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INTRODUCTION 

An industry, of whateveT sector, puts the goods tt produces 

with the coordinated and efficient use of its resources (materials, 

manpower, machines, plant, capital) on to the free market. 

(see f 1,gure no. 1) 

~npower 

Plant and 

Machinery 

I 
~---{ Materials 

\ 
\ 

Capital Fig. 1: The industry 
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The industry is viable and produces at profit if it manages 

to optim1.ze the use of each of the factors just indicated. The 

raw material must ue purchased at the best market conditions; it 

must be 0f a quality corresponding to expectations; it must not 

generate excessive scrap or waste; it must not be used in excess 

with respect to the furction of the finished product, and it must 

not le.ad to unduly high stock levels which cost a lot to maintain. 

The second factor of industrial production, manpower, contributes 

to the accompli&hme.1t of the entire business cycle: we thus in

clude the blue-collar staff, the department heads, the sales staff, 

the top management and the owners; all manpower has a c~st, a 

level of efficiency, and a direct influence on the profitability 

of a business. We then have the machines and the plar.t, indispen

sable and decisive in every industrial activity: their shrewd selec

tion, a good level of utilization, their maintenance at a good 

rlegree of functionality, are essential factors in every industry. 

Lastly we find the capital which must finance foe industrial pro

cess (how it is secured, what rates are pa!d, how funds are divided 

~etween own capital and capital of third parties) is nn e~sential 

facet in the life of a business. 

We have thus put into perspective the place which plant and 

machines hold in the orgar.ization of indus~ry. Clearly, ln our 

albeit simplified outline, we must add t~at theYe i~ an intermingling 

of extremely strong correlations between all the factors we have 

indicated. 

The mutual relations have, moreover, extremely differet.t 

consequences dependirg on the type of business and on the country 

whP~e it is located. 

This paper will not analyse the choice of machir.es in relation 

to materials, nor in relation to manpower. Oth~r papers report on 

the best plant for cutting, on productjon lines for panels, on 



- 3 -

sa~'llllills, on machinery for the furniture industry or for doors, 

windows and their frame. They indicate the ~riteria of choice 

in relation to the availability and quality of raw materials or 

to ~he availability and cost of blue-r.ollar staff. 

Here we shall mainly give evidence of the relations existing 

between plant and machines o;i the one !land, and capital on the other: 

in this sense we are speaking of the rates of return on investment. 

It would also be advisable to make a detailed ~tudy of Lhe 

basic criteria for the finding of capital, on account of the strong 

influence which these choices have upon the evaluation of the rates 

ef return on ..:..r-.vestments. There is, however, not sufficient time 

to analyse all the ways and means by which capital ca~ be found: 

underwriting by shareholders, bond loans, loans at facilitated 

rates normally set up by gGvernments, meditun-term loans to be 

found on the market of the financial institutions, shor~-term 

credit obtainable from banks. 

~e have focussed on the subject in the following way: After 

an examination of general types, we shall give specific examples 

in the sector of machines of the processing and manufacturin~ of 

wood. However, we must state that all the conc~pts whirh will 

be expressed hereinafter are absolutely general and, as such, are 

not specifically related to the sector of wood pro~~ssing machines. 

Indeed, we would like to point out that the u:r.iversal nature of 

the subject must involve all industrie~. including th~se businesse£ 

which produce wood processing machines. They have fixed assets 

and muP.t calculate their investments in machines and equipment in 

full compliance with che economic rules. 

<.'nly incidentally d~ we refer tc a recent very detailed economic 

study on the sector of machines for wood. It is observed in the 

study thLt this sector is characterized by a lower intensity o~ 

fixed capital r.ompared to the wider group of mechanical industries 

and also compared to the collateral sector of the producers of 

l 
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machine tools. There is, therefore, space and opportunity for 

v"llid investments by the manufacturers of llOOdworking machiues 

and the criteria of choice of investments, the subject of this 

paper, is thus important for them. If we then observe that the 

manufacturers of woodworking machines have an asset structure 

wbich permits good development rates of the business without 

serious worries in teT11ls of finding financing, we realize that 

for them the criteria of a good choice of fixed assets from the 

rates of return point of view prevails. 

This study, prepared for those who purchase wood processing 

machines, is therefore al&o valid and ver1 important for those 

who produce such machines. We are certain that this is a favourable 

occasion, since it enlarges the basis of whoever is interested 

and can appreciate our work. 

WHICH ARE THE INVESTMENTS 

Before starting to cover the criteria, the formulae and the 

examples with which an in•1estmert is evaluated, it is necessary 

to define it. 

A fixed asset can be outlined in terms of machinery and plant, 

depending on the purpose thereof (see chart hereunder). 

l 
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The opening of a new production unit. of a factory to pro

duce planks, involves significant investme~ts of capital, the 

construction of sheds, the installation of J sophisticated plant, 

the purchase of many machines. 

At a lower level, let us consider the hypothesis of a factol"} 

being restructured, for example, in order to renew, update and 

considerably increase the production, and to convert the business 

to diversif~eG products. 

On a still lower plane we find tre investment in an innovative 

machine, which replaces a previous tyFe of manufacture, leads 

to economies on account of saving o~ materials and on labour. To 

give an example. we would mention a flanging-machine, which makes 

it possible to enhance less valuable materials, with excellent 

results in terms of appearance and quality. 

A further investment which is part of a detailed economic 

analysis is the replacement of a worn-out or out-of-date p~nce 

of ~quipment, when th~ alten1ative lies between various non-homo

geneous machines differing in cost,with different performances, 

not producing the same quantities. 

The simplest case we are examining, finally, is the replace

ment of a worn-out machine. 

Under such circumstances, !t is solely a matter of deciding 

whether to replace the equipment part immediately, or to continue 

incurring high maintenance costs and po~tponing the investment 

of capital. 

The classification we have just ~iven is not a strict one 

and could also be modified thus including some types of fixed as

sets which w2 have perhaps neglected. 

On the other hand, for all the above-mentioned, evaluating 

the rates of return on investment is important: the general 

-1 
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mat:hematical fo~ula is th€ samt!, al::hough, in s0me cases, the 

applicati0r.. differ-s. 

But before explaining the mathematical formula which compares 

an ''initial invec;tmer.t" with a continuous flow of "revenue" and 

of "costs", we ~ish to point out that, in the various cases indi

eated, the types of costs and of revenue may be diFerent. Even 

greater differences may exist in the matter Ly which we srall cv2-

luate the extent of these monetary flows. 

