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SYNOr'SIS
~.., fi ,~,

} ,_)t

(), " r , " , ' '.,' ~

The carefulmanagement and aesign of PGM (PIatif1untq~up Me~~ilixJ:rtgprojects
has reeerrtly assumed imPr.;e wit~ projec~~ increase.s,~'ldefancPfor PGMs and

"the ,subsequent ~sta.b~iSh~\~tlt of 'flew PGMAninin~ ventUre~. {tfe following points"

merit particular Jltt~n£.~n\Uh regard ~p the' overall confidence, i~th~" robustness of.
, 1

t.hes@PfOje,<:ts :';' ,~

o

o 11 1/
(I (i} gust - competitive POSitiOlr;' " ,

(ii) ~;~billty to sustain downturns, and

(iii) ('lperatio~a1 flexibility.
()

<t!:'}

This research concentrates on what measurellie~Jcriteria should be used to test the
('

ability of proposed n~w P(lM mines to rnalntainprofitability during times fOf demand

"reductions and increasect 'bulnerability to competition.

()

For ease of reference, the following abbreviations and terms apply throughout this
...document :~

PGM Platinum Group Metal
/1

Pt · Platinum it'·
Pd Palladium

/)

Au Gold

Rh Rhodium
I{u R,uZl)inium
It Iridium

,-)

Ni · Nickelc~

Ii ()

,0

\..\
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".J

"Cu

Ox

OCapex!

lRR

I\TpV

R

g ·· c.

UG2 ··
Merensky :
NCR

PMR
,yo ,'-::---"";

SACPI :~'

USCPI!
US$

£

pa
Upside:

Downside';

\\

IF"

(I

o

Copper

Troye ounce"

Capital Bxp'endi~ure
Internal Rate, of Return

Net Present Value

RallO
metric tpn

gram"

Upper Group 2, Bushveld Igneous C~mplex,South Afrl~~<

Me;ensky Reef, Bushveld Igneous Complex, "South Africa ,;~

Nickey Copper R!(finery \\ 0 c \'

p~eqr6USMeWs Refinery \
South African Consumer Price Indei '\

United States Consumer Pric~ Index

United States Dollar

British Pound Sterling

Per Annum
"

Increase'in parameter value (not necessarily favour~l.Jle)

Decrease in parameter value (not nec;ssarily unravouqtble)

/)

(! (';;

l)
'.-;:\1 !l,::''i l\
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2. "INTRODUCTION

Ii (i

~edtrtnnd.~~~f evaluating and measuring the robustness of proposed hew PGM,
__J ~~ .... ~'..'-~~-_ ':__; _ ~Y _ _ _ _, --: __ _ _ .: _ __ , _ _ _ _ "q piclng proj~~ has recently been highlighted by:"',

,. .. . /
;/

(i) tt~ increase in demand for PGMs, especially platinum, p,p{adium and
rhodlfui:r,~hl?thelast decade and the forecast eorzinuanee of this upward. trend

\fO the end of ~jS century',

~ . !

(iw 'if the subsequent announcement of new PGM-mining ventures such as t!1e

.j " :K.ennedy"'sVale, Cfocodile River, Northam, potgiefersrus Platinuni, Karee,
~ - 0

Mes~fna, Maa.::ldagslioek,Hartley and ~~water mines.

(i ;' \.\

I, (in) I:announced !,bxpansions at established operations such as Impii1a, ,;R.ustenburg,)\ .' . '~ .
:;~:;/Ato~~Western Platinum gnd Eastern Platinum mines. "

if

r
}/

(iv) ~.e volatility of PGM prices and fr. r.ir sensitivity to general business
_confidence, as witnessed by recent wid~ fluctuations in the prices of rhodium
and platinum. <,

(v) the recent mothballing of Messina) Kennedy's Vale and Crocodile River
Mines.

(vi) the deferment of expansion plans at Atok, Stillwater and Impala Mines.

