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ABSTRACT

Many medium size manufacturing firms today are encoun
tering problems in the area of raw material supply and price. 
With the outlook not much better for the future, it will be 
to their advantage to investigate the feasibility of inte
grating raw material production into current operations. 
Important considerations are the economics of the various 
alteratives, capital market constraints, and management 
goals.
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CO,oK SCHr? L,BRARY 
COlDEK COBORADo0i8o^S

INTRODUCTION

A central concept of prudent corporate management theory 
is that an organization in order to survive must be dynamic, 
Those organizations which grow to maturity and then stagnate 
are carried along only by their momentum, which unless inno
vation and creativity are allowed to expand, will soon die 
out as will the organization. Many of the corporate giants 
in our highly industrialized economy are facing this problem 
today (notably the automobile industry), and their ability 
to pull through will hinge upon their ability to change with 
the times.

Although it is important to change organizational struc
ture and objectives after the need for this change is felt, 
anticipating this need and effecting change before it is 
required will prove far more beneficial to the firm's sur
vival. Anticipation involves prediction, and depending 
upon the nature of a firm's business, predictive powers 
are usually constrained by uncertainty about the future of 
demand, supply, competitive action, and the mood of the 
nation's politicians.

1
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One area where there is less uncertainty about future 
situations than most is the problem of raw material supplies, 
When the earth was created, whether by cataclysmic action 
or the hand of God, there were in the system finite quantities 
of energy, metals and industrial minerals, but other than 
the limitation of habitable land, no similar restraint was 
designed into the system to.limit the number of users of 
these materials. Thus, as world societies develop huge appe
tites for consumption of both raw materials and finished goods, 
the sources of these raw materials became exhausted and other 
higher cost, lower quality resources came on stream. This 
concept, although tempered by technological advances in mining 
and recycling, as well as the laws of economic theory, is 
more valid and evident today than ever before.

In the United States today, there are literally hundreds 
of firms of all sizes and structure which take a raw material 
and turn it into either a product for mass consumption or 
into a form which can be utilized by other industries as an 
input into their production processes. In.recent years many 
of these firms have watched the prices of their raw material 
soar while many suppliers of the raw material have either had 
to increase production or refuse new customers, This has 
contributed toward higher prices for finished goods and vari
able earnings for manufacturing firms.
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Back in 1950 ARMCO and Republic, two of the nations 
larger steel producers, joint ventured the now controversial 
Reserve mining operation in northern Minnesota to insure 
long range supply of low cost taconite pellets, the primary 
input into their steel-making processes. Public Service 
Company of Colorado along with several other western utilities, 
anticipating shortages of low-cost energy resources due to 
rapid depletion of current reserves and strict Federal regu
lation of future energy production, have begun a program of 
exploration and development of coal and natural gas properties 
in order to insure a steady flow of energy resources into 
their operations. These are just two examples of the grow
ing trend of the individual firms in heavy industry to assure 
a steady supply of their primary raw material by acquiring 
captive mines or energy sources.

The benefits of owning a captive mine need not be con
fined to the large scale manufacturing concern. For years 
brickmakers and highway contractors have supplied their raw 
material needs from their own clay, sand, and gravel pits. 
Between the extremes of the large utility or steelmaker and 
the small independent producer of brick lie hundreds of small 
to medium sized manufacturing firms who have yet to take advan
tage of the captive mine situation. Although raw material 
supplies and prices to these firms have occasionally been
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difficult to control or predict, these problems were con
sidered characteristic of the business in which these firms 
are engaged. Today, however, many raw materials are becoming 
increasingly more difficult to obtain, and even if they are 
secured, a firm may be paying 10-15% more for the same quan- 
ity than it did two years ago.

Consequently many of these medium-sized manufacturing 
concerns are looking into the feasibility of acquiring a 
captive mine to satisfy future raw material requirements.
For a firm with no previous experience in the mineral indus
try, such an acquisition can appear unnecessarily complex, 
and the purpose of this paper is to simplify the problem by 
defining the criteria and discussing both theoretically and 
practically the process for evalution of the feasibility of 
vertical expansion into the mineral industry.

This paper is directed at those firms which satisfy 
the following requirements:

(1) Annual sales between $10 million and $50 million. 
This wi-11 mean that the firm probably has ade
quate cash flow and a solid enough capital struc
ture to undertake expansion into the production 
of raw material,

(2) One principle raw material input preferably 
of, but not limited to, the industrial mineral
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type (Vermiculite, slate, asbestos, mica, 
beryllium, garnet, etc.)

(3) A solid market for the final product for a long 
enough time in the future to justify owner
ship of a mine with several years of produc
tive life remaining.

The paper is divided into three parts; Part I deals with the 
reasons why a firm of the type u<=scribed above should con
sider integration of raw material production into its current 
operations; Part II is a general discussion of the process 
of evaluating the alternatives open to the firm; and ’Part III 
deals with the financing of the selected alternative and 
with capital market constraints placed on the evaluation 
process.

The intent of this paper is not to provide a firm with 
a cookbook recipe on how to expand its operations, lower 
its costs, and prolong its life; rather it is intended to 
provide management with most of the theory and some of the 
practice behind the decision-making process. It represents 
a consolidation of materials drawn from a wide variety of 
sources, and the Bibliography at the end of the paper will 
direct the reader to those which are most instructive.

If corporate change is the key to viability and longevity/ 
then those firms which anticipate the need for change and are
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first to effect that change will most likely come out the 
strongest and most solidly entrenched in their particular 
industry. Failure by a manufacturing firm to recognize the 
advantages of capturing a long term source of raw material 
in the face of rising raw material costs could result in a 
loss of market share, a decrease in profitability, or an 
opportunity cost of excess funds committed to the purchase 
of the raw material, If this paper accomplishes nothing 
more than arousing the interest of only one firm in the possi
bility of vertically expanding its operations, then it has 
served its purpose.
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PART I - THE REASONS FOR VERTICAL INTEGRATION

There are three principle reasons for a manufacturing 
concern to consider the possibility of integrating the pro
duction of the necessary raw maxe"rials into its regular opera
tions: (1) uncertainty regarding future availability of the
material, (2) widely fluctuating or rapidly escalating pro
duction costs due to raw material price behavior, and (3) the 
special tax advantages which accrue to the mineral industry. 
The first two of these are to a certain extent interdependent 
accordingto the law of supply and demand; if there are pro
jected shortages for a given mineral, the market price for 
that mineral can be expected to rise, the market’s way of in
suring effective allocation of the resource. The third 
reason, the tax advantages of mineral production, may not be 
sufficient justification by itself for a firm to expand its 
operations into the minerals industry, but in conjunction 
with one or both of the first two reasons, it will supply 
additional incentive for such a move.

Raw Material Supplies
The survival of a manufacturing concern hinges on the

7
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firm's ability to produce and sell its product in a compe
titive market. For a firm which relies primarily on one 
raw material input in the manufacture of its product, the 
future supply situation is an important constraint in deter
mining the viability of the operation, and an accurate esti
mate of the supply situation in coming months or years is 
imperative for planning for growth and expansion in the future.

