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SYNOPSIS 

The start of mining operations often raises serious fina ncial problems.. In marginal ca$C8 promoters frequently 
demand financill l a id from governments. 

In (be past, the financia l assistance has taken the form of gifts, prowremcnt contracts, etc., but a id in such form 
has been se~rely critici ted. A new formula. has ~n ~Joped to provide a more equitable distribution of Ihe 
revenues accruing to the government and to private capilal. 

The benefits to these two parties have been evaluated in an hypothetical ca~e and compared in terms of 
internal rates of return on their investment, their shares of the undiscounted cash flows and their primary profits. 

The method based on the non-zero sum game theory provides a means for suggesting the lowest feasible annual 
production and the optimal sum contributed by the government in the form of outright gift, equity capital and 
CQnvcrtiblc bonds. Other fina ncial hypotheses can also be optimized by the computerized analy~is. 

I NTRODUCTION 

The starting of miuing operations oFten raises serious financial 
problems because of several contingencies such as the con~ 
struction of infrastructures, the application of new mining 
techniques, market development, IInd so on. Because of such 
difficulties, ID.9.ny potential ventures are marginal and their 
promotet'8 demand in several cases the financial aid of 
governments which stand to benefit from the development 
of new mines in remote or underdeveloped areas. 

In the past this financial assistance has taken the form of 
outright gifts, procurement contracts, and so on. However, in 
many cases, the govemrneslt may stand 10 lose appreciable 
sums, while the company is expected to tt3.p substantial 
beneHts in the years when the inherent difficulties involved in 
the starli.ng of the venture have been overcome. A new 
formula has therefore been developed to "provide a more 
equitable distribution of the revenues accruing to the 
government and to private enterprise from the project. 
According to this fonnula, a new company would be formed; 
this company would thus have two main partn.ers, the 
govcmmcnt and a new group of major shareholders referred 
to below as the new partners. These, in collaboration with 
the govemment, would inject the funds required for the 
equity capital in the venture. 

Tbis company ualUralIy would a&ree to reward the so-caUed 
old partners for their mineral rights and exploration. The 
fina l decision concerning the financing of the mine would, 
therefore, not be the responsibility of these old parlnet-i. 

The benefits to the two main parties, that is, the government 
and the new partners, from the potential mining venture 
under consideration arc then evaluated under different 
production and financial hypotheses and compared in terms 
of the inlemal rates of return 011 their investment, their 
shares of the undiscounted cash flows and their primary 
-profits. 

The procedure Cor the detennination of tbe internal rate 
of return, I, is quite straightforward in the case of the new 
pal'"tners. The Sllm of their yearly share of the cash ftow during 
the production period, discounted 10 the first year of 
production at the rate i, is set equal to the sum of their yearly 
contribution to the equity capital during the pre-production 
period compounded at this same rate. It is more delicate in 
the case of the Government since it is suggested that its 
financial outlays take the form of outright gift, equity capital 
and cOllvertible bonds, whereas its direct revenues consist of 
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its sbare of the cash now, the interest on its convertible boods, 
the income taxes and the royalties. The determination oC the 
rate of retum to the Government thus lakes into account all 
of these seven factors . 

It is then possible according to the non~zero sum game 
theory to suggest the lowest feasibla annual production as 
well as the optimal sum contributed by the Government in 
the form of outright gift, equity capital aud convertible bonds 
in order to satisfy simultaneously the exigencies of both the 
Governmcut and private capital. 

BASIC HYPOTHESIS 

In order to demonslrate how Ihis: DeW methodology can be 
applied to a mining venture, a series of 270 cases based on 
different production and financial hypoth~ were studied. 
In tbe example chosen, it was assumed that the company sells 
its ore at S8/ton and that the old partners are paid for their 
mlllernl rights and assets in terms of 10 per cent of the shares 
issued, shares that would be held in escrow until the first year 
of production. It was also assumed that the period of pro-
production preparations covered five yoars, during which the 
fonowing types of funds were acquired: 

(i) The equity capital from the new partne.rs and tbe 
uoconvertible part of the &overnmental contribution to 
the equity capital. 