'i

As a.result of these recent developments hi the PGM market'(both on the supply and
II

on ~e demand sides), it has become imperative that PGM producers analyse the risks
and ~ncertaHities involved with establishing new mining projects and expansions with
an i~creased perspicac.;ity. This includes quantifying hie potential ranges vf a project's

,~, o \ \

input varameters tJs¢9 in its evaluation via sensitivity and risk analysis, However,
perhaps of greater importance is the question of a project's robustness.



jj

In general} and under a normal free-market system with ~itqe or no opportunities for
c ',' , ,," ~': .-

/.~ovemment assistance to unprofitable mining operations (which is a basic assu(l1ptio~
',--~'

'bf this research), a mine will continue to produce as long as it is breaking eVfm on its
I( ,',',' _.-,

working cdsts, interest payments and other such ob~ ~ations, •although its capex plans

can, be c.u'f1ed during ~ertods of Jow,~r-u1an~norh1alprofits, albeit thus limiting, the
mins' s lortg-term potential to survive, If this kind of situatio~ werato. continue, the
mine would have te cloze down because' of the lack of capital investment in future"

'.' _,',' ,. 1,.) .

replacement pr,OdUc,tiollsources ana because of the{"fusa! of shareholders to :ontinu~
their investment without, a reiurn. ",~

>' • i,;'··
o

I)\./ ._.,:,

Thi~:pro~.=~would be atcelerated if the operation 'Were to make a working loss fqr
an, ext~nd~ perlod, In some cases, a °thir(I'party may be able to salvage the
operation. ,<this, however, represents a loss of c~~troLbyOth~ initiatOf'6f the project.

I,
o I"

The following points apply to the question of premature project failure :-

"
(i) Different project managz,« use different forecasts of economic input

parameters in their project evaluations, The only certaiiUy-~~er6is that all of
these fO,recasts will be wrong. The best.that onel,l.!anhope for is to be as close

,0

,to the parameters actually achieved as pJssible.
"

\/

,. C_';'

(ii) D' 'b th hni d _1aSIC assumptions, 0' tee meal an conceptual, may be wrong, either
because of,unf01..eseen eventualities, or simply by\\nistake.

(iii)
, c-Jf

Substantial longer-term drops in "metal prices, occurring bec~~lse of an
oversupply of'or a reduction in demand for these metafs, reduce ~'iP'fitlevels,

'II "~>

(iv)
:;-1

Higher ...than-p~ned e~alations in capex and working costs also reduce profit
levels. V i)d\ I. ,i ".

" J
Changes in leas~ royalty and tax rates iday alsq reduce a pr9ject~~ ret6m.(y)
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Ap!tt from the possibilities 61~~;01nica1t~i~~~nc~PtUa1e~org (which have been ignored r
in this stUdY);SheabOve}~cto{J are comm~~ to aU ne~ pr?jects. SensitlvitY"atld risk f
analyses help to qu,~~fY.the potential n~~lv~..eff~.cts of these factors and thus on \

S.hOUJ~"!,ii.'*""1tJW ~~lDr~;>re awareof the s~N any.....risk to vghi~t:t.~r'~lln.d~ arf.·.'I~~\)\.'.
~=}!~pJed. ." G " -r: , /. r

c> '. (A", jl~J~''I>
"';;2/,g~~Orere:.cl,conoentra~ on the ~bility, 1f PGM-npn;ng projeCt. «lowJ£r}t •J

.reduetions in working pr6tit, or ev6h short-term working losses, which result~fronJf-
o ~ .~

the above unexpected eventualities. It is'assumed 'ih&t, a~ profits ar~. redv/~,
operations would be fOt~ed into closure one-by-one until supply has been cut)batJk
sufficiently "to "encourage a price balance at a level ~!l,atw(i -sustain the other
opel'AHons at:ia normw, working pfc,fit. TWJS, the le3;I'\'ifavol.l.rablYl'laced. operation
would close' first aud/hIe most favourably-placed (,;'y~rationwould close last. Thee

,;J

o

vmore profitable that a mine is, the m,ore robustit would. be •.
n

\\
,! \l

In determining whether to proceed with' a l1~W PG¥-n,:tining venture, the follo~'1fing
~:\ .' ':'

factors are normally taken into account, amongst others :- ))