Supply shortages (or an excess of demand over supply) 
of non renewable mineral raw materials are inevitable in the 
long run simply because by definition there is a finite 
quantity of each mineral, metal, or fuel available for ex
traction from the earth's crust. Although this quantity may 
be increased only in small amounts through advancements in 
production technology, demand for that mineral or fuel is not 
so constrained and will continue to grow until the resultant 
market price forces consumers to change to a substitute 
material. Although the market in theory will tend toward 
equilibrium, in the mineral industry suppliers must play 
catch up ball in the long run.

For a manufacturing concern a steady predictable flow 
of raw materials into the operation is the optimal situation 
for planning production and sales. The auto industry, user 
of more than 4 0 percent of the nation's annual steel output, 
maintains a large stockpile, varying its size according to
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the possibilities of a strike by steelworkers. This insures 
that automobiles will continue to roll off the line and into 
dealers' showrooms, regardless of the level of activity in 
the steel industry. Many public utilities, especially in 
the western states, have recently purchased and placed into 
operation their own coal mines as a hedge against the increas
ing demand for coal in the face of high oil prices. This 
enables the utilites to continue to supply their customers 
with electricity regardless of the flow of coal into the 
open market. Whether raw material supplies are maintained 
through stockpiles .(over the short run) or captive mines 
(over the long run), a steady inflow to the manufacturer will 
insure a steady outflow of the final product to the consumer.

Many of the medium size manufacturing firms in the U.S. 
economy depend upon the mineral production from a small number 
of mines. Manufacturers of lightweight construction material 
consumed 80,000 tons of vermiculite in 1972 representing 
45 percent of production of between 10 and 12 mines; 1/ 
manufacturers of asbestos construction materials such as fire- 
proofing and floor tile utilized 300,000 tons of the 700,000 
tons produced by nine mines in the same year. Should one or 
two of these mines become depleted or cease production for

1/ Minerals Yearbook (1972), U.S. Dept. Interior, Wash., 1974.
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other reasons, the shortage of supply would have an effect 
on the most vulnerable of the manufacturers, those without 
a great enough profit margin to support the continued pur
chase of the raw material at its higher market price.

Raw Material Prices
In the preceeding discussion of raw material supplies, it 

was practically impossible to avoid mentioning price because 
of the interdependence of one upon the other. The securing 
of a constant supply of any mineral, metal, or fuel is a 
goal which, although important from the standpoint of insuring 
the firm's longevity, cannot be readily quantified in dollars 
and cents. But when price is brought into the picture, manager 
ment has something concrete to consider.

The direct effect of a shortage in any commodity is the 
increase in price which occurs in order to offset demand for 
that commodity, thereby insuring equilibrium in the market 
place. To a manufacturer this means that he can expect to 
pay more for the same quantity of raw material, and his pro
duction costs will therefore increase proportionally. To 
offset this increase in cost, he can either raise the price 
of his product which might place him at a disadvantage with 
his competitors or absorb all or a portion of the increase 
himself, thereby decreasing his net earnings. A decline in 
earnings will not adversely affect the firm in the short term,
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but if such declines persist over time, investor confidence 
is eroded and future financing could become difficult, if 
not impossible, to obtain. Of course economic theory implies 
that all firms will be affected equally by raw material price 
behavior, assuming they are all performing efficiently and 
are similarly structured. Unfortunately, economic theory is 
of little comfort to the manager who must witness his firm's 
decline in market share or loss in value because of increas
ing or widely fluctuating production costs (See Appendix A.l) 

The purchase of an operating mine or the development 
of a mineral property by a manufacturing firm can solve both 
the supply problem and the problem of price instability.
When a mine is owned by a manufacturing firm, the cost of the 
raw material will be determined by the total costs of produc
ing that material and transporting it from the mine to the 
plant. This eliminates the need for the firm to absorb market 
fluctuations (and brokerage fees for those materials which 
may be traded on a formal exchange) In addition, in times 
where demand is soft for the manufactured product, the firm 
can reduce its raw material purchases and sell the difference 
on the open market, assuming there exist other industries 
which can utilize the material for production of a commodity 
which has a negative correlation with demand for the first 
firm's product. This would mean a greater stability over
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time for earnings from operations as well as more flexibility 
in scheduling production and maintaining inventories of the 
final product.

Tax Advantages in the Mineral Industry
For a variety of reasons, the mineral industry is taxed 

at a rate which is generally less than that of other sectors 
of the economy. If a manufacturing firm elects to investigate 
the feasibility of entering the mining business, it should be 
aware of the potential for a decreased tax burden.

S.R. Agria in an interesting, if not unbiased, study 
entitled Special Tax Treatment of the Mineral Industries 
(Harberger, A., Bailey, M., The Taxation of Income from Capital; 
Brookings Institute; Wash. D.C.; 1969; p. 7 7) states that 
"there are five ways in which the taxpayer may recover his 
investment tax free: through (1) depreciation, (2) depletion,
(3) charges against current income, (4) prepaid expense as 
production proceeds, and (5) losses upon abandonment." The 
Internal Revenue Code of 1954, sections 611-616 and sections 
263(c) plus subsequent amendments are the legal bases for the 
above deductions.

Up until. 1969, regulations of the Internal Revenue Code 
would not permit the expensing of exploration or development 
expenditures against any income other than that for ores and 
minerals. This meant that a manufacturing firm engaged in
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the exploration for and the development of a mineral property 
had no choice but to capitalize and amortize these expendi
tures over the life of the mine. Current tax laws, however, 
allow the expensing against any corporate income of all ex
ploration and development cSsts thereby providing additional 
incentive for a manufacturing firm to enter into the mineral 
industry.

By far the greatest tax incentive for a firm to consider 
before entering the mining ousiness is the percentage deple
tion allowance. This allows a mining concern to deduct either 
a percentage of gross sales of the mineral (the percentage is 
determined by Congress) or else 50 percent of net income, before 
depletion, whichever is less, from pre-tax income to arrive at 
taxable income. The statutory depletion allowances run from 
5 percent for sand and gravel to 22 percent for oil and gas, 
although because of the 50 percent of net income provision, 
actual deductions for depletion will often be less than the 
statutory percentage. (Appendix A.2.)

The depletion allowance has one important accounting im
plication for the captive mine situation. When a manufac
turing firm purchases a mine, it must decide how the mining 
division will price its product to the manufacturing divi
sion. Because percentage depletion is applied to gross revenue, 
the larger the revenue base, the greater the deduction against
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income and the less the tax burden. Although one might 
think that the firm would be better off to sell the raw 
material to itself at cost and take the profit out of the 
manufacturing process, the deduction for depletion would 
be foregone in that case. By pricing the raw material at 
market value (assuming market price is greater than produc
tion cost) the greatest possible amount for the depletion 
allowance deduction will be realized, enabling the firm to 
take a greater share of the profits from the mining division 
than would be possible if its tax burden were not reduced 
by the depletion allowance. This concept will be discussed 
further in Part II, but in the initial stages of the 
investigation it is important for the firm to realize that 
total cost per unit of manufactured product will be less if 
the maximum allowable deduction for depletion is taken out 
at the mine, implying that the price of the raw material at 
the mine must be as high as the IRS will permit, i.e. the 
price of the material on the open market. ARTHUR LAKES LIBRARY

fV tt OR ADO SCHOOL oi MINES 
Other Considerations GOLDEN. COLORADO 8040

Obviously every manufacturing firm is not in a position 
to consider expansion into the business of producing its own 
raw material. Even if a firm falls into the categories out
lined in the Introduction of this paper (size and nature of 
the production process), it may face a raw material market
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which indicates adequate future supplies and/or a market 
characterized by declining prices over the long run which 
would make expansion into mineral production a needless ex
penditure of high cost capital. Some firms are constrained 
by the type of raw material utilized in their production pro
cesses; for example/ a firm with sales of $50 millin per year 
engaged in the production of copper tubing will find that the 
purchase of a copper mine o. potential copper property will 
usually be beyond its financial ability. In some cases the 
raw material could require the development of prohibitively 
expensive or complex mining or metallurgical technology beyond 
the technical ability of the firm.