(ii) The outright gift of the Government which is the 
dilfercnce between the total government assistance 
(TOA) and the total (including the convertible) sum 
injected by the Government as the equity capital. 

(iii) The convertible part of the governmental contribution 
to equity. 

(iv) The long-term loan ncccssru:y to cover the balance of the 
capita'l experrditurenmd 'Hrewurk.i:l1g Clq1!tal 

TIle period of production was assumed 10 be 25 years. 
The u"Cud in operatiug costs was assumed to be steady and 
the interest on tile long-term loans was taken as nine percent. 

"Development Engineer, Quebec Cat1ier Mining, Port Carticr, 
Quebec, Canada. 

tA Dub6, Professor, A. Galibois, Assistant Director and 
H. Monetto, Director, Dept. of Mines & Metallurgy, Laval 
University. Quebec, Canada. 



Tbe nature ami the raoge of variation of the parameters 
aoo !umrn:u:izcd as follows: 

(i) The annual production 'AP' has been chosen as either 
three, four or five million tons per year. 

(ii) The ratio of the equity capital to the total of the capital 
expenditures plus working capilal. hereinafter referred 
to as the equity ratio or 'ER', has been chosen as either 
20 or 35 per cent. 

(iii) The total sum contributed by the GovecIllllOnt under 
the form of equity capilal, convertible bonds and outright 
gifl, referred to as "fGA', has been chosen as ei ther 
$20. $35 o r S50 millions. 

(iv) The participation or share of the Government in the 
equity of the company, hereinafter referred to as 'PGER', 
has been chosen as eithcl' S, 20 or 35 per cent. 

(v) The initial share of the Governmental participation in 
the equity capital (called IPGER) has been chosen as 
either lOO, 60 01' 20 per cent. 

(vi) When the Government accepts to delay its contribution 
to the equity capital through the purcbase of convertible 
bonds, the conversion period has been choseD as eHller 
S or 10 years. 

RESULTS 

The internal rates of return 

The Orst step was the preparation of the pre-production 
capital expenditure schedules as well as the schedules of the 
long-term debt in each of the 270 cases. A typical example 
appears in Table I. The benefits to the Crown and to the 
new partners were then evaluated. 

Thus, Fig. 1 shows the rAte of return 10 the Government 
(ordinatcs) plotted against the raw of return to the new 

partners (abscissas) for the 270 cases studied. These cases 
have first been divided into three groups according to the 
three annual levels of production studied. For exampLe, if 
we focus on cases related to a production level of five millioo 
tons per year, all the points fall inside the polygon 
HIOIRIDICIB1SITIAl. Similar polygons have been drawn 
in the cases of three and four million tons per year. 

The results are also compared on the same diagram with 
the minimum rates of retum which could well be demanded 
by the Government and by the DeW partners. These, at this 
preliminary stage of discussion, have been taken as eight a Dd 
16 per cent, respectively. 

Jt is clear that neither the Government nor the new 
partnen could reach their objectives ill tlte case of 3 000 000 
tons-yearly operations. They could individually, but never 
simultaneously reach it at 4000000 tOllS per year. However, 
there are many but not all of the points in the 5 000 000 tons 
per year polygon which satisfy the two criteria simultaneously. 

The first important conclusion is that the project can be 
acceptable to both partners under tbe tenns specified only 
at a level of production exceeding 4 000 000 tons per year 
and this under a limited range of Onancial hypotheses. 

I.n order to find tbe limits of these favourable hypotheses, 
each of the three main polygons in Fig. I has been sub
divided into two sub-polygoos with. constant ER's of 20 and 
3' per cent. Thus, the polygon pertaining to an ER ratio 
of 20 per cent becomes 0tRtDl1tQ1BtPl. It is found that 
all of the points which could satisfy both the Government 
and the new partners lie inside tills sub-polygon whereas 
almost none lies inside the other sub-polygon which relates 
to cases with an ER of 35 per cent. It is, therefore, concluded 
that a relatively low ER should be used as a financial 
hypothesis if the project is to become attractive to both 
main parties. 