In the hypothesis of a new industrial unit, it is 1nd1spensible 

to have a gcod knowledge of the outlet market of the finished 

product, an analysis of the absorptio~ in the regions or in the 

nations in which the unit is to be constr1Jction and a survey on 

tl-,e import and export flows. J11::t as important are the easy 

a··ailability of raw material, the .'lvailability of local labour and 

their relative costs and the pcssibility of finding q:.iali~ied 

technicians to run the business. And not le~st, the lev~l and ty?e 

of government support for the type of activity in ques~icn are 

decisive. On the basis of this input, cost evaluation of all th~ 

production factors (materials, manpower, capital, machines) may 

be made, the yiel~ for every unit produced, an~ of the output 

which can be sold. If ull the ar.alvs€s ar2 well conducted, it 

is possible to foresee tP.e trends ~n future years of the various 

parameters, without falling into serious errors of evaluation. 

In case of a structural reorganization of a factory, other 

variables must be considered: the obsolescence of the machinery, 

the availability and co3t o: labour compa~ed with its wo~th at 

the time the factory w3s fcu.1ded, the changed c~ndit1ons of the 

raw material and finished produc~ markets, the availability of 

innovative methods of work and m.Jchines. In th~_s case, a c7ir1parison 

of the rates of retur~ must be made 'L~tween th~ fact·H·y still to 

be restructured and the modified orod·1<'tion unit. If we ~;ir,h 

to evaluate the advisability of Investing in a machinP- whlch mooif fes 
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a sp~ciflc operation considerably, it is n~cesaary to e~t!Mate 

a priori the economy which can be obtLine.'1 o:i !11..Rte~i~~s <tnd ]aboi.ac, 

but it is also necessary to identify ~o W.~at ~xten~ t~e quality 

of the finished product is thus improv~d and how this .:ari2cioa 

is reflect~d by the selling price a!'d ':he q•J2r.it:l.es which can be 

sold. 

If the replacement of an item :.f eql'lp!'e'at, ~r.e:e it has "'."eached 

the ultimate llmit of utilization, provid~s for an altertlative 

between new machines having diffe::enl: fEat.ure~. it ia necessary 

to evaluate the different runni1.g c..:>!.ts for er-.ch ma.chin~; and 

also to consider i11sert into the ·;;<1li::ul;!tio-r.. the r~iia~1ility and 

the serv:!ce rendered by the Sllt:'?l.iecs for e:i:ampL.• dur~.r~ ti1e st ,trt -

up, in ~enns of technical ass:!.st;:i.nce servi-:e, j•, terms o: avai-

lability and cost of spare ~arts. 

The simple replacement of a worr out 1nach:!:ne with a !'li.milar 

one involves an apparently s!mpler research into the cost of 

machine stoppages and of maintenance interventions, an evaluatior. 

of the rates of interest, the influence of the taxation system 

on the t3Xable business profits. 

We uould like to point out that the outlf.ne we nave used f".lr 

th~ various -:lasses of investm~nt is purely formal. In effec~ 

ali. the controls tie have mentioned must "always" be made fo .. all 

invest mer. ts. 

If we t~ke the last example, the simple replacement of a 

machine, we must make all the verifications foresee~ also for the 

investments of a higher class. The,1e controls m3y be performed 

synthetically, but they must absolutely not be forgotten. W£ 

must, that is, check the reliability of the ma~hh1e, any possible 

necessity of innovation of the prodtJct. the trend of the 0·1erall 

rna rkel:. 

All the examinatiC'ris are ne<.:essary, which are normally ma<ie 

when a new and entire production unit i~ studied. Let ·1s 



- 9 -

take the simpl~ case of a door anc ~indow frame business which must 

repl3ce one of the three 1.ilstalled tenoning machines; anc assume 

that the door and window frame market is un<lergoing strong deve

lopment o~, instead, is beset by serious crisis. It is clear ~~~t 

tht tenoning machine c~r.not be replaced with ancther of the same 

kind: in the firs: case a mLchine with a greater rroduction capa

city must be examined, in the second, an attempt will be made to 

work with the two installed machines. This example, even if banal, 

leads us to \lllderstand that the v~ewpoint cannot be restricted in 

a situatioa of detail. All the conditions in the factory must 

be taken into consideration when considering new investments. 

Let us next: consider that a n!!!w production unit has t.o be 

set-up. In a first general analysis a certain need for machines 

must be assumed and the machines would have to be chosen on the 

basis of general crit~ria. But then, once it has been decided 

to imple;nent the new factory, every machine must be et1Jdied in 

detail. 1~1 stJ111e cases, it will be necessary to verify the 

advantage of an ir.novative machine for a certain operation, as 

an alternative to other tradit:fJnal machines. In oth'i!r cases 

a comparison of sim~lar machines will have to be made on che oasis 

of their reliability and of the services offered by the suppliers. 

THE 0.SH FLOW TREND 

Whethi!r a new production unit has to be installed or a machine 

r~placed th~ principle is always the following: an investment of 

capital vh:kh prnduces an inr:ome (or a saving on costs) for a long 

pedcd of ti::.e is made on a sho~t term basis. The fixed asset 

has a useful life, at the end of which it is sold at a recov.:!ry 

value (frequently very low). If we outline on a graph the progressive 

mGnetary outgoings and incomings, in relation to time (that !.s cash 

flow), we always fi"d a curve like the one represented in 

fig.2 below. We can identify a phase A, of reduced monetary out

goings (for example the payment ~~~the project), a phase B during 

which there is a rapld and concP.ntrated outgoing for the purchase 

of mach•ncs and of the plant, a phase C representing the start-up 
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of the ne~ production vith very l:lJnited ~comings, a phase D in 

which there are constant incomings corre&ponding to th~ maxi.mwr 

inco:ne, a phase E during which tr.ey grad~ally !ecrease (~v~n if 

they remain ·1ery tigh) by effact of the wear ano tear of the pla'.lt 

and of the various extental conditions (increase in cost ~f lab~ur, 

increased co1:1petit:1on, etc.) and finally. uron te!lftfoation of the 

useful life of ti-,e fixed asset, an incm11ng for the gale '>f the 

machine ar.d C'i the plant. With an initial investlrient equ;;.l to I, 

the initiat5ve has le~ to the tot2l recovery of the init:fa! cost 

and has provided an income equal to G~O). 

