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Inﬁ uduutien'

The United Eétiona General Assembly in Resclution 1525 (XV) recommended
that the Committes for Industrisl Development should, inter alia:
snvoloed) Yeview the methods and techﬁiqués of programhing‘general Industrial
dgvelopment ﬁhich have evolved from diffefent countries and regions,
and contribute to international cooperation in this field;

b) vork out 'eneral'ﬁoncfvsiéns on the basis of the experience of in-
dustrial develovmunt in all countries with a view to promoting the
exchange of expergence in the field of industrial development bs-
tween countries o7 differemt regions and héxing differing economic
systemssee. |

This is a prelimindry draft of a study prepared by the Research and Evaluatien
Division for submission to the Committee for Industrial Development, It deals
with the methods used and practical problems of industrizl projeet evaluation in
the Centrally Planned Economies (CPE).

‘The particulay interest in reviewing the experlenee of the Gentrally Planned
| Econamles in the sbove-mentioned field stems from many reasons. In the first

place, in spite of differences in institutional and political stricture, the nrobv R,

lems faced by the Centrally Pldnned Economies at the inception of their 1ndustri-
alization plans were in many respects sirllar to those currently.faced by develope

‘uing‘countries. In the second plice, both types of countries, for different reasons,

" were unable to base their industrisl development poliéies and methods upon th;s
'historical;experience when exﬁerience of industry developed largely under'thé
stirmlus of the marked and deﬁelaped Western countries price mechanism, In the
third place, and for reasons whizh are related to the former conziderations, the
dé#éloping countries were fncéd with the extremsly difficult-andilittle explored
-pfoblém of elaboration of Msoclal" criteria of investment. In this respect,
experiénge of the Centrally Planned Economles offers an interesting area of study.

It can be taken for granted that the use of adequate methods in project
‘eV1iuation is of partlcular importance in the, Centrally Planned bconomies because
of the centralized nature of the d801510no on investment allocations. This is,
however, a2 complex task :nd while a great denl of progress has been accomplished
in the area of problems of evalustion there is still much to be done.
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”hlle the general criteria of investment a: locqtien are clear eﬂough nhm
technloue of formulatlon of adequate oneratncndm »rﬂtezﬁa and methods for uae in :
evaluation of each particular inVEatMQut project, raisés complex theoreatical prob-
lems, A numbnr of different criteria of projec% evaluafion have been proposed,

‘such as the "synthetlc” index of economic effectlveness of 1nves»ment, the marglnﬂl
national income~investment ratio, the criterion of profitability and certaln other
technomecQHOmical indices, ‘It can ba stated; hcwever, that more and more economistc
in all these'countries tend to favqr the Y"synthetiet inﬁex of economic effectivennns

of investment. This is also reflected in the néw Official Instructions coneerning
evaluation of industrial investment projects. Eearing this in mind, attention is
centered in the_ﬁresent study to ths‘description and development of tﬁe‘"aynﬁheticﬁr
index of economlc effectiveness of investment.

In line with this present tendency in the Centrally Planned Economles toward
the increasing use of synthetic index, there is.a great deal of discﬁssion vnder
way iﬁ'the economic literature of the Centrally Planned Economies concerning the .
interpretation of ths theoreticai bhasigs of this index, namely the model of economic
growth, . '
leferent theoreticﬂl concepts are currently being widely tpated in the prpc«.
tlce of invesiment analysis. Two tendencies can be detected at the present time: -
‘one is tb_improve.tﬁe'methéds‘bf evaluation ofﬂindividual investmantrprdjects by “*
taking into.aécount in the computation of "éynthetic" index more and more economit
.faétors; the second is to evaluabe investment projects in the: context of largef:

: ' ' 3,
syotens consisting of a number of suech projects
R - Owing to the aboVEumentioned tandsncv to use a vniform index in project ev ﬂlu“'

‘étlon'gttempts are being made now to extend the use of the "synthetic" index to
international compérisdn of investment projects mong the Centrally Planned Econo-
,mybécunﬁfies; this aspect'bf investment efficiency analysis is,however, still
af'ﬁhe beginnings. There are still considerable difficulties to overcome in

such internﬁtiohal‘comparisonsg in pafticular, the problem of different eéonef

mie structures and price levels,

_/ bome sephisticated wathemdtlcal models of investment efficiency analysis, ine
cluding sectorial allocstion, have been elsborated in the Centrally Plannsd

' Economiss (espeeially in Poland, the Soviet Union, Hungary) So far, they
aoula‘he hardly considered as oporatlonal devices,
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It should be noted, that along with the problem of efficiency sriteyia
parallel discussion is going on with raéard to the price problem. The
two probl&ﬁs are oompleﬁentary and mutﬁa;ly support¢ing. The improvamsnt
of the anaiysia‘of investment effici@hoy criteria stimulates and advancges '
 that relating %o the price siruoture and{gggg-veréaa It was not, however;
possible to dsal with this aspect of the analysis as well as with the rols
of the price structure in‘inveatmant analyeis in ¢his paper.
_ S¢me examples have been presented in Apponﬁii.1<in order. $o illustrate
the scope and method of application of the "synthetic" index of economic
effectivensss of investment in projacf evaluafiona Appendix II gives the
description of the modificatione which the index of economic effectivenees
of investment must undergo when an inveatmant7projact is buils wp by shages.

gg/ These examples are borrowed from the hodkg"Effeotivenesa of Investuent,
fzsued in Polopd ~ 1060 = o2 15 R8x3lificd form proesented in Ammex f.

- R & werm g o




i, Historical Outline
Over=All Patterns of Development and Investment Polisy

At the inception of their industrializéﬁioﬁ‘pléﬁs'the Centrally ?lannsd'
Econcries were at rather different stages of industrial development. In spite
of marked dif ferences in indusirial'development andlin‘general economte condi-
tions, théy’pursuéd‘ﬁuring the 1ast decade rather similar economie policies with
regard to both the development patterns and the ways and methods‘of running the .-
sconomy. This can be explained, to some extent, by certain common festures of

their economie situation, but also. by the similarities in their political and
institutional structure, ' ‘ '

The qocial and economic reforms carrled oub in the Centrally ‘Plamied: Seonomies
at the sarly stazres of their plannsd developmsnt made it pods¢ble for the centrak
authorities to control income distribution and foreign trade and to control directl;
the alloeation of capital investment;tleyalso pavvd the - way to the application of
eonpyehensive plsnnimgn While, the institntiamal arrangemants wade 1t easz@r o

-

laveeh anmd impleomen Bregk BIATRES [y P@awrrmuﬂﬂ developmant, the e @rmrfc p; reblang
faced by the government s were in many respects s1miiar o uhosa QI tne aﬁve;oplng _
countries throuﬂhout the world, ‘

A most salient feqture of the. economic situation of the Ceptrally Planned
‘Eeonocmies, before they engaoed in poliicies of aecelerated induatrialization, was
"~ the structural disequilibrium between the labour resaurcea on one hand and the 'ﬁ
available eapital . on the other, It resulted in low level of utiliration of man=
‘power, low 1abour productivity, and consecuently low living standards of the
people. This was the most important basia for the Doliuy of high capltal investm
ment whlch was cerrisd on throughout the pcriod Qf postdﬂar dconomic deVPlaDment
by all these countries. R _ , ,

Sinee in the Centrally Planned Economies the central authorities control inmg,
ecoms distribution through wages and prices and decide directly upon the bulk of .
total investment exoendlture of the country=-dyer 903 of the total in the
Furopean Centrally: Planned Eeonomles—=the factors 1nf1uencing the qhare of ine-
vestment in national income are different than in the free enterpr*se ecemomieso

uenerally speaking, the Centrally Planned Keonomies tend to determine the




‘u’oi sie of enpiindl dovssbment ab 2 bigh level, In dsvelopment plann :L ngas 1%;-513.' a

I owsrent economic polley ail the facters which det prm:a@ the uwpper iimit of -

vestment possibililies arve faksa iaots cceouwnt ind the invaotment volume is get

Technisal sbaorbiive capac u";. 5 constituted fur a -10313 time the 1&:2'553;:—;{;
botileneck in expansion of cap,\ tal investmeni :nd were, ‘%;hére-‘fﬂre,tha most - impor-
tant, factor in determining the uppeyr limii of investpsnd 130351&'.13’&1350 The Iong-
Fun goiution of t,.f, problen consistzd In i’i‘f-vc Lem ir\g capital ga_cdé industries, in
pz‘é.ctlcaﬂy 211 the countries, In order to incre age investment capacitlies in the
shrri.,cv Tun ‘9'3‘ wWay of i"cereiga trade 5 ::.m}:-e' b osubsbituticn Was pyomebed wherever. '
uf}.«»&:'h,.‘,a' Laps emphapls was pub o axoart é:r::pcnsim} in ezrlier pericds though
this has changsd in 1‘{ sant years, | |

Hwi‘i@ Girdng the first develos g & periogde _mves(,;{evet capacitios vere 1 h@
05 important factor debermining u‘f'ﬁ volume of capital invest.mevr*,i”‘:m -he later
pe'ris:nrj.s; considerations of cdnsumptica igvels and income d‘ist.rib:.zt:m nave grows
in im wortesnce. The propensily Lo save of e nrivote gechor dﬂes 1ot ;.:l.ay &t

'impo:rtm’r. z-oléa- in the Jentially Plarmed Roonosdes. HNevertheless; .,wc':_el arte*"" s

and part jm‘h o1y soelal i tudes Lowards curpent consuaption levels ard Jnu;b‘-‘ o
distri ibution =abterns playe ed an inn r=asm{,m, ‘?r'port‘i*st. role in dete-rmmmg the

LY

uppar 1imit of the sh;‘:a':s?e,af inve: "HZ in no,unnal tqcfsw "

g_,

On twa wole 1t can’ bcfai:_éted ﬁh.‘lu it Ls :0* the &-mp@m::.ty to BavVe 'mr" m-o
Veqt but "mc: physical sad seonowic limitations ma‘i: influence the: w'lums of Lrre
vastment in ‘a;h:e Cex’xi‘,x“alii_y ‘Plaifafzed Eacn-zmi?m “‘he‘r'efov the DOil"T" of high_
investment was vursusd by w:r;y of rlnging ¢ buqr s't.ruc:..uml tramsf ox' -’w:cns o
th& Bﬂc;?:l}n‘;}f :e.'*.ﬁthé:ﬁ*_t on by DI‘OLJ.’“*J_();). of uﬁ zenthves to gave afad to invest.,

_A Creabion of faverable stmc‘-;a.u*a." ”*e*}cut tons for a fast . Znd steady ﬂ'rm:%;h*
'thrqug;h gxpansion of Lhe écmtmas' :i.n‘a'est-ment ’capaciti & determined the pm
foilewed in {ailcca.ticn of invest: nent Thug, empbasis was pud o 7

5) preferential treat; ment of direct pr'odmtive 'in?Jeaftment againgt wipro- -

duotive inves '-""{;Pnt ‘ 7 '
J

by faub e,:pg,as“%:t of ilO’?tk’*)Suif‘ caoitrl gocds indusiries’

aAg can e seen from these tables:
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‘Table 1 Distribution of investment outlays (totalwloo)

a/ estimates

b/

.state invastment outlays

transportation and communications; trade; and material supply.

Countries Total ‘ of which Unpro~ § of whi
-|investment iiggg:;:;zz Industrial; Azri- ductive jresiden
outlays sector [culture jInvest-|constru
‘ : ‘ } ment
ab/ ' 7 .
Bulgari 1930-1955 100 79.0 52.4 10.2 21.0 3.7
: : 1956~1960 100 8h.6 59,7 { 2.4 | 15.4 ] 2.6
Czechoslovakia 1950-1955)° 100 63.7 41.7 | 10.8 36.3 11.5
& 1956-1960) 100 69.4 40 .0 16.. 30.6 16.2
Poland 1950~1955 100 70:5 45.0 . 9. 29.5 12,2
1$56~1960 100 68,9 41.5 11, 31.1 § 1867
Rumﬂnia 7 1950"1955 100 .8006 55n8 lOo b 190" - ll
1956-1960 100 . 80,32/, 5%.1 17. 19.7 6.1 .
Soviet Union 1951=1955 100 75:55 k6.5 17, - 24.5 4ol
1956=1960, 100 : 71.?'/ 42,0 18, 28.3 1.6
Source: B, Zielinska, "Industrial Investments in bociahst Gountries’&n aacennium 1959—1960
o Gosgodggka Planowa 3/1962 . , ,
Hote: Productive investments cover investment outlays in industrial sector, agrieulture;

Table 2- Diatribution of inVestmant 6ut1ays in selected industrias, 1956e1960

Bﬁlgafia
Hungaryﬁ/
Poland
Rumania

soviet Union?

-

Investment outlays in”
‘heavy industry as rati
to those in 1ight and
food industries

Investment out lays in

metallurgy as ratio tc
those in machine builc
ing industry

Investment outlays
in chemicnl indus-
try as ratio to.

those in metal wer
ing industry .

'0059 Cep
12 °
0'087
1,73
0.30

g?

- ¢f only ferrous metallurgy

1957-1958
1953-1958
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‘Capital intensity considerations were disregnrded in the choice ooncerﬁing strue-
tural trahsformations. On the other hand, ths relative abundance of labour was
taken into account iﬁ other flelds, with an aim to maximizing output and pafticu;
larly to increase output of‘capi£a1 goods (and exportable commodities),

Labour intensive techniques were used mostly in the following fields:

< in capital uorks, .

= in the existing plants (by maximm utilization of existing capacities),

- to a lesser extent, in choice of techniqnes of the new plants.

Looking at the patterns of investment poliey of the Centrally Planned
_Ecouomies from the polnt of view of the relative scarcities of labour. and capital,
‘three main catepories of problems may be distinguished: -
1. Labourwintensive'techniqnes were applied In all cgees when they did not in-
fluence techniques in the longer run and did not affect the desired structural
“transformations of the economy . Labour«inténaive techniques in construction works
. and multi-shift operatiéﬁ of plants are most trpical of this category,

2o Mﬁch more eautién-was exercised as regards application of labour-intensive
3techniques in naw plants, whenever the choice of equipment predetermined the
level of technology for longer time pericds.

In industries consldered most important from the point of view of economic o
‘ growth, the general tendeney wss to chooss the most advanced techniques, while '

in 4industries of secondarv imnortance more labour-intensive technicues nrevhiled
Even in the high oriority industries, however, the policy of high capital intensity
was not applied uniformly. In these industriss high capitalelabour

ratios were generally applied in those prodnctive processes where such rutios
were more or less technologically fixed; that 19, where the standards of guality
and uniforﬁity of'prodﬁctg could not be maintéined'with any other combination

" of factors, In some coﬁntries, for inétance, in sueh a high-priority industry
as machine building in~£ac£ory'tranapdrtation, handling of materials, quality
control and several other ancillary operations were almost entirely manual,

The searcity of skilled labour was another factor which, apart from techrio-
1pgi¢a1 requirements, prombted the use of capital-intensive methods in high
priority.eectors, Even vhere more labour=intemsive methods eould be applied,
the maintenance of quality standards would have required a much greater supnly
of highly skilled workers than was available at the earlier stages of develop-

ment »
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3. In the case of ceftain'majorfstructurnl problems df invqgtmant allocation
which played an important role in increasing a country's investment capacities
in the lqng'run, the question of cavital intensity was disregarded.

2. Stages of Develogment and Investment ﬁnalv31s

The mathods of investment anelysis in the Centrally Planned Economies were
developed together with the evolution of thelr economic situation and in aceors
dance with the development strategy followed during the varlous devalepment
periods. They were shaped by the pressing practical needa and hau to. respond
to concrete and changing situations. It is only in more recent timas that the
economie theorists entered the field and attempted to develop more rigorous :
methods of investment analysis. S
. In the first post-war period a1l the Gent rally Plarned Economles undertook
: the'reéonstrucﬁion péligy_aiming at restoraﬁion of the pre~war industrial poten#
tial. In that oceriod the field of economic cholce in the investment.poiicy was
véﬁy narrowly restricted—mainly to thé time schednle of reconstruction of the
. various plants, An dvereall'appfaisal of investment capacities played a very.
impertant role. The coneentration of the bulk of total investment expenditure
in government's hands enabled the - realization of the planned tima-schedule,
Overhpad facilitiea~=transport and electric power*-wer. first on the’ uriority
list. Serious 1imitations,in,forexgn,trade made it necessary to proceed in the
reconStructiqn‘of,industry‘accOfding to the needs of the technological inter=
relationships.“‘Mhtérial'balances were very helpful in this respect since they
made possible the. elaboration of 1nternally consiatent investment progrdmmes,
taking into account the. existing capacities, -

High effectiveness of investment in reconstruction, taking advantage of
external economies, was one of the factors calling for rapid expansion of inw
vestment capacities.- Therefore, emphasis on capxtal goods industrias-hecame
appafent already in this development period, The ratio of investment to national
f'income was growing appreeiab_y, though by and large without negative 1mpact on

the 1iving standards of the people, ‘ ‘

. ‘By the begimning of the last decade most of the Gentrally Planned Economies .
entered a new development period--the period of accelerated industrialization.

“This period was different in almost all respects from the first one. ~Fhe ecaze




There wag a wide )scope of economic choice for the shape of a new
“economic structure which aimed at ereatirg fewourable conditiens for
longu»mn economic development.,

' As intimated above the most serious woblema appearcd in eccnmic
- tholee concerning the volume of capital investment and the share of ‘

investment in national income, Appraisal of thie institutiorally acceptable
saving retio amd of the countries investment capacities for many yeara
'ahead proved to be a most difficult problem which could not always be

solved correctly. Realistis assecament of the cost of investment projocts
inciuded into the pmgmmo wag another di.fficult prohlem, since miscalculations
in this ares are likely to come up and in some cases did lead to gerious
_ consequentes, FProgramming techrd.quea by themselves are of little help in

- solving thesse two probleme, :

Full utilization oi' axisting m\mm capacity and a co-ordinated

programme of nhew projocta were two principles followed in investment pro-
' ,'E’;rammj-ngo ‘ . - - e o |
- In most. of the berd;rally Pla.nn Econnmiea the 1nﬂ.t1a1 phaae of
. J--'accelemted induatrialimtion vas i:onceived as’ one whﬂ.ch should establ:lahr
~ the’ fonnﬂations for macpa.nsion of the capital goods i.ndustriea ard diver»
o ai.fied md%trial dewlopmant.,; The mnin mphasis was therefore put on
_' devél.apme;tt 61‘ emrgy, ra.w materia.ls and sami-»producté., Unﬁer this cancopb
' of c;gvelepment on],y geneml conaidmtion waa given to tha plece of a gj.ven

' 'cou:itry 1n mrld ecommy and t.he mrld t.rade‘ “'. e Further develop-

mant. mad@ :H'. neceaaary, houevar, partimlarly in wne case of smaller covntries
!;o ap_}:mja.ime invaa‘bment pro:}ecta aJ.no from the point oi’ view of foreign trada,
h Thia phase of accelerat,ed induﬂtx‘ializatﬂ.on was characterized by a fast
i.mrease in tha 1nv'eatment :l.ncame ratio. 'I‘hia rapd.d growth was made poesiblao
‘ 'firat or allo by fuller utilization of the e:dating aconomic reaourccaa = lahour
o resources and o:d.sti.na industrial capacities, &/ The rise in the 1nvestment
rat.to map hmrever,, brought ta halt after a few yoars. It amountered seri.ous

': bottleneekg in investaent capacitiem and, in some comrt.ri.ea, social disturhmces.,

., Sinéa alsro by about the samo par:l.od - or a. few years later nany of the new,

. blgy induatrial pro;}octs were completed, the countriea entered a new develop-
‘ment. pha.seo ‘

1—'

=/ By m@a.m of mult.ﬁ.plying shifts, raising of labour intensity in ancd.llary




-20 =

The new development perlod, accompanied by reappraisal of many concepte
and strategies Sppned 4n the past, can b defined as one in which the Centrally
Planned £concmies achieved, by and large, the conditions for rapid long-rum
growth, Though for a few cowntries further acselsration may still be can's:!.derad .
as deairabla, most of them achieved & rate of growth based on a generally
stabilized ratio of 1nvestmem} to mtional income, ‘
The new period is maxked by a transition. anpha.eia - from & phage of himly
dynamic structural changes accompanied by a drive for utilization of latent |
resowrces Lo that of more rational allocation of resources. The latter impliss
a greater emphasis on economic calculations in investment analyeis. '