TABLE I 

Example of Pre-production Capita! Expenditures and Long-Tenn Debt Scheduln in Thousands of Dollars. AP ... 5 million tons/year j 
BR = 20 %; TGA = $3Smillions; PGER = )S% and lPGER- - 100%. • 

Production year -, -4 - 3 I -2 I -1 1 2 Total 

Cost for pit preparation 3135 - - 3135 

P~production capital expenditu~ 2365 19078 35926 30 785 14432 - - 102587 

Equity capital of the m:w panner! 1 446 11 659 I 312 14 417 

Equity capita l of the Government 920 7419 '35 - - 9174 

Outright gi ft 25826 - - - - 2S 826 

Convertible bonds - - - - - - -
Total Government assistance 920 7419 26661 35000 

LORu required for spending I I 7954 30785 17 567 "'12229 - 6853S 

Amount of interest on loan (9 %) - - 716 3 S67 5533 7176 -

,Amount.of .intex:est.on-COflvertibl.e .bonds 
4i % - - - - - - - -

Cost of issue (2* %) . 179 7tl 492 411 1 795 

Sub-Iotal . - - '9' 4280 602' 7587 

Amount to be borrowed . "54 31680 I 21847 18254 79735 

Loan outstanding 7954 39634 61 481 79735 t74418 -

"Working capital. 
tFirst tep:lyment of principal of 5 317. 
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; 
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Fig. 1. Tile rate a/return to the Governmellt versus the rate o/return to the new partners. The annual productions in million tons appear in.ride the 
circles, adjacent fQ each main polygon. Tile 8 per cent horizontal line and 16 per cent verlicalline relate to the minImum rates o/retllrn sought by 

the Government and by tile new partners, respectively. 

It is also seen in Fig. 1 that low ER's are favourable 
especially to the new partners in the case of high annual 
production levels. The inverse is true at low production 
levels. 

The same data as those of Fig. 1 have been used in Fig. 2 
which attempts to define better the optimal financial hypo
thesis. In this illustration, we have three main polygons 
(cross-hatched as indicated) each of which refers to cases 
where the total Governmental contribution (TGA) is 
constant (either $20, $35 or $50 millions). For example, the 
polygon corresponding to a TGA of $50 millions is 
11RIDrVlWl' It is clear that as the Government increases 
its TGA, its own intemal rate of return decreases. The 
three main polygons have been sectioned into three sub
polygons- whieh refer to-const-ant -annual productions 
(for example, IlRlDlJl at a level of five million tons per year). 
The annual productions in units of 106 tons per year are 
given by the numbers appearing inside the circles. 

It is also noted that in the polygon IlRlDIVIWl the most 
advantageous position from the standpoint of the government 
lies along the upper left band side, that is, WIll' TIris line 
shows [he rates of return to the Crown against those to the 
new partners when the participation of the Government to 
the equity capital (PG ER) is the maximum at 35 per ccnt 
and when the production varies from a minimum of three 
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(point W J to a maximum of five million tons per year 
(point IJ. 

It is dear that in order to satisfy both the Government 
and the new partners, the line of type WlIl should 
as nearly as possible, coincide with the arrowed line joining 
the origin (0,0) of tbe plot to point (16, 8) which expresses 
the most 'equitable' relationship between the rates of return 
to the two parties. 

Actually, the line WIll lies considerably below the 
arrowed line, The analogous line Wl ' 11' pertaining to a TGA 
of $35 million is considerably closer but again somewhat 
below the arrowed line. 

Finally, the analogous line Wt" IlN pertaining to a TGA 
of $20 millions is considerably above the ideal line. The 
optimal 'Ta-A from thisstandpoint;therefore~ would -appear 
to be slightly less than $35 millions. 

Another apparently acceptable solution would be to 
operate on the lower side of the polygon, that is, along lines 
of type V IDl (low GPER and maximum conversion). In 
this case, a total TGA of barely $20 millions would appear 
to be satisfactory. However, the minimum annual production 
required to satisfy the financial demands of the two parties 
simultaneously would be increased by about SOO 000 tons 
if [his policy rather than that recommended earlier were 
adopted. 
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Fig. 2. Same as Fig. I, except that the three main {JIJ/ygons relate 10 t:l}nstallf Iota/ GOllffllmenl assistance (TGA) o/S20. $35 and $50 mJ/lions. 
71i, numbers appearillK inside rile drcles 1/'" the annual prodllCJioJl dtOrQcterlslfc 0/ each sub-polygon, e.g. ItR ,D,}" The equity fOlio (ER) 

equals 20 per cent. 