A c E 
B 

Fig. 2: C~h-fl..ow trend 

P time t 

n 

(n f 1 

= - I Jo c(t) (:+i)-t dt} o p(t) (1+i)-t dt + ( -n 
vf 1+i) 

--1 
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One should then evaluate the advisability of the investment 

in economic terms. At this point, it is necessary to insert the 

conc~pts of interest and d~valuation~ if today I lend someone 

$ 100 and in a year he repays me $ 110, I have apparently earned 

$ 10. But, if in the course of ~ year, the cost of living increa

ses by 10 percent, when I get back the $ 110, I can purchas~ with 

this sum exactly the same good3 that I would purchase today 

with the $ 100 I had lent. This means that I have earned nothing. 

In other w~rds, if I bring my cash fl.JW up-to-date with values 

all referred to the year in course, I will have an outgoing of 
110 $ 100 and an incoming of $ l+i • If the interest i = 10 percent, 

I therefore have an qpdated Economic Result 

110 
G • - 100$ + l + O.lO $ = 0 

It is not the case to dwell now on long mathematical considera

tions. It is sufficient to say that the general formt;J.a of the 

Updated Economic Result of every investment is set forth in the 

lo~er part of diagramme no. 3 above and is based on the indices 

defined here\lllder. 

i • annual rate of interest 

t = t:fme function 

n • useful duration 

I • overall investment, in this formula considered insta~taneous, 

that is with a duration of phases A and B equal to zero. 

c(t) • variable running costs in the period 0 to n 

p(t) • variable gross revenue in the period 0 to n 

Vf • value of recovery of the investment sold at moment n 

G(i,n) ~ updated economic result: function of the rate of 

interest i and of the useful life n. 

I' we check what takes place dn our graph, we see that by 

outlining an instantaneous inveRtment I, the curve changes in the 

AeB zone in a llr.e descending perpendicularly, whilst with intro
E 

duction of the updating coefficient (l+i) an even more acce~tuated 

lowering of the curve takes place, since the cash incomings further 
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forward in time are lnfluenced more negatively by inflation. 

Ur.fortunately, the mathematical formula, even though exact, 

and the graph, even if very explicit, do ~ot permit easy calcu

lation of the updated economic result. 

In fact, the problem is to "foresee" the trend of the costs 

and of the gross revenue over time and this is all the more 

difficult and \lllCertain, the greater the duration n for which it 

is necessary to make forecasts. 

The difficulty is then to express the trend of the parameters 

over time by means of ro3tbematical formulae and to proceed, 

finally, with the calculation. 

The difficult forecast of the future and the absence of 

general rules for the trend of costs and revenue over time would 

not, at this point, make it pos5ible to go further in the solution 

to the problem. And in f3ct we must not be surprised if we en

c.o~nter many engineers actively engaged in the analysis of invest

ments: experience, instructions and knowledge of the machines 

and plant enable them to identify, in the various cases, the rules 

to be applied for evaluating the advisability of an investment. 

Ample literature has thus ensued Rnd many parameters have 

been identified and defined; these are adopted in individual cases 

of investment in order to judge the benefits thereof. 

THE FORMULAE FOR THE CALCUL.\TION OF THE RATES OF RETURN ON INVESTMENT 

Many si~plified formulae arise out of the gener31 mathematical 

expression illustrated above for the evaluation of advisability. 

It seems worthwhile to indicate hereunder the different expressions, 

followed for specific. cases of investment. Upon completion, we 

shall set forth two concrete exampfos, applying the formulae in

dicated. We consider that, in this manner, we can dt?mOnstrate 

in practice how the calculations must be set up. 
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We would start by sayi~g that the search ior simplified 

formulae presupposes knowledge of the various parameters. In 

some cases, fer example, and especially in the past when the value 

of mcney was relatively stable, there was a tenden~y to neglect 

the test of devaluation "i" and the values were therefore not 

updatea. Another Si.Fplific.ation frequently used is to calculate 

the di!'ference between reve11ues and costs and even the sole im

provement in revenue between two different solutions (for example 

calculatious are made of the savings generated by a new machine 

as compared with manual proces!· ·ng); matheni.atics show that this 

procedure is permissible, if given rules are complied with. 

Again for the purpose of facilitating the calculati0ns, a con

sistent trend in revenuP is assl.S!led, with constant savings for all 

the years of life of the investment. A notabl~ simplification, 

finally, is adopted by dividing the useful life into homogeneous 

periods, for example into years, and by considering that the mone

tary incomings take place at the end of every financial year. 

Having said this, let us pass on to analysing Fig.3 which 

shows, with a double line, the trend of the cash flow in the pre

vious simplified hypotl • .'.?sis. Let •JS suppose that the investment 

is ~ade for one of the following reasons: 
G (0) = 15000 S 

R = 5000 S 

G (42) time 

-

I 10000 S 
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- purchase of a truck at the price cf $ 10.000 for the trans

por~ of logs to thP. port, which makes it possible to save the rail

way tariffs for a m~ch longer transport; let us suppose that this 

saving, less the cost for tre use of the truck, is equal to 

$ 5.000 per annlDI:; let us again suppose that the truck has a useful 

life of five years; 

- purchase of a machine having a value of $ 10.000 for the 

recovery of the veneer from the rounding-off operations, with a 

consequent greater production of plywood for a value of $ 5.000 

per annum; this example is not very precise because the plant in 

question has a useful life of much more than fiv~ years; it is 

sufficie&t though to change the abscissa of the timing and to 

repeat the calculation in the event of a longer lifetime. 

At the end of the five years, the earnings, considering an 

ir~erest of zero, are $ 15.000. 

The main indices which are analysed in the evaluation of the 

investments are the following: 

a) the recovery (pay-back) period; 

b) the rates of return on investment, per annum and not updated; 

c) the cur~ent value or updated ec~nomic result; 

d) the index of benefit; 

e) the discounted cash flow, per annlJlll, not updated; 

f) the equivalent cost per annum. 

The Recovery Period :p~y-back) is used a great deal especially 

for short-term investments and usually with a high rate of return 

and does not take the rate of interest into account. It ls ex

pressed by the formula: 

P • .!. • 1onoo • z 
r R 5000 

and expresses the time in which the if'lvested capital is paid bad:. 

