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Mr E. J. Maunders in iDtroducing his pape!" A forecast o/the 
coal alld uranium requirements for electric pO}l'lJr generation in 
South Africa, said that any long-term forecast was by its 
na ture bound to be wrong. The degree to which a forecast 
would be correct depended on the length of the period over 
wbich it was made and the nature of the service or commodity 
concerned. He then gave a short sumlDlu y of his paper. 

Mr G. Clarke said the paper would be a valuable addition 
to the tools available for predictions in the eoergy fiel d. As 
the cost of energy financing in the United States was now 
25 per cent of all capital financing, such tools were most 
important. The need for seositivity studies particularly on idle 
facilities and alternative strategies was great. He asked 
whet Iter any excess capacity had been allowed for and whether 
tbe author had allowed for the dis tribution network which 
had economic advantage. 

Mr Maunders replied that &cam was working vigorously 
on a comprehensive network, with a 400 kVA backbone. 
The program took this into account. The transm.ission and 
sta tions have been included. The program also took into 
account the following: (i) the transmission lines and generating 
sta tions, (ii) the establishment of the Caboro Bassa Dam, 
which accounled for the non-linearity of the coal usage shown, 
(i ii) the assumption tbat foreign bonds would be av-d.ilable, 
and (iv) that coal would dominate power genemtion for the 
ncxt 30 years. 

Mr Stofberg said that the author had given Ii necessarily 
brief and condensed description of an elaborate and involved 
co mputerized model of the South African electricity system, 
by means of which the optimum future dcvdopmenl of this 
electricity system could be postula ted. The particular computer 
model described had become a valuable tool in the continuing 
studyofEscom's gcllerotion ,~t rategy, and Esl.:om was indebted 
to the Atomic Energy Boud who were largely responsible for 
its development. 

It was especially true in the fie ld of economic studies that 
the actual situation was always more complex and dependent 
upo n many more paIametCJ's than its representation by the 
most involved aod elaborate model. Although the quant itative 
results of the simulalioos described by tbe author, extra
pola1ed into the future, might at the turn of tho century prove 
to be considerably in crror, a knowledge of the trends 
disclosed in the simulation was nevertheless essential in the 
planning of the steps which led into the unknown future. 
Although the trends and desirable directions for development 
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could be indicated qualitatively by tbe Simtllatcd results of 
It complex computerized model, it was Obviously necessary 
to probe the wisdom of each step taken along the indicated 
path by further ad hoc studies in greater depth and detail 
than could readily be accommodated in 11 simulated computer 
model 

A possible cri tidsm of the model described by the author, 
in its present form, was that it wa.~ basically designed to 
choose, at any given step, between not more than two alter
native strategics. It compared, for oxample, the merits of 
meeting load growth in the Cape Western region by an 
addition of nuclear generating capacity in the Cape, with the 
alternative of an equivalent increase in cool-fired generation 
in the Transvaal together with the associated transmission. 
The best solution migbt, however, also involve o ne or more 
further alternatives. Whatever strategy was adopted, the 
supply of electricity in the Western Cape would be capital
intensive and this situation suggested that consideration should 
also be given to peaking plant such as gas tUl'bines 01' pumped 
storage. Such peaking p lant could meet I'art of the load at 
lower capital costs, and lower overall cost, than either of the 
two altem atives put to the computer in the model. 

Mr Maunders bad indicated tbat the da ta used in the 
simulations were intended to be only illustrative, which 
should be bome in mind in the interpretation of the results. 
He had presented a tool for use in the forecasting of coal and 
uranium requirements, rather than a forecast as such. Tho 
resul ts which he had presented were data-sensitive. The 
elabora.te model was, in fact, necessary becaure of this 
sensitivity to the various assumptions wlllch had to be made, 
and the computer steps were taken 00 tbe basis of relativeJy 
small differences between large numbers. Amongst the 
important assumptions necessary were thc ratio in capital 
costs, of nuclear and coal-fired plant, anli the divergent 
future rates of escalation in the prices of coal and nuclear 
fuel. In Fig. 2 the autbor postulated a ratio of roughly 1,4 in 
the cost of a 500 MW first-genemtion nuclear set and the 
equivalent ret in a cool-fired statioD. The question would 
remain uncertain unti l tenders were adjudicaled, but the most 
recent infonnation available to li'lCOln suggested a calio 
close to 2. 