Additional useful information can be obtained by dividing 
the main polygons of type IlR1D\V1W1 into sub-polygons 
of type IIRID111 which relate to constant annual produclions. 
These arc interesting first from the standpoint of the effect 
of conversion . Thus line [ tR. represents the maximWll effect 
of conversion, that is, as we proceed at a POER of 35 per cent 
from point 11• wi th an IPGER of 100 per cent (no conversion 
at aU) to point Rl with a n IPGER of 20 per cent and a 
conversion periodof 10 years. Theetrect is dearly advantageous 
to the new partners but disadvantageous to the Government. 
The elTect of conversion is, however, less pronounced when 
either tbe annual production or the participation of the 
Govemroent to the equity capital (PGBR) decreases. Thus, 
line J10 1 is tbe s,;une as line IIRl except that the PGER is 
here only five per cent as compared with 35 per cent for 
line I1R1. Lioe 110 1 is obviously considerably shorter. 

Another interesting conctusion catl be derived from the 
sub-polygons of type l lR1DIJI" Imagine a straight vertical 
line being drawn upwards from point 11 to its intersection 
with Hne fIR I. Along such a line, the rate of return to the 
now partners remains unchanged as the relative position of 
tbe Government improves considerably. An effect of this type 
could be obtained by increasing the GI)ER and by the consent 
from the Government to purchase convertible bonds. 

Figure 3 aims at finding the best (TGA) as well as the 
minimum annual production required to achieve the minimal 

rates of return sought by the Crown and by the new partners. 
In this illustration, the rates of return to the Government 
(lower part) and to the new partners (upper part) have been 
plotted as ordinates agaiust the TGA as abscisms. The two 
groups of curves of the upper part of the figure show how 
the rate of return to the new partners increases with the 
TOA. These two groups of curves penain to constant annual 
production of fow and five n)i1/ion Ions both at an BR of 
20 per cent and with GPER's of five, 20 and 35 per cent. 
It is clear from the upper part of tile figure that a TGA 
varying between $20 and $25 millions would be sufficient to 
achieve the rate of return sought by the new partners at an 
annual level of production of 5 000 000 tons. The corres
ponding TGA at 4 000 000 tons per year would vary from 
540 to more than $45 millions. However, it will be observed 
in the lower part of the figure that the Government could not 
reach -its desired -rate-oaf-return of eight per--<::c~t if-operationS" 
were restricted to 4 000000 tons per year. It could , however, 
achieve this goat at levels of nnnual production of 5 000 000 
tOilS, or even somewhat less. Thus, its rate of return cowd 
reach eight per cent, with a TGA of $20 millions, an ER of 
20 per cent and a PGER of five per cent, provided that the 
miuhnum annual production could be maintained at 5 000 000 
tons. However, tIlls minimum annual production could be 
reduced to about 4 500 000 tons with a TGA of $30 millions, 
an ER of 20 per cent and a PGER of 35 per cent. The latter 
solution would appear to bc more attractive. 



Fig. 3. The rateJ of re/urn to the Gopermnenl tmd to the new partners as fllnclions of the total G(wemment assistance (TGA). The percentages 
above each Une refer to the participatlon of the GOyernment in the equity ratio (PO ER). Each cross-hatched area p l!rtalns to a constant annual 

production as indiCf/rtd. 
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The same rates of return to the Government and to the 
new partners are shown in Figs. 4, 5 and 6 as functions of the 
annual production, with TGNs of $50, $35 and $20 millions, 
respectively. It is seen that with a TGA of $50 millions (Fig. 4), 
the new partners could reach their aim of 16 per cent at an 
annual production level of about 3.5 million tons. The 
Government, however, under the same hypothesis, would not 
reach its aim of eight per cent unless the annual production 
could be m.ltintained at a level well beyond 5 000 000 tons. 

With a TGA of $35 millions (Fig. 5), the new partners 
could realize 16 per cent on their investment at an annual 
production rate of about· 4.25 million tons. Production of 
more than 4.6 million tons per year would be necessary to 
achieve the goal of the Government. 

