this scarcity
adequately. On the other hand it is clear that Lpe scarcity.
cf timber will increase in the fut.urc.ll Substitution of;
other, at present mbrc costly, matcrials for timber will
increasingly be necessary. It nmight Lhereforc be approprisate
to use a ghadow price for timber higher than its actual price
to reflect the nced for. conservetion, Altchative accounting
ratios of 1.0 zand 2.0 =ould reflect these two clternative

approzsches,

The remcinder of the naterials listcd in Table 1 zore
cousidred sufficicutly nlci:tiful in supply «t present, anc

for the fresecanle futuro.lz--

It remains to determince how to incorperate thesc
alternative accounting ratios into the analysis. If sccial
valuation weré to be carricd out using overy possiblc combina
ticn, a vast amount of information would D¢ generated, and
the anelysis would buceme unintelligible., The following
procedurc will thereforc e adopted. For a first analysis,
a2 single set of aeoouuiing ratics till bDe use«., These cre

the aecounting ratios which, in the opinion of the authors
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ﬁoat @céurateiy reflect the objectives of the analysis,
Thex‘are shown in céiumn 2 af Table 2. In cach case the
lower‘éf the two accounting ratios is preforred, The alter-
‘netive technblogies will'firsﬁ be compafed nn the basgls of
'#ogial éosts determined usiﬂg theas accounting ratios,
ﬁpbsaquently, the sensitivity of the coﬁcihsioﬁs of thig
first analysis tc changes in the assumed bcdounting ratios
will be: investigatez, by ihdepehdent variations of the
ﬁsgumed ratios, The,shad§w prices for the diffé}ent bujil-
ding materiznles h3Vanirs{ been detormined on the basig of
tae accounting raotios shown in Table 2; This informaticn is
givan in Table 3,, which way now be usced to determine the
.sécial costs of alternative building tecanigues.

2.4 ﬂbmpnrative costs of dlternative'roofing tecunigues

4s this aralysis willlonly SC cohcarned wgih-cva?ua—
ting the costsx of alté?ﬁétivc tccanonlogios, uéd not with
tﬁe correspoﬁding bcneiits, it 1s importnnt that cowmpari-
éiogs are ﬁéde only beiweén different rocofing Bystcms of
rohthy comﬁérabla pcrforﬁanbe, It i1s obvious tnat redu-
c{ion'in:both'thaﬁfiniﬁci:l sno soai:llcost of housing could
bé achieved by the Qse of elimatically infericy or less dur;—
iae.materialéf but withgut some way of qpa;ﬁigying the grocter
%;imaﬂic strain br iigher reﬁln;emunLicosilto the occupants
%{ﬁﬁﬁch Aouges, ke cdﬁpariséﬁ‘with otuer, bet£er! types of

xéofing wonld bé mervingless.
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Three alternative techniques for providing a sloping
roof will be compored. 411 are inm use in Kerala at present.
The details of the comnstruction =znd climetic performence of

13 Botn solid reinforced

the threce roofs cre givern iﬁ Teble ¢,
cement concreto (RCC) and tile-on-timber are in commomn use,
the reinforceé'conciete £ile filler-slab (tilecrete) roof is
a recent innovation., Clim=ztically it is clearly an improve-
ment over the solid RCC slcab, since the air gap between the
tiles re&uces therwal tronsmittence, 3y replacing concreie

@with cheaper, lighter rcject tiles, it is also claimcd to

reduce -costs substantially, .as well e&s economising on ccment.

The cost  of construction has been calculated cun the
assumption that thoe roof is to be provided for o smoll resi-
dential house, with e maxipum unrsupported span internally of
3.0 x 4.5 m, :et;;lg;pf ma#erialslaud lahppr requircrents
have been obiained by siructurzl calculations or from the
PID Standarc Late Book.ls Yiage rates for the different catc-
goriqp of lnscur in§oyved cre taken frow: the PWD schedule of
Tates., On-sgite cost:of building materiéls arce takei froun
Tzhle 3 or direct Ifron thb.Schedule of Rafas. f.ccounting
ratios for coch of the wztoricls used are tazken from Table 3,
Tie cccountivg ratio for tae timber used in the formwork for
the comerete roofs is taken to be the same as that for the
timber usegd in the tiled roof, eventihougih thie grade of
timbor used is different. The différemce either in labour}

intensity ol manurccture or scarcity is unlikely to ke



$llciough to wi¥rrant the colculation of a new occountiry
ratio »3*For the small category of 'other matericls', anc

or @he paint uscd in the timber roof, an accounting ratio
Ofl}o bhas been used, The accounting ratioss for sewisuilled
anG unskilled labour at site are 0,53 end zero, the same os
Mo se useﬁ in the caleulations of shadow nrices for the
Biflding materials,

Comparztive costs at PWD rztes and 2t shadcew prices
fiio. social costs) ore shown in Table S. .t 77D rates, the
gﬁléd roof 18 scorn 1o he some 2€ ser centl cheaper thaa tae
Rlterrnative solid 2CC roof, while the tilz-crcoie roof shows,

dfsappointi ngly, oaly 8 per cent improve:sternt, Thus, evoen =t

WD rates, thc tilcd \roof is to be preferred amomg the tusrce
ﬁltmrnativesi At shadow vrices, 2e ronving is not slterod,
Eﬁrihe ratios arc cousideranly chexgec. The socizl cosi ¢i

B tiled roor is only 46 2or cect of thet of & solis aud 820

roof, snd the rotisng of tiic tilcverete rool alsgy ilwmproves.

-

Its cost is necw 12 per ceat below thst of the solidé 2CT sian

roof, The use¢ 6: thne shuder-pricing techuigue aas tnerceiore

noy sigwificeoiztly clisziaged the Basis Fov <docision=mexing, .
this casc, It hkus saly breought wmore shargly intc focus ine
cost differcnces which already were apparent aven a5 <D

pricesa. Zowever, no svecial scarciiy proesius Las boen sdéed
tc the cost of timber iu this casc. The cfifcct 0¥ such &
pranmium will be studicd latcr by menss of & sensitivity

snalysis.
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inother way of cgmpﬁring tihie three roofing techaigues
without introducing'shndow srices, 1s to study the breakdown
of expenditure of a fixed amount of momcy on roofing in each
cese, This is set out in Tatlce 6. The increased employment
genercted within Kerzala, as well s tie increascd areca of
roofing’providod by using the tiled roof, is'pspecially vort iz
noticing. The continued use of tiles or masonry products is
eépqcially crucial fer empluymenl it Kerals, and ney ways msy
have to be found to combine masgonrry procucts with reduced
qunntitigs 0of cewent a@d stecl in crder to find substitutles
for increasingly scorce timﬁer. Thiis could be a fruitful earca

of rcgearch.