On the other hand if the firm is not constrained by 
technical or financial limitations, the costs of researching 
the feasibility and method of expansion (as outlined in sub
sequent sections of this paper) may not from the viewpoint of 
management be worth the benefits derived from such an analysis. 
But if management is concerned with future availability and 
cost of its raw materials, it should proceed with an analysis 
of the feasibility of integrating a source of that raw ma
terial into its current operations until it is satisfied that 
such an integration is or is not necessary and/or possible.
For if the firm elects to pass over such an analysis, it 
could incur a substantial opportunity cost of funds allocated
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to open market purchases of the required raw material over 
the remaining life of its operations.
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PART II ~ METHODS AND ECONOMIC FEASIBILITY ANALYSIS

Assuming that management has determined that in theory- 
sufficient reason exists to further consider integrating the 
production of the raw material into current operations, it 
now must test this hypothesis by economic analysis of the 
alternatives open to the firm. Obviously the general eco
nomics of the various alternatives presented in this section 
will have to be modified when applied to a particular firm, 
but by studying carefully the parameters involved, the man
agement of that firm will obtain a general view of possible 
cash flow situations for each method, thereby facilitating 
understanding of the final results and the selection of the 
best alternative.

Methods of Securing Long Term Mineral Supplies
There are three principle methods for securing long 

term supplies of raw material at a relatively predictable 
price: (1) the purchase of all or a portion of an operating
mineral property, (2) the purchase of all or a portion of an 
undeveloped mineral property, and (3) the long term delivery 
contract. The last is not strictly a method of vertical in
tegration, but in the absence of an adequate cash flow situ
ation it may be the only course of action open to the firm.

17
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For a manufacturing firm which has no previous exper
ience in the mining industry, the purchase of an operating 
property will solve many of the problems encountered in the 
development of a mining division. Personnel familiar with 
the operation can be retained,eliminating the need for man
agement to recruit and train the necessary geologist, laborers,

4and equipment oeprators. In addition,an operating mine will 
have in place the necessary capital equipment requiring the 
purchasing firm to make only normal replacements as this 
equipment wears out. Since nothing in life is free, except 
perhaps bad advice, a manufacturing concern can expect to pay 
for these advantages. The purchase price of the mine will 
be determined by the amount of ore remaining in the ground, 
the total costs of extracting that ore, the net value of assets 
on the premises, and the market situation for the mineral at 
the time of purchase. (For example, if business is bad and 
a mine is having trouble marketing its ore, it may be willing 
to accept a lower price than it would if business were booming) 

The second method for insuring long term supplies of a 
specific mineral is for the firm to engage in the explora
tion for and the development of a mineral property. This 
will entail hiring the necessary exploration personnel and 
purchasing whatever equipment may be needed in the exploration 
process. In addition, once the property is discovered and the
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purchase agreement worked out, capital investment in mine, 
mill, and ancillary facilities will be required, Depending 
on the type of ore, extraction processes utilized, and the 
availability of equipment, uhis development could mean a lag 
between discovery and initial production of anywhere from six 
months to five years during which time the firm will continue 
to purchase the raw materia' on the open market, As will be 
shown later, this lag can make the difference between selecting 
this method and one of the others,

There are no doubt many firms which would view any ex
pansion into mineral production as being too costly because 
they could utilize only a small percentage of any mine's 
annual production in their own operations, The capital in
vestment in facilities or the purchase price for a piece of 
potential property will usually be too high for these firms 
to incur themselves, but by entering into a joint venture 
agreement (for an undeveloped property) or by purchasing a 
controlling interest in a working mine, the investment nec
essary to insure long term supplies is substantially reduced,
By purchasing a controlling interest in the mine from which 
mineral purchases are made, the firm will reduce net cash 
outflows since it will recoup a portion of its purchasing 
expenses through dividend payments by the mining concern. 
Because of the variability of joint venture agreements and
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stock purchase acquisitions, a discussion of the economics of 
each of these options is omitted from this paper. For a 
rough and ready calculation of the economics of these parti
cular situations, a rule of thumb can be applied.

1) If the firm invests X% of the total capital 
outlay in a joint venture,it will be entitled 
to X% of the profits.

2) If the firm acquires X% of an operating 
mine's total common stock, it is entitled 
to X% of annual dividend payments.

(For a more comprehensive discussion of joint ventures and 
partnership, refer to Breeding, Income Taxation of Natural 
Resources.) By applying this rule, the Net Present Value of 
either the joint venture or the stock purchase alternative 
can be determined using the equations developed in the next 
section.

The long term delivery contract is an agreement worked 
out between the mine and the manufacturing firm whereby the 
latter will receive a specified amount of the raw material 
on an annual, monthly, or weekly basis at a price set down 
in the contract. Contracts are generally written for periods 
larger than 5 years but shorter than twenty, and the contract 
price is subject to constraints set down by the escalation 
clauses within the agreement. These escalation clauses allow
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the mine to pass on practically all types of production cost 
increases to the purchaser. The main advantage of a long 
term contract to the mine is that it eliminates the need to 
market a large percentage of its output. The advantage to 
the purchasing firm is that even if market prices are bid 
up in response to temporary or long term shortages, the contract 
price will usually only increase at the same rate as produc
tion costs. (In the event the market price of the mineral 
falls below the contract price, there is generally a provision 
to insure that the purchasing firm will have sufficient in
centive to continue contract purchases.)

If the firm can afford the price and is willing to take 
the risk, long term supplies can often be obtained through 
overseas investment. Many developing nations in Latin America, 
Asia, and Africa are in bad need of development capital and 
will contract delivery of a specified quantity of raw ma
terial to the firm in exchange for a cash loan to be used 
in developing the project. Japanese firms have been the major 
users of this method in recent years because of their critical 
need for raw materials, but the amount of invested funds is 
often many times more than the net worth of the medium size 
manufacturing concern. Since this paper is largely concerned 
with those raw materials classified as industrial minerals, 
the transportation economics of these bulky, low priced
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materials is generally prohibitive over exceedingly long 
distances, and overseas investment would therefore- be con
sidered in only the most extreme of cases.

Research and Data
As was discussed in Part I, the prime objective of 

expansion into raw material production is the solution to 
the interrelated problems of long range supply and rising 
or widely fluctuating prices. Since any alternative solu
tion to these problems must be compared with the status quo 
(that is with the situation where the firm continues to make 
raw material purchases in the open market), management must 
have a fairly good idea of how price will behave for ten or 
fifteen years down the line. The determination of this be
havior is called forecasting.

