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Prof. Bibhuti Bhusan Mandal
Department of Mining Engineering
1T Kharagpur
Week 5

Lecture 25 : Valuation models and Evaluation techniques

Hello and welcome to my lecture. After three consecutive classes on the time value of
money, today we will discuss the generic valuation model and the ideas about valuation
techniques. Now, in this, the different concepts that we cover include the well-known
model called the Hoskold approach. There are different evaluation techniques.

CONCEPTS COVERED

* Hoskold approach

*  Evaluation techniques

¢ Payback period

*  Accounting rate of return




Hoskold approach of mine valuation

*  The Hoskold Formula is a widely used method for valuing mines and other depleting asscts,

It takes into account both risk and time value of money while cstimating the present worth of

future income from a mine.

*  Hoskold formula is based on the idea that the dividend recetved from a munig investment is

comprised of two constant parts:
Tuteress on the oviginal imvestment (ar a rate which is constdered commensurate with
the risk)
v Reture on capital, which later must be of stuch amannt that when reimvested at
componnd interast (security rate), it will equal the amount of the ovigmal investment

when the mine iy exhausted
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We will take two of them, like the payback period and accounting rate of return, in this
lecture. For mine valuation, as | have been telling in this series of lectures, we need to
understand the value in terms of money, but the valuation cannot be done as easily as
with any other material. The Hoskold formula is widely used for the valuation of mines
and other depleting assets, meaning as you continue mining, your natural resources
deplete. It takes into account both the risk and time value of money, which you have now
studied, while estimating the present worth of the future income from any mine.

Hoskold approach

*  The Hoskold formula for present worth is given by:

where,
* V, is present worth

*riy safe rate of redempiion of capital (representing a risk=free return)

o rlis speculative vate on invested capital (representing a risk-adjusted return on capital

imvested)
o A is uniform armual profit

o nis life of mine in years
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So, the Hoskold formula is based on the idea that the dividend received from a mining
investment is comprised of two constant parts. One is the interest on the original
investment at a rate considered commensurate with the risk, and the return on capital. So,
these two major components will use two different rates in the formula. This return on
capital must later be of such an amount that, when reinvested at compound interest, it will
equal the original investment, also known as the sinking fund.

otherwise known as sinking fund also. The Hoskold formula for present worth is given by
this one:

A
Vp_ T

((1+r)n - 1+ 1")

Where,
* Vpis present worth
» ris safe rate of redemption of capital (representing a risk-free return)

* 1’ is speculative rate on invested capital (representing a risk-adjusted return on
capital invested)

* Alis uniform annual profit

* nis life of mine in years

Example 1;

Annual unitorm net profit (A) = Rs. 500000

*  Safe rate of return (r) =~ 5% (0.05)
Speculative rate of retum (') = 12% (0.12)
Mine life (n) = 10 years

Find the value of mine using Hoskold method.
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For example, we take this value 500000 pass black this is just for ah for your evaluation
you can take 5 crores also 5000 crores also anything, but I mean how it looks like. The
safe rate of return as we said risk free is the this 5 percent and the speculative rate of
return is 12 percent that we think that it will give us a 12 percent data over a period of 10
years. Now, the question is that you have to find out the value of mine using Hosskoll
method. So, here you see that we need to know the uniform net profit rate must know the
approximately the lifespan of the deposit for mining and 2 rates of return one is safe rate
and one is the speculative rate of return.

If we use the formula which we have seen in the previous slide and just put the values
there what you see is that you get this r dash value assuming this is 0.12. So, 1 plus r raise
to the power n becomes 1.6289 this part and then we put the values here in this place here
the denominator part this part can be calculated as 0.1995 almost like 0.2 you can say. So,
the BP become this 5 lakhs divided by 0.2 approximately 25 lakhs is the answer. So, this
is the present value of the mine present value of the of the mine. So, you must have two
different rates for calculating this present value.

Solution

We know, V, = —pte—x

fnvroitr)
o (14r)=(1 +0.08) =105
o (1= E(L05)Y = ],6289

=012

005 e,
Denominator = ————— + 0,12 = 0. 1995
1.6289 -1

\"I' 5,00,000/0.1995

V,=Rs 25,06,265 (Answer)
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What are the disadvantages or rather shortcomings of using this approach? This formula

actually results in an undervaluation, it is understood by many that it undervaluates
underestimates the value of the mineral property compared to the discounting cash flow
techniques. So, the undervaluation results from the employment of 2 rates of return 2
rates of return and if the difference between these 2 like we had 1 as 5 percent and the
other has 12 percent. So, there is a 7 percent difference, if this difference increases then



there will be this undervaluation will further increase, the degree of undervaluation you

*  Disadvantages of using this approach:

1. This formula results in an undervaluation of mineral properties as compared to the ordinary
discounting procedures for valuing future profits. The undervaluation results from the

employment of two different rates of return, a safe rate of return and a risky rate.