(i) 'Real IRR of the project (%)

(ii)

(iii)

(iv)

(v)

(vi)

Real IRR to theinvestors (,%)

NPV, M a hurdle discoun~ rate) of the project (R million, base date)C?
Payback period (years from first project expenditure)

I)

Maximum cash exposure (R m:Ulion)
Corporate financial and marketing strategy

(,



o
\'. ::,

c

()
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o ,,' ~6 ~ {}
~\:~;;::-;._;"~"" .__

Ip det~tl\ring th;P!'OfitJ,bility~l>tpro,j",,"!(~~~!i'p!'Ojec~. :mteria GU~llM the
foVowing are used :~ (1~"-~"'~'.. \\ If.. '.

•. <'':'~'_' ""\_ (\ \~! o

'" .. c .~ "'~">,~Arc=c:~>'"
(i) ,_ Working co~t ,per ton milled net of by-prodact revenue (Rlt)

tu) ,~,,_))Vorijng cost per ounce of platinum produceu net of by-product revenue
(';- '~"'-....:'!, c,

(R/oz ft) ,.;::;)"< -- "'::;:::::;:._:.:~<.....

(iii)" Profit per ton miUeG;::~t,}// ~~"'~~
Q ~ . '. # .' '.' .~(iv) Profi(p,er ounce of pl~inum produced (J#oz Pt)::~~"

<:,.... ' /; '/ \ \.

,(v),,' Cut-off head grade '~~(PGM/t) D 2'\
(vi)· Gash margin or ~~irRevenueflltlo (%) 1\\
I) "').! 0 '.' ..I G

The relationship between ~ above ~fitability or rObustn~~ criteria and project
declsion-maldng fac%orsis important, be~usedhemore coo~is~nt this relationshlp is
over the projecFeva1u~tion period, the b~~er,that criterion wiii be 1?P~'P:r~t~ting the
likeuhood that the project suyv\vesin.the long term. {( (j

a ~
'~:~:::~

()

The approach is thus as follows :-

(i) Divide Real IRR and :NPV@ 0% discount by the 6 profitability criteri~ listed
above 'to create a number for each of the project; years., ,This llullfjbcr has
meaningless units and, so is considered to.?e unitless inlh:t$, study, It is used)
merely to examine the relationship between project factors Md robustness

:C:_.'.:.>, . c;;, 1\
\,)

criteria. l_i

.IV~(;:-:'':'I " ;

(ii) Determine the varl1t1?ilityof each of these ti'fimbers -.

i, ()

(iii) Conclude whi~l1criterion is most suited to measuring robustness by choosing
the one which. is least variable. ,I 0

, \ /}'..:" l
. i~ </. ";::hP:::t~::: t:th ;nalYsiS' Hartl¢~~latinumMine anda~6i1tious

Q
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":aartley Platinum Min~jn ZimQ~i.f~~ uQt yetstarted fuU·s(:;al~9pel'ation$, ~~thas
nevertheless announced SOIP.e evaluation resul~s.c·It.is Iocated cn\~ Great Dyke"in

zrmt1_a~Weand is piann",q' to mine one of the roM-bearing~Sulphlde zones in this
':g~j~~gi~ug~lnpiex., " cJ.t <c!( \\ C,'

" • ~'7' I 11 "', \ 0 o

"0~ !/fJ 0".. . . . . . \, '..}
.j_q?r will addr£usto ih~'conclusions ft'om ,~h~Hartley ;valuatiom//lt y;~e a,~
'different reef type, have diff~rent grades anq will be-subject-to differ4t tax, rea~
t<!Yalt}',;at~. It ';illalso:.6e IO(j\\C1)l\ a e<;"!ltrj( wid! polftica) fd ecQJlO~ic and

uncertainties ~tettm( rroiJ!~Sll in Zimliabwe. A diff~~t reef ~~eey~uated it! ,
an 'a~Sxnptto examine thcd';;~fft'~tof,'the bempositien d'r a reef oA t!ie-T~sultS'qf thi~ co

stud~. Fbt'e~aipie,the UG~J~eef contains lower propoxtlons of platinum and higher 'Y~

!>l'<lP<ll:ti~ns~!~:o<lJlllfJa;>- '~iher theM_sli)t' &lef or thiS ~t Dyke'S~lride
zone.

