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Abstract

The exploitation of minerals from fields of expktibn can be treated as a separate investmentcprdjeree stages of such a project
should be considered during the decision-makinggss, the preparation of a field for exploitatithe acquisition of raw materials and
the liquidation of the field following mining acities. During the implementation of these variotegyss, the evaluation of the economic
efficiency of static and dynamic methods are taikém account in each of the stages. An essengah@ht is also the evaluation of risks
connected with the investment, this is a quantitatheasure of the uncertainty of achieving spedifiectives. The bases for the correct
calculation of economic efficiency include: propeput data, including economic and technologicg@leass. This article highlights the
necessity of an economic evaluation concerningettoitation of fields during operational periodsedto their recognition in higher
categories and the ever changing mining and ecanoamditions. Such changes are analysed with ecignefficiency of exploitation
systems. The initial value of the project takes icwnsideration the time value of money proposea esterion of economic evaluation.
Income and expenditure, which correspond to theidity of the company, are assumed as a basisdioulation. Net present value is
presented as a sum of values regarding prepanagidod, exploitation and field liquidation.

Key words
minerals; exploitation; extraction; project; econanevaluation; calculation

1. INTRODUCTION because the time factor (time value of money) rbestaken
into account during the evaluation of the calcolatof cash
infow and expenditure (and not income and expénaed

used to correspond to the company's financial digyi

The order of exploiting and classifying mineralcesces
(i.e. recognising whether they are industrial onindustrial)
are described in the field development projecti¢het 2001).

During the operational period, i.e. during the pdrof depos-
it exploitation, natural conditions may change (glgough
more precise diagnosis of deposits) and mining itiomd
(i.e. due to a change in exploitation orders), andnomic
circumstances, resulting from fluctuations in psieed costs.

As a result, the exploitation of every field durithge oper-
ational period should be preceded by an econonztuation.
Field exploitation may be treated as a separatesinvent
project which would to a large extent involve assétnder
this assumption, obtaining raw materials from &fiean be
analysed in a variety of exploitation systems, cteig the
option which is most preferred. If there are noitsmof min-
ing and relevant data is available, some variatiesacteriz-
ing the field can be sometimes optimized, in patég the
size and the layer intended for exploitation.

Net present value (NPV) was proposed for the ecanom

evaluation of field exploitation in the form of ugted values
from the period of preparing for the exploitatiaperating at
full capacity, and the liquidation period. NPV isoposed

2. ALGORITHM OF ECONOMIC EVALUATION OF
FIELD EXPLOITATION PROJECT

Economic efficiency regarding the exploitation ofield
can be described by the formula (Wanielista 1996tr&8
2001)

NPV = NPV, + NPV, + NPV (1)
where:

NPV — net present value from the period of prepara-
tion, exploitation, and liquidation of the field
in zloty (z¥);

NPV, — net present value from the period required
for the preparation of the field, zt;

NPV, — net present value from the period of the

exploitation of the field, zi;
net present value from the period of the
liquidation of the field, zt.

NPV —
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Net present value from the period of the prepanatibthe Given the above, cash inflow during the preparatibthe

field can be described by the formula field for exploitation are determined by the foraul
NPV, :i& @ CIF, =W, Py (8)
= (1+ RADR) where:

W, — mineral extraction in the period of field pregaa

wherein for the exploitation in théth year, Mg/year.
NCF, =CIF, -COF, 3) Expenditure during the preparation of the field éoploi-
where: tation in thet-th year can be represented by the formula

T, — a period of field preparation for exploitation, n m

years; COF, =2 IC +2WCy +CO, +V, W, +

NCF; - balance of flow of funds in theth year, z; = = W

RADR - discount rate of risk; _ nt

CIF; — cash inflowin thé-th year zl/year,; * (Fk‘ DEP“‘) " ©)

COFR; - expenditure (not to be confused with }

; where:
expenses) in theth year, 4. n — fixed assets involved in exploitation, pc.;

For mining projects which exploit raw materialssab- ICy — the price of fixed assets including expenditure
account for the intermediate product or raw makean be on their transport and installation in the exploi-
used for the calculation of cash inflow and expemdi and tation field in thet-th year, z¥/j.n. (Im., pc.);
for rolling costs in relation to the final producta selling WGy — price of thej-th current asset (or groups of as-
formula is used in the first case, usually negetlabn an sets) and the expenditure required for the trans-
external or internal market. A general selling fatan for portation and eventual installation in the exploi-
minerals, of which the value does not depend onctire tation field in thet-th year, ztj.n.;
tained useful raw materials, can be approximatedyived CO: - other operating expenses to prepare the field fo
from the profits equation exploitation not included in the expenditure for