Comparctive coglhs of alternot lve mortars

The three differect types of mortar compared im this study arc

1.  1:6 conent:sand mortar
2. - 1:2:9 cement:limcersand morteor
3. 1:1.5 linte=pozzolona: sond mortar,

The eguivalence of these three types of mortar for

~-unse in’ structurcl Drickworks is showm in the NWNatiomal Buil<

. 16 . . . . .
ding Coce. Thi same basic design stress-is nermitted in

cach of them, though thcire are some cther performance difforx

ences.1? Matecrials for all'gf them arc available locally.18

The matetials and labour requircencnis for the thras

3 »

alternative morftars Bove, os before, Decn obtaincd from the
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”{?P.WD Stapdard Datx Bock., Cowmparative costs a_l‘, FWD ratces and
#tiadov prices arc shewn in Iable 7. 4t PYD rates, there is
#irtually nothing to chocse betwcen the three mortars. Thig
%@ therefore o casc where the corporiso) of social costig
Tepecislly releveat. ind it wil.l be seen that at sheadow
@‘ic’es the situation is very diffcrcnt.” Nect oaly i t"nc
i_l"a'pk_iing of the thrce mortars cltercd, bdut tae dif ferences
botween their social costs is very large. The cost of the
men"t~:-lime:5as';d is 78 per cent of that of tle sand:i:ecertent
‘gortar while tlie cost of tiue li;::w:pozzol;.‘.na:szznd morvtar is
only 45 per cent of that of tac sandiccoent nortar ot sncdow
prieces. The¢ raasva for tais vérz,r sitbsiantizl chaunee can Lo
Hga:lj secnn oy studying f,lzo broawdicwin ¢i wxpenditare of =
£ixed sun of peitcy on mortirs given in Tusle 8., Thilu the
¥oluce of rortor n.mufsc.’curec is very 1ittlce differcent ir
the thrqe cescs, the ocnoune of lecal cuployaept gemernteod oy
gelocting tho lix:e':{Jozzolazxgca'r:.ortz-,r is more daan double ihil

gonerated by iihe ncerunal sand-cewcnt wortar, whilc at the snne

time, scarce coement is eliminmatoed,

There zie lhus vesy strong s:ocizl arouwncds Lfor soluw

"

;B;{“"g Yine ond poziclana~dased wortars £or all plaster and
drickwork, scd i continusy use of wormel sand—cexcunt mor-
tars on public projects for sihieh aiitcruniives arc nvailalls

cinot ensily be jusiified,
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ISensiiivi&x_Analysis of the Social Costs of Altcrnati

Roofing Systcems and Mortars

50 far our conparisonsg of the altermative roofing
systems and mortars have been based on a set of accounting
ratios (giVen in tables 5 and 7) which the authors comnsider
appropriate, B3ince shadow pricing of inputs consists of
such crucial items as cement, steel end labour, it is possi-
ble that our accouanting ratios may be questioned. It is
also equally possible that the social value of iuputs like
timber may Dbe subject to fluctuations.- In order to tike
into account the possible objections -and uncertainties per-—
taining to the sociel values of important itcas, we rescrt
to a sensitivity analysis. -The sensitivity analysis'is
carried out undcr thares differoﬁt scts of accounting ratios
Under ass;mptions 1, the original valhes of the accounting
ratios (shown in cél 2 of table 2) for all items have been
retained except for cewment zud steél. Under assumption 2,

the original get of accounting ratios has been adopted

except for umskilled and semniskilled labour, Under assuiip—

tion 3 the originsl valucs of the accounting rctios hove
been retained cxcept for timber (to teke into acccunt thae
long-tern shortage of timbor), The alternative accounting
ratics used fcr the primory inputits are those shown in c¢l 3
of Table 2. The corresponding alterunative scts of accounting

ratios for building matericls at site ore given ia tcble 9.



The resulting cccounting ratios are presented in table 10
and 11 for roofing systen and mortar respectivelyl |

an interesting result emcrgi:;i; from the sensitivity
Tg-nalysis is that t.ho ranking of altornntive teechnolegies for
both roofing ond mortar dovs nct 'c';la‘nge unc‘.e:r ary set of
-_a,jc'qounting rativs, This shows that oven after allowing for
Jariations in the values of éccbunting ratios, the options
gpen to us for the choice of technol_dgy on gocizl grounds
remain the same. For the sake of convenlience we have presen-~
'f-)ed the ranking of techunolsgies under alternative assumpticns
'Egi‘ 8hgdow pricing and theii‘ nerccentnge diffcereuces in socinl
‘¢ost in taLle 12, Under assumption 1, the tile-on timbor
Boofing is found to bHe 65 per cert cheaper than solid ZCC
§,‘Iab; while tilcoprete mlab is cheaner Hy 13 per cent.' Th
Ejl'sast differercc under assumntion 3 shows that tile ocu Licior
gnd tilecrete zre cihcaper Ly 42 pér cent and 12 per cent
réspectively comparecd toc tie solid 7CC slab., For mortor,
gpe:pozzolana:swﬁd is 65 per cent choaper than cemient:sais
Eﬁder agsumption 1, wkile w:der assunption 3, it is cheaper
&'}'26 per cent. ©On the othoer hand, cement:line:sznd ig 20
Per cent cheaper than cement:sand under assumpliovn 1, while

13 is che'aper Dy onuly 3 ner cent under assuwntion 2,
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Conclusions

The tecehniqgue of scciel cost analysis is a2 helpful
tool for éngineers at the decision-making level to determind

the appropriate technology for bulilding construction based

on the criterion of minimum social cost, If engineers are

given a set of accounting rotios for building materials and
labour (such as ‘table 3) by the state planning authorities,
social cosf aﬁalysis can simply bde incorporated into the
nofmal preject feasibility reports, The &nalysis carried
out ir the paper shows that co:parisdns of alternative tecl-
nologies at their fingncial cost canm result in the misallo=-
cation of scarce resources, In situctions where the ‘evaluc-
ter is not preseanted withup set. of* nccounting ratios by the
plannﬁng’authorities, o scnsitivity analysis may be used fox
selection of oo approprictc tecknology.