Evalmtion of investment projects
In the earlier periods, when the investment needa, namely the needs of
incrsase of capacit,ies in a given field, were aacqrtained investment solutions
were sought by a comparative amalyeis of the various ﬁoa.sible alternatives.
The comparative analysis of investment projects waa conducted using techuo-
economic coefficients, These coverad detalled investment and current input .
" date for each industry as rega.rda raw materials, different types of labour fores, .
'power, fuels etc. and specific t.eohm.cal paramoters of perfomance, Particular
‘attention was given to. capital/output. coefficlents. ' |
Since technoe-economic coefficients have played an mport-ant. role both in
planning and project evaluation, they were very carefully assembled and
avaluated by plaming agencies and various pro;}ect.ion orga.nizations 2-/
' vere generang eoqoraased 1n physical units, and are st&.ll very much used to
. evaluate economic advantagea of differant techmlogiea,, sizes of oparation, etco,,
‘and for selecting the most appropriate engineering solutions. o
- In the course of time it became apparent that this method of evaluation
vag .inadequata for the purpose of evaluat.ing such pmblems as reconatruction
of md.sting plants versus establislment of new plants or evaluating :lmport
substitution and export pmmot.:l.on pmgecta. ‘

Thay =

2_/ The ea:perience of Czechoslovakm and of East Germray deserves mpeci.a.l at,temiea‘:
in this field, i ,
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The comparison of tvwo or motre altermatives ie caslest, te_chnicany, .
in tems of techno-economic indiees, In such 6&3@39 project maker is faced
with homogeneous indicee. But this mothod has its limitations in terms of

. evaluation of altermtivaé. In such cages, the project meker ie faced with
the evalvation of such altematiwg a8, for example, a lower outpub per
worker rate and higher input of rew materisls, s/ In such cases the mtural

; tendency was to use actual or devised prices as weig'xts, investment. altemtives
being compared in terms of two indices: investment outlays and operating
. cogte, It was soon real.ized, however, that these more gemmlised indices

' _(:L) depended heavily on the structure of prices, (31) left open the problem
of aubstitution between capital outla.ys and currenmt opsrating expenses, and
(111) did not take into account the impact of the tie-up of investmenmts

3 during the construction peried, technological progress, ate, At.tmpta to
overrida these 'ds.fﬁmtifes in comparing investment altermatives led to
;snpplexrt.ing the method of t.echm«»econumic coefficients by an appralsal of

, investment projects, based on asseesment of total outlays in value tormus,

. This so-called tgynthetich coefficient epplisd for project evalnation takes

ususlly the form o.f a relation hetween total investment and operat.tng caats'
and output« * : S :

o : : Fo recoupnant. period (mmatim)
I/T 1+ C ' . | I = investment cost
P ‘ . C = operating cost (annmal)
- - P = volume of output (afinual)

The poinb of deparbure in foming a aynthet.ie indeoc ies as we will sas.

later, a treatment of possible substitution between labour and. capital,
' The mathods of dealing with the other factors mentioned above (e.g.,
" ;biewup of imeatments technica.l Progress, timenpattem of production am

-current eacpensea) differ often frem country to country. _
' This method of evalustion was initislly applied for separste investment
. projecta only, with an'aim to finding the best techno-scoromic solution: to a
_aven investment targe‘t, The synthetic coefficients were also useﬁﬂ.!y

: compiled am’ compared for a2 number of projects within a given indugtrial

. gector (eoggg coa.l mind.ng ‘power sensxation, atc,,)q An investment alternative

_/ The ontout of steel ver openwheartl‘l worker in 1958 was 613 kg.,, in ‘the

© Gerynan Democratic Republie and 544 Kg. in Poland, whereas the average
daily steel output per square meter of openr-hearth floor vas 4,57 tons
1n the GQD,R‘, and 5.09 in Poland, Thua the indices adduced are contra-

- — Y LI 1) L




is regarded as econonﬂ.cally effoctive if its "eynthetic" index is
higher than that of auy other alternative, :

- The research on and the methodology applied in the evaluation of
the econamic effectiveness of investment wasbased on the implied
~assumption of a "closed" economic system. This was dwe to the fact that
(a) foreign trade in the USSR is : = relatively emall although increaging in
relevance from the point of view of investment choices; (b) the strategy
‘of imlustrialization has been eseentially autarchic in the initial pericds
and (¢) the gensral ;I.ndépen?dence of the domestie prices fyom world market
priegs because of the cemtral control of prices and smtate monopoly of
" foreign trads, ' o ' - |

Bulgaris . . ‘ : 34 i33
Hungary | _ _ 62 77
Eastern Germam' ' i3 227
Poland I o £9 85
. Rumanis - 25 67
. Czechoglovakia ' 104 250

USSR I - - w

J Economie efficisncy of foreﬂ.gn trade, B, Zotov, G. Shatalov,
Economiczeskale pazete, 24/4Y, 1962,

b/ The reply of the USSR to the United Nations &h.leshiomm.re on
Industrdal leming am Developmant. |
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' However, because of the rapld expansion of foreign treds, partieularly

in the smeller countries, it appeared necessary to introduce further

refinsmentsto those coefficients, The refined coefficients indicated

first the import-content of exports or the optimal stage of processing

of exporte. E-xtenaive_‘_research'ms alaso begun to bring in into the
efficiency check the differences in the foreign exchange implications

of the investment veriants, Analysie of the import substitution and

axport promotion projects called for a certain reformulation of the above
cosfficient, A further refinement consisted in evaluating "systems" of
projecte, This brought about a greater degree of aoph:l.stieation in&o

~ the methods of investment evaluation,

' Along with the improvemsnt of the methodological tools of project

analysis, there appeared other developments in the Centrally Plamed

Economies, More and more emphasis was put on medium and long-term planning

aa against short-term planning. Elaboration of long-range development plans -

covering a planning period up to 1980 - in all the Centrally Flamed Economies

had important repercussions on investment analysis in the individual irﬂuatrial

. sectors, The Centrally Planned ﬁ-conomies have also developed aystm of
 epatial coordination amd geogrephical planning, Thus, sach investament pm;]ec'h
{ ,is being considered within a aystem of both ssctoral and spatia.l oonnectionso
Last, but not least, is the develogment of & network of projections offices.

‘and industrial scilentific institutes. The projection offices have developed
in particular a great store of pre-investment data for vg,r;bus alternatives,




II Institutional ‘Background
In the Centrally Planned Economi@s as has been stated the socialist
fox-m of ownership = state and cooperative ovnorghip - is predominant, and
due to this fact, plarming covers the vhole of tha national econemy. Such
a plan of the national eeonmy im a programmo of a.etion that coordinates
1) information, ii) forecasts and 1ii) directives ooncaming output and
capitsl formation for the plan period.]/ The objectives for the develomment
of the couniry’'s econcmy a%e eluburuted by the Plamalag cmimcm and
quite often presented in several versions wh:lch are discussad by competent
technical, and political author:i.tieso, 4
The elaboration and discuesion ef the alternative versions make .
‘poasible the adoption of the plan whioh best subserves the policy objectivea
of a govermmant and ‘is suitable o the: -gpecific conditiona of & oountrya
The targéts in the plan provide the main skeleton of the plan which is
subject %o "endoraement by the Pzrliaments, as in the case of medium-term
plans, and is subject to a.pproval by the Councile of Ministers in the
case of perspective or annual plans,
Three basic types of pla.ns are be:lng elaborated = according to the
_ tima horizon covered: :
Lon&tem expansion pie for 15 or 20 Jea.rs, sometimes called
Persmctiva Planss This sort of plan lays down the most ganeral
- perspactives for the develoment of the mtiona,l -econamys Such
rlans «— 20 yéars = are already elaborated or in the process of
being drawn up. _ _ , : o | .
. 2, medium~term expansion plans. The 5-7 year"plans are a more conorete
statement of the objectives of the Perspeotive Plan for & 57 year
period of time. They are often considered as the main fom_ of "
economic plamning in the Centrally Planned Economies. -
3. short-term -~ mainly anmal = workigg plans. The annual plans speoify
. economic taske for a year's period of time in 1ine with the provisiona
of the mediur-term economic plan. '

1/ In countries wheTe private 8ector = 6.gs agr:lcult'ure :I.n Poland ~ stﬂl
plays some role, the plan also compmses peans of planned regula.tion
of this non—wioclialiet sectore , :
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A1} thoes types of plans are oubdivided and coordinated for sactoral
and geographical levels. 'l‘hus, plans are-broken down and then coordinated
| aceoxﬂing %o the o'bjeotiva,tima apan and the structural= iee., organizational“
satup of the country as a whole. In the Process of formulating a plan,
partiouhr attention is paid ¢o one of the most 1m1:or4 at componsnts of
national econcmic plans viz., the 1nvastment pian. Its importancemuhich is
proportional to the length of the time horizon of the planmsis owing to the fact
that thes Inveatment Plan is a.imed at inerea.sing prod.uetiva oapaoitia-"a
. Necessary condition of st@ady growth of an economy - ‘F ensur:l.ng ‘neceseary proportions
' anong twctors, brancheag aml regiqna of the nationa.l econom;y in the processg of
4its growth, and securina optimal progress of technolo&yo .
The Investment Plan comprises targets in ‘regard to the commiseioning
of fixed assets, amount® of grosa ‘capital Amvestmeats which :Ls in turn
'brokeu down :into (a] oonstruction and assmbly woxk, ('n) equipment and
%ools and (c) other capital work and axpenditur@, and liats of capital
.,‘1nvestment px'ojectsa these mclude ganeral techno—eeonomical description
of pro:]aotap : '
‘ The donorete volume and structure of gross capital investments
in the industrial sector ave determinad - in practice — on the basis of the
* evaluation of investment posaibilitiesa appropriate balances= according %o
the following criterias
i, aamed increa.se of output in the courle of a longer period of
; tine=,plans of out;-utm -
1io analysis of the dogree in which the axisting output capacity has |
- been made use of="output capacity ba.la.neesf “
111, designing studies and cost estimates of ind:lvidual produetive '
' projects=; efﬂeiency analysisé .- ‘ :
Thuz the aggregate of the social demand and the ava.ilnble pmduction ‘
capaoities to meet them 1@ deing taken aa a point of depa.rture. As needs
" always exceed in a growing sconemy available production ca,pacities, the
margin has o be covered by means of new investment.
| In the industrial sector, the best suitable instruments for astabliahing
" ‘iuve’stmant requiremants are the oapaoity balances. The investment requirements
© are :I.nferred from the compaﬁson of the output possible on ti:e basia of the
existing capacitiesw a.t the ma.ximmn degree of the:l.r utilizegions with the
pﬂanned targeta{ﬂ/ -

g/ The way on which industrial progrmo is formulated is not discussed |
" here. Investments and :I.ncrea.aes in the produotion are planned at fixed=

Cpon=ri sing? = pricos.
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‘l‘hue, volume of induatrial 1nvestmenta depends msinly on eBtablished
targets for 1ndustr1a.1 produotiom 'I'heseg ‘in turn, depend upon executed
ecomic polioye h ' '

In the past, followiug pri.nciplea mi@t ‘be ohaervad as to the develomen% :
of industrial seotors :

1. An a.'ttsmpt to achieve auch a volume and the stmcture of induetrial

roduction whick would insura ﬁ stea.dy and. high rate of g:mwth of the m.tional

@ooAGHY o : - |
2. To achleve the higher dagree of s@lfesufficiemy w:lthin the product:l.ou
of means of production.9/ .

3. Accelerated development of backward regione a@mistent aith mt:lonal
use of country’s mtu:e.l resources:

" 4. Ensuring of national ‘defense.

Once the givan investment 'decision hae been taken involving, for instanceg
the develogment of the cament industx'y, ‘there rmna.in tuo essential tasks of
a planninguadmnistrative natures one ia %o chooae the size of the eapacit;r ef
‘cement factories and the xuzmber to dbe 'built; the other is to ‘organize the.
actual work of construction. ' g - : :

The task of preparing blue prints, estimating costs, oomparing betwe@n
alternative pro;iects and submitting poasi‘bla variante to highar authority
‘for decisions’ :lf necessary is undertaken by specialized “pro;]ectrmking :
(designing) organiza{ﬁions" which ex:l.at, e.»ggg ‘in the Soviet Union a.t all= - :
,union, ‘Tepublican, Swnarkhoz, and- local 19?915, specializing in projects

- for particular types of donstruoho_.loﬁ 1nese organisations play an

important role in the pra.ctica.l implementation of dinvestment progmmeso _ ‘I'be

! -'problems of ahoica batwaen mvestment altematives to be diaouased in. ﬁhe '

following cha.pter are weighed up in theae ofﬂces and technical mcmemdationa

are mide by them. . ' .
Besides the analyeis of 8 particula.r 1nveatmant pro:]act ca.rried out by

the pro;jec'b-ma.king organisa.tim ﬁ.taelf, guch a pro;]ect is ‘anslysed again by

' either a apecial comisa:l.on or experta“ sroup at the proper approving level

3_J Reoently this principle is. being refornulated. Benefits from 1ntemationa1
© division of labour within Centrally FPlanned Economieaam underlinedo '

mj In some other countries the project-making organiza.tiona ars atta.ched to
i the ministries, but usually located in the districte where the mdnstz'iea .
for vhich they prepars projeots are concantratedn ,



- ' -

@anterprise, ministry or Couneil of Ministersy. In the last case, the

cormission is usually atiached to the State Planning Bureau. | .

. The project aleo needs the approwal of the Territorial Administrative

‘Unit which is responsible for the develoyment of the region within which this
investment project is to be built, The Territorial Adminietrative Unit, of
dourse, analysas investment projects from the etandpoint of the optimal
developmené of its regiona ‘Since the basis of such analysis is supposed

~ to be a reglonal plan of social and egonomic devela»pmentF this f1ct necesaltatas
the elaboration of regional and eity plans. :

Financing of industrial investment projects is effecteﬁ by means of budget ‘
endowments, bank credits, and 1nternal Tenources of enterprises==proce®d .
from profits and sinking allewances not transferred to the budgeta
scope of investments financed from varioua Bources is governed hy Tather
detailed regulationae The general principle is that own means and’ hank credits
serve to finance reproducing and medornizing investmenta undertakan on the
basls of decentralized declsionso . : !

- The major part of 1nveatment in the a%ate s@cior is financed hy NOr=
-returnable budgetary granta. Huwever, a sizeable and 1ncraaaing phare ie
'.financed from “the enterpriaea‘ own reneurces, primarily from a portion of"

profita, and ‘the amortizationo With minor exceptions, these sums are ;
,transferrad to spaoialized 1nvestment banks, vhich iesue: them when ‘and if =

‘the expenditure is justified by the investment plan, or, in the case of . .
-extTa~plan investment expenditurel, when they fall under the regulztions
governing thems o

The extent to which the planning process is cantralized has varied
' considerably in the Centrally Planned Economies histoxry. From this
standpoint, inveatmants in ‘the stale sector can de divided into saveral
oategoriese There is, first of all, the distinction betwesn “above—limit“
~and "below-1limit" investments. Investment projects of a value exceeding

8 certain au%é/;ust be approved by the centre, while those below thess value

limits do not require approval aeparutely, but form part of aggregate Bums

allecated for investment purposes to the given seotor,

1)/This has varied between economic sectors and at different periods.
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There ig als@ & somewhat different distinction beiween centralized
. and decantralized investments, the latter baing eonfuaingiy deeignaﬁed
. snelimitnite- "bayond limit".
' -Cantralized investments are those covszsd by the central invegtmant
plan, and inolude "below=-limit™ investment- if expenditure on them ia .
provid@d for in the plan. Deoentralized inveatments are financed from -
sourc@s not coverad bv the plan at all, such as, for instence, the
‘anterprisa fund, prajecta of local industry or "hechanization“ credits
,frum the State Banko The extent of daeantralizsd inveatmentl wad severaly
rastricted at some time in the past. In recent yaars, however -their

1mportan@a haa again increased.
of oourae, these "unplanaed" investments are by no means uncontrnlled%gf
There are raatriotions on the types of permitted investmentsg for examplag in
the Soviet Union & decraa in 1958 forbade local 1nveaﬁmant in c@r%ain typeﬂ
_ of conatruction==offices, sport stadiuma, 8t .= without the spacial
authorization of the republican government. Again the control over
allocationa of materials and eqpipmant provides ﬁ further means of pre=
venting diversion of resources into forms of inveatment not dasired by
the.&ﬁghgﬁgﬁégdable condition for the most- eillclent use or '
‘a glven investment fund is creating such s eystem of incentives that would .
'atimulate to réstrain investment prnpenaity of all economic units < entarprises,_
8tos = 1o aciual needs = planned expanaion cf:productioniw.té choose the best -
technologicsl varianie, and to shorten as much as possible the time of the .
cbnafruction and commissioning of industrial projects. | | | )
It is well-known that up to now the system of incentives in Centrally
Planned Eoonomies has produced thé tendency of excessive investment demand.
- Under recent praéticeg an enterpriae wae stimulated to greafer prcducﬁibn
by the éhiterprise fund, If an enterprise fulfilled its plan, ite fund was
incretssd 8.g. fTom one %o six per cent of tho total panfito The profit on
the mere fulfillment of the plan was minimale—it made 1teelf felt only when .

' ;g/ The cost of 1nvestment projacts i carefully oontrolled. - Based on prices .
:of materials, machinery and labour; on centrally-spproved norms — €.g2. of
depth of foundations or thickness of walle= and when possible on approved
architectural pattern, costs estimates—~smety-are approved, and form the
hasis of the isﬁuea of money by investment banks.
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the plan wag oxcooded. Only then cbuld’thn direéﬁéfgfﬁho"managed the Pund,
utilize the fund for gireater iHVuwtmmnt o 1ncreasing +he wages. eega of the
lowest paid workers. The central authoritiss increased the ylan goal svery
year in’ ths ligh% of the past year. Thie mesns that the fund craated by
prodaction, whioh excegsded the plan diracuiva in the curr@nt yaar can ba
substantially reduced for the following yamr. Since thia was3the only
fUnd'availabla'to shimulate the enterpriso, the mechanisnm began to produce
resulis completely cbntraxy to expadtations; The dircctora in order to
maintain their funds made every effo“t to obiain frnm the higner authovities
either a reduction in aseigned plan fulfillment or additionel investment
funds. More or less the same moiives prevailed at the higher levélq{

The current org&nima%ional changeé‘in-C@nﬁrally Planned. Economiés aim at
eubatitution of the above=described machaniem by a mere adaquate ong. -

In order to chooze the best %evhno;agical vnriant of & given ﬁndusﬁrial
psoject, it ie pecessary to hzve cervactly daviaed criteria of economic
.effactivmnaaa of investment and e¥fective system of 1nsant1vas to stimulate thm
elaborat}on by projsci~making organizations of more than one #@chnological
‘variant for a given industsial project. Permanent excess of Gemand for e
project=making organigations‘ wexi. Forces Csntra41y Planned Econamieu to
 Yack Pon oG 2 E mibastituting soluiions ao comparison betﬁaen variants at
the very firat gtages of their elabora%ion and: obtaining of more technolegical
varianta ‘at least for some parta of a givan nroject - partial alternativesa ln
addition +o material Jincentlives for projacﬂ-making organ:zationa to ‘Prepare mo;a .
technological alternatives, thers exist also gystems of matarial incentives
to. enccurage these organizationa in preparing the. most aconom;cal taohnological
varianta for o glven project, The history of material 1nceﬂtives 1or
Bhortanlng the constructzon period of a project would xaqpire a separate and
Iengthy chapter and is beyond the scope of thie papero :
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A1X. BYALUATION OF ﬂlEERﬁAmT¥P SQLU”IONS

1. Phe scope and cheracier of invesiment altarnaulveao

One of the most important requirvements which has to be met 1n
the course of an elaboration of & long-term axnan51or plan i3 the
setting of, besldes the rate of growih; the pattern of the cunsumption
znd. Anvestment. Thie reguires the determination of & programme OFf
E“_mpotxon for the economy as a whole aad for varticular sectors (&.go
inﬁuatrial, agr*cuiturs, transportation; consiruction, atca), '
aconomic brenches end OOmmodiﬁies.