T'he larger the difference between these two rates of return, the more undervalued a

mincral deposit will be.

2. Mineral enterprises do not, in practice, set up i sinking fund to recoup the original investment,

Normually, instead of investing in a sinking fund at a safer rate, the investor would keep their

funds ulllg‘lu,\‘cd where ¢xpected gaings are more promising
4, The yearly profit cemains uniform throughout the life of the project, which s not normally the
Case

@ e Mineral Econonsics , Prof, Wibhutl Whasan Mandsl & Prol, Shantane Kumar Patel
| .3
' ( Ikl I

oalia

can say.

Secondly, we had something that | talked about the sinking fund. So, usually mineral
enterprise will not in practice set up a sinking fund. to recover the original investment.
So, instead of putting into a sinking fund at a safer rate because if you are putting in the
bank, if bank will give a nominal rate of interest which will get for guarantee and it is a
safer rate, but investor will try to keep that money other somewhere else even you can
think of mutual fund or somewhere else to get better returns. So, where the expected
gains are more promising people will try to invest there instead of putting just in the bank
and get a fixed deposit kind of interest rate which is very low.



Modification of Hoskold approach

¢ Morkill developed a formula for valuation, which is given by
v A((1+1)"1)
P t{ I4r)"

Where:

V., is value of mine, A i3 uniform anoual profit

1 18 discounting rate, n is hife of mine

(in Hoskold approach, put ¢ = r, we get Morkill formula which solves the undervalue issue)

Assutptions of the Morkill Formula

¢ The investor, while drawing a risk rate of interest on the amount of capital remaining in the
onginal venture, is also entitled 1o @ security rate of interest on the portion that is considered 1o be

refurmed

This portion does not come into the investor’s use if 1t has o be sct aside as a sinking fund
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The the yearly profit remains uniform as we have calculated like for A we have taken. So,
this is uniform throughout the life of the project which is not normally the case it varies
and sometimes widely. So, that that is not a good assumption. Now so, there is a
modification in the Hoskold approach actually it is a simplification I must not say that it
is a modification of the Hoskold approach, but it is a simplification where the rate of
interest has been taken only one. That means, the discounting rate is taken a single
discount rate has been taken.

That means instead of r and r dash two different rates you put one value like r. So, there
it will change the whole thing into a much simplistic approach. Simplistic approach that
is that part is fine it gives a certain advantage and also it has got some certain
disadvantage also. So, here what we do?

we compare in this slide as you see that then what is the the difference between the
Hoskold and the Morkill and what conclusions that we draw from such valuation method.
So, in Hoskold method we have two rates safe rate and risk rate and it uses Morkill uses
only one rate risk adjusted discount rate. This has to be found out by a specific method
that how to find out a discount rate which is more realistic. There are method which will
be taught in this series of lectures. Now, risk handling this separates risk free return from
mining risk.



We have two different rates. Now, here assumes that it all risk is incorporated into one
discount rate which has been found out or derived from all the factors that influence or
likely to influence the discount rate. Complexity, this is more complex, this is absolutely
simpler rather simpler compared to the Hosskull approach. This is best for the minds with
predictable annual income.

This is good with mines that are fluctuating or on certain incomes. So, between the
Hoskold and Merkel methods, these are the features, and these are where they
fundamentally differ. The use also indicates different areas of implementation. What we
can say about this thing is the Hoskold method is more conservative. And favored in
classical mine valuation, most popular. But the Merkel method is more aligned with
modern financial approaches, like discounted cash flow, and the discount is scientifically
computed.

*The Hoskold method is more conservative and favored in classical mine valuation
*The Morkill method is more aligned with modern financial approaches (like discounted
cash flow, DCF).

*If you want higher accuracy in handling risks separately, go with Hoskold.

«|If you want a simpler, straightforward calculation, go with Morkill.