In our example, the recovery period is of two years 2nd is identi

fied on the graph with the intersection of the double line with 

the axis of the abscissa. 
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The Rates of Return cm Investment, Per Annum and not Updated are 

calculated by the formula: 

T • .:.:.n.....:R;.:___---=-I G (0) 5 x 5000 · · 10000 -
n I • -nr- .. 5 x 10000 30 % 

and expresses l a simple manner and without taking the interest 

into ac~ount, the rates of return on the investment. If, upon 

terminalion of the life of the investment, I have earned $ 15.000, 

I can say that I have earned $ 3.000 per annum having initially 

invested $ ~ 0. 000. I have therefore had a rate of ret11rn of 30 

percent. 

The current value or Updated Economic Result takes the inte

rest into consideration. As we have already indi~ated, we update 

the future incomings taking into account a rate which, in the 

example, has been set at 10 percent (logically per annum, and we 

are thus speaking of compound interest). In diagram no. 4 above 

we have indicated with a continuous dotted line the trend of the 

updated revenue. The formula is the follow!Ttg: 

G (10.5) • R (P/A 10.5) - I~ 5000 x 3.79 - luOOO • 8950. 

In this formula the coeffici~nt 

(P/A 10.5j • 3.79 

represents the current value, at compound interest, of a temporary 

revenue at constant deferred instalments of the value of $ 1 and 

can be found in the tables of actuarial mathematics. 

We must observe that we are basing ourselves on the arbitrary 

presupposition that the rate is equal to 10 percent and the totai 

earning equal to $ 8.950 is thus determined. In the diagram the 

value G (10.5) is clearly indicated on the right of the graph. 

The IndeK of Benefit is calculaLed starting, as in the pre

vious case, from a p:e-set value of the rate. The formula is the 

following: 

'f 
• !_ (P/A 10.5) • 5000 x 3. 79 __ l 895 I 10.000 ' 

and expresses in updated value how many times the investment is 



- 16 -

paid back during the entire life of the plant. 

Like the previous index, this one is based on a rate pre-set 

i~ a~ arbitrary I:?easiae and cherefore gives a conditioned indica

tion of the actual rate of return on investment. It is cnly worth

while mentlcnin~ the fact that the fcrmulae have been expressed 

in the casE of constant lfncoming cash flows for the various years. 

Other formulae, which lead to the same result but are more ~ompli

cated, are v.111..i in the case of different incomings for the various 

financial years. 

We have indi~ate~ the existence of tvo i"dices fixed on the 

basi9 of a pre-set race. By analogy the indices examined previously 

in the cas~ dLt of a rate equal to zero, others a~e determin£d in 

the hypothesis o~ a pre-set rate. It is worthwhile m~ntioning 

only the pay-back period vhich is i<lent:i!':!ed on the graph l> •• ~re 

the continuous dotted cun.•E: int:ersects the axis. It should be 

noted, in particular, that, with a rat~ of 10 percent, such a 

period is 2.5 instead of t"l'J years. 

The discounted Cash Flow, per At'tr.um, Updated (discounted cash 

flow method) involves us in rather mot"e cc:mpl!.cated consideration. 

We have seen that, when we consider tl.e interest equal to zero, 

the earnir.3 on the inve~tment is equal to $ 15.000. With the 

rate of lG percent, the earning is re~uced to $ 8.950, because the 

curve of diagram no. 4 has gone down. If we n~w suppose ~hat we 

have a rate of 15 ~ercent, the curve will go even further down; this 

is clear. There will therefore be a rate for which my earning 

is nil: that is at the end of the five years I si~ply recover 

the capital invested. Thia curve is · in~icated in the diap,ram 

alrP.ady mentioned with a dotted line. 

The index normally known as IRR (Internal Rate of Return) is 

ex~essed by i-- and is calculated with the following forniulz: 



G (i-:s) = 0 

R (P/A i-:s) - I = 0 

(P/A i-:s) = ~ = 2 
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On the already mentioned tables of interest I can easily find that 

this interest :!.s equal to: i--= 42 percent. We must dweH on 

this criteria of calculation, be.'.:ause it is widely us~d in the 

evaluation of inve;tments and represents, in our opinion, the most 

appropriate methodology. 

The IRR cannot be likened to the indices examined previously. 

According to a mathematical demonstration which is too long 

to present, the incoming cash flow of each year can be divtdeci into 

two quotas, a part for the reimbursement of the capital and 

the remainder to pay the interest i--for one year on the capital 

"which is still to be repaid". For this reason the index 

IRR = 42 percent is higher than ':he non-updatEd rate T = 30 percent 

illustrated above. It is important now to tmderstand how the in 

terest 1-- must be evaluated. A new index is introduced, MARR 

(Minimmn Attractive Rate of Return). 

The MARR can be defined as t~e rate at which an enterprise 

is interested in investing, since it has other po~sibilities 

of producing this return. 

The MARR must not be confused, as often happens, with the 

cost of the capital which the enterprise receives from the share

holders and from banks. th£ MARR must be substantially higher than 

the average weighted rate frOC". ~~e sources of business financing, 

because it is not advisable to invest in projects which result 

ir 'ln earning equal to the cost of the ciapital by re..1son of the risk 

el:ment9 present ia many projects and on accotmt of the unc?rtainty 

of the future. 

If, therefore, a business sets a WARR equal, ~or example, to 

20 percent, it thus expresses its availability to invest in all 

initiatives whic.h have an IRR> MARR. The capitals invested in the 

-1 
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various initiatives will have a return cash flow as we have 

seen previously and can gradually again be investerl in other ar

ti vit ies, always with IF.R) MARR. 

At this point the val1 :ity cf the system is evident. The 

investment is examined and calculated completely on the basis 

of the foreseeable cash flows without inserting external hypotheses 

on the rates; it is t~e IRR index which, in the end, is compared 

directly with the minimum attractive rate of return set by the 

business. 

There remains only to set forth some specifications regarding 

the MARR. If, in a nation, inflation is low, for example at the 

leTel of ~ percent, the average rates payable by a business May 

be of the order of 8 percent and the MARR will be fixed at around 

10 to 15 percent, but if, in another nation, lnflation is for 

example of 20 percent, the business cannot but fix the MARR a_ 

a level of 25 to 30 percent. 