First draft of such a programmels) &/;f preduciion sarvas, in
turn; as the base and the point of dgparture to the sleboration of the
fizrst draft of inves%mant DEQATEMMO, inter alia also for the induatri&l
gector. Using capltaﬁﬁoutpdt ratios (for mll branches of industﬂjal
sector) it is possible o get the firsi sketch of sectoral aﬂlocation
of capital 1nvestm@atoléfif the programme of production for the
industzrial sector were to be regarded as definitely fixed, then tha .
egsential pért of the programme of investment {i.e. sectoral allocation
of investmont) would be in primciple detemmined. I followg that in.such
B aituation planning authority would have free choice only im reapeat oy
' i) building the new plants veraus modernﬂzing and expanding tha

sxlstlng plants in different branchas of 1ndustri&1 sectory
ii) capitalm o labourbzntenslﬁy of pa?ticular investment p?@jaatag
. 1i1) location of investment projacte, ,
- However; in the longmte*m espesially perspective plan, o given aes
af'prnduction_targets oven on the level of ind;vidual goodg XoproBonts,
1#&0@@, only the."g@neralrpattern of‘conaumar and invesiment needa" walch

Cig planned %0 be achieved.

13/ In the Centrally Flauned Ecomomies, the concept of indueiry covers
- manufacturing as well ag electric power generajion and minoral industries.
In the context of thim paper the tewm indusirial aﬂg%or iz uszd to csvar
‘theme activitims,

1&{ The final programme of production is achievad in the course of successive
iterations in the optimizing and balancing process. Due to thls fact, the -
technologioal medtrix of the najional economy is sdjusted thr@ugh the

. substitution of wmore abundant for acereer POSOUTCEs. :

15/ “Capital-output soefficiente are applied mainly in the course of %he
elaboration of firet warlents of long-torm plans® - The Reply of the
Pélish government %o the United Nation Questionnasire of Industrial
Planning and Development. Foxr detaile of the methed of determining
czpital-ouiput retlos sees "The method of determlnlng capltal—output
ration”, V. Krasoveki, V. Pomerancev, 4. Tolkaczev, Plancvos Khazieﬂtva

6/1962.
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Telcing into consideration feasibilities of gatisfying the same king
of "consumer and investment needs" by different goods, and pessibllitiesm
of expanding of foreign trade, there exists mors alternative golutions T0
meet & given “plammed mtruciure of ocnsumer and investment nesds”. The
choice . of one or another solution depends, first of all, upon investmeny
enalysis and aconomic calculetionaa : |

Investment analysis is carried on in the Ceniwxally Plapned Eoonond o

within the fremcwork of plan!élaboration,légalthough not.énly ﬁithin it,
Studies ére ﬁeing carried out for various industrial branches for certain
.cbmplex intersectoral problems, for regional systems, for ssparate new
projects for the existing plante. etc. The work on these proeblems does not
always coinclde with the prnéedure of plan elaboration. Investment analysim
is Gdnsider@d & tasit of the various planning agencies and of oihex bodiga
=projects~paking burcaus, industrial scientific institutes, etc.— which should
be performed on o oconiinuing hasle. _ ' . .‘

In the process of pl&n elaboration -of the 5 year plans and nf the per-
.spective plan— full‘aceaun% ig teken of the various invsatmant‘studies, and
- wany new studies ars being initiated. Partioculer attention ie paid to
' projacﬁs to be included for the firat years of the plan, Projects for further

yeaes may not always be studied in deteilj work on them will contime during
.plan execut;ong and all nacaseary changes introduced into ‘the plan,
It poens appropriate to present the sCOpe and character of invesiment
analysis not within the framework of plam elaboration but Tather accordang
4¢ certain levels of investment analysis. The folloﬁing main lsvels of
investment analymia cen be diatinguimhe& in the Cenirally qunned Economiess
‘I . Programuing of the indusirial sector as & whole and as & part of .
the national economy. Mozt of the preblems involved here belong -
1o gsneral plemning rather then to investment analysis proper.
Thore appear,uhoﬁever, certain intersectoral problems which are
.analysed with the haip of methods appropriaté Tor iavestment
~ 8nalyeis. ' | |
i, 1-‘110g:'-aetmm:i.ﬁ,9 ¢f an industry and analyais of larger industrisl agﬂtemso
131, Bvaluation of individual projecte and of umall groups of connscted
“projectso

"léf The caleulation of the efféctivanaae of capital investments is’auppcsed
to o an integrel part of pilnmning at sll levels e.g. in the U.8.5.R.
from the State Planning Committee to the economic councils and enterp:isasg




Iy, ,Evéluation of pértial angineéring sgihtions,

Evaluation of real invesiment alternatives covers differsnt probiems at
ench level, - ' - '

1. Althoughp in principle, tha allocation of cepital inveatmants amang
1ndustries in the industrial sector iz not determined in ths practice of +he
.Csnirally Planngd. Eooronies by quantitative analysis of economic effeotive-"
ness of investmanta z“there are, however, important exceptionc to the general
prirciple of non-evaluatlon- of sconomic effectivensss of invesiment of
“allocation of inventments among diffesrent aéctors and industfies.

This evaluation is strongly reccmmandéd in selecting the branch of pree

duction to mest & definite requirswent of the n&tionai agonomy when there ara

o saveral branchas producing similar or intsrchanzeabléd goods. In the 8 cases,

sffects of investing in different industries are aegily comparabls @eBey An
phyeical units of substitutable goods or in foreign currency. Such mubsiitu-

. tibility of effects; end in consequence, legitimate use of econoﬁuo'efféotivgw

-ness af investment quart1tativa anzlysis in inter-indusiry- atad;usg appﬁa:s
Ny whane?ers ’

Be induatrial outputs ars substituteble, i.0., m@y aatisfy simllar

- sonsumer or producer needs, - 8.g., 0il vs. coal 5

f Yo projects aim at promoting exports or reducing importe, l.s, of o

' e&rning foreign eurrencyg

e incresss of output in producers’ goods in some ‘ndustria: allewm

- for. sconomies in other irdustrlaa, implemanting euucesaﬁve stagﬁs of trange
Formation of raw materisls into final producitaz -

d. projecir aim et saving labour, raw materiale, and snergy.

.11/ e mtandard methodological rules procesd from the premise that ths
alloeation of capital invesiments mmong branches of the national
goonony fur thie purpose of their balanced and proportional development,
with the priority growth of the production of the mesns of production

1s decided on the basis of the balance sheet method of plamning. At
‘the same time, the choice of the most effectivs wars of solving the
- problems eet should be made with due account for the ocoromis affeﬂﬁivsm
ness of ths capital lnvestmen*ao” Tipovaia metcdika p= 10 '
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Thug, it is eéident that mény lmporsant inﬁer—indust:y izsves cen ho
quantiiatively evaluated within the framewoirk of the economic effectivés
negs of investment analyslsols

II. In ihe stage of eldborating 8 genaral" programme for an
industry, efforis are conecentrated on selection of the qptlmum combinaticn .
of existihg end aﬁtisipatéd new productive unitse, They:are considefed as '
one ‘complsx - an industry - in such & way that conbined sxpenditure for
combine& industrial offects be at their minimﬁm° Before final quantitative
evaluation, different alternaﬁivss of development are carefully conaidered
in a series of inter-relaited studies such as:

a. Deteiled descrlptians of all plants sctually oparating in thise
indusiry; determination of thelr actu:l capacities amd outputs, labour
productivities, technlcal and ecconomlc cocefficienta.

b. Alternative prospects of reaching optimum sizes of individual .
plantag enumsrathﬂ of pla1ts +0 be liquidated beceuse of physical deteriora~
tion, of economic obaclescences alternative combinatiOna of productive unlts
- existing and new plants - aiming at reading plannsd capqcities in adequate
time and with optimum economic effecin.

¢, Analysls of meln raw materiala end kind of emergy. ueed¢ -
. ~ d. Anglysis of regional a5pecta of different alternatives’ of d@velopmenﬁa |

In all those stuﬂies quantltative methoda of analysia are used along with

qualitative ccnsiderationsg

lm/ There is also another important correction to the principle of nonravaTuation,

" quantitatively, the econcmic sffectiveness of allosation ¢ invesimens
resources among alteraative industries.
This correction is the result of the analysis whioch takes place in

the next stega; - nemely, "industry programming” i.e. when combining re-
“oquipment or expanaion of existing plants with constiuction of new plante
ie considered in such & way thet an optimum organizeticn erd an optimum
path of development of an industry could be onsured, meeting texgeis
establivhed in long-term plans. Very often conolusions.isached in those
extensive industrial situdies are used for improving plens 6.g., if invest—
ment — direct and indirect -~ required for dsvelopment of an indusiry
proves to be substantially uader-estimated or over—sstimated in the Zongw
torm plan - this conclusion is likely to result in tazget changes of the
long-term plam. This evaluation of economic effectivensss of investment
of internal distribution of industrial targets withinm' & partiocular
industry, as an indirect offect, necemsitates change even in 1nveatment
‘allocation between sectors and branches.
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IIT, In elsborsting a programme of an ipdividual‘plant, evaluation
embraces usually: ‘ '

2. Choice of the optimum size, kind, assortment and guality of output
with due sittsntion paid to specializatlon, existing and anticipated co-
operation of plantsj

b. Chotoe of technology, of new materialas, of fuel and power;

Co Caolge of location ~ general and specifio — and of the type of
geographical_co~operation° Vexry often evaluation is carried on jointly for
two or mors closely combined projects.

IV. When these solutions are sufficiently svaluated——in the stage of
project enginassring, the analysis concentrates on the choice of the following
salutions‘suggested by projeet enginsers: .

a. Final choice of the level of'technoiogy and of the orgamization
of the plantj ‘

b, Cholce of spscific location and evaluation of its texrritoxriel
coneequencess | : h

¢, Choice of edequate construcilon and gestauion periods, eto.

A speoisl type of analysis constitutes "evaluation of economic effective—
nass of developing and introducing new technology™. This type of caplital
iavestment dAiffers from typiéal induptrial projectss' ’

1, They are usualiy less cépital intaneive'and‘conaiat mostly in
ro~equipment or smaller expaunsion of existing plants; c

2.. They are carried on9 on & praotically continuing basis; in 811
sndustrial plants; : '

. 3. Methedam of evaluating and introducing those tachnioal 1nnovationﬂ
':muat be very simple and applieabls in seversl thousazndas of smallsy and
~ bigger plants.

Expe*ienca of tho Centrally Planned Feonomies in invostment analysis
on various levels has demonatrated that the choice of the scops of analysis:
of particular pgoblems is of gresat importance,. Once the scope of annlysis
is chosen, the #axloué alternative solutions #re glaborated for it, and
cbmparativa anélysis and evalusiion undertaken. Attention is paid to
.seleot and sppraise all real, relevant alternative solutions appearing in

the analysed field.
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Pormulation of a Bdopa for which altermative solutions are considered
is éAfirBt important atep in.investment analjsiso 'While in earlier périods
investment analysis was most ofton limited to various slternative solutions
of single projects; there is a strong tendency towarde analysing larger
eﬁstemso For exzample, the thermal power plents are analysed within & system
smbraoing coal mines, transport facilitiss, transmission lines,vatoo .Projaots
ueing large quantities of emergy (s.g. sluminium plants) are analysed iogether
with power plants, eic. Whenevsr possible’the impact of a plant on utilization
of capscities in other fields (other industrial plants, transportation
facilitioes) 1s considered. Foreign trade is introduced into the analysed
systens wheﬁever it is a real alternative in one respect or another, -

While on the level on project analysis there iz a tendency to embrace
larger syetems (groups of olossly connected planta end various necessary
facilities), this work is carried out on paralled with the work on highex
levels embracing still larger sectoral or intersectoral systems. Here again, .
.cholcs of the ecope of analyeié for which alternative soltuions are considaered
iz of great importance. The systems formulated for analysis have to be '
fmanagaable and cover all importent problems of econbmic dhoicé appéaring in.
the economy and comnected with the aualyse& field, The analysis of larger
syatemﬂ is carried on irrespectively of the organiéational subdivision of
*the various progeots -and related fieldao '

9. Role of sconomio ealgg;ation |

Evaluation of the above-mentioned alternative solutions is an important
theorstical and practicsl problem in en sconomic uystem of socialization of
practically all industriel capital, The state sssumes in the Centrally
Planned Economies both the right of and the responsibility for adequats
-allooation of investment resources directly or thréugh ita entsrpriéea or
.Bemi-autonomous co—operatives, The rate of growth of the national aconomy o
'and, oonsequently, improvement of standards of living depend to & large degree
on the success. of the most effgotive allocation 6f investment. This is slso
& difficult theorotiocal and practiocal problem, On the one,hsnd, "social”

- effestivensss of investment depends on nunETous factors, not only aconomic,

- but aleo extra~economic (politicalg humanitarian, or militarg}; not only

quantifiable; but also difficult to quantify or simply unquantifieble, nogi
only aotusl but also antieipated. Thus, eléboration of the most appropriate
methods of project. evaluation requires both extensive sciemtific resaarch
and long 1ndustraal experienoa°
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On the other hand, in past practice, invesiment decisions had to be
taken cﬁrééntly without delay, by planning agancles, government authoritica
and ;ndustrial organizations {especially at the 3rd and 4%h level) Projaotg
had to be elaborated, approved and implementad even without sufficiently
satisfaciory sconomic analymis. Laok of suffioient economic analysis was
never considered as an argument for slowing down the rale of oajital
expansion. The role of both quentitative and qualitative considerations
in the making ¢f invesiment decielornis had not been clearly defined.xg/Thia
created serious methodological disturbancss and lengthy theorstical discussiong.

At present, thie aspect of the preblem of economic effectivangss of
inveastment appears to be sgttled in most Centrally Plamned Economies, A nsed .
for quantitative ordteris is gsnerally recognized. Offical "Standard '
Methodolagies" recommend use of definits quantitative oriteria, |

"A quantitative analyeis is a fundamental tool of economic effentivencss
of investment evaluation and s . nocessary evalﬁation for selecting invcotment
deoisione most advaﬁtageous for thé national economy, 1t consisis of an
analysis of all quaﬁtifiable azpests of constructing and bperatinn a plant- |
- to-be, as well as of their eppraisal from the angle of reducing to 3 minimum

"~ "the total expenditure of social labour. Thusg “quantitative analysis compriaas

both spscific calaulatieﬂa and synthetic evaluation of all inputs and. effec%au'ag['
Although quanti%ative analyais of the esonomic effectivaness of investiment.

" do3s not excluds nor replace qualitative considerations it is, however, an’
obligatory part of analysis‘sven'in ths case vhen 1nquan£;fisble goonomle @r17
extrza~aconomie faiitors pravail in justification of investment neéemsity; In
thore cas@eg Qunntitative analysis is not an‘eiéluaive basis for inveestmeni
decisions. Therefore, the project selector is now under 6bligatidn to ohack
alternatives from the peint of view of "oomparative efficiency”. It is this .
_which is his principhi guide, and catéris paribus it is deecisiva. o

19/ There wers various reasons for this attitude, It rested lurgely on the
' view; dominent if not necessarily made explicit, that in a aocislist
society preferences in general, and time preferences in partioular, are i
-multi-aengled; and that they do not Lend themeselves to useful quantifiaation9 :
let slons reducticn to a common and aimple basis of maasuremenuu.‘

2_/ Polish Instruotiona,,..Instrukc;a Ogolns —.(1960)
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An atiempt ishmade, from now ony 1o summarize‘Centrally Flinned Economieag'
practical exPeriénée in tha utilization of different quantitative expressions
of econcmic effsctiveness of‘inveeTmsntu This nttsmgtfmuﬂt bsrconsidered'&s
prellmtnaxy, as both extensive practical experience a;jand;scientific research

in this field is s4ill continuing. 2@/

I% can be observed that in this research three leading methodological
principles are widely acosptads R
' 1. Criteria uszed for wsvaluation of economic effectiveness of investment
of particular projeots should cemply with macro-economioc criteriag gapeclally
with suok principal eriterion as meximization of national inocome in the longsw
run. | S .
2. Criteria of economic effectiveness of invesiment for particular
investment projects should be applied within eertsin restrictions ilmposed
" upon them and derived from the general economic’plan or economic snalynis
carried out on higher lewvels. _
3o Desirability and neoeasity of transition from simpler to more complioated 23/
‘models of egonowic growth of plannad econiomy from which oriteria of econcmis
effactiveness of lavestment of industrial projects are derivad.
In the ligh% of the above prinmciples, it ie not sufpriﬂing t0o find in tke
practice of projact eveluation df Cehtrally Planned Economies: |
“Lla employmenf of similar quaﬁtitativa criteria on all levels of luvesiment
analysisg _ | | ' o '
2. attempts to rely mainly on a "aynthetic“index which would uniqu@ly
determire the supsriority of one alternative over another.

3., Basio Porm of synthetic formula
Since, £8 it has been said, the allocation of cepital investment sims

at maximization of natiénal income.of detsrmined structure, ~i.s. relative
proportions of important commcdities in the final output — the task of evalu~
ation of economic effsotiveness of investment is fsduced, in principle, %9

choloe by meens of comparison of one out of various investment variants (solutions)
bringing about aqnivalent affects from the popint of the national sgonomy,

2;/ This practical experisnce is currantly published in ssveral engineering end
economic periodicals,

22/ Host important selentific contributions are listad in seleoted Bibliography
' Appendix,

2y d.e. teking iato eocount. nore and mors faotors influencing rate and pattern.
of gzowtha .
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an .
Bsaring in mind such/assumption , the issus which muet bs raegurded &3 on
- essentisl in the evaluation of eoanoﬁic effactiveﬁéss of 1n§estmant-fs'a
cholea of propér leve)l of technique of & given investiment broject, Attempio
%o quentify the diffepence emong alternetive wariante from that point of view
have engblad laying down the basis and simplest form of synthetic index of
 @conomic effectivenesa of invastmenie .

The differences batwean two_investment variants might be pressnted, in
seonomio terms; in the form of rate of substitution betwsen the additional
investmsnt 6uthys 2 and eventualldecraase of production - operating - éostaoaﬁf
Ae the lattar can be reduced to labour, this vate of substitution might be
treated as the individusl marging& rate of subetitution between lsbour and

24/ The term of "investment" consists of three elements in the Cenirally

Planned Eoonomiens:

~dlirect investments, i.e. outlays direotly connectad with compl@tion

of the partiocular projeocts '

=gnoillary {aasooiatg) investmeoniad, 1.2, works that are not direotly

" comnected with the core of a project such as slectric inetallations, o

railroad sidings which are normally plamned snd ezeouted by oirgenizatiume
independent of the industrial ministry esupervising the maln undertaking.
-ipdirect investmanta, i.e. all those additional invesiment outlays that
must be made to supply the requisite amount of inputs to & projeet plant
once it will be working at ocapacity. Among the first-oxrder linkeges of .
this sort, may be cited the expense of expanding ooal output 4o. supply
coal for new thermal plants - an important consideration in chooging
between hydroelectric and therma) power - and the coet of adding capacmty
%0 the cement induetry in order %o furnish the congrete nesded for
building dam sites for hydroeleciric projects. It is an important
feature of ocsloulations of gconomic effgctiveness of investment in the
Centrally Plarmmed Economies that "ancillary" investments, irrespsctively
of the enterpriees or other soonomic organizeitione which pay for them,
are included into calouletions, It is not & cormon rule, howsver, .that
"indirect” invesimentis are included into calculetions. In this respect
tha problem ie partly solved by analysing larger systems. Beoides, only |
in cames when one alternative sclution brings real savings of investment
indirectly comnected plants (or other fmoilities), savings sre included
into ealoulations in the form of "“Indirect" invesiment.