Feature

Hoskold Method

Uses two rates (safe rate +

Mockill Method

Uses one rate {risk-adjusted

Discounting risk rate) discount rate)
Separates risk-free retum Assumes all fisk Is
s 5 ates - = COTDOr ane discot
Risk Handling from mining rlek Ilr Ppu ated into ene discount
rate
Complexity Mare complex Simpler
Mines with predictable anrual  Mines with fluctuating or
Best for

ncome

Mineral Econonsics apd Hasiness

uncertain Income
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Based on the parameters, as | said, that influence or are likely to influence the value
discount rate. If you want higher accuracy in handling risk separately, go with the
Hoskold approach. If you want a simpler technique, straightforward calculation, go with ,
Morkill, but remember that Morkill is not as simple as it looks because the risk-adjusted
discount flow has to be computed scientifically. That is the difference between these two
approaches. | hope I could make this clear.

In general project evaluation techniques, The importance of these things can be described
as | speak about it. The nature of capital investment may be defined as the use of today's
funds to generate tomorrow's profits. So, we try to evaluate a project based on its future
prospects, meaning we are investing the funds today and what profit it gives back to us.
So, there lies the concept of the valuation.

So, for that valuation for attaching that value we evaluate the worth of net worth of that
project in present terms and there are different evaluation techniques for that. So, it is
vitally important to to the future growth and profitability of any company and based on
that we can take the capital investment in decision. So, a single investment possibility
may be referred to as a as a as a project here, whenever we are talking about the project
evaluation, we refer to as a project a single investment possibility. Sometimes it is not
true, but in the beginning we understand that what stage we are going to invest. May be
there will be 2, 3 in important stages, but we know we know the total funds to be
available for that.



Project evaluation techniques
* The nature of capital investment may be defined as the use of today's funds to
generate tomorrow's profits,

*  Thus, it is vitally important to the future growth and profitability of 4 company
that capital investment decisions should be made as wisely as possible.

* A single investment possibility may be referred to as a project

*  The objective of capital investment appraisal is 10 provide a rule for deciding in
the case of any given capital investment project, whether the project should be

undertaken or not
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So, the objective of this capital investment appraisal is to provide a rule for deciding in
the case of any given capital investment project, whether the project should be
undertaken or not. This is a decision making process. So, the objective is to set up a
decision rule for accepting or rejecting the investment. So, we can say that it operates on
three stages. So, reduce all available information about the project and its associated cash
flow to a single number.

For example, payback period, net present value, etcetera. Everything has to be
transformed or reduced to a single number, single quantity. Now compare this number
with some given threshold or cutoff value that you want to compare to take a decision.
So, if the number associated with the project is better than the threshold project, the
project threshold level the project is accepted otherwise it is so rejected. So, this is the
decision rule we transform all the cash flows into a single quantity



r

Ihe objective of any capital investment appraisal is to set up a decision rulg for accepting or
rejecting investments, Most decision rules for capital investment appraisal operate using three

stages

Reduce all available information about the project and its associated cash flows to a single

number (¢.g.. payback period, NPV, ctc.)
Compare that number with some given threshold or cut-off tevel.

If the number associated with the project is better than the threshold level, the project is

aceepted; otherwise, it is rejected.
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And we | mean following a certain  framework, then we compare this number with some
given threshold or cutoff level that we have fixed. And then we take a decision that

A ideal capital investment appraisal technique should satisfy the following:

1. It should be unambiguous

12

It should be consistent with intuitive ideas. Specifically, it should align with two fundamental

ituitive rules:
*  “1lhe more, the better.”

o "The sooner, the better ™

3. Itshould be widely applicable,

4. The decision-maker should be able to understand what the use of a particular rule implies.

whether we should go ahead with the investment or not. So, then this capital investment
proposal technique should satisfy the following at least. It should be unambiguous in the
means there should not be grey area, it should be clear the right from the mineral
reporting procedure, the mining techniques, its return, the computational method, the
accounting method everything should be clearly stated. And then what should be our
return from the investment everything should be clearly stated.

It should align with the two fundamental intuitive rules like the more the better more you
get we will consider this better. And of course, we get the payback as soon as possible
not to wait for years after years to get the money back. It should be widely applicable
means not a very very very specific case then it can be easily understood because it has
been widely used earlier for other project. So, naturally we should also apply these things
in the in the present project. So, and the decision maker should be able to understand.



So, what particular thing is the most attractive part in this project. So, that decision
maker should be a price that this is how it has been calculated and it is attractive or it
should be rejected. The appraisal criteria this | have taken from Roy and Sinha's book.
which | have mentioned in the reference section. The appraisal criteria can be divided
like non discounted cash flow technique criteria or discounted cash flow criteria.