Finally. with a TGA of $20 millions (Fig. 6), the new 
partners could realize their minimum of 16 per cent only if 
the annual production could be maintained in the neighbour
hood of five million tons. Production would in this case 
exceed by far that required for the Government to reach its 
own aim. 

A comparison of Figs. 4, 5 and 6 establishes well that as the 
TGA decreases, the minimal production required to achieve 
the 16 per cent sought by the new partners increases. The 
situation is reversed in the case of the Government. 

Other important conclusions can be drawn from Figs. 4, 
5 and 6. First, it can be observed that the rates of return to 
the Government and to the new partners both increase as the 
annual production increases and that this trend is independent 
of the financial hypothesis. This broad feature is contrary to 
the situation shown in Fig. 3. The return to the new partners 
always increWles and the benefits to the Crown always decrease 
when the TGA increases. 

Another important fact shown by Figs. 4 and 5 is the effect 
of conversion on the rates of return. It appears that the influence 
of conversion becomes more and more important as either 
the annual production, the TGA or the PGER increase. 
On this basis, the conversions would be beneficial to the new 
partners and detrimental to the Government. However, this 
disadvantage to tbe GQvernment for a given PGER is always 
proportionally smaller than the advantage to the new partners. 
It should be noted in this connection that the loss incurred 
by the Government by consenting to conversions could well 
be compensated for by an increase of its PGER. Thus, such an 
increase in PGER could be adjusted, in many situations, in 
such a way that both rates of return would indeed increase. 
For example, the latter situation could result from the 
modification of the financial hypothesis from D1 (PGER = 

five per cent) to R1 (PGER - 35 percent) in Fig. 2. Ofcourse, 
lines of type D1Rl must have positive slopes if this condition 
is to be fulfilled. In this connection, the annual production 
and the TGA are especially important as may be seen from 
Fig. 2. 

However, the above conclusions should not he over
generalized. Indeed, one can foresee situations in which the 
effect of conversion would be beneficial to the Government 
and detrimental to the new partners. Such a situation may 
arise when the annual production decreases, especially when 
the. TGA is· relatively lQw. An .example ·of ·this ·effect is· 
illustrated in Fig. 6 in which the TGA is assumed to be only 
$20 millions. A reversal of the cffect of conversion is observed 
when the annual production is in the vicinity of 3.5 million 
tons. 

The above illustrations are certainly useful from the stand
point of determining the optimum financial hypothesis. 
However, the dcterminations are often semi-quantitative and 
a new plot must be utilized in attempting to define quantita
tively such important parameters as the minimum annual 
production required to realise the minimum rates of return 
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sought by the new partners and by the Government. Another 
parameter that can be found quantitatively is the optimum 
total Government assistance. 

Both of these parameters can be found from Fig. 7 which 
shows the variation of the necessary minimum annual 
production Wl function of the TGA. In the particular example 
shown here, the full line with a positive slope gives the annual 
production required to realize the eight per cent rate of 
return sought by the Government. The other full line with a 
negative slope gives the annual production required to achieve 
the 16 per cent rate of return sought by the new partners. 
The intersection at point A, therefore, defines unequivocally 
the minimum annual production and the total Government 
assistance, which, in this ease, are 4.6 million tons and 
$34 millions, respectively. 

In the above example the total participation of the 
Government to theequitycapital was assumed to be immediate. 
Thus, IPGER = 100 per cent, and no cOllversion was foreseen. 
The effect of conversion can also be deduced from the inter
section at B of the two dotted lines which have the same 
significance as the full lines excepting that the initial 
participation of the Government to its final equity capital 
(IPGER) is only 20 per cent and that the bonds purchased by 
the Crown are assumed to be converted over a period of 10 
years. This intersection again occurs at a total annual pro· 
ducHon of 4.6 million tons but at a substantially reduced total 
Government Wlsistance of only $26 millions as compared with 
$34 millions in the case described previously, The conversion 
could therefore become considerably helpful from the stand
point of the outlay to be provided by the Government and 
this without causing any prejudice to the new partners. 

