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Abstract.

Currently, the importance of the extraction of mineral raw materials around the world
is steadily increasing, due to the constant increase in the consumption of various
goods, both in developed and developing countries. The rapidly advancing digitali-
zation of the modern world and the expansion of Industry 4.0 require a constant
increase in power production, since alternative energy sources cannot cover the

Article info growing energy needs of modern nations. The growth of megacities and the infra-
Received February 05, 2020 structure facilities connecting them is unthinkable without an increase in the extrac-
tion of building materials. All of this together in the long run increases the value of
Keywords: mineral deposits and makes investments in their development attractive. In this re-
Keywords: mineral deposit valua- gard, the issue of a comprehensive evaluation of mineral deposits during the pro-
tion, economics, investments, min-  jecting of investments in their development remains relevant, taking into account
ing. not only economic, but also geological, technical and technological conditions..

[1]:

1 Introduction

At present mining practice market estimations are used mainly for the purpose of evaluating the
security backing of capital loans and the evaluation of non-monetary deposits invested into the basic
assets of commercial corporations. The list the following main reasons for mineral deposit evaluation

the purchase and sale of a company;

the increase of fixed assets;

the entry and exit of partners;

inheritance procedures and donations;

the merger and splitting of companies, changes (establishment of a joint-venture, purchase of
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a company by its employees, privatisation);
e the taking or increase of a loan, backing the loan;
the identification of the financial status of suppliers or customers;
the conclusion of insurance contracts;
entry into the stock market;
the detection of excessive indebtedness limits;
the assessment of a company by its management;
maintenance measures, liquidation;
tax purposes (property tax;
e requirements of state administration bodies (defining economic and raw material policy, solv-
ing various conflicts of interests, statistic data in the area of national accounts).

2 Position of Mining Studies and Projects in the Process of Deposits Evaluation

Mining studies connect geology with the industrial world technically, economically, financially,
and provides suitable information before verifying actual deposit [2-7]. The scheme of connection be-
tween geological and mining work in an industrial mineral deposit is shown on Fig. 1.

Exploration Prospecting Development Viability

Geological work

Mining project
work

XX

Figure 1. Schematic display of consequences between geological and mining work in an industrial
mineral deposit.

The development of a mining project is a multi-disciplinary work that requires the cooperation of
many experts including geologists, preparatory workers, miners, metallurgists, environmentalists, econ-
omists, lawyers, computer experts, etc. [8-13]. It is obvious that only a big company can afford such a
"luxury". Small firms have to do with a three or four-member team of experts.

The development of a mining project is a cyclical work; therefore, it is advantageous to proceed
step by step by gradual development of more and more intensive studies, not to invest from the very
beginning into costly studies, which might result in the refusal of a project. The sequence of project
studies can be as follows (Fig 2.):

1. Initial feasibility study (expert study).
2. Pre-feasibility study.
3. Detailed feasibility study.

The task of an engineer — technician in the development of a mining project is to provide technical
advice and information about parameters relating to the final design of mines, mining methods, produc-
tion costs, reserves, contamination, yield and other variables connected with mining activities. An engi-
neer must provide quantitative data of variables entering the project based on technical analysis [14-16].

The role of an engineer consists in his ability to analyse information which is often not complete
and provide quantified data suitable for a subsequent financial analysis.

3 Dynamic Character of the Industrial Mineral Deposit Evaluation by Means of a Mining
Project

The evaluation of a deposit and mining project is a continuous process rather than a single act.
Changes in budget, evaluation criteria, or in the area of costs and incomes may change results valid up
to now and the views on using a deposit. Geological quantities are measurable with the help of geolog-
ical conclusions and engineering calculations. Raw material reserves and their quality are defined as a

ISSN 2587-5574 67



ECONOMICS AND INNOVATION MANAGEMENT. 2020. NO. 1. PP. 66-74

substance that can be recovered with profit through current technologies and prices. This definition can
result in two misunderstandings:

1. Geological reserves and the quality of raw materials are understood as variables not connected
with mining activities. However, the quantity and quality of remaining reserves depends on changes in
our geological knowledge, changing economic conditions, as well as on the exhaustion of reserves. The
quantity of reserves and value of the cut-off grade depends not only on geological factors but also upon
the methods of deposit extraction, costs and prices. Always when any variable shown in Fig. 3 changes,
other variables change too, and this fact proves the changeability of reserves and quality of ore in a
deposit.