The higher capital cost of nuclear generation compared 
with the coal-fired alternative including transmission, must be 
recouped over the life of the station by a fllvourable difference 
in fuel cost. As shown in Fig. 1, this difference would be 



relatively modest in 1980, but was expected to increase due to 
divergent rates of escalation. Nuclear generation in the im_ 
mediate future therefore presented the problem of higher costs 
during the initial years of the life of the power station, 
COllpled with the cxpectatiOll that these higher initial costs 
would be recovered in the later yea.rs of the life of tbe station. 

The commissioning date for llicom's first nuclear power 
station had not as yet been decided upon and may be later 
than the year 1978 suggested by Mr Maunders. A decision 
would probably be taken during the course of the present 
year. It was certain that the model described would play an 
important role in this decision. 

In reply, Mr Maunders said that Mr Stoffberg was the main 
user of the model. The data had been collected within a pel'iod 
of nine mouths. However, capital costs had escalated 
enormously, for instance, in Germany by 24 per cent in 
1970. A full cost benefit analysis was now thought to be 
justified. 

Mr F. Chilton submitted the following question in writing: 
'The forecast of energy demand by 1990 is truly staggering 
and the growth in demand is probably without precedent. 
Presumably the forecasts were obtained by taking past 
growth rates and projecting these into the future (growth 
rates of 5 to 7,5 per cent were mentioned in the paper). 
I submit that this high gl'Owth rate has. to a large degree, 
been achieved in the past by the continuing expansion of 
the gold mining industry, particularly the establishment of 
large deep-level gold mines which have extremely high 
power demands for winding and pumping. We know that 
the gold mining industry in this country has reached its 
peak and will be in a state of decline by 1990. Did 
Mr Maunders take this fact into accoullt in preparing bis 
forecasts l' 
Mr Maundersreplied that the electricity demand growth-rate 

predictions used in the sensitivity analysis were most certainly 
not without precedent, either here in South Africa or world
wide. For example, Japan and Italy have, in recel1t years, 
experienced growths in electricity demand of over 10 per cent 
per annum, and Escom's a\'C1'age demaud growth rate from 
1958 to 1967 was 7,64 per cent. Basically, two methods of 
predicting future demands were used; the 'S-curve' approach, 
used fol' this purpose in the U.K., nnd the International 
Comparison method, both of which gave similar results. An 
attempt was then made to break the.~e down into broad 
sectoral demands, aud then by applying both high and low 
growth rales within Ihe sectors, 10 final ly arrjve at a high and 
low growtll rate prediction. The weaknesses of this approach 
were appreciated, but the lack of concise data made a more 
sophisticated analysis impossible. 

He agreed with Mr Chilton in saying that the mining sector 
of our energy economy was a major electricity consumer. 
In 1968 it consumed no less than 66,9 per cent of alJ the 
electricity generated in South Africa. He pointed out that this 
sector included all forms of mining, aod in recent years mining 
activi ties other than in 80ld have experienced a high growth 
rate. In the Government's Economic Development Programme 
for the ycars 1970-1975, the expected level of gold mining 
activity, weighed against other mining activities, was expected 
to result in an overall growth of electricity demand, in this 
sector of about 3 pet cent, and it was expected that this level 
of growth would continue till the end of tbe century. Other 
sectors, notably !.he industdal sector, were predicted to have 
much higher electricity demand growth ra tes o ver this period. 

In the absence of the authors D. A. Azis and Or 1. 
Zwartcndyk, Professor de V. P. Harris introduced the next 
paper Optimising lite public gains from (he exploitation of 
mineral resource.f, which, he said, was of intere.<>t to people 
in government. The paper showed by means of a computer 
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simulation the effects of government intervention on mineral 
exploitation. 111is became a study of macro-economics. The 
authors' approach was a simple one. They had taken into 
account the creation of jobs for the community, the costs of 
training the labour force, the effects of polluting the enviroo
meot and the public gains, that is to say, the revenue accruing 
from taxation policies. The authors measured these gains 
over 20 years. The paper did not dwell forcibly on the work 
behind it which ,had consisted in the quantification of metal 
endowment, and the collection and collation of all the 
information available to the Canadian Government. Behind 
all this was a Monle C.,rlo simulation ofllndiscovered deposits, 
exploration activity and exploitation. The paper dealt with 
large or small deposits, and showed that optimizing the public 
gains did Dot always penalise jndustry. The effect of paper 
studies was to ensure that the concept of maximmll public 
gain was not in conflict with entrepreneurial incentive. 