Forecasting is perhaps the principle factor behind the 
general lack of credibility in modern economists, simply be
cause more often than not the economists are wrong. But 
the art (or science, depending on which book one reads) of 
forecasting is practiced quietly every day by members of in
dustry, and although industry management has often failed in 
this task (witness the poor forecasting of consumer demand and
preferences by the automobile industry for 1975), millions of 
dollars are profitably invested each year by the private 
sector solely on the basis of forecasted situations.
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Statistical Sales Forecasting (Lippitt, V,, Financial 
Executives Research Foundation; N.Y„; 1969, p. 25) lists 
two principle types of forecasts; causal and non-causal.
In the former a set of crucial variables which influence the 
parameter which is to be forecasted are determined and a 
mathematical relationship between them is established. Then 
the values for these crucial variables are predicted and 
plugged into the equation to forecast the*value of the para
meter at a specific time in the future. The forecasting of 
the crucial variables must be fairly accurate to insure accur
acy of the desired parameter, since any error in the fore
casting of crucial variable values will usually be magnified 
by the mathematical relationship between them. The best 
sources of data for the causal type of forecast are the com
pany's own books where records of purchase price and other 
factors are listed.

Non-causal forecasting is based on the assumption that 
a given parameter is independent of other factors and depends 
only on time. The past time trend history of the variable 
is analyzed and is fit to a curve which can be expressed 
mathematically. Then, by plugging into the equation for this 
curve the year for which one wants a forecasted value, that 
value is generated. Lippitt advises that neither method is 
sufficient by itself, and for a crucial investment such as 
the acquisition of a mineral property both types of forecast
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should be prepared and then checked against each other for 
variation.

Regardless of which method is relied upon for the pre
diction of future market prices for a raw material, it must 
be accurate enough to instill the necessary investor confi
dence in management, By coupling a forecast of market price 
with a probability analysis of all possible price outcomes, 
an even more accurate estimate of future prices can be made. 
For example forecasting techniques can be used to generate 
a low, high, and most likely value for market price in each 
year. By assuming that the possible price distribution is 
normal, the expected value and standard deviation of price 
in any year can be roughly approximated using the model of 
triangular distribution.

Fig. 1 - Expected Value Model 

This should generate a value which approximately represents 
the weighted probability of all possible outcomes. As will

b = high value
c = most likely value

a = low value

£ ( * )
E(x) = a + b + c = expected value of (x) 

3
std deviation of (x)
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be mentioned later, this method is not just constrained to 
market price behavior, but can be used to predict operating 
costs, transportation costs, and even total capital invest
ment, and it has the advantage of being less complex than 
detailed probability analysis or Monte Carlo simulation.

Once future raw material market price behavior has been 
determined, the firm must begin gathering data on the alter
natives. This means that it wi'xi have to investigate those 
working mines that may be for sale, any known undeveloped 
properties, exploration and development expenditures, capital 
and operating costs, and long term contract prices arid esca
lation clauses. If the firm has no undeveloped properties 
for analysis and wishes to investigate this area prior to 
making a decision on the best route to follow, it may wish to 
postpone the decision until after it has engaged in explora
tion activity. Since all exploration expenses can be deducted 
from pre tax income, the cost to the firm of an exploration 
program is only

(E) (l-tx)
where tx is the corporate income tax rate and E is the annual 
expenditure on exploration activities. Rather than detail 
all the desirable data at this point, the enumeration of the 
important variables in each alternative is deferred to the 
section Analysis and Selection of the Best Alternative and to 
figures 3 and 4.
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Methods of Analysis
There are, as most managers are aware, a plethora of 

analytical techniques available for use in the capital bud
geting process, and a discussion of the pros and cons of 
each method is beyond the scope of this paper. If the reader 
wishes to become more familiar with these techniques, he is 
asked to refer to the appropriate section of the Bibliography 
listed at the end of this paper.

Since most investments in the mineral industry have 
returns stretched out over a large period of time (determined 
by possible mine life), any analytical method employed for 
selection of the best alternative should take into account 
the well-worn concept of the time value of money. This 
concept is merely that if one were offered the choice between 
receiving a sum of money today or the same sum tomorrow, one 
would take the money today because it can be invested to 
return the principle plus interest tomorrow. By discounting 
to the present at the same rate all future cash flows for 
each alternative, the alternative with the highest positive 
value (or if all values are negative, the alternative with a 
value closest to zero) should be selected.

Net Present Value (NPV) analysis, as the above method 
is known, has one serious drawback when applied to the ex
pansion decision: the variability in lengths of the different
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alternatives will not permit this method to yield consistent 
and correct solutions to the problem. For example, assume 
that a firm has narrowed the possible alternatives down to
(1) purchasing an operating mine with a remaining life of 
8 years, (2) purchase and develop a property with a total 
life (discovery to exhaustion of reserves) of 15 years, and
(3) maintain the status quo by continuing open market pur
chases. An NPV analysis indicates that alternative (1) will 
minimize cash outflows, but only because alternative (2) re
quires a 15-year participation. Also the question of what 
to do after year 8 if the first alternative is chosen has not 
been answered, Although the problem of variation in lengths
of cash flow streams cannot be resolved absolutely, a simple*
assumption will modify the technique to yield consistent re
sults in the expansion decision.

For the analysis of expansion alternatives, 
assume that all alternatives have a length 
equal to that of the longest lived project, 
and the difference between any shorter lived 
alternative and that alternative of the 
longest life will be made up through open 
market purchases.

In other words in the example mentioned previously, the
length of time to be considered for all three alternatives
is 15 years; this implies that if alternative (1) is chosen,
the firm will utilize raw material from the mine for years
0-8 and then return to open market purchases for years 9-15,
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Although this assumption rectifies the problem of vari
able length by making all projects of equal life, it may not 
model precisely the course of action the firm will take. 
Referring again to the previous example, assume that the 
firm feels there will be a 15 percent chance that another 
mine will be available for purchase in year 8 upon exhaustion 
of the first operation. A decision tree is one method whereby 
these possibilities can be taken into account (Fig. 2) By 
weighting and adding together NPV^ and t h e  three al
ternatives can be compared and the best one selected.

Regardless of whether the firm makes the assumption 
mentioned previously or uses the decision tree method to 
determine the best possible alternative, net present value 
analysis will still be used, requiring the firm to select 
an appropriate discount rate for use in the formula:

n=t
NPV = -C I  Mn

where C = initial cash outlay 
n = period of cash flows 

Mn = cash flow in period n 
r = discount rate.

The determination of this rate will depend upon the way in 
which the firm elects to treat risk. If it .chooses to
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.85Purchase an 

operating 
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.Purchase and development of 
_____ mining property .NPV

Open market purchases
•NPV

Chance Event

Decision
Point

Decision Tree 
Fig. 2

NPVia = Net Present Value of future cash flows associated
with purchasing a mine with remaining life of eight 
years, utilizing probable open market purchases for 
years 9-15.

Npvib = Net Present Value of future cash flows associated 
with purchasing a mine with a life of eight years 
followed by the probable purchase of another mine 
for years 9-15.

NPV2 = Net Present Value of future cash flows associated
with the development and operation of a mine for 
15 years.