2. Another mistake is connected with the price referring to vast quantities of reserves. For example,
in a region, where reserves for 200-year extraction exist under unchanged conditions compared with the
current situation it is assumed that if at present one ton is gained for 1.0 USD, and then the price of
reserves is 1.0 USD x 200 years x the quantity of reserves extracted per year. However, today no investor
would pay the same price for goods extracted nowadays as for the same goods extracted 200 years hence.
This is due to the reason of the time-dependent valuation of money as well as unpredictable technical
and technological developments during the future two hundred years.

Prefeasibility study

Z

Detailed feasibility \
study

;o —

i/
A
Project N

|
Project implementation

Figure 2. Sequence and goals of individual types of projects and studies.
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Figure 3. Impact of geological, mining and economic factors on the quantity and quality of reserves
remaining for extraction.
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Evaluation Projects

The use of individual stages of studies in a way given in the following text depends on specific
circumstances and amount of investments. Generally, the larger the investment, the more studies devel-
oped in detail have to be drafted. For example, a purchase of a small mining property in the neighbour-
hood of an existing mine can take a few weeks compared with the purchase of great amounts of property
that can take up to several years. As shown in Fig. 4 [17], the first step in assessing the project price is
to define the long and short-term interests and objectives. It may seem that setting the objectives is not
the most necessary thing in the initial stage, however many projects have failed mainly because they did
not define explicit criteria and project studies did not assess the project properly. The aims have to be
defined in accordance with the possibilities provided by deposit reserves. All planned activities have to
reflect the financial possibilities of an investor, management level and political situation in the region.
It is obvious that each of the mentioned facts are time dependent.
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Figure 4. Schematic view of the dynamics of the mining project evaluation and its start up
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Initial Feasibility Study - Expert Study

This can also be called a study of early economic diagnostics. In the past it used to be severely
neglected, however at present international organizations also require this stage of a mining study. The
aim of this kind of study is to:

e shut down uneconomic mining projects as quickly as possible, with the minimum of financial
losses;

¢ provide suitable materials for costlier studies in cases where the process is not finished.

The example is shown in Tab. 1.

Table 1. The example illustrating inputs and outputs of the initial feasibility study (expert study)

Project aspect Level of knowledge
Deposit Knowledge gained mainly from geophysical and geochemical survey oper-
ations. As for geological work, it is mainly mapping and little drilling work.
Raw material pro- At the level of expertise and advisory service by experts who have experi-
cessing ence with a given type of raw material.
Infrastructure A visit to the site and a hypothetical plan are sufficient

Estimation of income | On the basis of:

- market structure,

- setting the method of sale,

- knowing prices of assumed final products,

- current exchange rate of SK and world currencies.
Investment and opera- | Approximately estimated.

tional costs

Costs and time Costs for developing the expert study are approximately 0.01 to 0.1 % from
assumed investment costs of a project.

Aim To proceed at a higher stage of project work or to cease an uneconomic pro-
ject.

Prefeasibility Study

In cases where the expert study does not result in the cancelling of a mining project, it is advanta-
geous to include an additional stage, the so called prefeasibility study before the detailed feasibility
study. Its aim is to end the process in case of uncertain results. However, the development of this study
should ensure that the research programme is in harmony with other possible stages of the project stud-
ies. Tab. 2 illustrates an example, how a prefeasibility study characterizes an individual project's aspects.