Botlh at finoncial costs and sccial costs, the tile
on tinber roofing is found fo bulthe cheapest. The fact
that solid RCC slab roofing which is consideradly more expeim
sive (both fron the fimancizl znd social peints of view) tlhan
the tile on timber roofing is ccmmonly used cven by goverinmantal
aéencies imélies oithof a complete'disrqgard for rational
allocation ¢f resources or an oveffiding concern for foghing
in roof design, If it is 'fashion! which iﬁfluences the

decision-nzking process, thon o poor state ‘like Keralo is
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bearing a very high sccinl cost, It moy not-be out of placy
to mention here thc delay i: the construction of Idikki
broject - aﬂimporta:' sowvier projecct of thhe State — due to
fon-availability of cemont while residentinl building con-
ptruction using cemcent and steel gets & bocm, If conserva-
tion of scarce resources ard gereratica of employment to the
unemployed is n soccial objectiVC, then there is no social
justificaticn for the continued use of 2CC slab recofing and
conent:sana mor@ar in ouilding constructions (liké Governucni
gervants' guerters ang privatc residential buildings) where
1t can e substitutcd ﬁith cneoper naterials, 7Jhile govern-
nenrtal agencies coid set the nace by sclecting the appropriaic
technology, privaic constructisn can certoinly be regulatced

firough legel instrumcuts,

Social cost saanlysis carrices8 the ossumption, that
the preiect beirg considerc” is small encugh not to.affecet
the suponly positisn of the inruts wsed, In the context of
®ur. analysis the supply nosition of bricks and tiless is very
faveurable., The idle capacity in the tiis factories could
be utilized mors effcctively thus croating more.cenploynent
in the tile industry, 2ut iheo supply nosition of timber
gould beccme unfavourcktle in the e?eht oflwidespread adoption
of tile on tinber roofing.l apart frow tiag need for o long
forn plan of reforkstction, ﬁhoré is nlso =2 casc for an

Mrgent research progronme for the cevelopnent of mew roofing



systems which coulcd be nroduced in the 1lscnl tile industry.
Threce such systeus, tilcercte, hourdis on precast bean, anrd
shellcon roofs are advocsted in the Gevernment of Kercla

Expert Committee Qeport cm Lerformgnce Approacih to Cost

deduction in 3uilcding Constrnctiicn., 411 these have already

been proved structurally and climstically sound but their
widespread appliceticn will only follow from government ini-
tiatives favouring thesc foof types and growing familiarity
with them by the ecnginceers, clients and contractors,

The znanlysis of alternative nmortars reveals thot
lime:pozzalena mortar is to e nreferrced to cebent:sand nortar
for brickwork zied plasters.. Introcuction of this type of
material may e resisted by cngﬁnccrs on twe greurndss {i) that
the stated quelity materials arc not availablé, and exira
mixing is needed, sc that yuclity control is pueh nmore diffi-
cult; and (ii) e syurt ia cumand may result in pushing the
prices further up until finnacial ccsts.arc prohibitive,

The first odhjectivn m=ay be a2nswvered in that even if the exerz
social cost for gu=liiy controvl were odded, it is extremely
unliiely thet ilts social cost would exceced that of cenent:
sand mortar, It wculd not bc-a'difficult matter for recular

gunlity contirol

Pl

zrocedurcs to be established, In the casc of

lime and ~ozzolaoni

o

, standerd tests cre available anrd there

- . 3
arc o number of laberatories (e.g. engineering colleges)

conpetent te carry out thesce tesats, The sccond objection
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relates to the pdséibjlity of Whht"is'CQiléd a short-run
ihelnsticitv in ﬁuﬁﬁly,'i.n. ihéaexisting productive canacity
not’béing able to ciber ti the inéreasv in demand. T Actually,
the shift 1p:fa?our-gf fie:pozzoloan could be a gracual

switch over end the indfggsiﬁg trenc in deraand will attract
e@irepneneurs.to setl. up units to éroduco.thc material, | If
metive snppoyﬁ for ihe settfng up‘ef stoll-seale plangs for

Xhe producticy of linc:pozzslara mortar'ls give@be;qove;nag“t,

) B vt .5 . . . - . .
ében any i1lkKely increase in price in tae short-run- @ill only

20
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e temporary. It has been shows olsewherc that there .o

dongideradle score foar the orocduction o7 .;l,;mc—;:)zzolan_c: norLw

§hpough snall secale plahts all over tic Siaidvdf Kerale,
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Table I

ON SITE COST AND LABOUR COMPONENTS OF BUILDING

MATERIALS
% of cost ot site
Cost av -
Category Unit gjte (Rg) ——--uobour io Kerale _ Labour Total
Bkilled Unskilled outside Labour
. Kercla

1 2 3 4 5 6
Cement tonme | 291 - 1 25 26
Steol tonne 2510 - - 30 36
. 3 : ; . _ 25
Timber (%gy%era) " 396 s 7 ]
' 32 - 9

Stone (18 mm) m’ . 40.7 16
: : _ — Q
Sand m 16.7 11 ‘40 2
Tile ' 32" -7 48
1 ' 900 430 16 .

(Mangalorern) 'O | . .. Y
Briek (ecountry} '000 96.3 12 49 : ~ 51

Lime : mi 90.6 3 ﬂB _
Surkni m 117 15 30 B 45

Tahle 2

ALTERNATIVE ACCOUNTING RATIOS FOR DITFERENT INPUT

T ~TOoRS
FreYerrerd aCcounting aAlteruative ACCo—

rotios unting 7rotio8

2 - 3 —
Cement 1.5 2.0
Stesl 2.) 3.1
Timber (1logs) , , 1.0 2.0
Labour iungkilled, in Kerala) 0.0 0.5
Labour {Semi-skilled in Kerala) 0.5 1.0
Lebour (Outside Kernla) 1.0 1.0
Foreign exchange 1.5 2.0
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Table 5

FINANCTAL AND "SOCIAL- COSTS OF ALTERNATIVE ROOFING
TECHNICUES (Cost in.Rs/m2 roofed area) |

—— P S e S —— — 1S — e S (i G MAD e S g =P D A ias s R S A A8 BN Sn G g0 % s e Y R e D D R i e —d GO N Sy e

Material . Account- Solid RCC Tile~crete Tile on
ing ra@io stab slah Timber

(1) (2) (1) (2) (1) (2)
Ccenment 1,47 11,17 16.40 7.90 11.60 - -
Stcel 2.3 7.93 18.30 7.44 17,10 - .