25/ Uperating ocosis ars to bé considered and antib&pated for the whole
operation period. They usually include costs of maintenance and
cupital repsirs but they do not include depreciation allowanoe.. .
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‘ This implies, of‘course, an seaumption of =& eimple two-factor production
fuﬁctiuna it is rather B drastio abatraciion from roality since in the
| Centrally Plannsd Economies, in rapid developing snoncmisa, cartain raw
waterials and intermsdiate goods sometimes constitute scute bottlenecks |
whioh cannot be ignored when techniques are aeleoted; :This ie a reason why |
-Standaxd Hethodqiogias-alsa recomman&_other”gh:dst;ekg.in_ggqmchq;cajmaki_{
gggggsa,beﬁideg,tgémpga;qi a synihetic index. We refer here mainly to the
usa of indices in physical terms ~$achnomeeon0@1oal indices = such as input
of fusl, power, and othgr matarigle par unit of output; output per unit of

squipment,; atc.

ég/ Some authors, especially in the USSR, proposed also to ‘take into
gsonsideration in ths cholce-tmgking procees something like the svarage
rate of submtitution,

Thus far, they say, designing and economiu csloulations have
limited the sstimats of recoupment in the different variantis only to -
additional eapital outlays.. Yet, in many oases the magnitude of
additional invesimente in one of the varianie is insignificant as
compared with the total volume of invesiments in s}l variants. The
caloulated magnitudes of recoupment of the additional invesiments are
not characteristic of the total perlod required for the resoupment of
all capital invesimonts. There may be cames in whioh the zdditional

Cinvestments are recoupsd in a short time, while the period for the
recoupment of all outlays will be long even in the best variant. Thus,
whereas the recoupment of parti:zl investmenis in mechanization and '
_antomation in the iron and etesl industry may take about & ysar or year
‘and a half, the recoupment of all inveetmen$s, ascording to daita of the
State lnstitute for Plamning Metallurgicdl Enterprises; takes from ten
"t aleven years. That is vhy for plamning puposes, it is the recoupmeni
of all investments that aecquires great lmportane¢e and not recoupment of
partisl cutlays. The period of recoupment of all investments is
determined by calculation of expscted saving as againet the average cost
of production in the given branch or as against the sales prices =if the

- latter conform to the eversge cost of production in the branch—. Yafimuvg

A, and Krasovekil, V. On Planned Indices of Economic Effectiveness of
Capital Invesiments in the Natiopal Econowy of the USSR.
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In order to explain in what way capital-lubour su@atitution forme the
‘basis of synthetic index, it is convenient to assume two different variants
of an investment preject wheret - production of sach variant is the same
in the sense used in the first peragraphj '

e Il‘: I2 $ Il and 12 are 1nveatmsnt outlaya in tha variants

- being oampared; . o _ .

- 01:2 C2 $ Cl and Gz are the production -lopgrating -~ gost of
the enaual outpui in these variants;

«~ T ie the pariod of recoupment of the additional inveatment outlay
or individual marginal rate of substitution betwsen capltal and
labours

« B - 8 reciproocel of T is in the terminoiogy used in Centrally
Planned'Ebonomiea, the coefficient 6f oomparatlve offeotivensas
of capital investment. ‘

Both T and E are determined by comparing the awaumed variants - thay might bet
existing and newly pdanned planis, both plamned ¥ariants, two types of new.
technology ~»

1;";& m~T.andE_u%sl32"cll- . |
R 27h W

1z thore ware, for inatancag another pdir of 1nvestment varianta and given a 7
restricted amount of investinent funds the period of recoupment may bs used aml
an important oriterion for salacting economzoally afrectivw variants of 1nVaat~
- menta '
Paking into coneiderationt
© 1) an almost infinite number of investment variamts in the growing
national economy;

2) that investment dsolsions have to be taken without delay, espscially
ag was atated at the 3rd and 4th levels of 1nvastment analyais by
thousands of state officials and projeot engineersa there is a
nscessity to estimate ex ante the sooial—-marginal_mte of substitu- |
tion between labour and invesiment wnioh can be used &8 an '

21/ It aBGumes Bome uniquely determined, inoreasing function of avarnge "oapital~
‘gbgorption” in the economy depending on the average produstivity of labour in
the new projects. For a given volume of investment resourec sot aside im ihe

- plan and a glven lsbour force, a value of T oorresponding %o optiwmal levels of
 ¥oapital-absorption” and labour productivity would mavximize nationsl income.
1t denotes & stste of tachniquee corremponding to equilibrium in the labour.
‘market, with a given voluwme of investuble capltel and & postulited rete of

increass of output. ' _
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importent guiding oriterion of choice of most 9ffective alternnt:ves cf
'%nvastment throughout the nationul aconomyo
It would mean that if

%= %

'ob aubstitutiongg/whioh can be used 88 & "normative“)variant with charactsristie

12 and Gz le the effeotive cne.

I - I : - |
—=g=-=3&_ é<§ {2) (where T ie now the scoial-marginal rate

28/ 1% secma that T computed in secordancs tith one’ of the methods praposed ir tho 4.
has a different nature.Acsording to ii, an spproximation of T might be
reached on tha basis of elther past or planned anastment=~aaving in
operating coet ratio, L.e.t

emt

Ta= _—
ID - 02)P2
 vheros I = investment cutlays in & given period (Qago 5-year) .
- CIB unit operating cosis (exoluding deprsciation allowsnoos) in the
} firet year of a periods
C,= unit operating costa- (excluding deprsozation allowanaas) in the
final year of a periodj
P = output in the final year. .

Thia propoaal“s suthors hold the view that T oomputed in thia way, both for the
‘industrial ssctior as & vhole and various industrial branches, gives valuabls
information &beut development trends of the econcmy and technicues and therefore
‘should be an influential factor in deterwination of the investment policy., .
A doubt has been ralsed, however, as to the sufficisney of T go computed as the
inveastmant criterion. This c¢oncept of T sasms 1o besr olose rescamdlancg %0
what was earlior called average rate of subassitution. In this place 1t should
be mentioned that there dose not ssem to be an accord with regard to an inter-
pretation of the recoupment period in various centrally planned countrlasm..

Only poles rely explicitly on ths inmterpretation of T with the help of relative
" soarcitiee of labour and capitalq' ‘ .
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The economic mesning of this (2) formula is elsar. Additional investment cut-
lay cannot be accepted, if it is not recouped by'aﬁffiéient econondes in opera-
ting costs, beeause in other seetors or branches of the sconomy the aame inn
vestment outlay may bring about better sconomie rasults-g/

In this sense the recoupment neriod (T} may well bs jntsrpreted 78 a kind
of aceounting price for capital.
' Formula (2) can be expressed also as

2 +C,or I, + T0,<T, + 10, !

N 1 T o ()

In general, amohg many alternatives this one~=gay l==1is considered to be tha
most e’fective for which the expression

Ii ' . .
e Ci oy Ii * TCi is the lowest one or is the minimum,
Bexring in mind that each variant of a pglven project brinrs about the same outw-
put, ithe )lanner and project-maker are supposed to minimize the exﬁrsssipn

. X
I 5 + C
5"

where P = ainual produetion, i.e., if they consider several variants giving ths

- minimm  (3)

sane P, the est is the alternative for which the numerator is the lowest, . In -

such s basic Torm the synthetic formula—«iﬁdex~ais the simplest device used

for comparing'variqﬁé investment alternatives, tqking into aecount rslative

scarcities of labour and capital. The results of the present ataga of diacus- -

f“slon on this ma“ter can be summarized as followa:r ' ' _

"1, There coes exist some so¢ial-marginal rate of substitution between
labour and eapital, i.e. T> 0. ' ‘ ‘

2, There dces exist an optimal socialmmarginal rate of substitut;on uhich

However, it must be stressed again here that a given invest ment projsct is
not necessarily dropped as a result of economlec effectiveness of investment

. evaluation if the urgency focr the project was eatablished Pnd confirmed
earlier by a balance sheet analysis,
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equal to G(T‘e;; A, vhere Amperied of amort ir_.at.i.énn&f

To achleve an exact quantitative estimation of ths sosial IMRS.emargin:l
rmte of substitutionlbetween labour and éa#italnuor_in other words the at:yds -4
period of rﬂcdupmént‘is obviocusly impossible due to the ract of the exilsterse
of an almost infinite number of investmant v#riantsfﬁuriag the planned perdud
under consideration. n ' 3 |

An approximétion to the marcinal rqﬂa'uf substitution (T} has been arriv.-
at e.Z. iﬁ'Puland,»by mesns of a survey vhich is ®aid to indiests that in the
mijority of cases replacement of én«qbsclate bj an4up¥tdmdaﬁe industrial [ a
==buildings included—-wouid imply a sﬁﬁahituhién;rata of about five., Hough
corrections were. made for a few other fwctoré, such as the saving on vaw mehere
ials and transport and on the cost of trqnvfﬁr and urbanization of rural mea- ‘
power. Finally, a value of 6 was adopted for T 1n eountries where a unifori. . -
standard period of recoupment prevsils, it has bepn established in limits cf
Sef years—e.g. Hungary 5, Poland 6. It has been realized very soon in thesa
countries, however, that the common fact of limited substitution and mouilsuy
ot production factors should be somehow taken into ascount, either by satting
diftferent normativn peripds of recoupmsnt for each braqch and econonic reglon
or in some other way, = I o - -

In some Cent“ally Planned Bconomlesmm’iv%t of all in the boviet Unione- s
the dilferpntiation of T for br1nches aﬁd economie regions is couceived AS an
important instrument to ensure preferences of plannlng authorit.i.es° aincp Tiy

level influences, undoubtedly, lnveatment ‘decisions left to lower eehelonﬂ,

29_/ In this long dlscussion, two’ ex’crema positions have been refuted,

Those whe postulated minimizing cnpitdl/output 1.e, those who advocsted
the leaat canitnl intensity of the urocess of reaching the targets (T=0),
iaid themselves open to the charge that their eriterion cuts across the sy
of technological progress and results in waste of labour fores, Cleariy t-i:
could not be accented as a orineiple of economic polley. '

On the other hand, those who advocated minimizing eurrent cowts/oukpud.
(TwA) ignored an irportant cuestion in ryurming the developing =seonomy~-tln
shortage oi capital and in a sense this means a waste of scearces investiae.t
funds. . True, they .could point out with prima facie sood reascns that in
the current costa/output "index" the dividend by definitlion txkes care aof

ceapital ouklay, since it includea deprepiation allowanesa.  Howsver, d apres.
cintion ~llowance per unit of output amounts as a rule to very little, whilz
in the pganned economy, the absolute magnitudes of ecapital 1nvnlved in tuis -
or fhat project are of paramount iﬂportwnceo'
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its differentistion is being used to brinp these avtonomous investment decisions
in line with tasks formulqted by centrnl planning authoritiesu‘ In generai
according both to eurrent practiee and proposals raised, planning authoritips
in the Cemtrally Planned Economies can stesr autonomous investment decisiansg
inter alia by means of the tuo followinp methodss’ | | '
' (1) establishment of . differentiated T's for branchea and economic regions;
(i1) employment of differentiated coefficients in order to correct. wages,
prices, etc°§;/ | | ,
Although these methods by no means exclude each cther, the first one is used
most often in practice.
Among faetors, which are taken into aseount differﬁntiating T e.go for
. branches, attention is most often ealled to the fellowing:
1. Uifferences in pace of technisal progress in various branches; branchas
with a higher rate have a. shorter periocd of reeoupménto
2, Differences in enpitsl endowment; it is regarded that branches with high
7 eapital=lsbour ratio should have a longer periocd of recoupment.
3. Differenees in capital longevity; it 1is said that plants with a longer
period of operation should have longer periods of recoupmsnt .
4o The 1mportance of a partiecular ‘branch for the overall asconomie developn‘
ment of a eountry; Longer periods of recoupmsnt for those branches
_ ensure preferences for extra progress of techniques, :‘ '
These enumerated factors. do not exhaust all that should be taken into considera=
tion in differentzating T for particular branches., This problem is under cur-
rent study. : ‘
Some countries which use, in principla, uniform T for the whols country _
allow its differentiating by means of qpantifiable criteria. In Poland for
instanee, introduction of the coefficient into the synthstic formula, taking
inﬁo acoount the duration of ths operation period, means, indsed, real differen~
tiation of T, Prelimlnary cumpﬁtations proved that, for instancé, in Poland .
vhere the uniform period of recoupment and the gbovemmentiéned correcting
coefficient are used, the obtained results do not differ substantially from
those obtained in other countries whers differentisted T 4s used, Actually,

2_/ The correction of the wage rate by means of an appropriate coeffieient
designed to reflsct the availability of labour in a given economic region

has been proposed in an instruction issued in Poland,
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in most Centrally Planned Economies, riormative perlods of recoupment are 3o7
years iue, coefficients of comnparative effecﬁiveness are estnﬁlishad oﬁ the
level of 0.15 = 0.3, Derived individusl cqetficients;have to be betbér or
at lenst equal to normative ones if the analysed varlant is to be approved,
An investment variant with "worse" coefficlents-=i e,rlowér cnafficienté of
comparative effectiveness or longer nariods of recoupment--garmot be accepted
unless in exceptional cases, '
4. Development of synthetie index

' Forwula (3) represent.s Lhe simplest, therefore basie, form of symtheti-
index of economic effeptiveness of investment, As is well-known, investment
variantsa diffsr? not only in resﬁect.to substitution between liabour and caplit:l..
50 far the synthetic index has been graduzlly developed by haking into account
differences among investrment variants with regard to the problem of diffewrsnt
.~ patterns of gestation and fruition, i.e. 1) extent of 1mmoﬁilizationmntieunp or
"freezeM—of investment during the construction; fi) the lensth of period of '
exploitation; and 1ii1) time-shapa of nroduction costs during the pericd of ==~
ploitation, ' |

- It must be observed howaver, that even this eynthetic formula is a wather
.general one, which is changed or adopted to sult particular requirswents of an;i
- system analysed. It cannot be-applied indisoriminately and schematically for

all cases,
Period of constraction )
In comparing invastment variants, Af they differ in the duration of ccnsfryhz

, tion, aucount is taken of the economic outcome of shortening or lengtheninr ths
period of building and commisaioning. '

Economic effectiveness of a particular investment Variant depends heavily
on its "eonstruction period", i.e. on the soope of "immobilization” of the in-
vestment resources; It 1s obvious that longer construction periods imply slaply -
longer pariods of- "immobilization“éw/of inveatment resources employed in construe-
tion of a plant. This impact of duration of construction perigd upan economic
effectiveness of investment of a given investment variant can bas expressed in

32/ By the 1mmobilizationm—freezing upe= period of particular varts of 1nvestw;
ment outlays during the period of constructicn is meant the period between.
the moment when such outlays are Incurred and the moment when the object
as a whole 1a put into operation,



synthetic index in different ways,
A. Fainly used in the Goviet itnion
_ HCoefficient (I ), which takes into account the average effect that can
be obtained In the glVen branch by the productive use of capital inveatments,
is determined according to the compound interest formla:

Lp=(+B)Y% W)

where E is the normative coefficient of effectivenesa in the given branch and
' t is the period of time in years, ' _

In cases in which the change in the period of construction is only a few
years, coefficient Ipr e be determined according to the formula for aimple
interest: Ipr a1 e ETEE/"- Cia)

B. Fainly in Hungaryzﬁ/and Polandzz/

The negative iwpact of the duration of" construction period upon economic
ef fectiveness of investment of a given investment varisnt is considered as pro-
portional to the construction period itseelf and to the portion of invesiment .
realized in the period's successive years or months.

S I, (tb - %) - (5)

33/ Tipovale metodika. Recently V. Vybornov--"tkonomiczeskaja ocenka faktora
vremenii pri rekonstrukeji deistvujuszezich predprijatii", Voprosy Ekonomiki
8/1962u—has exposed in detail a method very similar to that presented in B,

34/ "Viianie srokov stroitelstva na effektirnost kapitalnych vlozenii®, Mikosz
Ajtal, Planovoe chosiastvo 10/1961. M. Ajtal expresses the cost of the
‘"freeze” as an integral of a time function.

2
("3

a . where t is the number of years, and bdf(t),
‘5’ bdt the investment input. Then alming atl an
rl operstional approximation he deals with the

1
problemISubstantially in the same way a8 Polish Methodolozy does,

35/ k. Kalecki, M. Rakowski "Uogolnienie l'zoru efek*ywnosci investycji 1"
Goapodarka Planowa 11/1959.




= IF -

whers:

I, = portion of investment realized in time "t duting from the

: beginning of eonstruction period,

t’b = ccnst.rur'hionmimmobﬂization-»-period

I, (t = L) = value of investment "immobilized” in time (r,. - b},
‘This enuation can be replaced by I n_ 5 vhere T = total inve.!mento "' han

%

b _ - o
__— | ' 3
. yd :
t=0 | _
The n_ 1is the average period of construction; i.e. of immobilization sqgual e
t, | |
| S I (t, = t) (7
t=0 '
I =

Now: n_= b - when I 1s ecually distributed in time.

“period. .

T |
n z> tb . .when it i3 concentrated near the bepinning of eonstruetior’
ni< tb -' wben' {t is . concentrated near it®s end,

2 : ' ’ ‘

What 18 the impact of immobilization on sffectiveness of naticnal ‘e‘s:‘:e;‘mo?rn;gr.‘? :

Assuming that an investment project is built instantly, it would produce, iamedi-

ately, some new' units of national income. It has been assumed that one wnit of
investment "prochmes" on the average qtl units of net national income., In such =
gase during the mgular reonstriction period" additional nxtio*ml income pr:ﬂucw
| by I would be I ¢ qz ° e Thus it may be consldered that immobilization is res-
pongible for a less in national income eﬁual o I - ngoed, and tha’t “realt fne
. Wat.mant costs of the project is equal noet to I but
11+ g, ng) (8)

Ts such a esse the basic formula {2) takes the form:
I T'(l +q, nz) +
P
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There remains only the moblem of ealculntion of "q ", i.e, the V'lue of net
national income, “produced" every year by a unit of investment. 8/

For thelpurpoae of planning and cortrol, the Centrally Pianned Zconomles
have elaborated the normative coefficients for the construection period which
should be followed in investment planning for the various kinds of plants.
Operation oeried = an impact of technologiesl progress:

Variants of an investment preoject ﬁsually‘alsc differ from the point of
length of productive operation. At the beginniﬁg of evaluation of economic

effectiveness of investment in some Centeally Plammed Heonomies, the neriod of
operation in calculstions was assumed equal to the physieal life of the equip=-
ment, However, the necessity to take account of "moral" obsolescence of ecuip-
ment caused by technicalrprogress was3 more and more obvious, '

Among cuantitative atiempts to deal explicitly with thias qnesﬁioﬁ, two
dif ferent methods can be distinguished:

36/ ‘iheress in Hungnry q, is assumed as equal to E = % in Poland eatimation «of
q, I3 based on the fgllowing consideration: -
1 gross capital output ratie = m, then ' 1
naticnal income "produced” each year by one unit of gross investment = Z, and
national income "produced" by one unit of net investment ﬁcl v) where : v is
a coefficient of replacement of fixed assets,
- To increase the natiensl income, however, it is necessary not only to Invest
but also to employ additional labour force. When the balance of labour force
is in equilibrium, there is a need in some additional invastment in order to
"free" required labour forece,
Therefora, an increase in national income aqual to "d" can be obtained if:
(i) some direct investment equal tom - 4,
" {i11) some additional investment equal to(r - d) in order to "frea" the ro=
guired forcee,
where: term "r" denotes real wage ratio
is employed°
Additional investment r - d requested in maximum gcceptable recoupment rariod T
would be » »d -« T and an ineresse of the grees national income te bLhe amount o
1de ynits requires tadditional’ investment equal tem e d + T © ¥ « d, Undesr
thess assumptions, gross nstional Income per year, nroduced by cne unit of in-~
vestment, is equal to d o 1 _
medeTeep-4a m+Tep
Thus, assuming full employment it follows that: - A
~ one unit of gross investment "produces® __ 1 of units of national income,

_ m+ Tr
= one unit of net investment "produces“ 1 = v of units of net
national inecome and that is Qe m+ T~ pr
For Polish ronditions, the following values were accepted for calculating q
m=2,5 Tab; rm0,5 veao ,03-sdeprecintion amounts to 5% but it has bean
assumod to be 3% taking into account high rates of economie expansion.