The undiscounted cash flows 

Figure 8 shows the undiscounted cash flows to the 
Government (ordinates) plotted against the undiscounted 
cash flows to the new partners (abscissas) for the 270 cases 
studied. These cases have been, as in Fig. 1, first divided into 
three groups according to the annual levels of production 
studied. For example, all cases pertaining to an annual 
production of five million tons yield points which fall inside 
the polygon A2B2c;(j~B2F;G;H;l . The letters in the polygons 
of Fig. 8 refer to the same financial hypotheses as those 
appearing in the corresponding polygons of Figs. 1 and 2. 
Analogous polygons have been drawn in the cases of three 
and four million tons per year productions. 

Both the new partners and the Government will obvionsly 
desire to obtain as large a part as possible of the total 
undiscounted cash flows. It is interesting to compare the 
relative positions of the two parties, as different financial 
hypotheses are assumed. It is first quite obvious that the 
undiscounted cash flows accruing to the two parties increase 
markedly with production. The influence of the equity ratio 
can also be deduced from Fig. 8 by the construction of sub
polygons with constant ER's of 20 and 35 per cent. It is seen 
that although the undiscounted cash flows to the new partners 
and to the Government both increase with increasing ER's 
the change always remains quite small. Thus, strictly from the 
point of view of the undiscounted cash flows, the equity 
ratio (ER) becomes a criterion of secondary importance. 
That is, the new partners would obtain practically the same 
undiscounted cash flow with ER's of 20 or 35 per cent. Since 
the investment with an ER of 20 per cent is actually 43 per cent 
lower than with an ER of 35 per cent, it is not surprising that 
thcir rate of return could thus increase by as much as six or 
seven per ccnt as seen in Fig. 1. 

The present value 

Decision-making on the basis of undiscounted cash flows 
is somewhat unfC<1listic, at least from the standpoint of the new 
partners. 
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A fairer basis of comparison is the present value, as of the 
first year of production, of the sums invested by the parties 
during the prc-production years. nus present value takes into 
account not only the sum invested by each party but also its 
own rate of return over the pre.production years. 

F igure 9 shows the present value as of year one of the 
revenues accruing to the Goverwueot (ordinates) and to the 
new partners (abscissas). This diagram has been drawn 
according to the results for the 270 cases slUdied. As in the 
cases of Ihe internal rales of relurn and oC lhe undiscounled 
cash flows, the results have been grouped inside six main 
polygons rererring 10 constant annual productions. Three oC 
these polygons, bOunded by Cull lines, refer to an equity 
ratio (ER) of 20 per cent and the other three, bounded by 
dashed-lines-, correspond 10 ·an· ER of ):5 pcr--ccot. 

For example, the polygon l,JsD.E$FsGs refers 10 an ER 
of 20 per ccol and a constant annual production of five million 
tons. 

The effects of increllsing either the total Government 
assistance (TGA), the annual production (AP), the equity 
ratio (ER), the participation of the Govemment to the equity 
ratio (pGER) or the conversions are indicated by the arrows. 
The lengths of these arrows show the magnitude of the 
influence as each of the above parameters is varied over the 
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full range studied. It is clear that increasing either the TGA, 
the annual production or the equity ratio is beneficial to both 
the Government and the new partners. The conversions are 
generally helpful to the new partners but detrimental to the 
Government. There are, however, restrictions to the validity 
of this statement as mentioned previously. The only parameter 
whK:h when increased becomeli detrimental to the new partners 
but advantageous to the Government. is the participation of 
the Government to the equity capital (l>GER). 

Figure 9 can o bviously scrve as a basis for fru ilful 
discussions between the Government and lhe IlCW partners. 
However, it must be pointed out Ihat no precise minimum of 
the present value has been set by either party. It is consequently 
more iliffi.cuit than in the case of the internal rate of return to 
detennillC the best fiDaneialhypothesis on- the- basis -of the 
present values. 

The profits a.v of year one 

Finally, the profits of the Government and of the new 
partners could be defined. in the first approximation, as the 
difference between the present values of their revenues as of 
year one and the l1ndiscoun led sums contributed by these two 
parties during the pro-production years. Thus, these primary 
profits represent the illCrctnCllts in the total sums invested by 
the two parties until the first year of production. 
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Fig. 9. The present value as 0/ the first year o/production of the revenues accruing to the Government (ordbtates) versus the corresponding sum 
accruing to the new parlner!! (abse/J·sas). The numbers appearing inside the circles give the annual production characteristic 0/ each sub-polygon. 