o

Sand 0.54 1,10 0.59 0.84 Q0,45 - B
Stone 2.39 3,686 1,43 2.43 0,94 - -
Tiaber 0.85 3,5 2.98 3.51 2.98 9.36 7.95
Tile G.01 - - 2.20 1.34 9,20 5.61
Paints 1.0 - - - - 3,70 3.70
Others 1.0 0.32 0.32 0,32 0,32 0.09 0,09
Site labour
{senit skillcdj 0.5 5.68 2.84 5,62 2.61 4,11 2,06
Site labour _ : - 0.0
(unskilled) 2.0 5,25 0.0 4,86 0.0 2.54 .
Tctal cost at = yna
PUD rates 38,6¢ 35.13 27.69
Total cost at
shadow ptice
(=socicl cost) : 42,66 37.44 19.41

Col. (1) for cach roofing tcchunigue is cost at PiD raics

Col, (2) is shadow priccé = col (1) nultiplied by
accounting ratio, :
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Table 6

EFFECT OF Es. 1,000 EXPENDITURE ON ROOF ING
USING ALTERNATIVE TECHNIGUES

Solid Tilecrete Tile on
RCC slab slab Timber
R S - S SO S SO S
‘Area of roofing conmstructcd (mz) 25.90Q .. 28,40 36.00
E}pendlture or employment Rs 387 413 438.
. in Kerala
Expenditure on emplcyment
outside Kerala s 133 117 -
Expenditure on cemernt Rs 292 220 -
- Expenditure on stcol ks 208 207 ' -
‘Table 7
FINANCIAL LND SCCIAL CCSTS OF ALTERNATIVE MORTARS
T T T T T T T T e ST ST “Tigeo-TTT
idaterial Accounting Cementsand Cement tlime: .
i : .. pozzelonal
.3 R Ratio riortor - . sand nmortar
in Im br1qk\jgrk‘ﬂ o o - , . sand .
- ; . mortar .
7 < 1 2 1 2 1 2
"Cement 1.47 16,9  24.8 11,2 16.5 - .
‘Sand . 0,54 4,0 - 2,2 4,0 2.2 4.0 - z2.2
Lime 0.51 - - 4.8 2.4 4.8 2.4
Surkhi 0.63 - - - - 12.4- 7,8
Lebour on site c
{unsxilled) 0 3.5 c 3.5 . O 3.5 0
Total cost al o R o '
P70 rates " 24 .4 23.5 24,7
Toisl cost at
"shadow
prlce (=social, 27.0° 21,1 S
co8y)

Cs1 (1) for ceck mortar is cost-at PUc¢ rates

Col (2) is shadew cost = col-{1) multiplied by accounting
ratio. T
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Table 8

EFFECTS OF 1,000 EXPENDITURE ON ALTERNATIVE MORTARS

S e P P G G G G D S e e S S Am W S G W cew P EPED oy e A TS o G4 G e G W AN ATY. AL a= S O G e

Cement: Cement:lime:sand Lime=posaolana

. Sand. .. mortar sand mortar
mortar :
1 o .. 2. 3 - e -4
Volume of mortar 3 o . .
manufactured (m") 9.9 10.2 9.7
Expenditure on
employment in . : . g
Kerala (Rs) 227.0 339,0 548, 0
Expenditure on
employment outside
Kerala _ (Rs) 172,0 11970 -
Crpenditure on
sement (Rs8) 690.0 476,0 -
-
Table 9

ALTERNATIVE SETS OF ACCOUNTING RATIOS FOR SENSITIVITY

ANALYSIS

Material A1 . A2 A3 Preferred
< o values
1 : 2 : 3 ' 4 5
Cement 1.96 1.17 1,47 1.47
Steel 3.10 2.30 2.30 2,30
Tipber Same as Col,(5) 0.99. .- 1.59 0.85
Sione " 0.75 same as Col.(5) 0.39
Sand " 0.80 " 0.5
Tile " 0.84 " . 0,61
Lime " 0,76 " 0.51
Surghi " 0.85 n 0.63
Brick " 0.76 " 0.45
______ - - o g == S A P e S S P A e e e S et S ey S e e 4 sl

Lssumption {Al) : Preferred accgunting ratic {col 2 of table 2)
, except for cement aud steel (col 3 of table 2)

Assunmption (A2) ¢t Preferred accounting ratio for all items except
labour (skilled and unskilled (col 3 of the
Table 2)

Assumption {A3) : Preferred accounting ratio for all items except
timber (col 3 of table 2)
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fable 12

2

RANKING CF TECHNOLOGIES UNDER _ALYERNATIVE

ASSUMPTICNS OF SHADOW PRICING

LMD THAEIR

PECCENTAGE DIFFEREWNCES IN SOCILL COST

BV o st B o B g ey - Mt B o e P v S A An L S i M M S M A MR e e oS W= v e e e e e v - . — — — —— — — = S — e ——— -t -
Teeknriagy Tile Tile- Solia  Lifferemce Difference
v s between 2 between 3
(X00finy on crete RCC e o
. and 4 . & 4 (as %
. tinmber slab glab (as % of4) of 4)
Locial 0
Tastunder
“ 1 2 3 4 5 6
Assumption i 2 3 65 13
Assumption 2 1 3 49 11
fissumption 3 1 3 42 12
Technology Line- Cexent: Cenent? Differen- Difference
(bortar) pozzolana: [ime: sand ce bete between
» " sand mortar gand nortar ween(2) (3)a(4)
Bocinl mortar & (4)(as (as % ofa)
Bost under % of 4)
Assumption - 1 ! 2 3 65 - 25
Assunption 2 1 2 3 26 3
Agsumption 3 1 2 3 54 22



APPENDIX

LABOUQ COMCONENT OF CC3T OF BUILDING MATERIALLS

Table 1 in thce text shows tiae percentage of the on-
sitc cost of building materials centributed by labour. The
labour is further sub-divided intoc three ¢dbegyories. The
tablcs in this A&ppendix give further Lreckdown of these
labour ccsis, in order to show frow what scurces of informe-
tion they have been obtained, and on what assumpticns they
arc based, In"many-cascs the assuantions are large, and the
only justificetion for making thewm is that the probable errars
in them do not individually contribute much in the aggregate
anrlysis. The general bizg in estimating is towards low
Va.llus of lalour coumponent so tiant in the subseguent analysis
the differcuce betwceen social; and financial costs should not
be exaggerated. L8 the ﬁrodédure”diffors soticwhet for the
fifferont notericls, cnch of tae meterials contributing si¢ni-

ficantly to the cost will Do considercd separately..