So, for non-DCF, we have the payback period or accounting rate of return, which we will
be discussing today. And for discounted cash flow criteria, we will have separate lectures
on this, such as NPV, IRR, benefit-cost ratio, and any other method. So, there are two
distinctions: one is the non-discounted cash flow technique, and the other is the
discounted cash flow criteria. Now, let us see. The payback period is a simpler
calculation. So, this is the length of time—this is something like that.

i Appraisal Criteria

| —_ L =
Nea-DCF Criteria DCF Crtena
e S _i

—

I : 1 [

| ] | I
Net Internal Benefit ‘
Paback Accountig ‘ 5 Other
) rate of present rate o o miethods
g vilue retwen | rato 1

| retum |

*DCF — Discounsed Cashy Flow, DCF eniteria are 10 be covered i subseguent lectures
!
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Payback Period

This is the length of time required to recover the imtial cash outlay on the project
Accordingly. the shorter the period, the more desirable the project. As a widely used

investment criterion, this seems to offer the following advantages:

(1) It is simple both in concept and application

(1) 1t is o rough and ready method for dealing with risk

(iif) Since it emphasizes earlier cash mflows, it may be a sensible ¢riterion when the firm is

having problems of liquidity
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So, if I give you, say, 5 crores, 10 crores, or 50 crores, the first thing is when | am getting
this money back. Then, whatever | get will be my profit—the additional outcome of the
investment return on investment. So, first, we will try to know how many years you will
take—how long you will keep my money without a return. That means the capital will be
blocked. The shorter the period, the more desirable the project is.

If | say within 2 years or within 5 years, | get the entire money back—that is very good.
If somebody says, 'No, sir, it will take at least 20 years to get your money back,' then it is
not immediately attractive unless there is something very special about it. So, as a very
widely used investment criterion, this seems to offer the following advantages. It is
simple in concept and application—that | will give this money when | am getting this
return. It is a rough and ready method.

It is a broad method; it does not have complicated calculations like the NPV or IRR to
deal with the risk. Approximate tonnage per year that it can generate, how much capital is
required for shaft sinking or capital development, what we can expect from the mine
development, and how many years it takes to get the money back. So, it is a rough and
ready method for dealing with this risk. Since it emphasizes earlier cash flows, it may be
a sensible criterion when the firm is having liquidity problems, meaning it cannot have



cash held up somewhere. So, that will create a problem for liquidity issues if they require
some money.

I'here are few limitations n this method:

(1) It fails to consider time value of money. Cash inflows in the payback caleulation are simply
added without suitable discounting

(i1) It ignores cash flows beyond the payback period. This leads to disceimination against projects,

which generates, substantial cash inflows in later years

{i11) It is a measure of projects capital recovery, not profitability.

They will not, at least in 2-3 years, if they get a return, then it becomes easier for them to
invest and rest assured that the payback period is less. There are certain limitations; it
does not truly consider the time value of money. So, it is a simple calculation; it ignores
the cash flows beyond the payback period. After that, how much we are getting makes
the project evaluation more detailed. If, after the payback period, it continues to give
returns, then that part should be more attractive than the immediate payback period, is it
not? In, say, 5 years, you are getting the entire few crores of money back, but after that, it
continues to give you money back. So, you should rather concentrate on a project which
has a long-term return on investment, but in this case, we try to give importance only to
the payback period.

So, this ignores the cash flow beyond the payback period; it is a measure of capital
recovery. Capital recovery, payback period is capital recovery, but not the profitability of
the project. For example, we have an 80 lakh initial investment, estimated revenue is 50
lakhs, and expenses per year are 30 lakhs. Now, the payback period for this: the profit per
year is 20 lakhs, and the initial investment is 80 lakhs. So, in 4 years, you are getting the
money back; it is as simple as that.



Example 2:

Initial investment: ¥ 800000000 (80 1)
Revenue per vear: 3 300000000 (50 Ly

Expenses per vear: 2 3000000.00 (30 L)

Find payback period for this investment

Sol: Profit per year: 2 2000000.00

Payback period = Initial investment/profit per year
SO00000) 2000000

Payback period = 4 years
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You can think in terms of crores also, but it is as that | mean you have to roughly
calculate, broadly calculate. We can reduce, say, every day 2000 tons from so many
stoves for mine or from an open cast mine we can produce about 10,000 tons per day.
After so many years, then this is going to give us this much revenue. So, if | divide the
initial investment by the revenue per year. So, in so many years, we are going to get the
payback. So, the initial investment is returned.