The fulll/nes re/er to polygons with an ER of 20 per cent and the dashed lilies to polygons with an ER of 35 per cent. J-

These primary profits have been plotted in Fig. to, which 
compares the profits accruing to the Government (ordinates) 
and with those accruing to the new partners (abscissas). 
Main polygons have been drawn which correspond to annual 
productions of three, four and five million tons, respectively. 
Thus, polygon A§C5D6T6F5GsHs refers to an annual 
production of five million tons and this polygon has been 
split into two sub-polygons which correspond to ER's of 
20 per cent and 35 per cent, respectively. Contrary to the 
results of Fig. 1, it is seen that a higher ER is advantageous 
to both the Government and to the new partners. However, 
the differences between the primary profits expected as a result 
of these two ER's are relatively small and it would appear at 
least on this basis that the ER should be selected rather from 
a comparison of the internal rates of return. This is especially 
true when it is considered that almost the same primary 
pronts (wifhinlU per cenl) could be realized wtth an !nvestment 
that would, for the new partners, be 43 per cent lower. 

The various arrows again indicate the influences of varying 
the various parameters involved in the financial hypothesis 
over the ranges studied. In the mse of the financial hypothesis 
suggested previously on the basis of Fig. 7, the primary profits 
accruing to the Government and to the new partners would 
be about $7.7 and $11.8 millions, respectively. These profits 
should be compared with investments ovcr the pre-production 
years of $26 millions and $14.1 millions, respectively. 

62 

DISCUSSION AND CONCLUSIONS 

The first signific.tnt result that can be obtained is the minimum 
annual production required to satisfy both the new partners 
and the Government. In the case studied, this minimum has 
been found to be 4.6 million tons per year. 

This evaluation of the minimum market to be served 
annually by the new company is, however, but one of the 
significant results which can be derived from the present 
analysis. The other financial hypothesis can also be optimized 
within certain limits. 

For example, we have suggested a relatively low equity 
ratio of 20 per cent. This was based mainly on the facts that 
the minimum annual production required to satisfy the 
demands of the two main partners would be reduced 
significantly and also that the rates of return on the equity 
capital would, under the hypothesis of an annual production 
of about 4.6 million tons, be higher. However, it must be 
pointed out that operating at a relatively low equity ratio 
can entail certain difficulties. In the first place, one should 
ascertain the feasibility of raising the funds that must be 
borrowed at the conditions foreseen. It must be made clear 
that not only do the sums to be borrowed increase with 
decreasing ER's but that the lendors may well demand that a 
certain minimum amount of risk capital be injected before 
they agree to complement the sums required for the total 
financing of the project. 
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Another difficulty of operating with a low ER is the fact 
that although the rate of return on the eqwty capital is rugher 
when the company is expected to opemte at a relatively high 
annual production level, the opposite is true at a low 
production level. Thus, the relatively )owequity ratio suggested 
here is lil'Iked with the hypothesis that the volume of sales 
foreseen will in fact be reached and in lhis connection an 
intportlUlt volume of captive markets would berome highly 
desirable. 

It should also be pointed out that our selection of an equity 
ratio of 20 per ceat was based on the minimum exigencies 
of the Government and the new partners in terms of their 
rates of return. In this connection, oue could very well ask 
if the rates of return could not be increased further by 
adopting an ER lower than 20 per ceut. The Answer is yes, 
but ~ another problem arises here. This difficulty arises 
from the fact that a high rate of return cuo lose mucb of its 
s ignificance when the equity capital becomes altogether too 
small. For example. a rate of re turn of 20 per cent per se can 
he considered as excelleot hut would produce vcry small 
profits if related to an equity capital of, say. a few thousand 
dollars. 