NPV^ = Net Present Value of future cash flows associated 
with continuing open market purchases for 15 years.
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incorporate risk into the cash flows by using the expected 
value model or some other accepted method of probability 
analysis, then the discount rate must be less than or equal 
to the firm's cost of capital after expansion financing has 
been obtained. (See Part III for a discussion of the cost 
of capital and financing of expansion) If, on the other 
hand, risk is not portrayed^ in the cash flows themselves, 
the discount rate must be adjusted upward from the cost of 
capital to some rate which takes into account the business 
and financial risk associated with operating a combined manu
facturing and mining firm.

The following subsection is based on the assumptions 
that (1) Net Present Value analysis will be used in determin
ing the best possible alternative, (2) all alternatives are 
of equal length, and (3) the method for the treatment of risk
is consistent in all projects.

Analysis and Selection of the Best Alternative
A firm cannot make a decision to expand its operations 

into the mineral industry without first having the relevant 
data for each alternative at hand. At the decision point any 
expenses incurred in gathering this data are regarded as sunk
costs and are not figured into the analysis (exploration
costs, consultant fees, etc.)

This section will detail the analytical equations behind 
each of four alternatives:
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(1) Continuing open market purchases of the raw 
material,

(2) the purchase of an operating mine,
(3) the purchase, development, and production of 

a mineral property, and
(4) the acquisition of a long term delivery con

tract for the raw material.
The following assumptions in addition to the ones stated in
the previous section are applicable:

(1) Alternative (3) will have the longest project 
life and all other projects will be adjusted 
to that length.

(2) The purchase of an operating property or the 
development and production of a potential 
property will generate an annual mine output 
greater than or equal to the firm's raw material 
requirements.

If the first assumption does not apply to the situation under 
consideration, the equations which follow need only be altered 
so that all alternatives have the same life. If the second 
assumption does not hold true in the actual situation, then 
additional purchases of raw material on the open market will 
be required and these should be entered into the applicable 
equation.

Figure 3 and Figure 4 depict diagrammatically the net 
cash flows to the firm associated with each of the four pre
viously mentioned alternatives and the timing of cash flows 
in each alternative. If the firm elects to. purchase a mining 
operation or to develop and produce a potential mineral
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property and if this operation is fully incorporated as a 
wholly owned subsidiary, the profits from the mine accruing 
to the corporation will help offset the cash outflows from 
the manufacturing division to the mining division for the 
purchase of raw materials. Since these purchases will be 
made at market price (as discussed in Part I) the amount 
which is taken as the depletion write-off against income 
will be the maximum allowable, »r.rtd this amount may be written 
off against total corporate income for taxation purposes, 
regardless of the profitability of the mine itself, 2/

Should management elect to do nothing and to continue 
purchasing the raw material on the open market, the net 
present value of this option would be given by equation 1 . 
(For an explanation of the variables used in this analysis, 
consult the listing on the following page)

n=t 
NPV, = Z 

1 n=0 (1+r)n n
n (1)

where n = year
t = length of alternative 

Kn = transportation cost/unit year n 
^ n  =jj|narket price in year n 
Xn = qty purchased year, n 
r = discount rate.

2/ Personal communication, MacDonnell, Larry J r , Colorado 
School of Mines, March 17, 1975.
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DESCRIPTION OF VARIABLES USED IN ANALYSIS 
NPVX - The net present value of alternative x;

n - year;
t - the length in years of the alternative with the 

largest project life;
PM - the market price of the raw material in year n

n in $/unit;
X - the quantity utilized by the manufacturing process
n in year n;

Kn - the costs per unit for transporting the raw material 
from mine to plant in year n under open market pur
chase alternative X;

r - the discount rate, greater than or equal to the 
firms cost of capital (see Part III);

Pc - the per unit price of the raw material in year n
n as stipulated by the long term contract;
C - initial cash outlay needed ta purchase an operating

mine;
Qn - the total annual production of the mine in year n;

TCr - total costs of producing that raw material including 
royalties, state, local and severance taxes;

d - the percentage depletion allowance as permitted by 
the IRS;

t - the Federal corporate income tax rate;A

s - the reamining life of a currently operating mine ;
A - the net value of assets utilized by the operating 

mine at the time of purchase by the manufacturing 
firm;

CE - the cost of replacement capital equipment in year p ;
r

j - the uselife allowable by the IRS for' depreciation 
of capital equipment ;
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t - the investment tax credit (decimal).
p - the year' in which equipment is replaced ;

AC - the costs of acquiring an undeveloped mineral property 
including bonuses

w - the total number of years required for development of 
the property ; and

Dn - development costs in year n
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This value wiljl be the yardstick against which all other 
alternatives will be measured. The value of NPV^ is negative 
(Fig. 3a) since the net cash flow is out of the firm.

Since it is simpler to ‘bompute the net present value of 
a long term contract than it is for either of the remaining 
alternatives, this is done now.

n=t *
NPV = £ - pcn Xn (2)4 _     \

n“° (1+r n

where P = contract average price 
cn in year n.

The value of Pc for each year n can be determined using the 
escalation clauses in the contract and the projected rate 
of increase for the various escalating variables. For example 
if labor costs are estimated to increase at 4 percent per 
year and if the contract stipulates that the price of $12.50/ 
ton will be raised in equal increments with increased labor 
costs, then the present value of the net cash outflow for 
purchases in any year will be:

12.50 (1.04)n Xn 
(1+r)n

Again the expected value method can be used to determine the
most likely rate of increase over time for the different
♦Delivery contracts generally have incorporated into them a 
transportation charge. If not, subtract n=t£ (Kn .Xn)(1+r)"n

n=0
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variables defined in the escalation clauses, thereby elim
inating the need to adjust the discount rate upward for risk

For the purchase of an operating mine with a remaining 
life of s years (s<t), the net present value is given by 
equation 3.

after tax income from mine

NPV, = -C + £ [(pMn‘ Qn5 " Tcn "A/s - d(PMn -Qn^d-t )
n=0 (1+r)n

cash outflow for raw 
depreciation depletion material purchases

n—s n=s . _ _ > n=s
+ Z A (1+r)”n + Z d Mn - _ Z PMn Xn
n=0 S n=0 (1+r)n n=0 (X+r)n

*open market purchases transportation cost to yr t
n=t . __ % n=t

- y.  ̂Mn n_̂_ - £ ^n n (3)
n=s+1 (i+r)n n=0 (1+r)n

If management estimates that it will have to replace 
certain worn out assets during the remaining life of the 
reserves, this should be taken into account by adding the 
following to equation (3) :

tax savings from tax credit
cost of equip. depreciation tax savings

CEp +«-t (1_tx) ^ ^

(1+r)P n P (1+r)n (1+r)P
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This can represent a substantial tax savings to the firm 
if the asset is relatively expensive since a renewed depre
ciation base and the investment tax credit both work in favor 
of the firm. If management estimates that capital equipment 
replacement will occur in several different years, the pre
ceding equation will have to be applied once for every re
placement .

The only situation in which equation (3) will fail to 
produce the correct value for NPV is the one in which the 
dollar value of depletion (d Qn ] ) exceeds the net in
come accruing to the mine before depletion and taxes. Should 
this occur in any year, the full amount of depletion may 
still be taken against income from the manufacturing divi
sion or against income for the whole corporation. Therefore 
if pro-forma income statements for the mine indicate that 
such an excess of depletion over pre-tax income for the mine 
will occur, the financial analyst must rewrite equation (3) 
to take care of those years in which this excess will take 
place.