Thus q, :
\ R 003==70 15,
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Ao In some S:oﬁet industries the method of "dis::onﬁtir:g" autpits and
operating cost is used. For instanece, Standard Methodology for determining
Econemie effectiveness of Power PlantsQZ/recommenda the following methods -

. “Par, 13. Vhen eapacity varles in function of time.,.variants may differ
in'the volqma and timing of investment and operatling costs in susesssive
operation units. For maklng them comparable, investmert and eperating
costs should be converted using:

{a) compound interest formula

(b) economie effectiweness of inVﬁstment standard coefficiant = 12,55
as the discount factor

(c) developed capacity period.”

B, Aecording to Polish Standard Methodology formula (3 and (7) were e~
riVPd under tha assumprtion of a nerioed of operqticn ecual to an averagﬁwwaam :
called st andard—period of operation within an industrial sector.

In the ease when the anticipnted operational period of the snvestmﬁnt
variant under consideration differs from the standard operetional pvriﬁ” n§P
==in Poland n, about 20 years--it become s necessary to mske an anprwuriaba
-corrertion wﬂth re?ard to both output and operating costs adopted in the syninsl ie

'indpx of effectiveness (9). This correction has been based on the resaoning
" aceording to whieh particular investment projects are treated as eomponemts af
the investmant process in the economy as. a vhole,
' For this purpose, a conventional model of . economie growth pre%tyjaIan-
to the real conditions, has been constructed; in this models

(4) investment increases aﬁpually at ‘s constant rate a percent s

(i1) operating costs increase annually atia'cohatant rate ¢ psrcent;

vhere: c(@; that is due to technieal progress; '

(131} sll newly built objects have the same period of duration of n y91rso
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. Under these assunntions, the VllUF of Z ~=gorrective coefficient for ontnutzu
1nd Y =¢corrertiVﬂ coefficient for nnerating costs;g/ as a function of n 1s

38/ 14 hss been assumed that every year some investments of average dursbility n
years are carried on. These investments grow each ysar at the rate of a perie
Thus, 1f current investments are I, investments of the previous gear are

I and of year (n = 2) are accerdingly I
21 * aj : - {1+ a)nul

The value of fixed assets operating in year "n" equals tha guns of inveni=
mert . completed during last years, i.e. equals:

n
' - 1 El /1+ /n}l"'ﬂ/
Mo I - -.___,,_1 = i 5.5 il
k=l
If the c;pital output ratio is "m" output of existing fixed agsets ecuals
M B L YT |
R T R
n B a-m -
Output of an identical investment flow, but with standard neriod 6f-operabion
ng equals. . i . -
P E"/ 1+ a/l’a/
nﬂ - . m acm -

Tﬁus, output of the same investment flow changes in responses to chanpe in
operstion period. Advantages of constructing plants with longer perieds of
operafion than ng is axpreased by equationy _ _

Fn , 1"'/Zt-ﬁa. -
F Iy
ag lm/

. o 1+g . .
Goefliclent ¥ allows for replacing output of an investmenﬁ alternative charag
terized by n “n' years operating period by an "“equivalent” output of a proje:

, of "n' period. - :
39/ A longer period of sxploitation corresponds to not only greater outputa? flow

but also greater costa' flow, Identical equations for costs? equivalent by
ana]ogy with previous reasoning can be cbbalned:

1
p S %y - 1~/ l+c
ny 1 /1‘0 /ns

The only difference is in the value of Y¢" = disecount rate for operating ecosia
Whereas outputs' flow increases at the annuzl rate of "a", wsts increase, in
. comparison with previous years not by “a' %, but by a smaller rate "¢"%, as g
result of the successive reduction of oparating ecosts per output unit in the
more modern, latter built plants. In Pecland "e" was assumed equal te 3% in

comparison with an = 7%, ' : C
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the Tellowing {in $):

ny 3 10 -0 o1 25 30 35 L0 L% 0 s

2| 38.7166.385.0] 100 {110,0 ] 117.1] 122.2 | 125.8 | 128.4 150,21 135

T 36,8) 57.0 80,21 100 | 117.1 | 132.8] 14h.5 | 155.4 § 164,9 | 173,31 225 ;

Note:. It follows e.g. objects of a 20 years peried of operation can be replerw
by objects of a 40 years period of operation, if, and only if, mﬁ$camii:»
cutput ratio--incresses no more than 25, &%

Trais, the Polish formula of sffectiveness which brings values c¢f P and £,
referring to period n, to the standard neriod, assumes the folleowing form:
S i by
1 /lrqn /+ C T ‘
A B 2 e winimm . (10}
i o :

&

n

It is of‘agsential imoortanes for the understarnding of the role of corzey
tive coefficients &, and Yn to establish how the synthetic index of effectiven:
E changes as a ressult of thelir introductien for different operational perioda;
assuming all other narqmeters T, I, n, 7 C and P ave tonstani; in other words,
'how the index E f(n) changes. it mx#ht be sasily illustrated, For that pur-
pose, it is convenient to present the formula (10) in the form' of investment

and cost component:

1 : .
= I(1L+ qn.) Y
T z_2 P - 5
7 ot g eFT (10a)
4] : n

The t&ble below presents the values o:t the synthetlc index dssmru.g HUMAT

values for the followlng parvameters: T = 6 yeara, I = 200; n = 2 years; C = MV
P =1, '
Opepatlonal peried n
5 10 15 | 18| 2} 25 30 { 35 440
o L 1(eqn ) 13,5 | 66,2] 52,1] 46,2 | 44,0) 40,01 37,6 | 36,0 |5k,
T | R
6, Eg, 9.4 | 86,31 93,24 97,3 1100,0| 106,31 312,6 1118,34187, 5
P, | | B | | g
={1) + (2) 1 192,91 152,50 344,31063,5 | 1640 [ 146,3 | 150,2{254,3 |L56,4




(L)} index of effectiveness is at minimum for ub period of operation n=ig
yeara, thougr the oh*éical life of a glven inve sbmenu raviant is ecual to 25 years,
(ii) index of effectiveness is a fun ion of n, i.6. &k = f(n)é~/
' For thé gake of s;mpjlficat on ﬁf ths caleulatlion, the synthet;c formmula
(30) 15 used in the practice in the form of a formila whose numerator is Tt i -
plied by coefficient b, that is, in the form:

E = -—.un-_u-v-lk:.w-m:’"’““‘"" " {‘1‘1'}

vhere: J = i{l+qznz) and the value for b&;/ furnisheé a svecial table,

for practical application synbhetic formuia (11} is recommended ir the form:
. ) 1 - ,”_
= FJ G + 8
i, =z ==
E g ' (12)

where operating costs appear in two positiens {C and 8}, C means gpershing ceuhe,
withnut depreciation ajlawancqu Vulhe of raw materlials, ctker materialg-~—and _
repair&ggéware Ineluded in the amount of effectivenese as S whish is the proeduct ‘
of thelr cwn indiges of ef ffectivenses multip];ed by nhe cuantity used in ppﬁﬁ&ﬂwl
tion in a given object.

/ IY may be ab%arved Lhat out of the Polish xormnid there fbilqu 4 optimsl
operation period which is a fuﬁctionw-glven the psrameters--of relatlen be-

tween investment and operating costs: « (1+q, n_)e. It is well acknowledged -
that the optimal opP?&thﬂ neriod shouiu ~ depend .on the rate of _
technieal progress in each industiry. The analysis of techniceal vrogrsss

-has not been suf flclent}y advariczd yet to. allow for formulation of different
normative Mot faethe rate of technical progress in the Folicgh formulas is
def;ned by coefficient "¢, It is allowed, however, in practice to change the -
calculation on account of the vata of technical progress which 1s 13t1nctly
gif ferent . from the genPralvwnﬁFmﬁtiVE@wunﬁ

L1/ Coeffiﬂienbs b are chosen so thot the walue of the index in fhe 3impi1*Lud for-
mula {31)° 15 equal to the value of the index in the de?eﬁeped fcrnula, l.e.

(%-J#Q)b J+PY This esuation is fulfilled if ; o b, Yn
o : : T o
P 34 . ‘ © per
1 N (%.“-‘é«* 1)z,

" Thug, the value of “b" is definite for a ziven ratio
J and for given n. Tt must be observed that the coefficient "b! me any autuailv :
gy iversification of the reccupment periced (T) in connexion with the oper¢uiﬁg
veriod. T has been found in Poland, that the recoupment. perdod so corrected for
vazioua industrial sectors=——according to thelr average operating period--is nnu.;f
s much different than in other coupur @8 which use different recoupment pericds
for various SGCUQTSQ ' ' L

w2/ itk regafd ﬁ@ repairs, It ie susumed that they pley vhe same geonemiz vele In
i ¢ &y raw waterials oseause the technigue ef careying eud ?ﬁpairs'

by bhe amount of Lhe Inveshpent am:&ayq of & glven
s nature of this work in which fechnalegical pregresz tzkes ulace




Thls method of presentation of rust materisls in the hooount mérmita are
Lo br?rg up the advanbages of bhe veriant characterized bg a smaller us; 68

ravw materlals and other msterisls,

s 2%

So far it hag.been assured in developing éynthetic formmla of econordo
- affectivensss of iInvestment that oubput and Qperating.costs remaln anmually
conétant during the whole operation pericdo' ﬁ method has been ﬁﬁvelapa& whi o
allows taking inte accouwnt va*ious tima patterna of output and operating mos.
durlng the operation period. .
The way, of reasoning is 9¢milar to the cuse of geaeralization of forru «
_for objests with daifferant sperutional perioasuézf
' 5; mvnludtian of Tmoort Substituting and mxporﬁ Promcting Projects

As already indieated, the Centrally FPlamned Econamies and narticdlarjy B

snziler countries—iHungary, Czechoslovskia, Rast Cevmany, Poland ste.w—pay @
growing sttention to the foreian trade. -This is apparent in all fields of &1~
econoinric polluyhhiﬂ development nlmningy in the policy of pricingy in inveoie
evaluation, ete, ' ‘ : ;

At the incephlon of the flrst industrisiization plans and durdng their @t
ecution, the rentability in foreign trade was not considersd a very important
érgument for investment alloeeabtlion 1n the Centrally.?lanned Economies., On $ae

- eenbrary, it was considered that following the comparative advanﬁage ATERMens
would petrify the old, backward e¢concmic struéture of a eountry. The efforhy
were directed towards crealing 4 new sconomic atrﬁcture faverabié for a fasi ar
steady development, based on a diversified iﬁdustrial‘basis,_ Achieving‘this
principai aim, i,e. having ﬁeveloped new cgpacities in fuels, basic seml-prodi.
for ~capi ital gcods 3nunstry and for chemlcal industry, the Cehtrally Planned
Ecovomiea ware changlrg their attitude towa“us foreign trade. -This was refles;
in price reforms, bringing the Internal price relations closer to world prices
relations A ' ' _ in development plannmn > and alse i

methods and eriteria apvl ied for. invpstment allecdtion,

' See Annex XX, ' .
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The formulae developed for evaluation of investment pm,jec-‘ass gerving -
for comparative analysis of the various technical aolutﬁ.om of gi‘mn invem’amem
targets, wera being adopted for comparative anslysis of the various projects
bringing export promotion and import aubatituti,ma :
| Tt is explicitly expressed in Polich literature and. official irstructione
that the synthetic formule elsborated far investmert projects svalustion can
be appliad in evaluatison of ﬁm'eatment projecte nonnectad with the foreign trade -
subgbituting :!.mporhs and promoting a:q:orta, Thus, the investment evaluation
which was initially conﬁmd within & narrow field of altermative solntions of
& glven investment. target, is widem.ng its £1e)d of application.” ‘ : '
In the Folish formula certain medifications are ‘being introduced when i‘t
ie to be applied for evaluation of projecte comnected with the foraign trade,
The formmla applied for that purpose has usually the follewing foras |

1 _
E, {S5dJdel )bo s® .
n® —Ee e , (13) ,
n . : ,
In this formula D, = ot annual exchenge rovemws; it is caleulated by

sabtracting the foraign inputa (precisely apoald.ng the valus of imported ard
' axportable commodities) from the gross exchange revenug, Therefors, also S0
' stands for yaw materials which are not subtracted frem grosa exchange revenus

. -only.

For emailer ptrojecta, carried on by enterprisss (decentraliﬁed investment) -
a i‘oLowimg, simplified formula is usad: '

qI@Cd

Fdsd

wheras q = coefﬂes.em of efficiency (q = osz),,
o €4 » annual operating costs without depreciation allomncesa rodused b;r
foreign input@ 9
P = anmal value of outpub, calculated on the tasig of forei.gn marksi'.a
priceas converted imto domestis currensy at & special exchange ratie,
34 = value of imported and exportablo commoditiss which were subtracted
from operating coeta..
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The project can be accepkebls whenever the value of the above fractiom
is smaller than one. In guiding ths evaluation of tho asmall in?ss’tmnt
projects, q an:i tha m:chazge retio are used as instruments of the iwestmsnt -
policy, '

. In Hungary, vhere foreign trade is of great importance, ewn the ioagieh
 formula ~/ of econsmic effectivensss of investaent differs substar_r&.ially from
the type of "basic" or Vcemparative" coefficients used in other centrally
planned economies, Special attention is paid to correst expreseion of both
inputs and outputa of new projects im ¥soclal® accounting prices, based upon
actual purchasing power of Hungarian currency and wordd market prices of
commoditises. The economie affect.i?snaga of an invegtmsnt ia expmaseﬂ in ite _
"internationally campa.rable" velues in the following fomulaav :

(i) on the level of a plant

gt o Tob=tp-t ' (1%)
M e Bh ) Fh :

(11) on the lewvel of the sconemy as a wholes

T S
gne (25)
Me A @Ab-@L@Fh - :

Letters used in formulse denotes S
T = value of output expressed in forints. It is obtained by muitiplying the

world market prices of the products by the respective quantities produced.

In calculating forint equivalents of an = old - ruble or dellar exchange,
ratea of 3,00 and 45,00, repectively, are to be appliedy '
o velue of used imported materials in forints, calculated at'. the same
rates of .exchange; ' - -
A’b - value of domestic rew ma.t.erials 3
'L = allowance for depreciation;
M = total calculated. sum of wage coste on plant level including texes on-
~ and social security contributions after wagss, bomuses, ele.
B, and F, = amownts of natiomal income not realized becsuse of the “immobilization
effect of investment. B, denotes investment and immebilization effect
of the fixed, and F) of the circulating, capitalo

Ay

__/ 'The description :La based on a dmft. of instruction prepared in August 1959,



Thus, coefficient git expressee value added (depreciation excluded) per one
unit of wage costs combined with “irmobilization” effect of investment,
Cogfficient gna used for caleulating eft‘ectivenaes en the level of ihe
geonomy ag a whole, eypregses gross value of output por one unit of approm '
priately caleulated, full social operating cost, _

The sconomic effectiveneas of investment formulae applied for svaluation
of inveat.nient, projects comnected with foreign trade allow for a comparative
analysie of the various projecta. The ocampa.ratiire analysie hss its great
merits, It is being carried within the industrial sectors and for inter-
sectoral comparisons., Aparh frcm ity merits in project evalvation, it alse
helps in undarmtanding where and why the economic efficiency varies from
international conditions, .

it is eona:.derad“particu}.arly instructive to perform the comparative
anslysie along the chains of the technological process within an industrial
sector - it is called the effectivity analysis of the subsequent phases of
preduction, This type of analysis is: particularly recommsnded, ¢.g., for the
steel industry and for the chemical industry, '

. It 48 aleo acknowledged that the comparative analysis is not sui‘ficiant '
fox project evaluation. While, when correctly performsd, it can ghow which
alternative 1s better and which is worge, it does not say whether 'worase"
means "still good", whether "better" means "sufficiently good", This problem
is not bainé, 'dateminad by the formulae, It is rather exceptional thé.t,a .
final criterion is eatablished by the suthorities, This 1s the case, as shown
above, for the swall investment projeéﬁs in Poi;a.nri., As a rule, the final :
cholee is being taken by the authofitiea, which taking inte account the
general economic situation and the development policy, put cortain limits
to the valuss qf'.aeonomic'egffectivaneaa of investment coefficients, '
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&, analysie of investment in larger systams
Insdequacy of invastuwent afficlency analysis confined %o individual

projects is commonly rscognized in the Centrally Planned Economies. 1t
hag brought about asttempis to}aarﬁtiniaa inveatmant in 1arger gyatems. Oni
the other hend, the pfedominancy of state ownership fac&litatas_an-invaatmsnt
snalysis of large programmes sonsisting of saets of projecte or evaﬁ bgannhaao
Completely satisfastory analysis metheds of investment in larg%r industrial
syatsmé have net been worked out yot. Thay are still in a preliminary phace
of elaboraiion and expsrimentation. Partiqﬁlgr sttention among thsm‘oélla;
some simple wethods applied to snalysis ofs ' -
(4) large multi-purpose projectsj
(11) syetems of oclossly connected projects. o

An analyais of wulti-purpese projeotm ie most often conductad *n this
waya, 2 given multiwpurpose inventment project is broken down 1nﬁo‘oomponent
parts which zre, in turn, cumparsd with theirwfaaqrbie alternatives. Such
anl"analytical divisiam“ of 8 given multi-=purpose investment is most ofjen
done by clear-cut specification of finmal effects of this investment snd the
rspartition of both investment outlaye and operating coete in accordanee with
thoae final effaeota, o . ' :

Some difficulties ariae, eﬁps@ially with regard toc outlays® repartition
of sueh & project which render aerviues to different final affeotse ln Bome
aasee both investmant outlays and operating cosis of such 8 servioes~renderﬁng
projeot {(a part of multi-purposs investment project) ara_appor+1oned among
Pinal sffects using its msrvices according ¢o emount of -sexmieeao"'--

" This wulti-purpose investment project is "analyticeliy" broken.dowﬁ into -

paris, which are compared with their alternstives. An alternative might Ye,
fbr ingtance, & oomplstely independsnt projacto The ability + o formulate 8ll
real alternative solutiona is one of the most important sklll@ in invesiment
'analyaiﬂa , ‘ '

' in some othar aasea, ‘other mathods of efficiency analyais of multinpurpoge
investment - projeets ars eémployed. For instanoeg in the evaluation of large
water investment for irrigationg energy, flood eontroly trunsportatinn, etCay
_the follewing method has been used. '

"féﬁ/ 0, Matlin "Krupnyi@ nrohlemg ekonomiczeskog affektyvnoati Kapitalnyeh
~ vlogenii e elektrifikecju“ Egggg;y Erzonowilki 1961
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Outlaya raferring to each component purd of this wmuiti-purpose laver tmeng
(a2 irfigation} hsve been sssumed &n aqual %o outlare v an 1ndividua§ {2.5:
irrigation} projsect with the a&melcapaeityg"”haﬂi'uo~comgiiet Guu@mjﬁ & aLl
parts have been swumsed up and compared with real outlays on s glvaﬂ Tl i
purpoRe invesiment project. . , _‘

The shove-mentioned method doss not exaludag however, %ha na@@aﬁiey ol
aiaheraﬁibn and comparative analysis of diffevent vardenits of mu*+iw%u?pbsa
projects with regpect o localization, ta@ﬂﬁinal soiutions ets. Hglta-puiposy
investwent projects differ from systems of somusoied projecis. .Whiia in “ha
firet cass, investmeni is usualily carvisd nﬁ.hy‘ona seonemie organizaticon 1o
the sscond vasa, ssries of projecis ars iﬁit‘&ﬁaﬁ'hy different orgerdzatlng.
According to redgarel exporience, & subsbential benefite sau.he ultaiﬁ@a by
analyzing sretems of projectsg which sre very closely connsctad.