Steel

iggregaice procuction cost Drealidowan figure for the
Steel iacdustry, iacluding Lot wmonufacture of steel itsclf
aud_rélling ci neavy and lignat structursl section, is given
in the Goveraumeut of Indiza's annuzl Survey of Industries.,
Thic most recent volume available wes 1963, from which the
figurcs giveun the ¢51.2 cnd 3 of Tobledl are taken. Columa 4
shows assuncd indircet labour components of cach input, =sud
culumn S5 the percentoge cf total cutsut value represented by
cach of the lalour coigoncuts, Lalousr is found to conyrisc
26 ner cont of the total ex-works value ¢f rolled steol

sroducts,



The F.0,%:. price ot the leeatilin where tiac stoel is
uged rlgeo inecluvdes oxcise ‘uby whiech is tsken to have fio
labour componment, nnd a fruighl equolisation charge, assumcd
to have 30 ver cont 1abour compunsnt. Table A2 shows this
breakdown of the F,0.hA. nrice of stcel in 1964, taken froo
Statistics of the Irurn ond Steel Industry of Inciz, The
Qubour coniponent oL this price is 30 per cent. This figurc
has alsc bHeen toaken s the 1aDour colip.tent of stcel supislicd

I3
to the builder, in the absence of any datce on dealer's mar—
. b4 .
gins. Tho whole of this labour component is toaxen tc be io
the dateror L3, labour cvulside xernla, a2ltiaosugh perhacs sone
; y s £ .
#aall proporticr =of the treasportaticn cost ccecurs within (he
Stata,

Lement
i sinilaer procedure has been adopted ir:tie case 8
‘cament . chie L3, taken from Lhe 1963 Annuzl Survey of

Industries, shows Izbour costs in msawfncture, while Table .2
#hows the nccitisnunl cosbs in orrivisg st the F.C.2. prico
? !

gt destinaticr, The information i Toble L4 wag suppliad

Py the Notiona2l Railling Organisativa, and is velic for 501,
Ehe lebour counpeovit oF Fuo.ll, Lrice Is 20 ner cent and tuis

Bl , B AV | .
BRgair is tazen as the lalsur componuat of the cost of cemert
1 N ;
ipplice to the Duilder at bown ceonofs, uwace it is 211 asgsu~
=z H

Bo¢ tc ¢ im entogory La,

Eimber

The lebour comuoncuat of timber costs has boen col-~
fuleted only Zor .o sarticulor case, that of irul rafters,
Ehich comprisc ihe wsian structurs} cle-sut for tac tile-
Bretinber roof cousidered. Cperations in.m:ndfucturing
E@Qsoﬁrafters are forvestry, iwcludisy iiae felling of treesz

!éfthe forest, ~ad Jelivery to sawmills aintd sawmilling.
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Table 1S gives the breakdouwn o7 the casts of forestry
in Kerale in 1965, and is Lesced oir information suppliced b the
Forestry Departmesnt. Table 16, taken from the Xcrala Govern-
ment Annual Survey of Industries for 1970, gives the break-
down of costs in saw-nilling. - Although saw-zmilling is labour
intensive, the value of thu troes in the forest is the largest
element of the output value, so that the labour cowponcntof

‘value efter saw-milling is only 25 per cent. This saic
Tigure. is taken to esply to the cost of all types of tiajers
used in the construction of the roofs analysed, including
cost ¢f formworx for tho conmcretc stabs. In the ﬁbsen¢e of
botter llformation, tnig labcur componcent has béen assunad
to bDe divided in the ratdo 2:1 into catcgories Ly and L3,

unskilled 2nd skilled respectively.,

Tileos

tongnlore oattern tiles are mnnufacturcd in Kcroia,
and the tile incdustry is covered by the Xerala Governoent
fmnusl Survey ot Iancustries, Table L7 yives the production
cuost breakdown, set ocut ns before., "It will be ‘assumed thzt
tiles are obtained directly from the Ifnactory by the builders
asd transported to site Dy irucks, Thoe sroportion of labour
Jn the ex—f&ctcry srice of tiles is 82 pev cont 2na this bas

2

bgen assunmod to e divided in the ratio 11 Dbetweeun unsiilled

onrd sent~gkilled lebour. Anvthoer produet of the tile facto-
ries is surkhi, and this will De taken to have bthe same

I=bour componeat ne filtaoo

Stone ond Sand

Stone gquorrying is a small-scale lccal activity
pvot covercd Dy any survey of industrics. The necessory
preduction costs ovreoxdown figures werce obtained fronm

survey of locel cucrries, and crg prosented in Table 48.



The process isg highly labour intensive, Date on sand qua-
rrying were obtained iz th. sawe wzy, dout with slightly
different nuimerical results shown in Tahle AY, By carrying
oul a direet survey, a better division between unskilled and
skilled ladour componcants has Deen made possible. Both stone

and sond are obtained by the builder from the querry.

Lime

Line production is also a2 swcll-scale local activity,

and for this naterial olsce, production cost data were deter-
mined from a locecl manufecturer. These arc shown in Table
A10. Limc shells aro collected from the bottom of Kerala's
bhonexwaters and laxes by divers and transported by boat to

the kilm site. The laobosur conponent of cost cf limesheil

has been taken 28 70 per ceont. The labour companent of char-
cval production is-taken es 50 per cent of its cost. Labour

din a1l these processes is taken as uuskilled,

iransportation

The labour componcut of truck transportation is
very heavily depcudert on “he distznce of the journey, since
loaaing ~ut unlonz2iny ~rv Y-bDour intensive, while the journcey
invelvas very little larour. Two cases have: been worked out,
The first involves a 19 ke. triph recturning enpty and the
seccund a 5C kn, trij,no rehurn journey. Cost breakdown for
these two casces cre givean in Table A1l and i12. Data are
taien largely frow the #ID Scacdule of Rates, which gives
vehdicle hire rates, 2s well as loading and unloeding rates,
Running cousts of the veliicie hoave bDeen cotimated from local
experiencc, aad 20 per cent of thesc costs have been taken

to-be accounrted for oy labour,

I taonle .13, the ex-works and trangportation costs

of ench =material i1s shown, alcecug with the labour compouncente



of each, The sun of these gives the on-sitc cost and hence
the labour compoaent. In the case of most materials a 10km.
Journey hos been assumed, In the case of surkhi, & single
50 km. journey to site is assumed. In the case of tiles a
two stage truck journcy is assumed, consisting of a 50 km.
journey to the town depot fellowed by a 10 km. journey to

site.

The on-site costs cud labour ccmponents derived from
Table Al13 are thosc used in Table 1.