What happens after this, we do not know or are not interested to know in the payback
method, payback period method. Here we are getting a 4-year term for the payback of the
initial investment. Now, there is one more in this particular lecture, that is the accounting
rate of return. This is termed as the rate of return method, and this is different from the
so-called IRR, which will be dealt with separately. So, this method involves expressing
the total expected income from the project as a percentage of its capital investment.

That means we are expecting an income from the project divided by the total capital
investment. So, you will get a percentage, maybe you are getting 5 percent, 10 percent,
20 percent. In that case, that percentage will be called the ARR, accounting rate of return.
This is totally different from the internal rate of return. So, this is a simplistic method,
and it is simple, really simple to calculate that way, and based on the accounting
information that is readily available and considers benefits over the entire life of this
project. What are the limitations of the ARR method here, accounting rate of return?



Accounting rate of return

This is usually termed as rate of return method. This method involves expressing the total expected
income from the project as a percentage of its capital investment.
Advantages of ARR:

I, Simple to caleulate

2. Based on accounting information that is readily available

3. Considers benefits over the entire life of the project
Limitations of ARR

1. Based on accounting profit, not cash flow.

2, Does not consider the time value of money
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Here | think | could make it simple that you have to calculate the return total return
divided by total investment capital investment. Somebody says you will get some 20
percent return on investment accounting rate of return is called. or somebody says no no
no you will get 200 percent return if you invest this much over this period again the
period come definitely. But in this case we are not do we are silent about the period, but
we are saying if you invest the here this much then you get 200 percent or 300 percent
return that is a simple accounting rate of return. So, this is based on accounting profit not
the cash flow truly and again it does not take into account the time value of money.

We have discussed about the different types of the the valuation methods, evaluating
techniques and the payback period method and accounting rate of return. to a simplistic,
but still it gives a rough and ready idea about what would be the return from this from
any new project. For example, if the investment capital is 400,000 and life of the project
is 4 years And we have distributed this for a period of 5 years, we know that these are the
incomes that we are going to get. This is just for just for example, this is not a true
example from the mining.



Example 3:

Let Investment capital = 3 4,00,000,00
Life of project = 4 vears

Annual Income:

Your ¢ (Income)
70.000.00
1,10,000.00
1,20,000.00
1,00,000.00
1.2_0.000.00

L

Find accounting rate of return,
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But for illustration purpose  for accounting rate of return, we have to just see the
investment capital, we must know the project life say here 4 years. And then when you
are getting the what are the returns that you are getting over the real. Now, how to
calculate this thing? Total income forecast is this much, but the investment whatever we
have given. So, net income is this much.

Now, calculating the accounting rate of return will be this whole amount, 1,20,000,
divided by 4, which is 30,000. So, if per year you are getting 30,000 rupees as return. So,
from there we can calculate the percentage: 30,000 by 4 lakh into 100 is 7.5 percent,
which is the accounting rate of return. What is the advantage of this method? It is very
simple to calculate, as | said, and based on the accounting information, as | mentioned
earlier, it is readily available and considers the benefits over the entire life of the



Sol: Total icome forecast = ¥ 5,20,000.00

*  Less: Investment 100% = 2 4,00,000.(4)

*  Netincome = 2 1,20,000.00

*  Caleulating the Accounting Rate of Return (ARR ):

*  Average net retum per year = 1,20,000 /4 = ¥ 30,000.00

*  Raote of return = (30,000 7 4,00,000) x 100 = 7.5 % (answer)

*  Advantages of ARR:
I, Simple to calculate,
2. Based on accounting information that is readily available
3. Considers benefits over the entire life of the project

*  Limitations of ARR:

. Based on accounting profit, not cash flow

2. Does not consider the time value of money. {NPV notes}
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project because the whole rate of return on investments is scheduled. This is based on the
accounting profit and not cash flow, and of course, as | said, it does not take the time
value of money. Here we are not calculating the time value of money. It is a simplistic
approach, but it can be used effectively for understanding the value of the project. In this
particular lecture, we have covered up to the payback period and accounting rate of
return, but the NPV, net present value, and other things like IRR will be taught separately
in another class.

REFERENCES

*  Mineral Project Valnation by O Jones, E Lilford and F Chan

*  Mine and Mineral Economics by Subhash C Ray and Indra N Sinha




Here, we have tried to understand the Hoskold approach and Morkill approach for the
purpose of mine valuation. So, you can see this in mineral project evaluation or also from
the book by Professor Ray and Professor Sinha, 'Mine and Mineral Economics,' where
you can find a lot of material. We will take up the remaining issues, such as the net
present value and the IRR, separately and in much more detail because those are widely
used, very successful, and popular methods. Thank you very much.