W, (p, _Ck) =W, (pf ¢, ) r, @) tr:/e purchase of fixed assets and current assets,
zllyear;
where Vit — unit variable costs regarding the extraction of
_W ( _ ) + ore in the period of preparing a field for exploi-
P _W Pr =Ce )T TG () tation and its possible throughput in the pro-
K cesses not connected with mining, zt/j.n.;
or W, - total mineral extraction in thet-th vyear,
P = V¢ (pf —Cy ) r, +C (6) Mglyear;
where: Fie — standing costs of the mineral extractiont-ithm
W — mineral extraction, Mg/year; year, zilyear;
W, — final product from the extracted mineral, DEP: — depreciation costs of fixed assets in thh
Mglyear; year, zl/year.
P - C*C;I(lﬂventional price of extracted mineral, The discount rate can be represented by the formula
ZiiMg;
pi — market price of the final product, zt/Mg; RADR=WACC+PR (10)
¢k — mMmineral extraction costs, z{/Mg; where:
¢ — rolling costs of producing the final product, RADR - discount rate of risk;
z/Mg; WACC - the weighted average cost of capital;

v+ — the final product yield, Mg/Mg; PR — risk premium.

= = coefflmen_t determining .the portion of the Net present value from the period of the explaiatof
prpf_lt attrlbutaple to mining processes or a field can be described by the formula
mining companiesr{ < 1).

If the value of minerals depends on the containseful NPV = i NCF, 1
raw materials, the approximate value of the mirsecain be € =T, +1 (1+ RADR)t (1)
calculated from the formula where

p. = 00loe(p—c)r, ©) NCF, =CIF, - COF, (12)
where: where:

o — content of useful ingredients in the mineral, %; Te — aperiod of field exploitation, years;

¢ — total yield of useful ingredient in the final CFe - balance of the flow of funds in theh year,

process; in the period of field exploitation zt/year;

pf — market price of the final product, z{Mg; CIFe — cash inflow in the t-th year from the field

cf — rolling costs of producing the final product, exploitation, zt/year;

z/Mg. COFR; - expenditure in thd-th year from the field

exploitation, zl/year.
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The period of the field exploitation is representsdthe Cash inflow from exploitation in thé-th year can be
formula represented by the formula
W,, _ 0
T, = W (13) ClFg =Wy P + Z;VLeti (24)
1=
where: ° wherein

W,, - exploitation of mineral resources extracted VL, =P, - DER, (25)
in the period of the field exploitation, Mg;  where:

We — an average annual exploitation in the period — annual mineral extraction from the exploited
of the field exploitation, Mg/year. field, Mglyear;

Total exploitation resources may be calculated by t Vi - _I|qU|o!at|on value_ (withdrawal from use) the

formula i-th fixed asset in théth year of exploita-
tion, z¥/j.n.;
W, =W, +W,, +W, (14) Pei — purchase or production price of thth fixed
where asset with its transport and installation in the
W =W —W. —W exploited field in the-th year, zl/j.n.;
ep — VWp ~ VWip TV (15) DEP,; — the depreciation value of theh fixed asset
wherein value as at thd-th year of exploitation,
erp :VVrTr (16) zlfj.n.
W, =WT, Expenditure in the period of the field exploitationthe
I [ a7 .
t-th year is represented by the formula
where

W, — total exploitation resources of the field, Mg; n m W,

Wi, — exploitation resources of the field, extractec COR, =X 1C;; +> WG, VW, + (R _DEFIZt)W (26)
during the period of the exploitation, Mg; = = kt

Wip — exploitation resources of the field extractedvhere:
during the period of field liquidation, Mg; _ _

W, — average annual mineral exploitation in the 1Cei ~ — an investment expenditure for the purchase
period of the field preparation for the exploi- of the i-th new or replacement of an old
tation, Mglyear; fixed asset in thet-th year of the field

W — average annual exploitation in the period of exploitation, ztj.n.;
field liquidation, Mg/year,; WGy — purchase of thth new current asset, which

T — period of the field liquidation, years. changes initial levels of current assets,