')

I)

:@. should be n~~edthat iiI)P~l~O\~4;1llCehas.been.made for ma.nagrr1~ntresponse ta low
(It n~e pr~fitabllity.~ O~lYisit(~Jh'il'ltto pre&ct\he f(\rmand tI1¢ lIlo!et)t;i /:~\\

I
I such a;~nse, but it can atl&vary widety~~tween ~;s ~'~njng ?OU~~/ \ ('

I effect, ~~o,,;::~,is assumed-that management responses\or each C(lmpeti!(",wi)Ul(J .• Ii
be equi,,~nt to the extent that their positions in a "profitabj1ity,o~~petitfven1!ss .

, , _j\.;::?'

ranking V'~ould not change. ,.:)!/ c.::::.=.:,;:,"-C"
'\

o
Ii

This j~ot to say, however, that management response cannot be 'modelled. Ifone
wete Ito apply 'the techniques of this study. to a partlpu1ar rrope or !l,1inibg gr9up~~rfd

J assUinEngthat tn~~gement response could be l'er$6n8.b~\lf;~r&t~Qte41then a project
could b.eanalysed that much.,mo~~thoroughly. ~{(' "

\)

c \\
\~

,.()

,=.1

\\
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GENERAL

Refer to appendix 1 for a copy of the model an~ page 10 for a diagrammatic
representation of the model's layout. \ '

~ os
\I

\
\\ "

The model is written in Lotus 1..2~3, release 2.2 softvJare2 and is approximately

THE MODEL
o

3.1

430 kbytes in size.
\'~'"

'\'\
It, is important to note that as lUtf,ch.realism 'as possible has been applied to the

','J c ~

numbers usedin the evaluations of this study. However"the conclusions centre on
general project behaviour rather than on the speCIfic prpjects chosen for this research.

CJ
Referring to appendix 1 and to page 10, the following descriptions apply ;-

Instantaneous Projec~ Profitability Sheet :b c "
, " ~

This sheet, also entitled "lntramarginal Analysis of Platinum Produ£~~;?: works from
in situ grades and splits, to head grades, then to recoveries at the Concentrator,
Smelter, NCRa;}4 PMR and thus to yield, ing PGM/t, for Metensky and UG2 reefs
separately, for each metal (Pt, Pd, Au, Rh, Ru, 11'pt~~sthe base metals Ni and Cu),

These yields are averaged for the percentage of UG2 milled 'and multiplied by the
sales prices (free-market prices adjusted for sales discounts) for each metal, to produce
a figure for revenue per ton milled. It is an instantaneous picture ~ta base date (July
1991 for all ciiculations in this document) using prices at tha't date.

In addition, working costs (including ongoing capex and average royalty and lease
,;')

paid) are calculated in base date terms. The results produced are profitability figures
for July 1991, namely, totel costs net of by-product credits per ton milled (Rlt) and"
per ounce of platinum produced (RIoz Pt), profit per ton milled (RIt) and per ounce



~9-

of platinum produced (R/ol PfJ), cash margin (profit divided by revenueexpr~ssed as
a percentage) and cut-off head grades ror Merensky Reef~.,;£102 Reef" and ,the
~d,)mbinedprodtlCtion of both for the operation being ,eKaq1ilwa, in g PGM/t.

o

This .area is used to' assist the operator, via menu systems and associated macros, by
,showH~,gmessages and instructions.
'" \

",

Input Parameters :~
e.Included in this area are basic parameters used elsewhere ~n the worksheet, such as

C/. . ,. .. \:] ,];:;

metal, pipelines (for yearly metal prog,t)ction calculations), lease formula, royalty
(~,

percentages, tax rates, whether there is a tax shield for the project or not, base date
calculations, sales contract percentages, sensitivity and risk analysis parameters ani{

,} 'I

'd;"''''~tarting~point data for the previous financial year, July 1990 to June 1991.
~ G .