To give anot~er example, if a business h~s average rates 

payable of 10 percent, it can fix the MARR at 15 percent; but 

if another business of the same country has mainly short-term 

financing and therefore pays rates of 15 percent, it cannot but 

fix th? MARR at 20 percent. 

We have taken a lot of trouble to illustrate tl1e discounted 

cash flow system sine~ we consider that it is undoubtedly better 

than others in the evaluation of a new investment. Some supple

mentary measures must be adopted when more than one alter:tative 

of investment exists, like for example the purchase of two simi

lar machines, with different i~itial costs and annual returns. 

In this long illustrati~n of examples of formulae, we have 

not vet dealt with the Equivalent Cost per Annum system. The 

formula applied is the following: 

I 10000 
CE• R - -(P_/_A_l-0. 5) • 5.000 - J. 79 • $ 2.361 



'. 

This is used in particular when various alternative solutions 

exist, with different useful lives of the fixed asset. 

FIRST EXAMPLE: INNOVATIVE MACHINE: LIPPING MACHINE FOR DOORS: 

Although we havP. sought to limit detailed study of the for

mulae and have done our best to render the illustration simple and 

interP.sting, the reader is certainly feeling bewildered and perhaps 

bored as well. On the other hand the hypotheses set forth up to 

now are too schematic and do not repreaent actual cases. We thus 

feel that it is advisable to give some more concrete exsmples 

which may better illustrate what we have descr.ibed up to now. 

The reader can use the same methodology in order to make an inde

pendent calculation in the specific conditions of his business 

and for any other investment of interest to him. 

Let us, therefore, examine a busines3 which produces inten.al 

doors for housing in a quantity of 500 pieces/day; we imagine 

that these doors are of the veneer~d type, with the frame made 

of high-quality wood and the le< ~ of plywood veneered with the 

same kind of wood. The tecnnical manager of the business, visiting 

INTERBIMALL has examined with interest the lipping machine of 

a certain manufacturer and has seen the possibility of adopting 

for the leaf frame a much more economical type of wood. The so

lution is made possible by the machine examined, which glues a 

wC'Oden band along the whole of the rabbet of the door. 

We refer to the chart on page 5. We are 

faced by the case of the "innov.:ttive machine". First of a!l a 

verification of the more general type is necessary, of which here 

is given only some results, in order to illustrate how to operate. 

Knowing the market of his own industry, the technician es

timates that the production of 500 doors per day is an advisable 

qantity and that it is not reasonable to expect fr.creases in the 

sales or to examine ~achines with higher capacities. The most 

economical kind of wood is widely available and will undoubtedly 
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remain at a competitive price for more than ten yeare. The func

tioning of the new machine can be ensured by the personnel of the 

business and the limited extra labour can easily be fcund by hiring 

more staff. Similar results are obtained with all the other 

checks, so that the technician is sure that there are no contra

indications to the purchase of the chosen machine. 

The machine is of the type illustrated in figure 4 with the 

sole difference that it operated on only one side and this is 

amply sufficient for the production of 500 pieces per day. The 

operati0ns performed by the lipping machine are illustrated in 

figure 5 very clearly. 
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It is now necessary tn evaluate the economic benefits of 

the ::..~vestr..cnt end, fo"'. ttis purpose, th~ technici;m must 

$elect all the cost elemect.:~ whlch a:re necessary. Here we have 

ren<?we<l the e:<:ir.!"ination of :..~e ".!Conomic componeti ts" al.ready 

illustrated by fog. della Torre in his pa!'Jer (ID/WG. 169/ 3) and 

we are adapting them t.:o this particuhr cc:1crete case. 

In table i, we find the values and the infonnation neces-

5dry for tte evaluation of the fixed asset. The tabie is very 

detail~d an<l aoes not ·.:eq:iire furth~r explanatior•!-., ThP.values 

J:"efer to 1982 anJ :!.t is -;.resUtred that ~he mach!ne enters into 

operation or. 1 Janua?)' i983. 

Table 1: 

Ci'.LCUI.ATIO~ OF c;.r ITAL INVESTED AND Or "-ELATED VALUES -------· ------- --

Machine 
Theoretical production of machine 

Productjon assured by the rna~hine 
to the business 

--·-----·--------·-----

Purch~se value FOB (va:uc indicated) 
Transport-Insura~ce-Tayes 275 
Compl0mentary equipment not relevan~ 
Base, link-up, po~er, etc.not relevd~t 
Start-up and testing 
Staff training 
Corn.mcrcial value o: 
area occupied for 
new manufacture 

8% 

Us~ful life 0: machine 
Remaining value at end of life 
Fi~cal depreciations 
Accelerated fis=al d~preciati~~s 
Depreciations desired by business 

Init!al purr.hase of tools and 
spart pa~ts !0r two yc~rs 

Lippin3 ;:rw:hine 
(o;;nP- alJe l>nly) 

8CO doors/clay 

50·) dcor s/d.:iy 

$ 40,CtlCi 
1 'iV,8iJ() 

$ 3,200 

$ 1 ,000 
-------
$ 55,000 

s YP..?.rs 
rl 8,000 .... 

8 yea._s 
5 y•,-0rs 
5 years 

$ 7,000 

Nut•:?: the ··e1l1ws are chosen in such a manner as to i;>erm!t a 
typ.!.cal example. T~ey do not, therefore, .1ecessar1ly 
~epresent re&l!ty and are not to.be considered binding 
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Indication is given of the economic values for all the years 

of expected utilization of tht! lipping machine in table 2. 

It is useful to conunent briefly on the hypotheses adopted in the 

simulation we have ma.de: 

The nation where the business under examination has its 

headquarters is an exporter of timber: for this reason the 

difference in value between a high-quality wood and an econo

mical one is limited to $ 65 per cubic meter; in Europe such 

differences are much higher and always justify the purchase 

of the lipping machine since the rate of retu~n is much greater; 

All the values havt been assumed for the total duration 

of the i~vestment, simulating what the technician of the user 

business must do; the values increase over the years accor

ding to the :nedium-term plan set-up by the business; we see 

that on the basis of these calculations, it is foreseen t~at 

the cost of timber rises on average by 6 percent ~er annum, 

the cost of labour by 9 percent, motive power by 9 percent; 

these values give an idea of the inflation in force in the 

cou.1 try examined; 

The additional cost for labour is calculated as for 

three workers, thinking in terms of manual loading and unloading 

of the machine; 

The cost of the non-recoverable scrap has been indicated 

for a general case; with the machine under examination, the 

scrap can always be reconditioned; the time for recovery is 

amply absorbed by the hypotheses already set forth; 

The cost for maintenance includes the spare parts purchased 

at the start for approximately two years and which, correctly, 

have not been inserted into depreciation; in the subsequent 

years a progressive increase is f~reseen for the costs of the 

spare parts, ~aking the ageing of the machine into account. 