Equation (4) below describes the net present value of 
developing and producing a mineral property. Again any 
capital equipment replacements or any excesses of depletion 
over mine income before taxes and depletion must be cor
rected .
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after tax after tax investment tax
acquisition cost development credit

cost
NPV = -AC(1-t ) - Z Dn(1_tx) + Z CEn (tc)(l-tx ) 3 x n=° (1+r)n n=0 (1+r)n

-nr  PMn-Xn + T  (PMn' Qn)-TCn-Vt-w-d(PMn-Qn) (1-t..) 
n=0 (l+r)n n=w+1 (1+r)n

X'

n=t n=t n=t
+ Z _A_ (1+r) ”n + Z d (pMn'Qn) - Z Kn lXn (4)
n=w+l t+w m=w+l (i+r)n n=0 (l+r)n

The principle difference between purchasing and developing 
a property (equation 4) and purchasing an operating mine is 
the lag time between acquisition of the property and actual 
production. Because discount factors decrease more rapidly 
in the earlier years, the benefits from production will have 
less weight than the cost of acquisition and development.

The values given by equations 3 and 4 can be compared 
to those values indicated by equations 1 and 2 and the least 
negative value will indicate the best possible choice. In 
addition, the difference in value between the best alterna
tive and the next best alternative represents that amount of 
money the firm would be willing to give up to employ the 
best alternative. Therefore if negotiations for the best 
alternative, be it property or mine, are stalled, management 
will be prepared to offer additional monies to the owner up
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to but not beypnd the difference between the two best alter
natives.

Although the preceeding equations encompass all of the 
important variables and situations, royalty payments, bonus 
payments, and state, local, and severance taxes are left out. 
Since most of these are deductible from income for the pur
pose of computing Federal iri^ome taxes, they can be defined 
on a per unit basis, multiplied by the annual production, Q , 
and the result incorporated into TCn , the total operating 
costs in year n. There is no limit to what net present value 
analysis can handle, but to attempt to incorporate all the 
minor variations in cash flow which could occur in the min
eral industry into a single equation would be time consuming 
and of little help to the reader. This section only purports 
to give the general framework for analysis of all the available 
options and for the eventual selection of the best of them. 
Different manufacturing concerns must develop different analy
tical equations depending upon the particular situation con
fronting them.

An example using fabricated data is worked out in Appen
dix B at the end of this paper.

Other Considerations in Selection of the Best Alternative
It should be pointed out that the process of selecting 

the best possible alternative for securing relatively low
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cost long term raw material supplies is not completely quan
tifiable. Management objectives and corporate goals will in 
some cases prohibit expansion into the mineral industry even 
though such expansion is clearly economically beneficial to 
the firm. On the other hand, the need for a steady supply 
of raw material may overshadow the economics of securing that 
supply, so that the firm could select an alternative which 
would entail production costs of the raw material higher than 
the industry average, and in some cases higher than current 
market price, Obviously if profits from the manufacturing 
division are not at a level where these high raw material 
purchase costs can be fully absorbed, the viability of the 
firm is at stake.
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PART III - THE FINANCING OF EXPANSION

The preceeding analysis of expansion alternatives was 
performed without taking into account any effects of lever
aging the potential investments/ "Since the acquisition of 
an operating mine or the purchase, development, and produc
tion of a potential mineral property will usually involve 
an initial outflow of cash greater than any amount the firm 
could supply from internal financing, the firm will be forced 
to go to the capital markets. Although the financial depart
ment of the manufacturing firm would be involved in all 
stages of the selection process, it is after the economics 
of each alternative have been defined that the financial 
analysts begin to work on the problem. It is their job to 
determine the cost and availability of capital, the optimal 
means of financing each alternative, and any capital market 
constraints which may affect the expansion plans.

Capital Structure of the Medium-Size Manufacturing Firm
If one were to survey a section of medium-sized manu

facturing concerns which fall into the categories outlined 
in the Introduction, one would find that a wide variety of 
capital structures prevail and the only general statement

45
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which can be made is that no two firms are structured alike. 
The various capital structures can, however, be roughly 
divided into three categories:

(1) Those firms which are wholly owned by man
agement or a single family or individual 
Since there are no public stockholders, 
annual reports and SEC filing are not 
available for inspection.

(2) Those firms in which management or a 
single family or individual holds a con
trolling interest of thr outstanding 
shares of stock.

(3) Those firms which are publicly owned.
Firms which are wholly owned by management or a family 

or individual generally have the greatest potential for 
raising large amounts of capital, Since no portion of the 
firm is publicly held, common stock can be issued up to the 
point where the original owners just maintain majority 
interest.* In addition, many of the firms in this category 
are only slightly levered if at all, and by increasing the 
equity base through the issue of common stock, debt financing 
can be carried to the industry limit. This method of raising 
cash for expansion will mean an increase in the firm's cost 
of capital, but as long as the result is less than the

*There is the risk that if the firm retains a controlling 
rather than a majority interest, someone will issue a tender 
offer for the publicly held shares and take controlling 
interest away from the original owners. Management must 
weight this risk against the risk of a potential shortage 
of raw materials.
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discount rate used in the analytical process, the results 
of that process will be unchanged.

Those firms in which only controlling interest is held 
by management and those firms which are publicly owned face 
almost the same capital market constraints. If they are 
below the industry average debt/equity ratio, debt financing 
can be increased up to that limit with practically no in
crease in the cost of capital, assuming the firm is viewed 
favorably by banks and the bond market and that interest 
rates on new debt are comparable to those on debt already 
held by the firm. In many instances this increased leverage 
will result in a lower overall after tax cost of capital 
because interest on debt is tax deductible.

Internal financing or the tapping of the retained earn
ings account will also be most effective in the privately 
held corporation where earnings tend to accumulate until they 
are quite substantial. The publicly held firms may also 
have available retained earnings, but the utilization of these 
funds may be constrained by the limits of investor confidence, 
since the risking of past earnings slated for remittance to 
the investor on expansion into another industry may be viewed 
askance by the public, and further stock issues, if contem
plated, may find a soft market. [The higher the tax bracket 
of the average investor, the more than investor would wish
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retained earnings to be reinvested in the business so that 
he can be taxed at the capital gains rate rather than the 
personal income tax rate which would be applied to any divi
dends payments. (See Hurdle* and Deming, The Management of 
Capital Expenditures, McGraw-Hill; N.Y,; 1968, p. 55f)
However, when retained earnings are invested in a riskier 
business investors may behavti according to the above para
graph . ] %

Another source of funds generated internally can be 
realized by managing more closely accounts receivable and 
accounts payable. Although this can be the source of a 
substantial amount of money in a large corporation, the 
smaller manufacturing firm may find that tightening credit 
policies and relaxing payment policies are unfeasible if it 
wishes to maintain a good rapport with suppliers and customers.