It is for tbis reason that we have attempted to define a 
profit io terms of dollars which could be accepted, at least in 
first approximation, as a basis for a comparison of the 
benefits 10 the Crown and to the new parlners. These primary 
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benefits, as shown in Fig. 10, are withiu the scope of the 
financial hypothesis studied here and always higher, for both 
the Government and the new pMlners, when the equity ratio 
is tbe highest (that is, 35 versus 20 per ceot). However, the 
differences between the profits at tbese two BR's are relatively 
small when an annual production exceeding 4.5 millioo toIlS 
is assumed. At any rate, they a re more than fully compensated 
for when the profits are related to tbe risk capital injected. 

The next important questions concero the amount of the 
total Government assistance and the best forms under which 
it should be injected. A first approx.irnatioo for the TGA can 
be derived from Fig. 2, where it is seen clearly that an equitable 
distribulioo of the rates of return, to the Government and to 
the new partners could not be reached nt a level of production 
of 4.6 million tons per year if the Government were to 
contribute either of $20 or $50 millions to the project. In the 
first case its rate of return could be disproportionately 
advantageous according to Ihe criteria selected and in the 
laHcr the company would benefit disproportionately. 

The determination of the most equitable TGA, in between 
the two above extremes, cannot be made without considering 
the part icipation of the Government in the equity capital 
(PGER), the initial portion of this partiCipation (IPGER) 
and the conversion period. It is seen in Figs. 4 to 6 that jf the 
Government is ever to reach the sought return of eight per 
cent, at n level of production of 4.6 million tons per year, 



the PGER must be as high as possible. For this reason wc 
have fixed this parameter at the maximum value which would 
appear realistic at this stage, that is, 35 per cent. 

Under the latter conditions (that is, with an ER of 20 per 
cent and a PGER of 35 per cent), both the minimum annual 
production and the total Government assistance (TGA) can 
be derived. As seen in Fig. 7, the minimum annual production 
required to reach simultaneously the rates of return sought 
by the Government and by the new partners becomes 
4.6 million tons and this would correspond to a TGA of 
$34 millions when no conversion is foreseen. Figure 7 also 
shows that if the Government should agree to inject only 
20 per cent of its equity capital immediately, the balance 
being converted over a period of 10 years, the two minimum 
rates of return could also he achieved with the same annual 
production of 4.6 million tons and with a TGA of only $26 
millions. 

The savings in TGA of about $8 millions resulting from 
this concession from the Government to purchase convertible 
bonds is certainly important from the standpoint of the two 
main parties of the new company. It should be mentioned, 
however, that in order to realize this saving, the JPGER was 
set at its minimum value. Although this limit can form the 
subject of future negotiations, they would appear to be 
realistic if the Government is assumed to become member 
of the Board of Directors from the beginning. 

On the whole, the suggested financial hypothesis may be 
summarized as follows: 

(i) Minimum annual production = 4.6 million tons, 

(ii) Equity ratio (ER) = 20 per cent, 
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(iii) Total govcrnment assistance (TGA) = $26 millions, 
(iv) The participation of the Government to the equity ratio 

(PGER) -- 35 per cent, 
(v) The initial part of the governmental share of the equity 

ratio (IPGER) = 20 per cent, 
(vi) The conversion period = 10 years after the beginning of 

the production. 
These suggested parameters have been deduced largely 

from the criteria of minimum rates of return sought by the 
new partners (that is, 16 per cent) and by the Government 
(that is, eight per cent). It could very welt be that either onc 
or both parties could reduce their demands in (his respect. 

Thus, the 'old partners' could vel")' well agree to inject 
equity capital in the new venture andjoin the group ofthc ncw 
partners. In this connection, it was verified that if the whole 
group of the old partners agreed to form the new company in 
collaboration with the Govcrnment, the rate of return on their 
new investment, aner taking into account the shares received 
in payment of their mineral rights would increase by about 
1.5 to 2 per cent. They could thus reach their 16 per cent 
level by asking only 14 or 14.5 per cent on their new investment. 

The Government could also reduce its exigencies because 
of the socio-economic advantages which have not been 
taken into account in the present analysis. Amongst the most 
important would be the personal income taxes to be paid by 
the workers, the saving of welfare payments, the sale taxes 
on material, etc. As a result of these added benefits, the 
Government could well reduce its exigency from the eight 
pcr cent which has been based on the current rate of interest 
on its bonds. 
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