Table 2: VARIATION OF BUSINESS REVENUES AND OF COSTS RESULTANT UPON INVESTMENT 

FINANCIAL YEAR 1 983 , 984 1 985 , 986 1987 1 988 1989 1 990 1 991 
Saving on price 

!/m3 of timber 65 65 75 75 75 85 85 95 
Timber consumed 

m3/year 1700 = = = = = = = for fra:nework 
SAVING s 110500 , , 0500 127500 , 27500 127500 144500 144500 161500 

Cost of labour S/h 3.0 3.4 3.8 4.0 4.4 4.8 5. 1 5.7 

Labour necessary h/year 5400 = = = = = = = 
for loading and unload'..ng 

1-.) 
IJ'I 

Cost of suppl. lat our s 16200 18400 20500 21600 23800 25900 27500 30800 

~l. cost of ::.pee. technician .l> 900 1000 , 100 1200 1300 1400 1 500 1700 

Cost of wood edging s 54000 54000 6000() 60000 65000 65000 73000 73000 

Cost of glue and other t 4000 4200 4400 4800 5100 530U 5600 5900 
materials consured 
Cost of residue not recovered I R R E L E V A N T 
Cast of maintenance s 7000 500 4400 4900 5500 6200 7000 8000 

Cost of moti•:e ~r s 2300 2500 2700 3000 3300 3600 4000 4400 

SUPPLEMENTARY COSTS s 84400 80600 93100 95500 104000 107400 118600 1 23800 

Note: the values are chosen in such a manner as to permit a 
typical example. They do not, therefore, ~ecessarily 
represent reality and are not to be considered binding. 

_J 
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~able 3 indicates the incnnfno cApitP-l for all the 
years from 1983 up to the end of the useful life of the machine. 

It should be noted that the calculation of the taxes foresees 

that the greater earning determined by the machine is normaliy 

subject to taxation and that the relative ta~ is paid the 

subsequent yea=. It should also be noted that, althouch having 

assumed a limited saving on the cost of the timber, L, the sub

sequent financial years the business has incoming capital which 

vary between $ 11.000 and 32.000. As we can see, it is very 

important to make a correct forecast of the revenue and costs 

and it is not possible, therefore, solely in order to simplify 

the calculatio~s to consider that the incoming capital is constant. 

Table 3: TREND CP I.~COMilfG CAPITAL 

1 q53 1984 1985 198.j 1987 1988 1989 1990 

savings 110500 110500 127500 127500 127500 144500 1445CO 161500 
Supplementary r.osts (84400) (80600) (93100) { '35500) (104000) ( 107400) (1j8500) ( 12)800) 

Margins 25100 29900 '.14400 32000 23500 37100 25900 J770C 
Payment o! tax@s (6050) (7550) ( 9~;0) (8400) (50CO) ( 14~50) (~OJSO) 
P.ealization value 

INCOM:NG CAPITAL 26100 23850 268)0 226j0 15100 32100 11050 27))0 

Margins 26100 29900 344CJ 32000 23500 37100 25900 37700 

Fiscal depreciations (11000) (11000) ·(11000) (11000) (11000) .-
Taxable profit 15100 18900 23'100 21000 12500 37~00 25900 37700 

Calcula~lon of taxes(40\)6050 7550 9350 8400 5000 14150 1 OJSO 15050 

1991 

( 1 ~05C) 

aocc· 

( 705C j 
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We now pass to table 4. Yp r~~l17.~ t~~t all th~ 
formulae indicated previously have little true relation to 

reality. 

Table 4: Calculation of discounted cash-flow 

Flows of Pro- I Rate of 40% Rate of 45% 
YEARS incoming sess. 

capital inco~-1 
Tab Le 

Updated 
Table 

Updated 

in gs va.lue ·- value 

1 983 25100 25100 o. 714 18635 0.,590 18009 

1 984 23350 49950 o. 510 12154 0.475 11353 

, 985 26850 75800 0.364 9773 0.328 8807 

1986 22550 0.260 5889 0.225 5119 

1987 151 co 0 .1(16 ~809 0.155 2355 

1988 321CO 0.133 4259 0.108 3457 

1989 11050 0.095 1050 0.074 81 8 

1990 27350 0.058 1850 0.051 1395 

1 991 { 7050) 0.048 ( 338) 0.035 ( 247) 

TOTAL 178000 55111 51077 

C~lculation of rate by interpolation 

56111 -55000=11111 

5500C - 51077 = 3923\IRR = i* = 
) 

1111 x5 
40 ... 1111+3923 

= 40 + 1.10 = 41 0 

Pay-back period = 2 years f5.5000 - 49950 x 12 = 2 years 
25850 f 2,3 months 

Table of coefficients ( ) - n 
1 + i 

-1 
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The search for the internal rate of return IRR= i--.of such 

a nature as to reduce to zero the earning indicated in the following 

formula, is performed easily by atcempts and by interpolations. 

The formula, taking non-constant annual quotas of recovery into 

account, is the following: 

G (r:n) = 0 

I = Rt (1 + i) - t + vf (1 + i) - (n + 1) 

According to the methodology illustrated, we obtain the following 

two parameters necessary for evaluation of the investment: 

rate IRR= i-- = 41.l percent 

pay-back period = 2 years 3 months 

Let us illustrate the significance of these values. If the 

busin~ss which is studying the investment has headquarters in a 

country with a rate of inflation of 6 to 9 percent and therefore 

established a MARR (Minimum Attractive Rate of Return) equal to 

17 percent, it easily verifies the benefits of the purchase of 

the lipping machine, since 41.1 percent is very attractive. From 

the financial point of view, the pay-back period indicates that 

the monetary savings permit the return of the capital into the 

corporate coffers in the very reduced period of time of two years 

and three months. The investment i3, therefore, undoubtedly ex

tre$ely advisable. 