The Cost of Capital and Business Risk
A firm's cost of capital is a weighted average cost of 

debt and equity held by the firm at any given point in time, 
whereas the marginal cost of capital to the firm is the 
weighted average cost of additional debt and equity financing. 
If a firm has reached the point where it has saturated the 
various capital markets, it may find that additional financing 
can be obtained only at a post which is so high that the ac
quired funds could never be invested profitably.
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But saturation of the capital markets is not the only 
factor which can drastically increase the cost of funds to 
the firm. Business risk (as distinct from financial risk) 
will also influence the cost of capital, When a manufactur
ing concern enters into the mining business, it may find that 
future capital requirements can only be met if the firm is 
willing to pay more than would normally be demanded if it 
had remained in the business of manufacturing. This is be
cause capital markets tend to regard the mining business as 
being exceedingly risky, and they therefore demand greater 
compensation for the use of their funds.

The increase in the cost of capital to a manufacturing 
firm derived from its entrance into the mineral industry 
will be inversely proportional to the percentage of total 
mine output utilized by the firm's manufacturing operations. 
In other words, the larger the percentage of utilization of 
the mine's output by the firm, the less the firm is depen
dent upon sales of surplus production to maintain overall 
corporate profit's and the less the business risk. On 
the other hand, a firm which utilizes only a small percentage 
of the mine output in its operations must rely on the some
times volatile mineral market to keep corporate profits 
high and consistent from year to year. If a firm uses 100% 
of the mine's output, capital markets will tend to view the
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integration of mineral production into the firm's operations 
as just an extension of operations. Provided total produc
tion costs for the raw material do not greatly exceed its 
market price, this integration could be regarded as a sound 
and efficient management policy and the amount of business 
risk might actually decrease since the firm is no longer 
dependent on variable raw material supplies and the resul
tant price fluctuations. (See Figure 5)

The implication of this relationship is that a firm con
sidering expansion into raw material production must be aware 
that the cost of acquiring either capital necessary for this 
expansion or capital sometime in the future after expansion 
will depend partially upon the difference between mine capa
city and manufacturing plant demand. If the choice is be
tween acquiring one of two mines which have equal Net Present 
Values, the mine which has an annual capacity closest to that 
of the manufacturing plant should be chosen in order to min
imize the business risk premium as determined in the capital 
markets. If the two alternatives have unequal net present 
values of future cash flows at the same discount rate and 
management is unsure which project to select because the one 
with the higher net present value has a larger positive dif
ference between mine capacity and plant demand, then the 
cash flows of this project can either be discounted at a
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slightly higher rate to allow for the increased business 
risk, or a term representing the opportunity cost of the 
excess funds which will have to be committed to repayment 
of the higher cost loan can be entered into the evaluation 
equation for this particular project. Then the evaluation 
is performed again and the results are compared with those 
of the other alternatives.

The Cost of Capital, Financial Risk, and the Discount Rate
In Part II the discussion of how to determine the appro

priate discount rate for analysis of potential expansion al
ternatives was deferred until later. The matter shall be 
taken up now.

As was mentioned earlier, the discount rate and its 
application in investment analysis is simply a means of 
taking into account the time value of money. The dollar 
amounts of the resultant NPVs of all possible alternatives 
are significant only in their relationship to one another 
and not in their absolute value. In the analytical section 
of this paper it was assumed that if future cash flows were 
adjusted for risk, the cost of capital would serve across 
the board as an adequate discount rate. From the discussion 
in the previous section, it is recognized that adjustment 
for deviations in future cash flows is not enough; rather
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adjustments must be made for business risk as well. Since 
these adjustments are practically impossible to quantify and 
incorporate into the cash flows themselves, it was suggested 
that the discount rate be tailored to the business risk in
herent in each alternative. This suggests a violation of 
one of the unspoken laws of net present value analysis, 
namely discount rates must remain constant from analysis of 
one project to another, otherwise the effectiveness of the 
method is undermined. When financial risk is incorporated 
into the process of evaluation, this unspoken law is violated 
even more blatantly.

Capital can be acquired in large chunks, and the cost 
of acquiring that capital will depend upon the current capi
tal Structure before acquisition, the size of the chunk, and 
the relative proportions of debt and equity that make up the 
newly acquired funds. In most capital budgeting situations*, 
a fixed amount of funds is allocated to several investment 
projects which are selected by discounted cash flow techniques 
using a discount- rate equal to the cost of those funds. But 
when a firm is trying to choose one of several alternatives 
in order to solve its raw material supply/cost problem, it 
is interested in acquiring only that amount of capital 
which is required by each alternative. Clearly if one 
alternative requires an investment of $5 million and another
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an investment of $20 million, the firm will not try to borrow 
$25 million, rather it will borrow only what it needs to 
make the selected investment, But it is also clear that un
less the firm is the U.S. government itself, it can expect 
to pay more for the $20 million than for the $5 million due 
to the increased financial risk inherent in acquiring the 
larger sum. Since each alternative represents a different 
degree of financial risk and therefore has a different cost 
of financing, the firm must determine an appropriate discount 
rate that will take into account the degree of financial and 
business risk indicated by each of the alternatives.

There are three possible ways of incorporating the prob
lem of different costs of capital resulting from different 
size investment packages into net present value analysis.
The first is to take the highest cost of capital and use that 
as a discount rate for all possible alternatives. The prob
lem with this is that lower cost alternatives may appear un
favorable at a high discount rate, but if chosen would ade
quately return the cost of funds invested into them. (See
Fig. 6) NPV Project A

Project B
@11% Select B 
@ 8% Select A

t%
Fig. (6) Cost of Capital and Project Selection
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The second method would be to discount each alternativeI
at the firm's average cost of capital (the weighted average 
cost of capital computed on the total capitalization of the 
firm after acquisition of additional funds) required to im
plement the average alternative, but this would mean that un
less the original cost of capital was higher than the cost 
of newly acquired funds, th6 firm is liable to select an 
alternative which will not Return the cost of these new funds 
and will have to repay bondholders out of earnings from other 
profitable operations.

The third method would be to discount each of its own 
cost of acquired funds, thereby insuring that each project is 
weighted according to its initial cost. Although this is 
by far the best of the three methods, it unfortunately cannot 
be applied to the evaluation equations detailed in Part II.

When the comparison is between alternatives having 
negative cash flows throughout their life as is the case in 
the analysis of expansion alternatives, the higher the dis
count rate (reflecting greater costs of capital) the less 
negative the result and the better that alternative appears.
To adjust for this conflict between higher risk and resultant 
project favorability, the cash flows must all be made positive. 
This can be done by taking the cash flows from operation of 
the mine as an integrated subsidiary (equation 3 or 4) and 
subtracting them from what would have been
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the cash flows to open market purchases had no mine been 
purchased. The resultant dollar amounts can be discounted 
at the appropriate rate, and the higher the discount rate, 
the less favorable the alternative will seem.

This method of discounting opportunity cost savings 
in future years could be used in the place of the analytical 
method discussed in Part II, but the alternative selected 
under each method will be the same unless, the discount rate 
used in Part II was varied from alternative to alternative /

as would be necessary to account for wide differences in 
the cost of capital between projects.