Dr D. G. Krigc commented that the variations in tax. 
provisions considered by the authors covcl'cd the rates of 
taxation, deprecitltion and depletion, but did not touch on the 
effect of a 'capital allowance' such as was available to new 
gold mines in South Africa and did not allow for the elTects 
o f mining investment risks taken, as evidenced in Ihe fact 
tlmt only a percentage of the potentially profitable mines in 
fact turned oul to be successes. The capital allowaoce for 
South African gold mines ensured effectively that no taxation 
was levied until the D.C.F. return OD the tOlal capitul 
investment exceeded approximately 8 per cent pec annum. 
Marginal new propositions were, therefore, either not taxed 
at all or ata low level, and, were thus encouraged to go ahead. 

On the question o f risk, the uncertainties involved in 
estimates of ore grades, tonnages, costs, etc., for such 
potentially marginal propositiom, and the Government's 
country-wide spread of interest in such ventures, ensured that 
the Government bad a definite prospect of obtaining tax 
revenue from tJlOSO individual mines asse~sed as marginal 
but which, in fact , turned out to be well abovc marginal. Such 
iocome was unlikely to be offset completely by losses in 
taxation flowing from the unsuccessful ventures ~use the 
assessed losses would in most cases oat be claimable against 
other income. The State could, therefore, in fact, show inconle 
from a group of mines which on the bases of their original 
estimates were marginal and would have been non-taxpayers. 
A model such as suggesled by the authors should, 01' Krige 
thought, incorporate this factor. 

Professor Harris said that he agreed that the parameters of 
capital allowance, and manipula tions by means of tax holidays 
should be incorporated into the model. In the United States 
there was no system like the ones described, where loans 
were made by the Government to encourage operation, 
which would otherwise not be undertaken. 

Mr S. O. Hill, after congratulating the authors ou their 
search for a method for evaluating the effectiveness of 
government action in the stimulat ion of mineral exploitation, 
outlined the measures taken by (he Mines Department of the 
Republic of South Africa to achieve the same ends. These 
comprised: 

(i) Taxformu fa 
Since 1936 gold mines have beon subjected to income 
tax based Oil a formula, which may be expressed 
generally as 

Y = a - ob where Y js the percentage of the profits 
x 

payable 10 the State, x is the ratio of profit to recovery 
expressed as a percentage, and a and b are numerical 
constants. 

This typo of formula provides a measure of assistance 
to low-grAde And marginal mines !lnd an encouragement 



to the tax-paying mines to mine all available marginal 
lonnages of ore and even some sub-marginal ore, Tt 
ensures that low-grade mines either pay no ta:\ (wheo x 
equals or is less than b in the formula) or are taxed 
at rates well below the average for all tax-paying mines, 
This applies also to tonnages of Jaw-grade ore withio 
medium- or high-grade mines. In fact, each tall of ore 
mined bears its own rate of tax. 

Tn the standard fonnulA, which has been effective since 
1956, the constants fJ and b arc 60 and 6, respectively, 
the formula being 

Y ... 60 _ 360 
x 

Under this formula there would be no tax payable jf the 
ralio of gross profit 10 revenue, that is, x in tbe formula, 
was 6 per cent or less. Moreover, a company which pays 
tax on its overall mining operations, could mine ore of a 
grade which resulted in a loss equivalent to 9 per cent 
of revenue without suffering any loss itself. There was DO 
incentive to mine ore of a grade lower than this. 

(ii) Loan scheme (1964- 1968) 
A loan !Cheme to assist gold mines already opernting at 
working losses was introduced in the Rcpublic in 1964. 
Losses were covered by State loans up to a maximum 
equivalent normally to 10 per cent of revenue, as well as 
any e.'~penditure on specifically approved capital projects. 
Assistance given in this form had averaged about 
R4 million per annum and applied to about 4 per cenl 
of the Republic's total gold production . AlthOUgh this 
scheme has helped in that it has enabled several mines 
to remain alive, it suffered from the main disability of 
coming too late in a mine's life aod of providing no 
positive incentive to shareholders to leep their mines in 
production, except for benefits which might accrue if 
and when the price of gold was raised. 

Thc position is that a t the stage in the life of a mine 
when it is already incurring losses, its ore reserves will 
be almost depleted, some mine sections and shafts will 
have been dosed down, unit costs will have risen dne 
to some curtailment of operations a nd many blocks of 
orc will have become inac:cessibLe. The extent to which 
the life of El mine could be extended at that stage by just 
covering losses incurred on the miningofsub-margioal ore 
has, therefore, to be much more limited than it would at 
an earlier stage in the life of the mine. Shareholders will 
have to balance the deferment and possible deterioration 
of the break-up value of the mine against extended life 
with no profit or the possibili ty of some profit due to an 
increase ill the price of gold. 