SECOND EXAMPLE: NEW PRODU"'I'ION UNIT: PLYWOOD FAGiORY 

Let us now examine another case. A business wishes to cons

truct, in a timber-producing nation, a factory for the manufacture 

of plywood. (see fir,. (1). 

The project, on the basis of a detailed study by the purchaser 

which has surveyed all the local features, has been performed by 

an Italian engineering firm. 

The factory illustratP.rl in fio. 7 hAq "P"'l'' rlr.:'l'f~nerl 
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Fig. 6: Plywo3d factory (reeling system and reel stores) 
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Steam:1ng bins 
Elc=trical crane, 10 tons 
Chain conv~yor carpetb for logs 
Chain saw 
Log debarl~er 
Chain conveyors for charger 
Automatic lathe charg~~ 
High effic!ency telescopic veneer lathe 
Tray deck system or reeling system and reel stores 
High spe~d pneumatic clipper 
iully automatic veneer stacker 
Core c:lB.in conveyor with pneumatic ejector 
WastP. belt conveyor 
Waste veneer ch:f.pping machine 
Device for recovery of reur.dings 
Automatic clipp~r for recovery of roundings (option: Zig-zag tr~y i& best) 
Automatic veneer loader for dryer 
Jet veneer dryer with cooler 
Veneer jointer ass.anbly 
Veneer splicerc - other systems possible 
Glue lllixers 
Four cylinder gl~e spreader 
PL'e-press 
Press loading and unloading dPvices 
Hot pu~ss 
four sit~e panel squ;.rfng unit with .;iutooiz.tic transfer 
Transf ~r conveyor 
Wide be1~ sander 
Suctior ,lant for sizing and sander. 
Hydrauh,; hoisting pla~forms 
A:f.r compreRso1· cnit 
Automatic precision knife grinder 
Grinder for circular blade of squaring unit 
Gricder for chain saw 
Generating heating plant 
Veneer and ply-JOod storage 
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The characteristics of the production and the investments 

~ecessary, as indicated in table 5, are sufficiently expla-

natory. 

TABLE 5; FACTORY FOR THE PRODUCTION OF PLYWOD 

GENEB.AL FEATURES 

Kind of wood used 
Covered surface 
Timber processed 
P~yv_·ocd produced 

Okomae 

7,500 I':\2 

15,200 rn3 

8,000 m3 
per 
per 

Blue-collar staff employed 
Team bosses and technical and 
acL-ninistrative staff 

67 people 

8 people 

annum 
annum 

Days worked 
Shifts 

300 days per annum 
2 shifts 

Year of reference 

INVESTMENTS NECESSARY 

Plant and machinery FOB value l/ 
Transport, insurance and taxes 27% 
Base, li~k-up, etc. 5% 
Start-up and staff training 10% 

TOTAL VALUE OF PLANT 

Buildings 

1982 

$ 1,000,000 
$ 270,000 
$ 50,000 
$ 100,000 

$ 1,420,000 

$80/m2 $ 600,000 

Operating capital estimate i 500,000 

TOTAL FINANCIAL REQUIREMENT $ 2,520,000 

1/ The value is actually higher and has only been rounded to 
- $ 1.000.000 for ease of calculation. 

I 
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Without ,:>1elling on an illustration of the plant, a task to 

i:>e performed Ly other technicians, and considering that the pro

ject is exact, let us see how the calculation of the rate of return 

is made. Against the investments indicated in the previous table, 

the busin£ss has a series of revenues and of costs, all identified 

on the basis of the market conditions, of the experience of the 

technicians, of the verification of a similar plant. 

In particular, ve observe that the plywood is of the high 

quality type for ~xport and thecefore has a high sellingprice; 

the cost of the person el is very low, as occurs in some countries 

(in this example we have set a cost of $ 3.600 per annum, different 

from the case examined previously); the thermal power is llK'stly 

self produced form residues whilst a quota equal to 15 to 20 percent 

is obtained with other fuels; no calculation is made on taxes 

becuuse we assume go11emment exemption in order to facilitate 

invest~ents. 

As we can see from table 6, against annual sales for 

$ 3.400.000, we have costs for $ 2.032.000 and a gross margin of 

$ 1.368.000. By deducting the depreciations and the necessary 

interest on cap~tal,we cbtain the net profit. 
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TABLE 6: REVENUES AND COSTS 
1~~~~~~~~~~---<1--~~~~--~~~--+~~~~~~-1-~~~~~~f--~~~-

Consumption Unit.prices Unit.values Amounts ITEM 

Plywood sold 
800 rn3/annurn 

Timber 

Glue 
Electric pow:!r 
Fuel (estimate) 
Tools 
Maintenance 
Total variable costs 

Wages 
TechLical and ad
ministrative staff 
Overheads and 
selling expenses 

FIXED COSTS 

TOTAL PRODUCTION 
COSTS 

GROSS MARGIN 

Depreciation 
Interest only on 
loan 
Net profit 

Sales variable costs 
Fixed costs 
Break-even point 
% of capacity 

(per m3 of plYwo:ri) ( $ ) ($fin3 plywocxl) ($/annun) 

1 

1.9 m3/m3 

(yield 53%) 
100kg/rn3 

150 KWh/m3 
100Kg/m3 x 15% I 
3?- on imp.value 
4% on imp.value 

20h/m3 

8 people 

$425/m3 

$ 75/m3 

$0.4/Kg 
$0.05/KWh 

$ 12/dav 

$4500/annum 

4~5 

142.5 

40.0 
7.5 
3.8 
3.8 
5.0 

202.6 

222.4 

3,400,00 

1,140,00 

320,00 
60,00 
30,00 
30,00 
40,00 

1 ,620,00 

240,00 

36,00 

136,00 

412,00 

2,032,00 

1,368,00 

172,00 

126,00 
1,070,00 

710,00 
3,192 m3/annu 

40% 
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The application of the claHical fonaulae to evaluate the rate 

of return on inveatllent does not, in this caee, have auch ef.gnificance. 