Table Al: croduction cost breakdown for steel, 1963
Value Labour
Item (San % .of % of col . % of
million) %otal (2) total
(1) (2) (3) (4) (5)
1. Inputs
1.1 Fuel, electricity 497 13,3 30* 4,0
1.2 Matericls 1688 45,1 40* 18.1
1.3 Depraciation 456 12.2 - -
1.4 Others 169 4.6 S50% 2.3
2, %Wages, saleorics 502 136 100 13.6
3, Other value added 378 10.2 - -
4, Total, output value 3686 100.0 38.0
—i
*

assumed percentage

Source: Government ¢f Indis, fLnnrucsl Survey of Industries, 1%03

Industry 341-1,
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Table J2: Breaskdewn of F.0.E. price of steel;, 1966

Value - ~ Labour
Iten 's/tonne % of % of % of
fotzal col(2) total
(1) (2) {3) (2) (5)
l. Ex~works value - 402 71.0 38.0 27.0
2., Surcharge 1 - - -
3, Freight equalisation 75 1¢.8 30" - 3,2
4. Excisc duty 128 18,0 - -
3. F.0,2. wr"; t degti-
: prlee ab LEfion 693 99.6 30.2

Source: Statistiecs for Iron and Steel Industry of India, 1967,
Table 11.308, Light Structurals £.11.66,

Table 43: Production cost odruactoun for cement, 1963

Vrlne Labhour
Item 3.in % of % of % or
r:illion  total col(2) total
* (v (2) {3) (13 {(s)
1. Inputs .
1.1 Fuel,. 2lcetricity 202 5.8 30* 7,8
1.2 woterials 303 34,4 GO#* 15,49
1.3 Bepreciation 52 6.0 - -
1,4 Other inyuis 21 PAARY) S50* 2.0
2, 'Yages, salaries 79 0.2 10G 6.2
3. Other valuo added 120 if.2 ~
4. Output voluv 7855 102.¢C 31.4
-. ..

Ssurce: Governmeint of Indin: Annmal Survey of Iandustries, i$60,
Indusivy 334.
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Tovle i Brenkcown of F,O0.4. srice of cernient, 1971

yuluo Labaur
Item o/ tonne 9 oof o of % of

1. Zx—-works v-~lue 106G '
66,0 3l .. 2C, T
2, Fackiag cherges 37.50
3, Fredight cqualiantisn
chnryc 36.45C 17,1 304 5.0
4, Cxcisc Zduty 34079 16,86 -
5. F.O.d. price ot
destinatisn 264,70 100.0 2¢.

io

S.urcct N-tizuzl Duilcius Organisslynn, Jdournsl of mastiannl
Juil littg Organisation, VoY, R¥IXI, Yn,2, n.10, aow othi

Trole S5 Brestguwn o f “r-ueld o ecasla an forostlry, 990

g
v lug Lauour
.|
Item -, ir S oef Sour voon
“il1tiun tot:l cost(2) v

o i e e m e o . m m t m  m h . p . tnt ot % " b i . ——— —— = =y —— k= — mas =

1. Inputs

1.1 Stondinsg tr.oes 193,50 al.d - -

1.2 0Ots.r in-uts 23.1 12,7 Q0" Lo
2. s, swhlarieg 2..2° 11,6 10D it
3. Othor volu., ~i'lg 65.2 29 .4 - ~
w. Qutpuit valu. 221.90 IO 17,

Scurc. Jevoraaceal L Korelo, Forostry coorttient, crivaet.

CERTTIEE SPSICIE S PRI
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Table A6: 3rezikdowi _of production cos sts in sawmilling
Value Labour
Item 5. in % of % of % of
million total col(2) total
(1) (2) (3) (4) {5)
1. Iaputs
1.1 Materials (timber) 738 71.0 17.4 12.¢
1.2 Other innuts 46 4,4 50+ 2.2
2, Tages and salzries 109 10.5 100 10.%
3. Otner value &dded 150 14,4 - -

4, Sutput value 1043 100.0 2.1
Source: Goverament of wWerala, Aunual Lurvey of Industries, 1970,
Taole L7: 5 iovin 0f production cost for tilcs,1964

Value Labour
Iterm 5. in % of % of % 0.
. - o _azillion  total col(2) totel
~\ —
(1) (2) (%) (<) 5
1. Inputs
.1 Fuer, ciociricity J.2 18,5 3g* Seis
1.2 atcricsls 3.2 18.9 60%* I11.3
1.3 Depreciation 1.2 €e3 -
i.4 Otrer inputs 2.1 7.5 50% 3.€
2. Tages, salarics 11.6 41,2 100 (P
3, Glher values adacd 2.7 9.6 -~ -
2, Ouiput vaiue 2801 100.0 61,7
Source: J.T, Chirayath, . stvay of toc tile iacdustry in Ker -,
Burcau ¢f Iudustries, Soveramer?d of derala,



Table 48: 3Breakdown of nroduction costs for stone

quarryiong, 1973
: ‘ Value Labour
Item s /lood¥ % of % 0f % of
e coemem__.total __ col(2) total
(1) - (2) o (3) (4) (5)
1. Inputs
1.1 !aterials 2.5 2.9 - -
2, i'ages, salaries )
2,1 Unskillsd €6.0 65.9 100 65.9
2.2 Skilled {supervi~ - o
: giom)+ 15.0 7.7 100 17.7
3. Other value added 11.5 13.5 - -
4-, Output value 85,0  100.0 83.0

+ In owner-supervised industrics, there is no easy distinction
between supervision costs and profits; some noxminal cost of
supervision must therefore de assumed.

¥ 2 load ian this case is 200 43 or 5.8 m3

Source: Information suppliecd by a Trivarndrum quarry-owner.
[}

Table A4%: Broew;dosy of production costs for sand
gquarryiang,l1878

. L Veolue Lebour
Item o Ze./load* % of % of % oi
. e e total _ col(2) _ tobil

1, Icputs A 0.50 1.4
2. Tages, salarics . - : .
2,1 bns:illea . 29.00 71,0 100 Y & SR
2,2 Suilled .. .
(supervision) 3,75 10,5 100 10.5
3, Other valuc aaded S.758 15.4 . -
4. Jutpul value ' 35.0C 100.0 ) 8}1.%

sec noie belew Tadle LB
*  Sgo aoie below Teule 48

~f
Pud

source: Iaforwmzeion supplice by a Trivandrum sand naulicr.
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Tadle /410 drsevdown of production costis for lime, 1975

Value ~ Labour
Itom . /bag* % of % of % of

ey L e et i Ly ey W h o T Ly o e e e e e e e i e e e b R R —— R ] e e B e v

1. Inputs

1.1 Fuel {charcoal) 0.75 12.5 50 % &3
1.2 AMalerials _
{limoshells) "2.19 35.0 70O 25,2
2, Tages, aalarics
2.1 Unswxz:illed L,00 16.7 100 16.7
2.2. Skilled 0,17 2,8 100 2.8
{surervisica)+
3,  Othey valuc azdded 1.92 32.0 - .
4, Gutoot wvolusz a.00 100,0 51.0

+ Buce noate beiew Toable 0. 21l otner labour assumed unskilled

* One bag hgs wolumize 36 du3 when filled,

Source: Irforantiv? supplicéd by s Trivsadruia lime manufacturor.