It was for reaSOnS such as theahove, read in conjunction 
with the gold mining industry's forecast of a serious 
decline in the Republic's gold production during the 
seventies and eighties, unless something more positive was 
done towards extending tbe industry'S life, that the new 
tax and tax-credi t formula scheme had been considered 
an d implemented by the State. 

(iil) Stale assistaJlce sdu!me 
TillS scheme whidl was an extension of the existing 
Tax Formula system was implemented in 1968 and is 
stilt in force_ 

ID. order to qualify for State assistance mines have to 
satisfy the Mining Leases Board that 
(a.) they arc likely to close down within eight years if 

not assisted, and that 
(b) with State assistance they could show a significant 

potential increase in life and in lotal gold and/or 
uranium production. 
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Once accepted. mines have to lower their operating pay 
limits by 16 per cent. A total amount of R49 million 
has been paid in State assistance up to the eod of 197L 

'Assisted Mines' win pay taxation on the standard 
formula for all mines, but subject to a maximum 
determined by the formula 

601 
- Y=68 - -

x 

where Yand Xhave the same detinilionsas in the sta ndard 
tax formula . If no taxation is payabLe, an 'assisted mine' 
may qualify for a tax credit, the IImount of which will be 
based on the mining loss incurred by the mine during 
a financial year or, jf a mining profit has been derived 
during such year which was less than 8~1/Ga per cent of 
the gross revenue for that year, on the milling profit. 
The same formula will be applied but for practical 
reasons the credit will be calculated 00 an alternative 
version thereof, namely, 

Taxation credit ..... 6,01 per cent of gross lCvenue, 
plus 68 per cent of the mining loss, if any. or less 
68 per cent of the mining profit, if any. 

The taxation credit payable to an 'assisted mine' will, 
in any year of assesYOCDt, be subject to a maximum 
equivaJont to 25 per cent of the gross revenue of that year. 
What Ihis amounts to is that if at the end of the year 
the Oovernment Mining Engineer is satisfied that the 
mine conccrned has lowered its pay limit by 16 per cent, 
the mine will be assessed accoJ'ding to the alternative 
formula 

601 
y = 68 - - . 

x 

If the application of the formula results in a negative 
amount, the assistance will be equal thereto. 
Mr Hill said that he would be happy to furnish any 
delegates, especially those from overseas, with more details 
of this scheme. 

(LV) Permission had been granted for many tributing agree
ments and amalgamations which had helped to stimulate 
the gold mining industry, Time did not a llow t11CU to be 
described in detail. 

Cv) A loan scheJllC whereby R8 mi!lion is to be lent 
to. ~ Randfootein Estates Company to develop a. new 
mltHng area. 

Professor Oalibois introduced the paper Possfble modes 0/ 
government participation in mm'lfinai mining operations, a ll 
behalf of his co-authors J . L. Collins, Dr. A. Dube a nd 
Professor H. Monette, by giving a brief summary of its 
contents. He stressed that the authors' approach was that the 
action of the Goverllmenl \VruI catalytic and that tho direct 
outlays provided by the Government could be readily divided 
into (i) outright gifts. (ii) participation in equity, and (iii) 
coovertible bond.~ . 

Mr J. Aillsworth said that he had read the paper with 
great interest for he had been deeply involved during the 
last few years in a project in neighbouring Botswana where 
many of the aspects discussed bad been considered. 

The paper, he said, required a great deal of careful study 
and on only two readings he had found it somewhat 
confusing with all the overlapping diagra ms, elc_, and 
wanted to know what fonn the difference between Total 
Government Assistance (TGA) and Government Participation 
in tbe equity took. Was it infrastructure? If so, could not 
some of these utilities. especially if they were power, have 
been arranged to produce an 8 per cent return on the 
assets and charged to the operating costs ? Admittedly, this 
was more difficult if the contribution was in the form of roads, 



etc. This had actually been insisted upon by the World Bank 
in the power, water and township services in the Botswana 
case, and the actual costs had been built into the operating 
costs. 

He was surprised that the authors had not considered 
taxation and royalties more fully, because while ratcs were 
fixed in developed countries, in developing countries a 
taxation rate could usually be negotiated with the Government 
depending on the expected project return. He thought that 
the most equitable arrangements were obtained whcre the 
Government's share was related directly to profits and could 
be a combination of equity participation, royalty and taxation. 
It could be so arranged that as the profits increased so did the 
share of the Government, which overcame the suspicions 
outlined in the second paragraph of the introduction to the 
article. He would like to see the authors continue their study 
to embrace some of the aspects he had discussed. 