In fact, by again taking the indices set forth previously, ve arrive 

at the following values: 

I • Initial investaent 

It • Groes an.11ual margin 

(P/A 10.15) • coefficient obtainable froa the tables 
in the case of interest on capital at 
10 percent and useful duration of the 

$ 2,520,000 

$ 1,368,000 

factory of 15 years $ 7,606 
I Pr • i • recovery period (payback) 1 year, 10 .anths 

n It - I T • --nl • rates of retum on investment, 
per annua and not updated 51 % 

G (10.15) • updated econoaic result considering 
i • 10 % and nm 15 years $ 7,885,COO 

• index of advantageowmess 

IRlt • i --. rate of return, updated and per 
ann\IB 

4.13 

54 % 

C! •equivalent annual recowry $ 1,037,000 

Apparently, the investment has an extreaely high rate of return. 

It is necessary to recall that, at the start of our analysis, we said 

that the fonaulae used alter reality by introducing siaplifying hypo

theses. Diagr ... e no. 15 indicates, with a dotted line the simplified 

e .. h flow, on the basis of which the fonaulae are fixed. Especially 

for an investment in a very coaplex factory, the sillplifications 

adopted previously are no longer acceptable. We refer, in particular, 

to the start-up period: the installation of the production units has 

a duration which, in reality, is of almost a ;,ear; upon coapletion of 

the factary, the aaxiam production is not re.ached at once, it being 

neceseary to train the personnel, to ~et up the .. chines, to start up 

sale•. We have assumed that this period lasts for approxiaately 1.5 

y .. re; finally after about eight yeare of activity of the factory, a 

lower rate of return auet be expected on account of wear and tear and 

ob110lescnce of the plant; the curve of the cash flow which •erges 
from this hypothesis is indicated in fig.M by a continuous line. 
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Fig. 8 ; Cash-flow 
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The aajor uncertainey in our es.ample is due to inflation: for 

a nev activity it is difficult to foresH the trend of all the pri

ces and cost• aver the 15 or aore ::.1.1bsequeot years. Ve -y as vell, 

therefore, consider the values without inflation and calculate solely 

the interest at 10 percent. The curve goes further dovn, as indica

ted in the graph. 

Graphically, ve have seen the initial curve diainish considerably. 

Given these conditions i• the investllent still econoaical? Yea 

certainly. Even upon pafing an interest of 15 percent of the capital, 

at the end of 15 years the updated eamf.ng is of more than $ 4,000,000. 

Moreover, at the end of the 15 years the busineH is still efficient 

and valid and, with a suitable prograame for renewal of the aachines, 

can still provide a notable profit. 

It is necessary to pay attention to the pay-back period of the 

capital, which actually ia about six years. If "e assume that resort 

is aade to a loan, it is necessary t~ foresee quite a long tiae for 

the repayment. 

What we have outlined here with a curve can be calculated witt 

a cash flow table which takes into account, in the moat exact manner 

possible, the forecastg we have aade. Wf!' shall not linger here on 

all the calculations necessary, 'ffhich can be aade aa in the case 

previously indicated. 

The one thing ve do wish to emphasize is the hlportabce of a further 

index commonly used by project engineers, the break-even point. The 

factory ve have emined has a break-ewn point corresponding to 40 % 

of the aaximua production as is illustrated by the calculation in 

diagr~ no. 14. If, therefor~, and especially in the start-up 

phase, the production reaches only the level of 50 percent (for example 

with one shift), a positive cash flov still exists, ae ve have aaauaed 

in this example. But if the break-even point were auch higher, the 

factory would have a lover coefficient of certainty and in the initial 

phase would produce outgoings, as opposed to caah recoveries. 
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It is no'il nKesN.ry to go back a little. When ve ir;dicat~d in 

the chart .:in page 5 the vari•Jus types of investment, we s&id that, 

aftet" a first se:ieral ~xmination, tt it. neceasary to analyse in 

greater det&il itll the •achines -~nt:. .all the alterr.atives. Let us 

suppose, in fact that th~ ~urchaaer, on th• basis of the calculation 

we have verified, decides ~efinit~ly to ~.:mst~uct a production unit 

which acsures hi.a a good return ott the capital inv~ted. 

As in the case of the stru~tur~l reorgani~tion of the factory 

it is now necessary to evaJuate the al~ernative 3nd complemer.tary 

markets. It may emerge as being adv!eable to aodify the initial 

project partly as a re&ult of thP. f~llovir..g hypothese~: 

possibility of sale of dried rotary-cut veneer to local 

industries wh!ch produce tables vilh particle board cores (in 

this case it is nececsary to increase the flaking and dryi~g capa

city); 

possibility to produc~ enhanced plywood with planks pu¥-

chased fr011 other businesses; 

possibility to expand the factory with the production 

of plank.a as well, partly used internally and partly sold; 

possibility to install the factory in ~ different loc~tion 

where the waste can he sold at a higher price. 

If these verifications do not lead to modifications to th~ pro

ject, it is necessary to pass on to other controls. lt m.ay be 

alivisr.ble to examine so• icnovative machines or machin"°s which 

can, in any event. permit greater p~oductivity. 

This is the ~ase of the plant for the recovery of the rounded

~f f vmrneer pieces whicn we see illustrated in fig. 7. This 

plact permits much better utilization of raw material around 3 - 4 %; 

The calculation of the rate of return of this s~p~l--mentary invest•ent 

i• .. do correctly vith exa•in.ation of the capital required and of !he 

revenuea &nd markinal costs. If the inveatment is advantageous, 



..---....---..... -------------------------------------- -

I 
- 30 -

the final ,roject will aleo includt:: this pl.ao.t. 

1 2 

I 
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Fig. 9: Plywood factory, recovery and roundings. 

CClh .. "LUSIONS 

Our long examination has without a doubt clarified some concepts: 

t1<' sole and perfect criteria exists for the evaluation of 

the rate of return on investment; 

it is quite easy to know and to use some formulae, but it 

is indispensable, every time, to make forecasts on the 

quantities and on the prices with a great deal of precision in 

order to anticipate effectively the future reality; 

capital cannot be :ln~ested thoughtlessly without having made 

all the controls necessary in the most careful and most certain 

manne.r. 

I conclude this document with this last concept which I recommentl 

to the purchas~rs, so that they firmly require a valid calculatinn 

of rates of return, and to the manufac~urers of a&chinea, so that 

th~y alvaya complete their offers vith pr~ise indication of the 

evaluations, of the coefficie~ts, of tbl! indicea. It .!-,es not tAke 

a gTeat deal to calcul&te a discount cash flow, an updated rate 

of return, a break-even point. 

r . . .• -- ........... . 
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