Mergers and Other Methods of Acquisition
The analytical section in Part II only mentioned the 

possibility of a cash purchase of an operating mine, but 
rarely do such purchases ever involve an exchange of cash 
for property in the real world. Usually if the purchasing 
firm is larger or if the mining concern is not already an 
operating subsidiary of another company, the purchase will 
be effected by an exchange of stock at some negotiated ratio. 
This eliminates the need for the purchasing firm to extend 
itself -any further in the capital markets, while it allows 
the owners of the mining company to retain and in some cases 
augment their share of the mine's profits. This stock ex
change method can also prove beneficial to the acquiring
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company if the mine managers are stockholders as well, for 
if this is the case, the manufacturing firm will be able to 
retain management which has a stake in the success or failure 
of the merger.

Whatever the form of purchase, its real costs can be 
computed and entered into the variable C in equation 3. The 
discount rate used will still depend on the cost of capital 
for that particular alternative^ .but with stock purchase or 
exchange agreements there are other factors which have to be 
figured into the discount rate. For example, a firm which 
does not figure the effect of an immediate dilution in earn
ings per share on common equity resulting from a merger runs 
the risk of improperly estimating the costs of equity financ
ing which will result in the use of a discount rate which is 
too low, thereby creating the possibility that the firm will 
select this alternative which will return less than the cost 
of invested funds.

A Note on Creative Accounting
The whole process of integrating a mineral producing 

operation into a manufacturing firm is an accountant's 
dream. Although the days of the two-page annual report 
with ten pages of footnotes have gone the way of Penn Central, 
a good accountant can legally have the time of his life 
playing with the numbers which arise out of this situation.
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Transfer pricing, the depletion allowance, accounting for 
the sale of surplus mine production, development expendi
tures, and a myriad of other factors allow the accountant 
to embellish the firm's annual reports and significantly 
reduce the firm's overall tax liability. 3/

For this reason, a firm considering expansion of its 
operations into the production of the raw material most cru
cial to its manufacturing process should have on hand an 
accountant through all stages of the analysis. Not only 
will this insure a clear picture of the overall economics 
of the problem, but it will help management in distinguishing 
between funny money and cold hard cash.

3/ Field, Robert E., Financial Reporting in the Extractive 
Industries; Am. Inst, of CPAs Inc.; N„Y.; 1969.
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CONCLUSIONS

The decision on whether or not to integrate raw material 
production into manufacturing operations is really a trade
off between the following three factors:

(1) Which alternative best solves the problem 
the firm is facing, be it difficulty in 
obtaining supplies or variable raw material 
prices? (Part I)

(2) Which alternative is the most economical in 
the long run?(Part II)

(3) Which alternative least affects the overall 
risk of the firm and the attitude the capital 
markets take toward it? (Part III)

For some firms the primary management objective may be 
to solve the raw material supply or price problem at any 
cost, while other organizations may decide that any attempt 
at integration may be too risky owing to their particular 
capital structure or ability to cover interest charges on 
the necessary debt. Still other firms may recognize that 
capturing a source of raw materials entails such a cost 
savings over the long run, that not to undertake such a 
capture would be poor management indeed.

To discuss every possible situation as well as all 
possible variations in critical parameters which might face

59
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the medium size manufacturing firm considering the capture 
of a long-term source of raw materials would be unnecessarily 
complex and the resultant paper would be of little use to 
management. But if management absorbs all the criteria set 
down in preceeding pages, it will be able to tailor its 
analysis to its particular situation without fear of leaving 
out some critical considerations.

ARTHUR LAKES LIBRARY 
COLORADO SCHOOL of MINES 
GOLDEN. COLORADO 80401
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Appendix A.l is a table of selected raw material prices 
taken from the February issues of the Engineering and Mining 
Journal for the years 1966-1974, A non-causal (time trend) 
forecast of price in the year 1985 is given using the rela
tionship

Price = ae^x
where x is the year (x=l=1966) As can be seen the expon
ential curve fit closely describes the historical time price 
relationship for all materials except for graphite. If a 
firm encounters similarly poor correlation in time trend 
forecasting of their particular raw material, other time 
trend equations or a causal forecast could be used.
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APPENDIX A.2

Percentage Depletion Allowance 
Source. Tax Reform Act (1969)

Category Rate ________ Mineral Type____________
1 22% Oil, gas, and geothermal wells
2 22% a. Sulphur and uranium

b. From U.S. deposits: 
Anorthosite 
Clay )
Laterite )for
Nepheline syenite)alumina
Asbestos
Bauxite
Celestite
Chromite
Corundum
Fluorospar
GraphiteIlmenite
Kyanite
Mica
Olinene
Rutile
Block Steatite Talc 
Zircon

3 22% From U.S. deposits:
Molybdenum

4 15% From U.S. deposits:
S. gold, silver, copper and 

iron ore 
b. Oil shale

5 14% Other metal mines
Rock asphalt, vermiculite
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In addition there are six other categories which cover 
minerals produced outside the United States and such common 
materials as sand, gravel, clay, shale, and minerals produced 
from brine water. The complete list can be found in section 
501 of the Tax Reform Act of 1969, a copy of which is avail
able at any IRS office.
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APPENDIX B - AN EXAMPLE

Asbestos Tile Corporation manufactures special floor 
tile for use in the residential and commercial construction 
industry. Current and projected capacity until 1985 will 
require an input of 50,000 tons per year of 3K asbestos, 
and due to increasing raw material prices and periodic short
ages, ATC is considering capturing a source for its raw 
materials, As far as management can tell there are three 
alternatives open to the firm:

Alternative I: Continue Open Market Purchases
This will mean spending over $300,000,000 during 
the 11 years from 1975-1985, using the forecast 
in. Appendix A.I.
Alternative II: Purchase an Operating Mine
A mine with capacity of 100,000 tpy is available 
for purchase for $5,000,000. It has a remaining 
life of 5 years after which the firm must return 
to open market purchases of the necessary asbestos.
Alternative III: Purchase and Develop an Undeveloped

Mineral Property
Sunk costs in exploration have revealed a potential 
asbestos property containing reserves of 10  ̂ tons 
which could be purchased and developed for a total 
cost of $17,000,000 of which $12,000,000 would be 
depreciable over the 10-year life of the mine,

The financial department has determined that in order to
raise the $5,000,000 for alternative II, ATC would incur
a marginal cost of capital of 12 percent(versus 11 percent
currently) while for alternative III, the cost of capital

68
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would be 14 percent. The corporate income tax rate is 50 
percent, the depletion allowance on asbestos is 22 percent 
(Appendix A.2), and there are no bonuses, royalties, sev
erance taxes, investment ta^ credits, or transportation 
charges. The following three tables show the salient data 
for selection of the best alternative using the opportunity 
cost discounting method outlined in Part III, Alternative 
III is selected.*

* All calculations performed on a Hewlett-Packard Model 65 
desk calculator.
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Alternative I - Open Market Purchases 
($ x 1000)

(a) (b)
Plant

Year Purchases NCF
0 21,700 -21,700
1 22,570 -22,570
2 23,430 -23,430
3 24,320 -24,320
4 25,240 -25,240
5 26,200 -26,200
6 27,190 -27,190
7 28,230 -28,230
8 29,300 -29,300
9 30,410 -30,410

10 31,570 -31,570

(c) (b)-(c)
NCF w/o Opportunity

Purchasing Mine Cost Saving
-21,700 0
-22,570 0
-23,430 0
-24,320 0
-25,240 0
-26,200 0
-27,190 0
-28,230 0
-29,300 0
-30,410 0
-31,570 0

NPV = 0
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