. o - zlj.n.;
Correlation bet.ween exploitation resources and stréal Vet _ unit variable costs for mineral extraction in
resources of the field are represented by the famu the period of field exploitation and its possi-
W = -S+U ble throughput in the processes not connect-
» = (18) ed with mining, zt/j.n.
where _ _ o
S=001s Net present value from the period of the field iitation
Q” (19 can be calculated by the formula
U =001zW
P (20) NPy = % NCF,
By substituting (19) and (20) to (18) the formulallw T S (L+ RADR} (27)
change into )
wherein
W, =Q, — 001sQ, + 001zW, (22) NCF;, =CIF, - COF; (28)
where where:
_ 100-s T — a period of the field liquidation, years;
W, —me (22) NCF, — cash inflow in thet-th year from the field
and exploitation, zl/year;
COR; - expenditure in thd-th year from the field
Q, A 100-z 23) exploitation, zt/year.
where: 10C-s Cash inflow in tha-th year of field liquidation is present-

Qy, — field industrial resources, Mg; ed by the formula

S - exploitation loss, Mg; n

U - rock contaminating the mineral, Mg; CIF, =W, P +ZV|—m (29)

s — exploitation loss, %; _ =

z  — mineral contamination, %. wherein

VL; =R, —DER; (30)
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where: c)expenditure calculation (9):

Wi — the mineral extraction in theth year of the COF. =100 +210° + 05M10° + +2580M10°
field liquidation, Mglyear; rl ” '

VL — liquidation value of thé-th fixed asset in the 801
t-th year of exploitation, z/j.n.; +(500-30010° [ 600 17100 ztiyear,

Pi — purchase or production price of thth fixed
asset with its transport and installation in the COR, =12 [10° +300° + 05[10° +25(80010° +
exploited field in the-th year, zt/j.n; 80M10°

DEP; the value of the depreciation of théh fixed  +(500-300)10° D—6 ¢ 201010° ztiyear;

asset value as at tih year of exploitation,

ztj.n.

Cash inflow from the liquidation of fixed assetsncern-

ing assets (e.g. machines), which will be soldreriatended

to be used further.

Expenditure in tha-th year of field liquidation is repre-

sented by the formula

W
COF, =1C, +CQ, + VW, + (Fkt - DER«)W_” (31)
kt

d)annual balance of funds flow calculation (3):
NCF, = 8848M10° — 17.110° = - 8252M10° zllyear,

NCF., = 8848[10° — 201M10° = - 11252[10° zt/year;

e)calculation of initial net value of the field praption
period for exploitation (2):

- 6 _ 6
8252010° | —11252000° _ _,enoms 4
112 1.25

2) The calculation of initial net value from the field

NPV, =

Q, =1 200 000 Mgs = 10%;z = 5%;W, = 80110° Mg/year;
W = 20010° Mglyear;T, = 2 yearsW, = 40010° Mg/year;

F = 50010° zlyear;DEP, = 30010° zl/year;

where:
ICy; — expenditure according to the schedule for the' expjoitation period
liquidation of used fixed assets (not intendegyt4:
for further use) in thé-th year field liquida-
tion, zt/year; T, = 2 years;
CO; — expenditure on used current assets irt-ie ’
year of f_|eId liquidation, z?/year; V= 25.0 ZHMg:
Vit — unit variable costs of mineral extraction in
thet-th year of field exploitation, z{/Mg; _ ]
Wi — the mineral extraction in thieth year of the Wi = 610° Mg/year;

field liquidation, Mg/year.

3. AN EXAMPLE APPLICATION OF THE ALGORITHM

Below you will find an example of an economic ewlu
tion for exploiting a field of copper ore, industriresources Wp =1200000

Q =1 200 000 Mg and ore mineralizatior 3.51% Cu.

1) The calculation of the initial net value from the field
preparation period for exploitation

Data:

W, = 3010°Mg orelyearp = 15 000 z{/MgCug = 10 000

zt/MgCu; o = 3.51%;e = 0.7;r,= 0.9;

SIC,, =10010°z; Y IC,, =1210°z#;
i=1

i=1
SWC, =2010°2E Y WG, , = 3010°2;
i=1 i=1

CO,; = 0.510° zk; CO,, = 0.510° zt; vy = v» = 25.0 zHMg
ore,

W1 =W, =80110° Mg orelyear;

Fi. = Fio = 50a10° zlyear;

DEP, = DEP,, = 30010 zl/year;

Wi = Wi, = 6010° mg/year;

T, = 2;RADR= 0.12.

a)ore price calculation (7):

p, = 0010 351[ O.7(15000—10 OOO)[O.9 =1106
zt/Mg ore;

b)cash inflow calculation (8):

CIF,, =CIF,, =80M10° [110.6 = 8848[10° zt/year;

> 1C0 =0 TWC,; =01 VLy
1= = i=

a)supplementation of data from calculations (22))(183):