Tﬁ0‘$pﬂﬂifi0 categories of ciosely conpested lovosimuent %*ﬁ%ﬂ*@ ae be
dietinguishede - |
(£) differont projests, quite often, ars ac sonnueted from &i ferent

branches thet a sclution of one cﬁt é thew szeris on {riiuence
en solutions of éthera with r@apacﬁ te lecailsation, oiidy @%ﬁo'
{13) a given systmm of cﬁnnactud pﬂcjaoﬁﬂ axarha influancss on & Wh¢4f
SOUnCY whieh may be ﬁatisfautuxmlv datectad by ﬂ?&ﬂ” of ordlnarg
caloulations of cosis bused on. exieilng prices {9:8. Lgprovament
of the traneport system). - , -
These systems of closely counected proaecta mo;t often appaar J? & analys¢ﬂ of
-mining and sanufasiuring projescls. ' '
Suek & sym%em can conaist ofy for inmtﬂncea
_ Alternative energy systemss ‘ _
1o Coal mine coudined with thezmal power ﬂ?é@ian en¢ Grsmsmission 1imus
2. Brown coal uine with thezmal power gtetion and $ranemi selon lines;
3. Water power siation with trenewission lines.
Altarnatives of sulphur acid manufasiuring system:
1. Hlemental salphur wine with stilpbur acld manufagluring piant)
20 Anhidrita mine with sulphur ascid msaufecturing pland. o
'The firad question which arises in the process of anaiysis of rva'ems éf @@nnéﬁ?é
projaﬁta ia the determination of z ssops of an ﬂﬂﬂJJﬁ@d srates and fnrmulatiﬁg
of all its real alternativas, ﬁringing outb 85 neny veal altsmatives as

possible is ong of the main conditions in dimsovaring en optimal 3e1u$iuau



in simple casses, qnéntitatjve‘dnalyaia with regard to systems of connectei
- projecis might be conducted by means of tha sams synthetic 1ndex 88 employed
for evaluaticn of individual projects. ‘

In more complicated casés; the foxvula used has to be adiusted to the
nature of an snalywed problem. Polish instrugtion recommends the following
formuls applioable te comnected projeots’ systemss

E ai

Bom ® affectivity index of 2 syatem of connscted planis,

B, » effectivity indax of the i-th plant (caloulated ascording

to the explained symthetio formula); in it 5, (TSW materiaiz)
sovers only those raw materials, semi-prOduqta, oto. which
are purchasad from outside the syetems '

8 ‘; tha ooeffi01ent daﬁoting the use of the preduct (mervics) 
| of the i-th plant per unit of the final prc¢uat of the
ayshem; thus thie coeffiolient shows how many unite of ths
~ product of the {=%h plant are neoessary $0 obtzin a unit of .
‘ tha finel produot of the, analysed system. Henoce, coefficlams
&, for the plant whick'is the legt link of the eystem is
equal to 1,

Te E?aluation of invesﬁuen% 1n_axistin;_;

In the Centrally Planned Econcmiss, more attention is recanuly paid to
comparative efficiency evaluation of invesiment in new vs. expansion of existing
plante. CEapecially now after commisgioning'a series of baslc projects in mining.
. 8lactiyic energy, metallurgy, chemistxy, atoc. 1t'ig often posainiz to 1ncraaaa"'
produdtion efficlently by‘m@ans of expansion and moderniszation of existing
planta. From the viewpoint of potential demand and smooth and amsured flow of
inpute, the purposafulneas and ooncepta of modernization to be undertaken ars
analyzed by taking into account perspective development of whole branches,

, .Some pertinent methods emplqyed in Poland are. preaenteu belowﬁ for in thiam
sountry they have been demcribod in official imstruetions in wore datailc Though
,Blightly different methods are used in other oountries, the general appruaoh dosn

not differ substantially from that pramenteq bslowo S




as regards svaluatj‘.on of investment in existing plantis, 1_n principldb,
ths seme evaluation methods as applied in ths case of compériaong of newl
projecis is recommended. It 1s assumsd; as a generel rule, that in sucli
analysis caloulation coverss : C ‘

(1) ‘only thoee investment outlm which are to be incurrved ih an
eﬁa%&.ng project, but i does riot take into acoeunt thcaa
outlays which wore inourred ia the past and are expreqfésd in
the velus of the msting aBsetss :

(11) operating coste mnd output after investment was made}

With due attention to the above gemeral rule, comparstive anilysis of
different kinds of investment in axisting plants such as wmoderniyfition,
arpension, removation, ‘%0, among themsslves and against the new project woré
oxamined. | in particular, éhomugh‘effioiency analysis of expansion and
sodernization io carried on in the case when &n alternative of i new projfsct
ie feaaibl@. :

It is recomanded, morecver, %0 kewp analyzing inoee-anﬁ/y all Pesii¥ys
additional investments in mxieting plants, As a comparative hasis, infBuwili
_@n analysis; an altamt:.v- of inorease of output is used by jmaans of/ buiJ/@.:..ng
\a now plantp Q;nito often ganeralizad olmraote_r;stioa of moddiim proiacts misht
be used ac such a basis. '

In ovaluation of 1nvastmont in an sxisting plant, it is [vicomhended) k)
axvlores ‘ :

(&) purposefulness of liquidntion-‘dr ewtending it} ojjarating period ‘
by means of major repairs, involving replacemmt/ of importhnt paris,

(11) effectiveness of different moderniszation solufi/ores
Liquida.tiun ‘of the old plant is justified when 1te modamiz{mion altariatives
as well 28 major repairs @ffeotivenala is lower than effscilivenass of/r'building
8 nev plant. Such an outccge of caloulation, though essafiliial for wrllerteking
decision .of liquidation, must be supplemented by analysii’of other fnotors too,

A comparison of varicus medernization variante is fonduoted by fmeans of s
general formula of economie offectivenssa of investment! It has begn slready
atated that an approval of modernization variant should! be proved ajainst the |
new projeci. S

"It i9 neither posl‘.\.blsp nor sdequate in all czsee %o compare i nvestrwant
.’m existing plam.s with :anastm@nt in & naw pmaeot, Fpr 1“5:&“3,55 in efficlenny
‘analysis of investment bringing ahout so-called pvaving effecte 1n some raw
metorial imput ooeffiolente, different methodn of svalustion are émployed..
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_ 8, Casus of Yugosisvia
The sconomic system of Yugoslavia is subétanﬁia;ly iasa-centra;izad.than

that of'qﬁher socialist countries, More emphasis is luld on market mechaniem
and coonomic eutonocmy of statb'antsrpriaese : : B

While general principles of the evaluation af economioc erfectivencea of
investment remain mostly similar, quantitative indioces used in Tugoslavia
di%fer substantislly from those discussed in the preceding sections,

For illustrasion of those methode an attempt is made to desoribe methoda
used in the Yugosley State Inveatmenﬁ Bank when making proposals for obtaining
luanau

The plaus (Federal, ropublidan and logal) set the globul proportions of
resources %6 be engaged for certain purposss (aéctoral allocation) end the
' banke organize competitive biddings for the firmncing of projecis within the
1imite of these propositions. Prospective investors send in their investment
progrzmmes comprising detalled technical and economic documentation in respect
to investmont ocosts and expected effects. The bemk”submita these investment
programmes to a detulled sorutiny elong gensral lines prescridbed in the Deores
of Inveatménte,- In this law oertain oriteria are mentionsd, such ass the rate
of interset; the level of self-participation in investment outlays, the repaymant
torm for the loanp the term-within whioch the construction i8 oompletad, the most
atiruotive profitability index, investment cost per unlt of outpuz and. forsign
-exchange of the givon investment, i

All these oriteria, hovwever;, are mentioned ex gli ggatia anﬂ no oxder of
prioriﬁy ie specified.

For the organization of a new cowpetitive bidding the Board o? Direotors

of the Bank established a definite order of priorities; uﬂing both oriteria
mentioned sbove and some additional ones. Thnag for example, in the decision
on the organization of the competitive bidding for projects of sxpansion and
modernigation of amisting pugar refineries and the building of new onésg it ie
provided thut prospeotive investors fulfilling the following oonditions will be

given prioritys

. 4@/ M14ip Vesio, Tho Yugoslay system of invesiment finanding and the applisation =
of oriteria in the sclection of investment projects. Ths Enginsoring
- Eoonomigt, Ootober-November 1960, ‘ - .
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The most favourable conditions Por the sunply of nbeded row matarialép
upd &8 & consaﬁuahceg the lowemt coaf neyr unit of augar output.

The largest volume of total‘produciion of sugar in reistion %o the amount
of inveated resources. '

The largeet self-particlpetion in Jnvamtmant outlaga over anu atove the
prescribed percentags. '

The shortest periocd, from the momenmt of the grsnting of the inveéﬁmsnt
loan, within which the normel run of the new capauitias could ba starteﬁe

The shortest term of loan repayment.




Annex

Exanmples of Investment Ane.;xiusé/ ,

From various ray mteria;m :
The econemic effectivensns of aulphurio a.cid manufaoture dependas to z high
degres on the choice of raw material used for its production., Sulphuric acid
ocan be produced from various raw materials. The use of a given raw material
determines the employment of a spscific technologieal method of productiong
self-avidently, technolegiocal methods differ thamaeiv'ea in regard to techno=
' gconomic indices. | |
 Poland is richly endowed in two kinds of sulphurie raw materialas clamental
sulphuy and gypsum.
B the developmont plan aulphuric aoid manufgcture is based on elemental
mulphuro Some experts, however; insist on basing sulphuric acid pmduction
“alsc om gypsum.
‘Generally, gypsum

In view of the speoial ro].o played by Taw materials, the following calcula.t:i,o
takes into account their uee. It concerns three sssential raw materia.ls:

alementsl sulphur, gypsum, and technological coale
For the sske of" mimpl.tcity it has been am,umed. that the period of

exploitation of analyzed investmentis equala 20 years.

_/ Emmples are taken from "Etekt;ywnoac Inveatyej“ edited by M. Rakowski
Warsaw, 1961 Panistrowe Wydawnictwa darezgsand are presented in
simplified foxmo ‘

2/ In order to produce 1 ton of acid sulphur 0,340 tons of clemental
sulpbuy = 465 zl or 2,3 tons of gypsum = 57 =zl - ia neededo The
latter raw material 13 8 times cheaper., . i
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Table (i)

A. Bffechiveness of éu;phuggc agid manufacture from elemental sulphur

- The follewing table presents data used in caloulation and coefficients

of economic effectivenees computed on their hasis

o [ ]

Faried

s

D S

Coafficient

' Investment Anmmal Period Input
Typs annual operating of of of for
- er outiput cost immobili- }exploi- jeffectiveness | 1 ton of
~ lnvestmont ratio (zloty/1 ton){ zation of |tation( of pul ghur &
(zloty/1 ton)i. investments| yoiwi! ! investmenis! (m.t.)
' ‘ (1n yoars) {sioty/1 ton)
| .
|
xtraction and re-
inement of alemen .
al sulphur 3160 682 .2 X - 1367 0.340
#id sulphur meau- - -
ap¥ure ' 600 104240.34° 3 20 684 g
1367 = 569

In annual opemabing cost of acid sulphur manufacture, imput value of elememtal

sulphur was separated and was computed as a product of inmit %imes coefficient

of effectivenesy of axtraction and refinement of elemental sulphure



Table {2)

Be Effeotivenese of sulphur:l.o acid manufactura from gypsum

. - this technological procees it is received simulta.neouﬂly with acid sulphur and a.lao cement in relation 131a
f ’Thua data concern both manufacturing 1 ton of acid sulphur and 1 ton of cement.

e from the total coefficlent of effectiveness is aubtractad the coefficient of offectiveness of ceument mmufactureo

- For -the sake of comparability.

Investment| Ammwal  [Porded | Period | Coefficient Input/1 ton Input/l ton
Type amual | opemting ef of _ of of aeid of
, of output cost - v fimmobl~ | gxploite~ | effsctiveness. sulphur and cement
‘Investment ratio (21/ton) iizovion tion . of . ocement '
(z1/ton) i | (in years) | investment
. " years) - (Z1/ton)
y
Extraction of 7 , _ _ i
gypsum 3‘008 19 B 1 20 24.9 2.3 -4 4
Extra.ction of ) : . '. - . ‘
osal ' x X X X 350 0.660 0:335 -
Acld sulphur and :
cement manuface e
- ture : 3800 |540.§.2°3°24 9{;—- 1.5 20 1624 x E
' 1404+ 66°350= ' :
_ aaBaS
Coment manufac— _
ture 1100 18%0 335“35@ 2 20 538 = x
! 300 | .
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Table (2) points out that the coeffiéiant of effectiveness of aocid
sulphur from gypsum is equal to (1624 = 538) = 1086 si/ton. Since:the semo
- soeffioient of effeotiveneass of éaid sﬁlpbvzr from gypeum is equal_'l'(1624 = 538) =
1086 ¢ lfton. Sinoce the same eosffioient for ecid meiphur from elcmontas;
oulphur hss beon 684 s1/ton, production of the latter one is av.tdentlx moxe
offactive, -

o )

Economic offectiveness of both the above-montioned methods of acid sulphur
manufacture cas be also analysed and compared from the standpoint of balance
of int@_mational trade. While slementsl sulphur iz exyprtable and gypsum ia
not, planning suthorities face a possibility of producing aoid sulphur gypsum
and of ¢xporting "raleaaed" elemental aulphmr {implied unclastie supply of |
the latter)s _

Anslysis is carried on by msans of ocmpas-ison @f’ two equivalant productive
Bote prcducing ao.td sulpbur and ccment.

The first set consists of plant mmfacturing and aulphur from elemental
: sulphur end cement factoryo ' . : o :

' The socond comprises & plaat Jointly p:mducing acid sulphur and cmem:

f‘fam @rpaum and gypsum minos. Table ) pressnts relevant ooafﬁ.ciontﬂ for
_beth setsg in- it the value of input of raw materialﬂ wag sep:.rated and

'exprea@@d 4n dollars, :
Vlo Investment cutlays consist of investment outlayse ;)n gypsum minings however, _
they don’t eomprise investment outiay- on slemental sulphur and coal mininga _
Incmant of the latter is ouneidered due ¢o the change in international trade;
in this case, ae a result of deoranent of exporis and not due %o invesiment.

2. Transformation coste do not oomprise inpuis of exportable raw mterials 1pe." -
elemental sulphur and coale The worid market price for coal has been assumed

9 dollam/l ton and respectively for elemental sulphur 30 or 25 dcllars/l ton.
3. The difference ‘between Set I and II cxpresses the effoctiveness of choosing
polution (ees) II. It 'enqblea. sdditional exports of elemental sulphur which
means the Mgain® of T.2 doliara on each ton of aeid sulphur. 'wa.ever, tpe'
Y'gain" of one dollar is conditiomed by both additional invesiment outlay to

the smount 315 sl. and additicnal opersting costs to the amount 41 sl,



Table {3)
_ Raw material input . .
Inveatment | Traneforma- K:Lnd in dollars ;::;mming price of
't outlays tion cosis 1 ton of elmwentael sulphur
(in 21.) (in 21.) tity e
. ?in tona) | 30 dollars ; 25 dollare
et 1 _ , ‘
dcid Sulphur 600 104 olemental 10,02 8.5
o sul phur
0034

\‘smem 1100 187 coal 0,33 3.0 3.0
fotel 1700 291 x 13.2 1305
gt IT II , ]
leid sulphur and : - : .
cennt 3300 540 leeal 0,66 6.0 6.0
zypsus mine 7n 44 'Y X %
otal 3971 584 x 6.0 6,0
1ifference II = 1 42,271 4293 = o2 «5,5
brice "of one dollar”
seuming the rprice of
[ lemén®al suiphur

30 doilars 315 41 ® X x

25 dollare 413 53 X x x




Synthetio indez of effectiveness of the "gain" of one dellar, given inmdbiliga»
tion period of investment 1,5 year, would be
(31516) ° (140.5 - 135) = 105 zlo :

I3 is under the assumptions 1 ton of elemental sulphur = 30 dollars. In the
case of 25 dollars/1 ton, the price of one dollar would be 137 sl. Bearing in
mind the marginal exchangs ratio has been equal to T8 2l. for 1 dollar, the
~ alternative II is pretty ineffective, ' -

Therefom9 acid sulphur maymfacture from gypsum is ineffestive, both fxom
the point of view of intemal structure of costs and prices and fyom the
atandpoint of maintaining equilibrium in intarnational trade balanco.

2. The effoctivensss of emglggg ant of new teohno;gggpal_gﬁooess in the

The mein general ten¢anay in recent years in steel production 19 8 growing
use of oxygent in varying degrees 1n'311 steel-meking processes.
Special attention is paid; in particular;, tos |
= the use of oxygen in martin furnacss and
= lntroduction of oxygen convertors.
While oxygen convertora gseam to be the moat ‘economical from the point of
.¥iew of capital investment and opsrational expenses, it should be emphasized
that the choice of process depends on the real aﬁate of existing steel mille.
The economic effeotivaness of the follawing alternative solutions will
be analyzeds
1) The construction of new oxygen convertor steel mills with capaoitys
a) 3 million = 3 miliion 200 thousand tons per year (big)
b) 600 thousand tons per year {small) h
2) The construction of a modern martin steel mill with capacity of 2 million
100 thousand tons per years the uee of oxygen raises 1its capacity to
2 million 500 thousand tone per yeary.
3) Replacing the old steel mill by a new 6xygen convertor steel mill
with a capaoity of three times higher vergue a modsrnization of the
old by means of the use of oxygen. ‘
4) Suataining in order the old steel mill with capacity of 180 thousand
tone per year versus the construction of additional martin furnaces
in a modern steel mill located nearby. Data for analyzed sclutions
are presented in the table below and will be used in calculationse



Table (4)

vpts |- Oxvgen . Modexw martin 01d steel mill | - Steel miil ("Mewotka")
| comvertor §___ gheel nfl). {"Komoineska™) " SRR
gtasl mill R T ‘ S ROw
e 33 | ithout with without with
oxygen oxygen OXygen | ONEH oryatent | varientl} varient 11
3 2 3 4 5 ) o g 9 10 A3
Annual capacity thousand | 3000 { 600 | 2100 2500 200 | 240 180 420 600
Total investment  §mililon | - R . _
outlays 31, 1680 | 330} 2240 2420 - 50 = 400 540
Invegtment-ouiput ) _ : B
(stesl) ratie 81/1 son} 560 | 650 | - 1070 968 = - - 950 - 500
Operating costs ' I o
excluding fuel.. ]
and depreciation 1
allewanoes) per , - E : : _
1 ton of steel gl. 130 | 155 180 145 410 280 | - 400 300 . 280
Investment cutlays B ‘ o
on fuel required - K : -
per 1 ton of steel] . =zl. 8 { 8 | 320 300 . 520 400 800 . 400 - 400
‘Operating cost of ' _ _
fuel required per ' " .
1 ton of stesl zls 16 16 64 . 60 104 80 160 80 80
Poriod of inmobili- | .
. zation of invest-
ment outlays on :
steel mili year 2 19 2 065 = 0.5 = 1.5 1.5
dexriod of ivmobili~ ' :
zation of invest
_ment outlays on | = - ‘ '
fuel year 3 3 3 3 3 3 3 3 3

Notes

1. Operating oosts of fuel comprise operating costs of both gas and oxygen

2. Investment outlays on fuel comprise investment outlaya both on. coal mining and tramsformation
of .coal 1nto gaso o L :
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A. The effectivencss of the construction of an o:
mill with capacity of 3 tong per year. :
This steel mill is 'traated on & comparable basis. Its effectivensen is
caloulated according o the formulas | |

1(1%%3) T

Po 2z
The optimal period of the mill’s operatien is equal tos

(l%qmn)

Pnﬁ

nop_'tf ¥

correcting ooéfﬁcient_u are eq,ual toe
‘st & 1,1017

‘& 1530

225

Thus, the nym‘.hetic index of effectivenosss.

E ..a —' ° 560 ¢ (1405155 .2) 4 130 ° 117 3
conve ) 1010 : m

e 248 51/'3@ :

B The effec‘%iveneaﬂof’ the conatmonon of & modern martin steel mill with a
capsoity of 2 milldon 100 thousaﬂd %ons ' "
The dii’femcas a8 to :mel input valuos between oxygen convertor amd
: mm:i.n processes must he taken into acoount. in this case agcording to the
' rules of both oaleulations and comparieon of inveammt variants’ effactive—
ness.

Fach fuel :!.nput value is eoncezved as a sym‘;&atﬁ,c index of such an
amount of fuel which ie required per 1 ton of atgel in accordance with a
glven technological proceas.

T pal (4 o, )HC 3 ¥,
Epal E_~ ' “Z , %
wheres .E mthatic index of eff@cﬁivaness for a given Zuela
al=
In the case. of ma.rtin fumacea . -

"é"" 320 (1%0»15 3) %64 opt.
Palmax'.,% o R zopt . .