Detailed Feasibility Study

In cases where previous stages of studies have not ended the work on a mining project, a develop-
ment of the feasibility study is started. It has a certain structure and has to define a project in many
details. This type of a study is carried out mainly to meet the needs of an investor, and its purpose is to
prove the project's economic viability in terms understandable to the investor, while the investor’s re-
quirements of how and what should be documented by the study may vary. The feasibility study may
also result in the project being suspended due to insufficient economic results which could be achieved
should the assumptions stated in the study materialize. Tab. 3 shows the examples of a further continu-
ation of the project on the basis of the previous stages of studies.
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Table 2. The example illustrating inputs and outputs of the prefeasibility study
Project aspect Level of knowledge
Deposit Knowledge gained from 10 — 30 bores and from mining survey operations.
A deposit provides the following basic knowledge on:
- the morphology of a deposit and distribution of the reserve quality,
- approximately defined amount of reserves.
Raw material pro- | At the level of laboratory work:
cessing - physical and mechanical analysis of raw material,
- basic procedures of gaining utility components,
- quality of the concentrate,
- ideas of processing technology.
Infrastructure The most needed objects and power supplies are proposed, and the suffi-
cient amount of water resources is documented.
Estimation of income Income is estimated with an accuracy of plus - minus 20 to 30 %.
Investment and opera- | Estimated on the basis of the analogy:

tional costs - investment costs with an accuracy of plus - minus 30 to 50 %,
- Operational costs with an accuracy of plus - minus 20 to 30 %.

Costs and time Costs for the development of an expert study are approximately 0.1 to 1%
of the assumed project investment costs.

Aim To proceed to a higher stage of project work or to end an uneconomical
project.

There are many types of methods used to evaluate mining projects. It is partly due to the fact that
needs for different types of evaluation vary significantly, and partly because of the use of ethically ob-
solete and inappropriate methods. However, each project should be evaluated by more than one method.

Evaluation methods can be divided into two general groups:

1. Positive evaluation methods based on measurable factors, such as their economic efficiency,
costs and prices, and

2. Normative evaluation methods based more or less on non-measurable factors, such as social
values, morality, individual and public opinion.

It must be borne in mind that these two groups exist and it is not suitable to create an unnecessary
mix.

Economic efficiency involves the implementation of the aim of minimal costs or gains of the high-
est profit from a given investment.

Another approach is preferred by governments that along with the economic aspects they have to
guard employment, salaries, and state budgeted income both from profits and social contributions, the
health status of citizens, environmental and social issues. This approach may even be in contradiction
with the purely commercial approach adopted by banks and investors.

Sample Size and Grade — Tonnage Relation in a Deposit

Geologists familiar with only classical mathematical statistics are not aware of the extraordinary
effect of the sample size on a distribution of a chemical component in a deposit and on the semivario-
gram form. Generally, it can be stated that the increase of the sample size that has been an object of a
chemical analysis and subsequently a basis for the calculation of reserves leads to an overestimation of
the calculated quantity of reserves in a deposit (tonnage) and to an under-estimation of the calculated
average value of a chemical component (grade) with regard to the reality.

Geostatistics has a tool to eliminate such impacts of various sample sizes. As results from the stated
facts, the failure to consider the effects of mixing up values measured with samples of various sizes, can
lead to erroneous conclusions as to the quantity and quality of reserves in a deposit.

Effect of Quantity of Estimated Reserves on a Subsequent Financial Analysis

If a mining company encounters a new project, one of the important requirements is to estimate the
quantity of reserves in a deposit and to determine the quantity of mineable reserves by means of the cut-
off grade value. The mutual relationship between the grade - tonnage relationship and economic evalu-
ation of a deposit is illustrated by Fig. 5.
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Table 3. The example illustrating inputs and outputs of a detailed feasibility study

Project aspect Level of knowledge
Deposit Knowledge gained from 30 — 100 bores and from mining survey opera-
tions
and geotechnical work. A deposit provides the following basic knowledge
on:

- Deposit morphology,

- Distribution of the reserve quality,

- Quantity of reserves that is sufficient for the deposit's economic use,
- Methods of ore excavation and preliminary design of mining work.
Raw material processing | At the level of semi-operational test results:

- methods of finalization,

- requirements for the processing plant equipment,

- defining final sale products,

- defining the preparation recovery ratio plus - minus 10 %.
Infrastructure Preliminary design.