Turning to the ER (Equity Ratio) Mr Ainsworth said that 
he bel:icvcd that a 20 per cent ratio would be almost impossible 
to obtain in a developing country. Additional to the points 
raised by the authors, the lenders often insisted on a 
minimum cover from net profits of twice the cover in net 
profits in each year of the loan interest and capital repay
ments. This became a severe burden at low equity ratio. 

Finally he asked the authors whether they had considered 
or indeed carried out a sensitivity analysis on such aspects of 
capital cost, operating costs, etc., for their three levels of 
production. His own rather limited experience had shown that 
in developing countries the capital costs were more difficult 
to estimate since very few firm parameters were known. 
Additionally, the larger the project the more these costs were 
liable to escalate and the margin of possible error greater 
because the risks for contractors, suppliers, etc., were greater 
and these risks were covered in inflated costs. 

Professor Galibois replied in writing as follows: 

'In answer to the comment raised in the second paragraph 
of Mr Ainsworth's contribution, the total government 
assistance (TGA) represents the overall outlay from the 
Government in the form of outright gift, convertible bonds 
and equity, each of which, naturally, varies in proportion 
from one financial hypothesis to the other. The Government 
participation iu the equity is defined as the proportion of 
the total equity which is retained by the Government. In 
our study, the whoLe cost for the infrastructures and other 
pre-production operations are globally included in the 
project cost. However, some of the infrastructure could be 
treated separately according to schemes agreeable to both 
the new partners and the Government. This would not 
imply any major charges in the methodology. 

As to the questions raised in the third paragraph, the 
Canadian taxation system was applied throughout in our 
calculations. However, because of the international context 
of the symposium, and of the possibilities of wide-ranging 
variations in the taxation systems from one country to the 
other, it was not felt that a detailed presentation of all 
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intricacies of the Canadian system would be justified. We 
fully realise that in somc developing countries, regulations 
of taxation might be negotiated individually. However, in 
well-developed countries, such types of individual nego
tiations would definitely entail very serious difficulties. On 
the other hand, we have also taken into account in a more 
detailed, and as yet unpublished, analysis the possibility 
of the Government's obtaining warrants should the profit 
exceed those anticipated. Concerning the relatively low 
equity ratio of 20 per cent, Mr Ainsworth's comments are 
definitely surprising in view of the fact that this very question 
and, in particular, the consequent difficulties of borrowing 
were specifically treated in our paper (see third paragraph 
of discussion and conclusions). Furthermore, he does not 
appear to have realised the considerable part of the 
Government assistance under the form of an outright gift, 
that is, 17 millions out of a total government outlay of 
26 millions in the case of the solution proposed. This 
obviously reduces considerably the amount of money to be 
borrowed. Finally, the analysis also permits the definition 
of the minimum annual production of five million tons 
and a total government assistance of 35 millions to achieve 
the rates of retnrn of eight and 16 per cent sought by the 
Government and tile new partners, respectively. 

As regards Mr Ainsworth's last question, we want to 
re-emphasize that the results given here are based on a 
numerical example presented solely for purposes of illustra
tion. It is obvious that in concrete cases security analysis 
based on sensitivity tests should be conducted. Such a task 
is well within the range of modern computer technology.' 

Dr D. G. Krige said that the authors had put forward and 
analyzed a range of possible levels of Government participa
tion and assistance in new mining ventures covering a 
combination of an outright gift, equity participation and 
convertible bonds. In South Africa, the nearest approach to 
any assistance of this type was the grant of a low~interest 
capital loan to a new gold-uranium project. He asked whether 
the authors would provide details of any government 
assistance, actual or contemplated, of the type they 
proposed. 

Professor Galibois replied that the approach suggested 
had not, to the authors' knowledge, been used as a whole 
until now, although parts, such as outright gifts and low
interest loans had, in the past, been consented to by many 
governments. 

The main point that they wished to emphasize was that 
under certain marginal conditions, a minimum participation 
of the government in the equity capital also became 
necessary in order to ensure the start of the project, under 
conditions, which for the government would yield a minimum 
rate of return set equal to the rate of interest that the 
Government had to pay on its own bonds. 

The Canadian Government was aware of the formula 
proposed and was currently studying the possibility of using 
it in concrete cases. 