= Qe

wheres Bont of 320 (1 4 015 ° 3) o £ (7.25) = 27 yoarss thersfore
| B~ ) |
S Y2'J = 1023 227 ‘= 1.13

nd L o 320 © 1,45 & 64 © 2,23
B, =8 30" 145464 % 422138 |
Palmﬂ 10137 o L 1013 -] 138 Bl/tms @f stsal
B 3 of oxygen oonvertor ata@l m:!.ll i5 smliler than Epal of

martin in proportion 16 2 64 i.0. 4 times:

B =138 ° 32 = 35 52 /1 ton of steel

palconv

In oxder t:o compare the effectiveness of both stecl mills a.nalysed so far, it 48
~ necessary to add to martin’s transformation ocosts (c ) the difference between
fuel input values p €, = 138 = 35 = 103 zl/tona

Thus the effectiveness of martin etesl mill is egual tos

F . _%I(l%g%ﬂc ,t-& B %) Yo
' - opt.-- -

1t is obtained using the data of column 5 of the preoeding tablos

‘f.%% - £ (4.9) = 24 ;em"

| Y24ﬂ 10148 sz = 1098
- Finallys .
' 1. 1070 o (1 0015 ° 2) 4 (180 4 103) ° 1014 N -
B . B 232 . = 514 81/%cm
mart : - m . - . 10 '

A conparison B, with B, points out evidently that the synthetio
index of effectiveness of a martin steel mill is more tham twice as
ineffective as that of the oxygen comvertor. Therefore, in metallurgical
enterprises with integrated ateelworkﬁ, omgen convertors are ma.:mly reing

- gonstructed. : '

- Bearing in mind auch a great difference' in the effactiveness betwsen

both.steel mills a question can be raised as %o whether or mot to deatroy
the exiating martin fumnaces and to replace.them Yy oxygen convertors.

An answer “yes" is obtained if the following inequality is satisfieds



=30~

wheres C gt © anmual operating cost, unit in martin steel mill
_ En = index of effectiveness of oxygen convertor sieel mill
opt aasuming optimal np
and A = gorrecting coeffioients undsr the assumption of

1 year of opera.tion of martin furnaces.

In thie case (180 4 103) . 32082 - (180 4 103) © 0.74 = 209 248. o

L

It means that replaocing the existing martin steel mill by the new
oxygen éonveﬂor 8tesl mill is not efficient.

A furtber sfficient period of the operation of martin fuynaces is
corputed ascording 4o the formulars |

E é_i: I Yﬁ.' wheres ¢ = anmwal rate of decrease
Bopt »-rl%a.fecgtm , :
P we BB ZE a » annual rate of growth

: _ _ - _ of the accumulation
. 248 °€%‘§géa 209 and ¢ w 5 Years}

C. ’I'he effectiveness of modernization of a martin steel mill

. Since the raplacemont of existing martin furnaces 'by oxygen oonvertom
turned. out to be inefficient, another alternative solu_t:lon is now briefly
discemed, viz. a modernization of these martin fumaces by use of enrished
sir (oxygen). Column 6 in the table presente indicss of ithe modernized
martin steel mill. |

Opera.ting coats of medemizsd ma.rtin fu:maces are equa.l %o

145 21. 44E . . wheret AE - 138 02 130 z1/ton
8 p?":"tm:»d ) _ m.lmod .ﬁ

'I‘hé differsnce with regard %o@E oal betwm moiigmjg.zed martin furnaces

and oxygen convertors is equal tos 130 = 35 = 95 z1/ion. Hemcs, operating

costs of modernized martin furnaces G , = 145 4 95 = 240 zl/%on.
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And egquality determining an efficient peried of opemtion of the
mill after modernization preeents itself as: ‘ :

C

wed 7. 1 @P‘t f j
Insarting relevant datas .
| 240 © 0.T4 = 248 (—9«1)
is @btai.md and hence % ned” 9 years.

C&lculationm based on the fomula. of eﬂectivaness of modernization prove
that modernization is ecanomicqlly efficient.

D. Rglae ement of the old marti.n furnaces h OXYgen ¢
The old martin steel mill with ammual capa.city of 200 thousand tons
is to be replaced hy s new oxygen convertor stesl mill with ammual oapaci.ty
of €00 thouaand tons.
The index of effectiveness for an oxygem convertor steel mill with amallex'
convertors than in the previcus caset ' : '

e go 6soo (1=3=ob15 o1°5) 155?

1 z
Sinces . ,
o . 650 ¢ b 0.15 © 308) . o re - . -
Pops” ¥ 155 = f (51) = 2% years
Hences

% 650 o (14 0015 é 1.,5) 155 © 1014
Ea s o8 - 7 =283 sl/ton

(This index 15 a 1little bit worse than the index of the previous exygea
convartor steel mill. It is caused by the maller size of the: convertors)o
Operating coste of tombawraplaoed. mardin furnaces (410 sl/ton) pust be
enlarged. by the difference in indices of effeetiveuess of fuel input values. -
: @Emsm935519251/ton

Con rﬁs 410 4 192 = €02 21/ton

Thuss:
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Since the condition of efficiency of replaeing martin furnaces by oxygen
gonvertors is expressad by the already used formula: ‘

_ - : | .
c R i B H
| st Zl | >’ n@ ®

it appsars that this cordition is fulfilled,
602 o 074 = i6> 283 zlften

E, JModornization of the old martin steel mill
Dus to modernization (see column 6 in tabls) total operating costs will

deeregee,

Cp ~ 280 zl/ton (eperating cost excluding fuel input)

Bnd‘ ‘ a0 o
AN B ® 35° 1 = 140 zl/ton (fuel input value)s

Togaether then
‘GP'gA'Epal w24 280 ¢ 140 ° sl/ton;

Sings

(GP éA Epal) "“i%* = 430 - 0.4 ¥ 311 2zl is
bigger than 283 21 (index of new oxygan convartor rtnilll;)'9 this modernization

is inefficient {compars results of gection C which pointed out the efficiency -
of that modernization) . '

Coneluding coment° ,

In situations where existing stesl mills are at different levels of
techniques; it seems to be indispenseble to conduet individual galculatiors
to deside where and what kind of investment is effiecient,

3, Choige of efficlent wall materials in construction

A eonsiderable range of substitution exists. batween wall materials in con-
struction. The analysis below confines itself to the comparison of,e.f’fie'ivaney
of three types of walls built from: '
' 1) regular bricks with both gidea of plastsx‘
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2) cinder blocks with both sides of plaster
3) gypsum slocka combinad'with granulate& cinder, -
All these types possecs similar iaolation qualities and widtha (38:dm)o
' However, ths second and thirxd types can he used merely either ag a curtain
wall or interior partition. In the following camputations,-"diract“ invest-
-ment outlays on a given wall component and "indirect“ investment outlays Gofls
in the case of cement investment outlays on fual and electric pover %o the
amount neceseary for this cement production have been, taken into account, ‘
Since opsrating costs comprise depreciation allowances {reckoned from
"direect" and “indireci" inveatmeﬁt outlays), the following quifiad formula
ef synthetic index is used in order to sxclude these depreciation allowances:

3 . o I
o) foun) o By
27

wheres C = mhvmal operating costs, ﬁnclwding‘depreciation allowances
-(pariod of amortization = 20 years).
A. Indirect investments (I ) per 1m3 of cinder blecks

v‘r'I ; I < I

Ip omngex u;ecam Tp coal T P cinder " “p cement

| Ir cenl - (40 af coal & 14 kuh S 0.5 kg of coal) » 0,621, = 28,20 zl,

Ip Oimer : 505 m ° 35 glo ” 36915 540

IP Blﬁman;t a 230 kgo © 0@863 ﬂlo- L] 198000 gl.

Therefore I, .. der blocks ©

o 28,20 ¢ 36,75 198400 263 z1/m3
Indirect investment outlays computed analogoual' for other wall materialsa'

Brick . -Lime Cenant Cinder blocks  Cypsum
I, 0022 gl/unit 0,155 zl/kg 0204 sl/kg 203 21/m3 0,052 21/kg

B. Avarage geriod of immobilization of investmen outlg;s on cement
D&ta for cemantx

Year of construction i 22 3 4 5
it (year_investment outlay m11021;; 100 200 300 350 150
‘bbv’ % in years l 405 © 3e5 2:9 ' 105 0.5

10tt) S 4% 700 500 525 75
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It follews thats I {total "dirsct” investment outlays) = 1000
L. |

Z 1, (got) = 2,2505
=0

ami'
2 1, (8,=8) |
By = k=o T ‘ s 2,25 years
n, for all wall materiales ‘ i , |
Bricks Ling Cement Cinder blocks Gypeum ' !
1.2 1053 : 2925 101 103‘5 -
Other data, vig. "direot mveatmen?,aoutput ratio (I) and total opera.ting
costs (cst) are as follewss Cinder
Brick - Lime Cement Plocks Gypsum

I (iz': 81) 3.40/unit 0.544/kg 0.863/kg 178/m3°  0.350/kg
(m 21) | 0.69/unit 0.18/kg o.,‘asé/kg '15107/533 0.112/%g

Coeffiaientﬂ Zn a.nd Y are computed under the apsumption? _
= period of e::ploitaticn for cinder blocks 15 years
= peried of exploita’tion for other ma.teria.ls 30 yaara

C. Economic effactivenesa of use of bricks

) % ° (1040 $ 0,22) o (1 4 0415 < 102) (oos9 .,,_.i...%;o 22 ) .,3_ M

1617

Byrdek

In exa.ctly the same way E’s for all other wall materials bave tean rea,cheda

Brick Lime Cememt  Cinder 'nlocka
E 0,957 zl/unit 00290 zl/kg 00444 zl/kg . 2261 21/m’>
' Gypaum' Granulated o;lnder | Sand
E 00171 zl/kg 32g31 zl/m _ 21,57 sl/ton

_ The synthetic index of effectiveness (E) for each Xind of well is
equal to the cum of producte of coefficients (E 3} for each material and their
inpot coefficients (a )o To this sum of produots{Z Q are aﬂﬁed the
outlays on labour and aquipmenﬁ : : '
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Tavie {5)

Symthetie indices of scopomic effoctiveness for thres analyzed Xinda of walis

Brick

Gypoum bleck

Heasure of Cinder bleck
(o unite wall wall wall
rick & £l fundt 0.957 w -
' [ unit 244,80
' e 34 313815?
'_imm‘ & 2l/ug . 0,290 | 0.290 C¢.290
' B kg 25.93 923 - fol
& 7l 7.52 2,68 1.19
ment & el/kkg 0.444 Cudd4
B kg 474 1064 .
® 5l 2.10 4,72
e a £1,/ton 2157 21,57 21,57
b tou 0,179 00104 0,05
@ 2l 3.86 2024 %008
sdew 3 .
ooks a 2i/m 226.10
[+ . ﬁl 6?\‘11@
nder, . 8 ssl,fﬁazi ' 3.3
D o T 00186
baur a3 /a° 36,90 312,18 43.37
uigaent 21/0° 6097 5055 14,00 .”
sting mowld zl,"m2 = ea . ©,23
wwﬁ@ N 3 - * . . o l
L m° of wall w1/ 195,92 109:55 102,83

AT,
W

Tras

te: m= B of a given material (i)
input of a given materizl {4} for
value input of a given materlal for 1 mf of wall

1]

5 m® of wall. -
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The above type of calewlations has played. an imﬁortant role in detemmining
the development progmnunea‘of wall materials. For‘ instance, in the Five.
fear Plan 1961=65 sutput of bricks was plamned to reach 130 (1960-100)9
whereas outtmt of gypsum for coneiruction ps:upoee-, 230
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4. An analysise of the economic effectivensss
of the modernization of & spinning mill

This exemple is to some textent typical for an analysis of the econowie
effectivenela of a modernization. -

I.: Description of & spinning mill to be modernizad before modernizationa
= 104.4 thousand of spindles )
~:.fnnual output = 9.8 thousand tons of yarn;

- unit operating cost = 32,520 zL/ton of which:
material input is 25,800 z1/ton,
labour input is 6.720 z1/ton.

In order to malntain the same output level it is unavoidabls:
- t0 expand 63.4 million zl. on "esaantial“ repair outlaya in tha
first yeur of whichs '

50.1 willion zl. is expended on equipment and
13.3 " " v » - " buildings

~ to oonduct “essential™ repairs with regard tos
equipment every five years,

, buildings every tem years.

IX. Deacription of the modernizationu. :

By means of 160 million zla of investment outlaya it is posaiblaa

- %0 replace 70 per cent of existing epindles
= %0 install new spindlss %o the totel amount of 110.9 thousand
- to renovate ventilation syatam und buildinge.
All that bringss
= output increment of 2,260 tona/per year
- decrease of operating cost unit to the level of 31,600 zl/ton :
‘ (material input 25,750 zl. labour input 5,850 Zln)
Estimated fuiure outlays on-“essentigl" or major repaire afters
5 years ~ 12.6 million zl. '

10 ;] - 33°1‘ " o
' 15 " — 35°7 n "
20 (1) - 55’0 " ™"

The "immobilization" of investment cutlays brought about by this modernizatior.
. is eatimated under the following assumptionss '
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1) Total investment outlays of 160 million of 2l. are being eXpénded:
in the first year 93.9 million zl. |
in the second " 40,6 " "
in the third " 25.5 " " .
-2} OQutpui. effects of modernization in per csnt of total increage of '
output due to modernization amounts to: : | '
0 per cent in the fire{ year
5w " in the Becond year
65 " "  4n the third year
Thess sffecte represent re-wobilization of investment outlays,

. Teble = § =

Iumobilizstion of invesiment outlays

Total

. [ 0 nl .sr ; N " :
. q 2 0 . R E .
Yeor §ou:¥§;:m§;$ i | I o 7 Inmobilisstion afier takin
g .0 1 -3 into acceount :
g million zl.; Immobiliration ; Re-mobilization ; re-mobilization
; 0 : B . :
_g . in million of zloie~year
A ] , [} ) [ ]
11 939 1 93.982=46.95 | re 46.55
2 T 40.6 193.9040,612=124,20" - - 8.0 & 106.20
300 255  993.9940.6925.582= ¢ 8.0¢96.0=104 g 43.25
; § 14T.25 : v |
i 3 3 2 _ oy -
gn 15090 . § 308040§ 11200 “ § 196040 .

Thua n, © 196.48160,0-1,228 year = 1.2

IIL. 45 an alternetive solution egainst wodarnization, the construciion of

" & new splmnipg mill with 50 thousand spindless

Investument outlaya 200 million zl.
Immobilization n, = loBS'yaar
Year cutput = §,280 tons of yarm
Operating costs = 31,000 g1/l ton of whichs
material input = 25,500 2zl mnd '
labour input = 55530 zl ,
In order to compute the synthetic index of effectiveness for & new -
spimning will, it is necessary %o know ite optimal period of exploitaéioﬁ (n).



In the first stage of computation of that opt;mal period, the outlsys on essential
repairs were not taien into acgount becausat . '
1) those outlays depend on the length of period of axpioitation ,
2) the influence was negligible on the sstablishment of the up‘&i.'mal '
period of exploiiation
Thus; optimal a(nopt) is computed as 3 function of invesiment outlays
(including immobilization) end transformation .costs (labour imput) ratio.

= £ {8.8) = 31 years

Agsumptions in respect to e@ssential repalrs in the new spinning mill:
~ after 10 years 8.5 million zl.

o 15 ' L) 1005 ] L]
L1 20 . " 1901 i ] "
wo25 @ 20.8 * "
" 30' n 40.3 1) "
Since inolusion'of major repairs inio operating costs ahbrtens n0pt
essential repaira after ¥ yeara have not been taken into aocount,
Therefores . ‘

S R = 8.5+ 10.5 ¢ 19.1 ¢ 20.8 = 58.9 million zl. i.e.
about 2 million zl. per year (30 years of axploitation)
wheres R = essential repairs - ‘
Adding the emount of annual major repairs $o tramsformation costs

n

opt is equai to

s £ (8.2) = 30 years

‘Then the synthetic index of effoctivensss for & new spimning mill
500 10 > (1 0 0,15 ° 1:85) » {5500 = 5280 ¢ 2"106)Y30 )
Eb =T 5230 2 : -

30

% ° 265.5 » 10° « 31 ¥ 10°

‘o 193179 . = 13491 zl/ton
5280 - 1.1712 ‘

The queétion now arisess beaxing in mind oparating cost levels, has the old
spinning mill the right to "livs" longar at ail?



- The answer is yes, if

e &K
wﬁars: E%t-m synthetic index of old gpinning qill

Ebm- w - fon paw v . on
Since B = 13491 zl/ton and

B, =. 0.T4 C = 0,74 * (6720 # 25800«,25500)41/ = 5195 zl/ton
~ the further eximtence of the old 3pihning mill is proved. _
And now the synthetioc index of an old spinning mill is computed assuming thai

major repairs are performed. The period of axploitation wad astablished for

old spimning mill = 15 years
' modernized spimning mill » 20 years
with the help 6f & special formuls for eetimaiing the sffectiveness of essential
repalr outlays. The effectiveness of inveatment outlays orn tha modernization
is computed aoccording to the following formulas

2 [(1 ¢ 0.5 ¢ 1.2).- R,"(1 015 = 0.25)] +8C_

E = . o
() ‘ . - - . .
. B

vwherses Im o 1nvastment outlays on modernizationj

Rb = value of the firet essential repair, which ie avoided due to
modernization of the old spimning millj '

‘&c.m ® cm Ym = cﬂt Yat

éﬁg Pm N Pm Zm(z Pst Iét

% = 20 years; st = 15 yearss (th@refores R 1°°;_Yst = G.8022

Z =w 1,05 % = 0.8597)
at

The subsoript: m means modernized spinning mills
8t means old epinning mill.
‘Transformution coeta (C M C ) include esmential repaira .

. 41/ Tha diffarence with reapeut to material 1nnut between'ithe old and new spinning

mills was teken into account,
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Gutlays on oseential repairs (in million zl.)s

g Spinning‘mill

old rmodernizaed
After 5 years 5.1 12.6
L L 63.4 22.1
w315 # ' e { 35.%
Total : 113.5 81.9

It foliaw@ that the sverage asnnusl outlays on essential rspaire would bed

1) in old spinning 1135 s 15
2} in modeg%%%eﬁ 8.4 1 20
epinning miil

= F.6 million zl.
= J.1 7 "

. and

(lm = Rb) = 160 ¢ {1 < 0,15 132)'u 63,4 < {1 # 0,15 e‘ouzﬁ} = 123 million ol

C_ = (1356 ° 205 0 4.1 - 16%) o 1 - 68.8 ° 10° & 7.6 < 10°) < 0802 ¥

= 17T ° 106 = Gl.3 - 106 = L6.4 million zl.

Eﬁ = 12060 o ) - 9800 » 0.8597 = 12060 = 8425 = 3635 ton

Ed

Thus , .
. _ ¥
= & @ o B
6 °123 °10° ¥ 16.4 ° 10" s b
Boe o e 36,9 > 30°
: 3635

= 10151 wl/ton

A comparison %ﬁ with Eb ahpws thak %m -Eb (10351 1349} prowving the'ef?iciensy‘

' of analyzed modernization.
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. 5o Optimal duration of the sugar producticm Sesson

The duration"of a produc;tion s@ason influences the Final amount of
output obtained from an agr:l.cultuml_ raw materiai. There 1'9' at stake
- quantitative and quaiitative losses of raw material. The dura%ion can
be shortensd and output ‘increased Yy means of - installation of a,ddi.tiona.l :
ca,pacitiego It means, however, additional investmant outlays.

I% ie posrible to estimate, based on the behaviour of the main
techno-sconomic pgram@térag levels of operating coais, invosjtniant outiays .
and finally synthetic indices as & function of the lemgth of dﬁmﬁion
of a production ssason. .

The table below presenis relev:ant data under the aamptiona that?

- pla.maed sugar best crop is 11 milli.on tons, , S
= the shortening of the interval of the productioa durgtion
is equal %o 100 = 50 day®.