Estimation of income Identifying customers for final products,

Income is estimated with an accuracy of plus - minus 5 to 10 %.
Investment and opera- | To estimate the following on the basis of price offers and price lists:

tional costs - investment costs with an accuracy of plus - minus 20 to 30 %,
- operational costs with an accuracy of plus - minus 15 to 20 %.
Costs and time Costs to develop an expert study are approximately between 1 to 3 %

from the assumed project investment costs,

The assumed time for the study development is several months.
Aim - investment decision,

- project financing,

- project suspension.

Grade — tonnage

Mine life

i

Operational costs

Quantity of reserves (t)

Cut off grade

Average quality (%)

Economic projects

Figure 5. Preliminary economic evaluation of a deposit by means of the grade/tonnage relationship
analysis and the definition of economic values of the cut-off grade. (Here 52% of reserves are availa-
ble for the economical extraction in a deposit).

The time effect influences the mining project more than in the case of other long term investments.
Usually it is necessary to estimate prices and costs, and this introduces an element of risk that is bigger
than in other investment practices. Many prices connected with the value of mineral raw materials have
a cyclical character and problems connected with the estimation of raw material prices represent one of
the partial problems in the process of mining project evaluation and planning.
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The time factor affects mining projects more than projects connected with activities other than
mining ones.

1. A long term project requires a sufficient quantity of reserves in a deposit. Reserves represent the
amount of raw material that will be mined in the future. The current value of a ton of reserves will be
lower in the future than the current value of a ton of reserves mined at present.

2. The process of a mining operation's evaluation in the early stage of excavation affects the long
term value of operation in a deposit. For example, the initial mining of high quality ore increases the
initial profit, but it decreases the average value of the ore remaining in a deposit, thus reducing the
lifetime of both the mine and project. Moreover, economic and operational conditions can change un-
expectedly during the mine's operational life.

3. It is not possible to know the trajectory of mining of reserves in time and space completely,
before the deposit is worked out for two reasons. The first is geological uncertainty. The quantity and
quality of reserves are defined on the basis of samples that enable statistical estimates. The second reason
is economic uncertainty. The quantity and quality of reserves that have to be mined in a given time
period depends on costs relating to the excavation and processing of an industrial mineral, and also on
the price of a final product. As future sales prices cannot be set accurately, it is difficult to define the
reserves in a deposit, even if they were defined with a higher accuracy rate that is enabled by new
estimates of reserves by means of geostatistical methods.

4 Conclusion

It is usually reckoned that the project evaluation and financing is connected mainly with new min-
ing projects, however the majority of decisions refer mainly to changes in existing mining operations.
Some types of decisions refer to an industrial mineral deposit itself. Each decision requires a set if in-
formation and maybe various interpretations of obtained evaluation results. Some typical investment
decisions are:
not to invest in the intended mining project and invest somewhere else;
to start a new operation within an existing mining company;
to maintain, increase or decrease the output of existing mining activities;
to shut down mining operations either temporarily or permanently;
to re-open mining operations.

These basic decisions are different from the viewpoint of cost types. For example, initial capital
costs are significant only for a decision to open or extend an operation. Maintenance, re-opening and
cash operational costs are decisive for a decision on whether or not to shut down or re-launch a facility
into operation, etc.

These dynamic aspects of the mining project evaluation cause many problems to designers, engi-
neers and operators. The uncertain character of many inputs hinders planning of such basic parameters
as for example an optimum recovery coefficient, the average value of industrial components in a deposit
and the cut-off grade.
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