Table mll: Srenidewr cf truck- transportation costs,

assuting a 0 ¥m journey, no_reilurn jouncy

B T VI —

_dalue ‘ Labour
~./tome p» of X of % of
iten total ¢ol(2) total
. iy |
+ Ll =

"""""""""" [ A ) I 4 R €V N ) B S M

1. Iansuts

1,1 Velilcle vnavingerstie® 15,0 44,0 50* 13.2 8.8
1.2 deprecictiont 2.0 5.9 -
2, ‘ages, saluries
2.1 Uaskilled {leadicg) 1.32 3.9 100 3.6 2.9
2.2 Semigkilled: {wivor) 2. 00 2.9 100 5.6 G.3
2, Other volue oahnd 13.68 40,0 -
4. Outsnui velue 34.00 23.0 2.7 2.7
(velhiglic aivs cosat)

+ Aunriag cosl caliculated at LL.1.50 per Lo., vehicle depnroeniiiuil
cests calculotesd ot 2.0.20 per km,

Source: Pudblic Trrig Departicut, Sehcdule oXf Rates, 167,
Goveraooub of ernla,




Table 12: Srcalkdovn of truck Lraonsportation ecosts,

cesuming o 10 ki journcy, returniawg gmpty
Yalue Labour
. B . ot
Itam =, /Ltaonne Aof 4 of s af Ly Ly
_________ e e e e e a L?L§A;_g%l§21_£f1§l -
13 (29 3 4 5) (&) (7)
1. Inpuls
1,1 Vehiele ruiining
cogty? 6.0 55,0 KY e 16.5 11.0 3,3
1.2 ODapreeciction’ 0.8 7.9 -
2, ‘cygea, salaraces
2.1 Unsklllza 1.3 11.3 100 11.9 11.% -
2.2 Scnisxiliod 0,6 5.8 100 5.5 - 5.5
2. Otner velue adood, 1.2 1.0 - - -
t. Cutput value 10,05 106.,0 33,8 22,5  11.3

(vehicle hirc cost)

+ Sce note velow Teble 11

Sourcc: Publiec “orlbs DoeparlsLat,
Covernment of Ko{nln.

Schaodule of Rates,

1977,



A2able Al3; drenkdoua of ou-s1i¢ costc of buildicg naterials and
Lebour components

Mnterial Unit “"aiuc at towm dopot Trotgsportation cost On—site cost
e e _kabour (g} 3. Lobour {p)  v. Lebour(£) Ly ba by
(1) (2) (3) (4} (8) (6) (7)) (3) (9)(1c)H(11)
Cement ‘tonwe 280.C 20,0 11,9 R 2¢1.0 26 - . 26
Stcol tgaiLe 25,300 30.2 10.0 34 2510 30 -~ - 20
Tiuber . . , - - -
(firulrz=ftex, uu “91.0 25.1 5.6 34 596.6 25 g 17 -
Stooe(13 uzy :u 25.0 83.0 11.7 34 40,7 $9 16 S5 -
S~ad ~1 . s.c 81.5 1.7 44 16.7 51 11 <0 -
Tiso (Z.P) '000 310.0 61.9 120.0 23 13040 a8 15 32 -
Lia v 5.0 51.9 5.6 34 9G.6 51 3 <8 .-
Su+-ithi n3. 30.0 47.2 36.8 23 110.8 ne 15 30 -

Saurce: for nou.ﬁmv ind (S,, r. D schodule of Lntes.

fc~ col.i) emd (6Y, T-hles Al to Al2.
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There are main1y three decision criteria usually followed

in project evaluation, They arc: Rate of Return liethod,
Present Valuc of Hel 2ofurns and Benefit-Gost ratio., Maxi-
mum refers to the h;ghés{ rate of roturn'dmbng the feasible
set of projects, Rate bf lictura tells us the rate of growth
of capitsl dinvested ‘znd can be defined as foi}ows: I'f the
stream of net réturns are indicated by By, 83 ........B:
then the Rate of deturn dis given by the vaolue of that ratd
of discount (i) whiclh mekes the preseut velue of wnet returns

equal t5 zero. i,e.

n Bt
PV = § = 0

t=1 { 1 4 i)%

s

From awong the set of altcrnative projects, thne project
which gives the highost value for i will be cliosen,
When the volue of the rete of discount (i) is given

then the present value meiaod i3 given DY

PV ="

AN
o

;“—?_E N

Projects with negative present violues will be
rejected (since they show o net loss) and from among the
projects with positivy prégent vVelucs, the project yiclding

the bighes} positive ¥V will be selected.

Slmilarly,‘the Cenefit - Cost ratio will be given DY

Be{ V'f‘“ ] " € e e
SelL Yaevlo i Tt

1
e | -y anp

% 3T
t=1 (l+1)

here By and Ct.ropresent the benefits and costs respectively
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in yzar t. 431-th2 projectis with downcefit-cost ratio grectior
than urity will be vecomnmended and the project with Lhe

“highest B-~C rvatic Will be selected, or & comparative

trectment of differcut decisicn rules sec Howkims, C.J.,

end Fearce, D..'., Capiteld Iuscvsiment fppraisal (Pepermac,

2
Macmillewn, Londoln, 1971).
The dotzsrminatinon of a shadow wage rale in situatlons of
surplus labour -i:us ¢iven rise Lo v vast ampount of litera-
ture in economics and consicerecble controversy cnong cco-
nopists, DSasically tone arguaenis fgy &2 zero shecdow wage
rate and & greater than zero shadow woageo-rate represent

two valwe judgemcuts of growth vs, redistribution, Propo-
ﬁents of 'growih! would arguc that since tac immediate
necossily is'incrcased outpat, wihiatever is saved should be
encouraged aud wiatover is'qonsuned should bue discouraged.
Slace ladcurers arc assumed £o be consuning all thcir addi-
tlonal income {i.c. their nargival prupeusity to scve 1¢
zero), the docicl cost of labour should ot be nil but
grealer than zero., ©Yroponents of rodistribution would argue
tﬁct. e extrowms disoarity in ircome is 2 grave social problom
tad.tizrelore wiateover red stribution is possible via émploy-
ment chould hHoe Lncouragea votheras thazn discouraged.' Tacy
ﬂould,reg:fd lsbourers councunption ag cqualliy important as
the gfowth of cutoul resnlling . from seving. Those who tashkeoe

2 via nmedio nay'fzvcur Q2 saadow wogoe vate greater then zerc

Ly

bul iweh lose thion unity.,

Resvlizs of o pzeenl survey of ned resicential bueldin*s_in
: unpuﬁllshcd)
Lerala conduciud by the Centre foer Dovelopment studieq/shoucd

that roofing rencrisvouied anywherg betueer 18 per cent and

29 per cont of tot-~l cosnstreciion costs.,



0.