Table (1) L :
Duration Yolume Cepacity Fixed Sugar  |Operating
of production of sugar roquired productive |output costs .
season {in days) { beat actually { (3000 ¢/24 | amscte {thousandf (villion s1){
- processad hours) - [billion s1)] tonz) .
{(milliocn tons )i o
@ . Bp - Z N B P , | C
100 - 10.65 130655 11.18 1473 .| 8.87
' 98 10.66 108‘08 - 1l.42 1483 . 8q88
95 10.67 112.3 - 11.T9 1498 . | 8.88
93 ) 10.67 - 114,8 12.05 1508 . 8.89 -
91 ) 10@68 ’ 11704 ‘ 12@32 1/ 1518 8.90
90 10.68 118,7 | 12.46 | 1523. - 8.90
89 10.69 120,0 - - 12.60 1527 § 8.90
87 | 10.69 122.9 12,9 1535 | 8,91
85 10.70 125.9 13.22 1542 T 8.92
- 83 : 10.T1 129.0 - 13.54 1550 . 8.9
880 L 10.72 133.9 14.06 1561 8.94
15 10473 143.1 15,02 1577 8.96
70 : 10.75 1=305 16612 - 1582 ) 8998
65 ] 1076 . 165.6 | 17.39 1604 . 9,03
60 : 1 10,78 - 11_907 - 18,86 | 2615 | 9.07 .
50 1 1081 ,216;'2 L 22:70 | 1633 9.17
Notet 1. B_ is eomputed ta.king into sgcount losses in the stora@ of 11 million
. of sugar beets , .
2.2 =B s n ' o
L He zPo C where C = margma.l investment=capacity ratio
4. ¢ does not include opemt;lng cosis of bg-producta
S. P depends on n




Syathetic indices of effectivensss for each interval (ecgo 106-98 days) have

been computed assuming the pericd of immobillization n, = 2 years.

Table 8

Iaterval Hawl 7 ' [ - P S 1
in daye million zl, million zl, thousand tons B 3 I(lta“zmz) e ¢
thousa; 21 /tons
100-98 1 236.3 501 9.9 .69
98-95 371.7 6.9 15.0 5083
95=93 258.3 504 9.9 6,20
93-91 273.0 6.0 9.9 §.59
51-50 140.7 3.0 5.0 6.70
90-89 136.5 3.7 3.9 T B.76
89=8T 304.5 6.9 7.6 9.59
87-85 1 .8 8.1 1.6 , 9.8
85-83 | 326.6 ToT 1.6 10,33
83-80 519.7 12,5 1.4 | 10.97
8075 959.7 26.0 15.4 O 15.19
75~10 | 1,097.3 - 30.3 15.3 b 1752
70-65 ©} 1,257.3 34,1 12.3 o 25,10
 65~60 T} 1,475.3 40.8 11.0 32,76
60-50 1 3,839.8° 103.3 18,0 L 51.9%
e . | |

fae table shows the increase of marginel capital—output ratio and syathetic
indices of effectivensszs {E). - o ‘

In order to determine am optimal shortsning of the production saason,
the obtained indices of effectiveness {E) asre compared with ‘he indicaes of
altemmative solutions (EA)e The purchage of mn additlonal rmount of Buger

best instead of "eaving” by means of shortening the durati.n of producticn

season has been Besumed in these alternative solutions,

: Table 9 presentas _
- indices of alternative salutions (E )
- comparison of EA and E with respect to tie anslegius n &"ld P




- Teble 9

Tharvant P "B 7 1 g o £
1 deye | {from tsble 2) thouaandptons ' thousaﬁﬁ million zi. iliiofi. zl. % " {?ﬁqgng]e s (from

theusand"tons T . . tong per| . E.ﬂ. e 5 t&‘g]).a

‘ 24, hours
100~98 3.9 .6 . - 0,72 5.6 53.5 7.06 5069
98-95 15.0 107.8 1,10 115.5 80.5 7.03 5.83
95-93 9.9 10.5 0,74 1707 52,7 7.02 6.20
93591 9.9 70,1 0.75 78.8- 52,3 7,01 859
9180 5.0 ©35.2 0,39 42,0 26,2 7.02 6510
50-89 349 274 0,30 3.5 204 6,97 8,16
8987 1.6 53.2 - 0.80 63.0 39.7 7,03 9,59
87-95 To6 53,0 0.63 64,1 35.6 7:04 9.96
85-83 7.6 527 0,62 65.1 39.5 7.05 10.33
8380 1.4 18.8 0.95 5.8 58.8 7.05 10.97
80~15 15.4 105.7 1.32 138.6 8.9 7.07 15.19
75~70 15.3 10401 1.39 146.0 179 .16 17.52
TO-55 12.3 83.0 1.19 125.0 62,3 7.27 25,10
6560 11.0 73.8 1a4 119.7 5504 C7.39 32,76
6050 18.0 120,1 2,00 210.0 50.5 7456 51,96
Hetas 1, B? = £ »};:%f ;, wherat ¥ = porcentage of sugar obisined from 1 unit of sugar beat
2, &y = Bpr ooy | _. _ o
"3, €, does not include opsrating occai of Hhy-producise.

A




deteimined ot the poini where E is bigger than By

1t means that in %he analyzed csse, the optimal duration is eéual to
© . 90 daye. Thie:casa is complicated then by ehanging'the assumptions with
regard tos o e

= prices pf the additional purchase of sugsr boetﬁ‘
~ building capacity versus modernizing old.
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The realization of investment prejects by staves®

In the cass when an.iﬁvestment oro ject ié built by stages, the indei of effee~
tiveness undergces appropriaste medification,

Generally speaking, the realization of a project by stages consists in thé
postpoﬁement in time of a pait of the oubléys for a given in?esﬁnsnt projeetlﬁibhu
cut any.harm te the realization of ihe productionlow service tasks for which the
giveu investment project has been undertékeno, |

The rg&lizaiion of investment orojects by étageg_bringﬂ gome advantages
which can ke quantitatively eh_resséd; The se advaﬁﬁages, 28 compared with en
investment projectrbuilt at & time, are as follows: |

a) a better utilization of inﬁestmant outlays - as a result of a better |
adjustment in time of the capacity of an 6bject'to«iﬁs.increasing producﬁionq

b) the shortening‘ﬁf the construction period of particuiar sﬁages dus to
the sualler scale of the construction,

c) é reduptioh.of opérational cests_due to the applicatich,of xmre'upwtandat¢ 
_teéhnological soluticns in the object= put into operation ét thé.later»stages and
.azdeérease of aférhead costs as a result of a better utilizatidn of thes production

caﬁgéitﬁ; ,
d) an additional increase in production reéul;ing‘fn&m the fact that the
| operatiénal period of the investment projects realizéd by'stages does not end
in most cases at the same time as that of the investment_prcjecﬁs built at a
Ctime, l_‘ _ _

On the other hand, the cdisadvantage of ﬁhe raallzation of iﬁvestment Pro=

“ jeets by stages ~ as compared with the'investment projects bullt at a time

1/ Instrukeia Cgolma....(Polish Instruction) 1962.
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- is generallv oceurring relative increase in individual outlayo,i_;

For this reason the investment projects bullt by stages are not ﬁlways
more effective than those built at a time, and the‘ehoice_between them must
be based on the ecohpmic analysis. | ‘ |

On the basis of a schedule of commissiéning capacities, it is:possible to |
vork out =n appropriate schédule of investment outlays in which the moments »f |
the realization of particular stages are distant from the first stége by periods :
of time t 3,u,°oeatk

The cbjects bullt at the later stages - as compared with the object built
at the first stage = wlll be characterized by the chanpgs of all thelr sconomic |
parametersa The index of effectiveness of the first stage is El’ and the in&ex
of effectivensss of the second stage = E2, and generally, the indei of effec;
_tiveness of the j=th stage is Ej; Since the objec¢ts of the next stagea (nfte:
the first stags) will be realized at the moments -of £ime s t3.a.aogtk, it
c¢an be assumed that the indices of effeetiveness will be decreasing in inverse

proportion to the increass of the social productivity of lazbour, that is, in

proprotion: |
/ 1+c /t'u vwhere: a = annusl rate of investment growth;
l+a - ¢ = annual r ate of operating costs increase;

and a > e . |
" At the same time, since the soelal costs of production of the nest stages
(expressed by the indices of effectiveness Ej./ % : : ,tj/?rggpiizeq_bx the
period of time tj as compared with phe first stapge, their role in the acbougt_
is determined by means of coefficient /Fii%f;-/tj bringing the costs 6f the j=th
| period to the conditions of the first stage., In this connection, the index of |
effectivensas of a subsaquent stage ﬁaking into consideration the economie pro=

gréss during fhe period tl and the discount of costs at the initial moment is:



N e At /—-—-’--——/’i7 = B,/ /"

1+ a l+e

As regarda the output of a subsequent atage heginning at the moment tj -
counting from the first stage - in the account of effectiveness of an investment

pro ject realized by stages, it is presented, as the magnitude;

ZJ a'/1 i " /tj,‘and for the investment as a whole, ass

— 1A
P SR A

where!
- / ~ is the coefficisnt bringing the output of the 3}«th stage to the eon=-
1+ g L '
ditions of the first stage,
Pj o the mzgnitude of output of the subsequent stage,
Zj o= coefflcient correcting the output for the economically justirfied

-period of durability of the subsecuent stage.
The numerator of the:index of'efchtiveness of an investment projeet realized.
by stages neapectively takes into account the weight of the outpub of sach stage

szj’ and amounts to3

e— .
P /1.'* a_/lj ‘,szjo‘

¢
: On the basis of the above definiti&ns of the index of effectivenss of suc~
cesaive stages“and the ecorresponding output--brought into.cohditions which Are
compayreble with the firét stage:u it is poséible to define the index of effec-
.tiveheaé of mlti-stage investment as the quotient of the sbove valuss of the

numerator and the denominator of this index. Hence, the general formula of

sf'fectiveness of such an Investment is as follows:



A = _
e ., ' 1 A
| Y P.‘sz:} ST

T

_ Z _ ‘ :
By denoting /3 ;'f a/t'j by symbol g, and the ratio E'L by symbol z,, the
1
formula for an investment project reslized by stages in the form as given in-

the Instruction (point 24, formula 3) is obtained:

k

35 Ej Pj zj gj
3=1

N P, 3
DI B

J |
(for the first stage tj = 0 and gy = 1.

e X ’

In the application of these formulae thefe‘may be two main casés:

a) when partieular stages are independsnt of each other and can éxiét ine-
dependent 1y,

bj when the existence of subsequent stages is dependent on the f{irst stage
and theirllives end the moment the first stage is liguldated. |

2d 3, = in view of the sconomic independehcg of particular stages it is'
possible to caleculate the index of effectiveness Ek for each of them for £h§
optimun operatignal period, that 1is for nopt’ | |

24 b, - because of the interdependence of the durability of particular
stages, the adoption of nopt for the first_stage means that the 6bjegts of
subsequent. stages will not, in‘principie, laat for their reapective optimum‘

periods. Under such assumptions their dursbility is rigid and it is n -, fhlmnop

of the first stage).
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In viewqu-ﬁhe-difficulties of the deduction of a ready formula for this
complex set it seems purposeful to calculate the overall index of effectiveness
E, for different n of the first staze and to choose such n for which E, is the
.loweat; ‘ S E |

Thus the-grofiﬁ frqm an investment realized by stages aﬂ'COMPared with an
‘inveatment built at a time finds its cﬁpreaéion in the account in the reduction
§f the index of efféctiveneBS'in which both‘investment'outlAys and costs are
di scounted by méans of a diac&unt rate (0°07); vhereas in an investrent realized‘i
at a stretch the investmén£ outlays are not at all discounted, and the operationél
costs are discounted at a rate of (.03, |

This method of calculation takes into account, the economic benefits result=
ing from the inecrease in the'nrodwtivity of social labour in the pbrioda be=
-twéen the reaiizntion of the investment objects of particular stages. -

In the case rﬁen the dﬁfaﬁion df'the first stase does not limit the dura= -
tion éf the subsequent stagzes there 18 an additional bengfit résultiné from
" the inerease in prbduction‘in:tﬁe invaéﬁmﬁnt-project realizéa by étageS'as

comparad with the investment project bullt at a stretch.
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The transformation of woriable nmihitudes cf ¢utput and operatingﬁcosts into
constant magnitudes .

The method of reasening iu similar as in ths case ¢cf generallzation of
formla E for objects with dlfferent op°rationa1 periodso The production in
the given year is the sum of the production of narticular-objects put into
cperation In the given year, in the preceding year, ete., till the year n=l.

If the production of ebjeets with a given curve of the ;ncrease of produe=
tion in particul#r years of the operational périﬁd is denoted by Pl’ PQ.,.Q.‘Pn9
the prmductioﬁ of the objects which were put ints operation in the gi#en year
will correspon& to point P1 ﬁn thz curve of the increase of production (becausé
af objects put into eperation in the ﬁreceding y2ar will'correspond to point
Pé (because they are . in the second year of operation), etc.

Cenoidering that the older (by ané year) objecta are fewer,.we shall find
from tﬁe propgftio i—%ﬁg—“ (due %o the increase of investments by a = 7% a year)
that the annuél production of all operating objects, for a glven investment stream

and for given eapital intensities, will be proportional to:

L .
i=1
;2 i 1+a /

i=1 ‘
If the production of objects did not change in time (if it was stable through-
out the operational period and wmounted to Pst)’ then ths above sum would be pro=

porticnal %o the expression:

11
1 A-1
2 Pl

i=1
If the equation:

&

n n |
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1/ Instrukcja Ogelna...{Polish Instruction) 1962,
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is ful:!:‘illed,l .t-hen the given investment stresm 1ields the same préduction {the

sum of the production of all objects operating in the givem year) as the invest-

ment‘ ahream with stable pmdﬁction of all its ol jects. Ths. value P st caleulated

from this ecuation, can be considered gs the eqguivalent .Of the Val_ues Pl’ Pzn“oPn .‘

from the curve of | production dur’ing the operational perlod of the objects, ‘
Tz"ansfcrxﬁjng the ecuation, .we shall obtain:

P . feall =1 " "{g“"" Pi e,
e /1 + a/nwla a /[ /1 + af ~1

=l
P e li 2/ . a == 1 1
st /1 . a/n -1 ) ,iﬁi,_ | i | !!1 ¢ a/ienl

wheres '
Nl ‘
ALral . = p = thls is the so-ealled transforning coefficient

foy productisn. Its value for different n, for a = 0,07, is glven in & special N

table,.

The reaseping is analogical in the case of cperating costs:

n 1)

B 1 f=l i=1
. .Ki /3- + c/ Z Kst /l + e/
= {=1

- with the only ¢ifference that, instead of ccei‘fi clent a, ccefficient ¢ ls nged,
anslogically as In the case of conslderation of the influence of diffei'e;nt operam
tional perclods upon the cost elemant im the forrfula of effect:l_vensas,

From this squation we obta:.n the equivalen* value cf K

K M}&ﬁ_ _-!_L K o'.._..,...,.._,.r.
' e 1 P DY e

i=1



whera: nel
1zc = . = this is the so=called traﬂsfcrming coefficient Ffor

[ree/® - 1 K

costa,
.The value Qf thiz coeffizient for different n, for the raﬂé of growth of'_;
overail costs ¢ = 3%, is given in a apegiél tabie. |
In order to illustrate t1e method of egualization of tﬁélwurveé‘of produce
tion and costs as well as for a better explanation of the econmmié conseguences of
different distribution of theue curves in time we shail give an example for the . -
‘caleulatiqn of the equiwvalent for fariable production and costy in three cases:
1} for production P = 100 unitslper eegﬁ 30 years of life of an object,
2} fer production Pl = 80 unit g per each of the first 15 years, and for PE = 120
' units per each af %he 1ast 15 yvears (the overall ar thmetieal averase per 30
years will be 100 units a jear),
j) for. nroduction Pl = 120 ur%ts.per each of the first 15 yéarw and P2 = 80 unifs
.per each of the last 15 y91rs (here dlso the arithmetic average for the whole

.period is 100 mnita a year).

- In the first ease, aceoriing to the formmla given azbove,

P % o ..&—1—3.._.—..—-9-!91. - 100 ;JQ%T::—L s, 100 u_nj_tsp
B 1077 ' , 1,077 . 0,07 ‘

which is obvious because a diﬂcount ehulvaleqt of a constant value is agual to this

-constant value,

in the gsecond case - for production Pl = 80 units a year, during the first '

15 ysars we.shall haié _

2g ' _
1,07°7. 0.0 i=d oo
4207 7 /1 — L.

°
)

P =
oty 1,010 .1 |
o =1

0729 0.7 sol 1075
0730 -1 ,1,07 . 0 o1
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The valve of both fractions can be found in a speclal table for the expres-

sion: r oo Lz 4/“”1 o 8

P /l-i'a/n-:al

for n = 30 and n = 15; for n = 30 expression rp = 0,0753, snd for n = 15 expreSvh

sion ry ™ 0,1026,
Fram this it follews that:

Fsty= 0,0755 . 60 _L__ =60 . 0753

o

0,1026 . 0,1026
- and analogicallys:

p . L0777, 007 XD 1 el
= , o N 120 . fimsmf
st 36 : T,07
2 1,077 -1 A
=18 |
| 1 Ca=15
,z o 753 a ‘e :‘1\’7 ) l 16‘1 -
BT T v A
=1

= 0,0753 . 0,3625 , 120 , )
. : 0,1025

. Togethers

P s ..0753 | = 90
FPat Pstl* Pstz 70,1026 ° /80 0,3623 . ;20/ 0.7 unita,

| Thus? for the initial production which is smaller than the general average, .
the avefage discount equivatent will slso he lower then the average value PIHIIQOﬂ'
units,

In fhe Lhird cese the situation will be the réverse. Reasoning analogicaliy '

a® before, we thall obtein:

oy o= -O-?-gzzi el = 3
Py Pstl ’ Patg 5 Y5t - /120 + 0,3623 . &0/ 109,8 units.

Thus, the larger initial production gives discomnt ecuivalent which is

larger then the arithmetical average P = 100 units,



The above e:f:ample illu.st:-:'afés pr&duétio:rx benefits from such distribution
of produétion when it is rela.ﬁively llarger ab the initial stage of the ‘op_em'b:}.on
perioﬁa | . .
Variable-costs can be tr.ansfor:rz_zed- into a1 constant mégnitu'de, in a similar
way. The method is apalogicr;{ as in ‘l;.he casa of production; with the only dii=
femneé that thé discount coefficleat ¢ is 3% instead of 7%. Asswning enalogice.
valuse Kl = 80 uniités durlng each of th;s firs: 13 years and K2 = 120 units dl!i“é“l.t{_{

each of the subsequent 15 years, and making analogical oaleculaZions, we shall

obtain: - N
: g 1
K, ® -, /80 + ——F=—e 120/

.‘where the value Ty = 0,0496; Tyg = 0,0815 and 1 : 1,0315 = 0,6427 ars found
in a apee;al table. Thus, K, = /0,0496 : 0,0815/ . /80 + 0,6427 . 120/ = 95,5
un:i.ts.,‘ . | | ; | _

If we agsume that dufing thg firsﬁ iS yeafs Xy = 120 wiits and during thna
next 15 years K, = 80 units,.%e.shail obtain K = /0,0495 » 590315/-; /120 +
20,6427 o 80/ = 104,2 wnits. | R |

Thus, .a.s in the previous case, lowéx; initial sosts ultimitely 5§.vé a _l‘cn-;m'
equivalent than the arithmetical average, and highér inia?-;l.al opera.t.ihg cos‘ts -
a respectiv_elj.r'.higher equivalent, lhow‘ever, to a wmaller exl".ent.than An the wsase
of production.

One more éonclusim éoncerning indiﬂdu.al cperzting costs cen be drawpn froy
the above. Production and costs in the above examples are chosen in such 2 way
" that ﬁhe index of individual costs K s P for each year is eqﬁal to L. This ind:
. gontinues to bes egual to 1 for the stable production throughout the__‘_'qpemticnal
period., However, for Increasing production md costs it amourte; in our eXamol:

+
7
1
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to XK ¢t P= 95,5 ¢ 90,7 -ﬁ-‘_l,O‘js that is, it is higher t.hén 1, wherens for decreas-
ing production and costs K ¢ P = 104,2 & 109,3 = 0,95, that is, it is lover than
1. This shows that the same coéts are a grealer burden- for the elconomy if they

are concentrated at the end of the operé.tional period than in'the caée when they.

are concenirated in the beginning of this period.