100-10 1 140000 Mgf/field;

W,, =1 140000~ 2[8001.0° — 2[20010° = 940000 Mg/field:

= 940000 _ 235year,
400000

b)cash inflow calculation (24):
CIT,, =CIF,, =1106[400000= 4424 1o’ zllyear;

CIF,, =1106[D35[#00000= 15484010° zl/year;

c)expenditure calculation (26):
COF, =COF,, = 250400000+

400°

+(500-30010° —— = 23310° ;

( )1 he zilyear,

COF,, = 250[035[#00[10* +

+(500-30000 25000 _ 1601911

d)annual balance of cash inflow calculation (12):
NCF, = NCF, = 4424010° - 23300 = 209400 zl/year;

NCF, = 15484010° - 816[10° = 7324010° zt/year;
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e)the calculation of the initial net value from theld exploi-
tation period (11):

20400 N 2041¢ N 732410

NPV = = 324600 zt.
14 157 176
3) Calculation of net value from the field liquidation
period
Data:
W, =W, =20010* Mg/year,IC,, = 0510° zk,
IC,, = 5.300° zk

CO;, = 0.310% CO, = 0.410° zt; p = 110.6 z/Mg;
Vi1 = Vi 25.0 zH/Mg;

Fiu = Fe = 50010° z+; DEP = DEP,, = 30010°z;
Wi = Wi, = 6010° zllyear.

a)supplementation of data from calculatiokd,(calculation)

It was adopted schematically that the life of edé#l assets
is five years, this corresponds to a 20 percentesigtion
rate.

At the beginning of the first year, fixed assetstivd 010°
zt were installed, which were withdrawn from theldi at the
end of the first year of the field liquidation. Tiperiod of
their use was: 2 + 2.35 = 4.35 years.

The annual cost of depreciation was1zt: 5 = 210° zt.
The liquidation value of the assets was:100— 4.352-10°
=1.310°zh

At the end of the second year of the field prepanat
fixed assets were installed/I(;) worth 1210° zt and they
were withdrawn from use at the end of the secorsd géthe
liquidation, the period of use was also 4.35 yeéh& annual
cost of depreciation was 12’ 5 = 2.410° zt. The liquidation
value of the assets was-1&°— 4.352.410° = 1.5610°zt.

b)income calculation (29):
CIF, =20M10° 1106+ 1.3[10° = 35110° zt/year;

CIF,, =20M10° 1106+ 156[10° = 377[10° zt/year;

c)expenditure calculation (31):
COF; = 0.5010° + 0.3010° + 25[20010° +

20010°
+(500-300)10° = 196010° 4t
( I 6010° zh
COF, = 53010° + 04010° + 25[20010° +
2

6
+(500-300)10° 60502 = 68610z,

d)annual cash balances calculation (28):
NCF, =(351- 196)10° = 155[10° zi/year;

NCF, = (377- 686J10° = -309[10° zt/year;

e)calculation of an initial net value of the fieldjliidation
27):

_ 15500° _ 309010°
(1+ 012 (1+012)*®

| =-066 D.OB zt;

4) Calculation of an initial net value of the project (1)
NPV = (- 1637+ 3246 - 066)10° = 1543(10° 2+,

Conclusion: Exploitation of the project is profitable.

4. ENDING CONCLUSION

The extraction of minerals from the exploitatioaldi can
be treated as an investment project and a stamaietttbd can
be applied for its evaluation. In the field expdion, as in
many other projects, there are three periods: paning for
the exploitation, especially gallery and chamberrksp
2) actual exploitation and 3) field liquidation. tinis way, the
level of extraction of minerals is differentiatquhinting out
its absence in the period of preparation and ligtibeh. The
initial period is typically characterized by higbvkls of in-
vestment expenditure, and the period of liquidat®associ-
ated with large expenditures, but also with lowhcasflow
due to the withdrawal of equipment to other fields.

Net present value was proposed for the economiluava
tion of the exploitation of the fields, which issaited as the
sum of the updated values of the three periodss @ahows
using the inflows and outflows, having a close tiefsship
with the liquidity of companies and taking into aoat the
time value of money. While evaluating the projexpleita-
tion field, it is recommended to limit the bill the mining
processes using conventional mineral prices, basedhe
price of the final product. This simplification jastified in
the projects connected with
non-mining processes have a negligible impact erofterat-
ing efficiency of the field. Exploitation projectése analysed
in many different exploitation systems, and if th&ationship
between the variables characterizing the field vglldats
dimensions or the parameters of the layer interfidieexploi-
tation can be optimized.
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