Governmeat of Herale &MUD Schedule of Jates, dotced 1-7-74.
AS this is =2 conficdenticl document it has not becen guotced
dircctly.

ndin, Inbual Survey of TIndustrics, 1963, aund

o
o]
M

Governaent

,\
o

4y
~

rq

government er~lta, Lnnucl Survey of Inaustrics, 1970-7i.

Local surveys were cairried out ¢a briclk and lime manufactiure
and on stone¢ zxd sand guarryiag. The resulis of tliecse surve

d
rre giver ius tne Lppendix.

a

The rates given in the &77D Schedule are always noturally
somewhat out of date, sincc they arc bascd on price infor-
matioa collected from building projects carricd cut durinc

s pericd »nrior to its publicatiorn., HMeverthceless, the Schedai
is the only ecomplele and ccnsistent sct of rotes aveoiieblo,
doreover tlio pr.oscat analysis depeads only on rclative rotus
aid not ca thelr actual volues, so that general inflationcory
cnaunges in tihe rocicg are of rno conscguence,

These figqures are agoinr agorived fron the recent survey of

lvesd huildings referred Lo in Note 3 cioowe.

Tac torget cenent productier Tigore for 1979, the cud of

Figel, "l poexied, h-es Loecn sel by yYlawaiug Comsission ot

e

2.0 21il1linn tennes, on Ui

Sut iv fs ircaly cleatr (Su; for instance, 3ciciice Today,

bosis of cewmanad nrojections,

3
Jan, 197%) th~i srodquciion in 1970 is uzlively to exceed
20,0 milticn sewaes, due to deleays in comissioning pl.aats
snd lcw copneity utilisntic

14

These nccourivlag ratics sy baset o stoeel price figures

for 23.1.1974, whcn the doucstic stocxyard price (or mile

stedtl reds wee $,1749 per varnae, ond fYueCIF price pur
t

¢
iine L8 mild gtocl rods i the internaticpal inar

ke
IS
o
c
<
)
I

‘.
G
c
o
o
G

Ilevs G508, Sandoed cxechzuge rates of .8 and L, 12

3

U3 Dollar Brve boen usca o calcul~te the recounting

r
rotios given Loy sgteel.
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In_a recent report on Forest Resources:.of Kerala: A GQuan~

titative hssessment, by Q.andrasekharahfcr, (Kerala Forest

quartment§ 1§73T; Kerala's total timber requirements in
1990 are ‘estimated at between 5.5 and 12,3 million cublc
feet; depending on {ne:assumptions'made;” Mdreovpr, these
demand projections assume that-substitufiqn.bf reinforced
concrete and steel for bimber in buildiigs will be increa-
singly common., The shértége of timber 1s by nb'mpqns a
local phegomenon. There is alrcady a.global shortage of

structural soffwoods and paper-pulp.

Thére is some'short—ﬁefm iﬁelastiéity in the supply of both
lime ‘and surkhi, But fhere-is no shdrtaéé of the basic raw
-matcriélo_neéded;ljmeshéil pf_Limestona,'ahd clay - and
incfoaSe'in'the éemand for these mpaterisls bap.bé'éxpectcd
to lecad to .an iscrease in fhe.supply in the longer ternm.

The dlimﬁtiq data glven in TaBle 4 are either taken directliy
from, or célcﬁl;tep,using-the ugthods,desqribéd in goofs xn

the Verm Humid Trovics, by Otto.KoeHigsbﬁrgof and Lobert

Lytn, Arcaitecturzl Association, Lendon, 196%, -

Se¢ G:vernment of Kerala, Xeporl of the Expert Committos-

on ‘Performance Approach ts Cost deuction'in"Building

cohstructiou, Trivandrum, qanpary 1974, -page 30. In figure
IIY,I of this rﬁpdrtlthc‘éost of a 4" tilo filler silab iz

given as 25/ lese thon thei - c¢i a solid 4" RCC slab.

Public ‘orks Dopavrtmen i, Ziandard DBatx: Book, Governwment

of Kerala, 1974, ~ This gives tie bailding materials and
l.abour inputs required for all items of fianishod work,

-Gévorament of Indie, NMNetilonmal Building Code, p.VI=4-14,
Teble 4.
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17, These differcnces wainly concern setting time and hardering
rate, and worikability., Sctting of the ccment mortar is
likely to be more rapid than of the other two types. (Cuick
setting may not necessarily be ean advautage in brickwork, and
though, and cenient nortars arce somewhat "harsh" in unsge.
Cement/lime or lime.pozzolana nortars are more workabdle,
result in a mortar with a higher resistance to water pensé-
tration, For thesc reasons, in.Europcan countries where Doth
cament and hydratcd lime (but not pozzclana) are readily
available, the ztzndard mortar for brickworkx is a 1:2:%

cecment:lime:sand mortar,

2, The only locally availuble pezzolana is surkhi, manufeclarcc
by grinding down the xilm rejects from tile factories. This
is potentially & aigh-quelity pozzolecna, Dut wheier aor
not the surkhi ot nreseni available satisfies Llie requiremcnts
specified in the iational 3uilcding Code (LP40 of I5 4050-1957)
is not known, as nc test results are available,

19.The ordinance issucd by the Government of India sometime
back banning thc¢ use of cement in such congtruction as rse—
taurants, guest aouses, roads, cte., was a correct mcasure

but, alas, the life¢ of tle ordimance wae short lived.

20. Gee Spence, R.J.S., "The 3cope for muanuioccture of Lime-

pozzolana Cemcut in Kerecla", Proceéedinis of Symposium o2

Cost Reduction Tcciaunigucs ia Suilding Construction, *xrch?22

1975, organised by Government Znginceriang Collecages T¢achers
association, (available in mimeograph from Centre for

Develcpment 3Studices, Trivandrum,)

™ ™ ™
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