Sensitivities .Output Area :...
. Se,~sitivi~~esare calculated and plac~ in this area forprinting.

Macro Area :..
(I

r( ,(\,
d.\, ", 0,

Macros ate incl'uded here for inputting data, calculating, sa:\rlng'~-~e~lsitivity/risk
1/

analysis, printingj viewing results graphl\cally, editing the worksheet, retuming.ro.tbe,
main directory nc~nu and quitting from :lotus 1-2~~.

(I

25 .. Year liDro.jeetProftles :-
-.'

The input in this area, for 25 flnnncia',years (July to June) starting in 1991/92,
include the SA and USCPI's, head grades, tons milled, free mwket prices, exchange
rates, tax surcharge rates and capex, Figures from elsewh~re 11.lthe worksheet ate
used to calculate metal production, C{)st~;and etherfinancial data and, finally, 25 ~
year profiles of easbflows, NPV's~ l]leal iRR's and the robustness parameters
mentioned previously are produced.

o
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\
~~~1COI\1VENTIONAI.J SENSITIVITY ANALYSIS~,7/'\ \ ,)
\\5' \ :l/

, \(he ~brecasteconomic parameters used in this stu~y until th~ financial year 19§1912000

~~ dejailed on page 13. These figures represent one of many views <If the p"ss~1
ec~nomic scenario for the next ten years but have a b~fis in the predictions of PGM
exp~tsl. They are considered suffizient for thls exe!'ci~e'spurposes. Ithas been said
tha~ e~nomiC forecasts tend to' be even less reliable than w~~er forecasts but that,
in fact, \the average annualised error of long-term forecasts is ~)ften smaller than that
Of'short-~m ones'. After FY199912000, purchasing-power-parity is ~rJ\lmed5.That
i,~.metal p~~es are eSCalgte~:t'the USCPI and the R/U~$ eXChang?fate is eScalat~, c;,

bYSACPI~~SCPI in order to'm~tain constant real metal prices in Rand terms. \)A 0

straight-llhe price forecast is-thus assumed. \

- 11 ~ '\)
'(/

{I

The conventional results are straightforward calculations of eashflows based on the
input parameters assumed and thus only one set of results in year 2Siis produced. The

o

accounting of (inflaJion is important fibm a taxation point of view. Constant mOI!~y

term; are arrived at after discounting both negative ~d. posivve cash flows by thJ\
cumulative §!1.Cl>I for each applicable year.

Iii

~ ~ ~
For ssn:;iti~~ty ana1,~~\ the following parameters are allowed to vary':-

\;-.. :::.

(i)

(ii)

(iii)

(iv)

(v)

(vi)'

(vii)

(viii)
1/

(ix)

(x)

Individual Metal Prices (US$/()Z for PGMs, US$/t for Ni and £/t for Cu)
Working 90st8 (R)

-.~.'

Capex (R)

Recovered Grades (g PGM/t)
Mill¥ Tons (t)

SACPI (% pa)
i'USCPI (o/o!Jpa)

R/U$$ E,xchangeRate
R/£ Exchange Rate

Lease Payments (R)



c

"IJ GOO G

0"

D

Royalty Payments (R) ,:,~' ,t G '

Tax Rate (% applicable to taxable prof~~l 0,' D

Timing of Initial Production (important!(j~ ~i).d-up and expa,i~n phases)
- (["

The work~heet menu allpws, for input ~f'required, s~nsitivity rrulg~s"fot instant.qr{~us
,0 0 1\

results of net working costs per ton, milled, net working costs per ounce of playnum (:)
n . C

(xi)

(xii)

(xiii)

produced and cash margin. In all cases in this study, these instanianeoua figures were"
calculated fo,r,+ 5% on the above sensitivity paramet~rs. r-,

(?'''-. c " ."" tr

?n~addition~c1;helong-term results for 25-year NPV @ 0,%discount (R million, base
dat;e\J-""\I.i~yearReal IRR (%) and escalated maximum cash exposure (R J~illion <I r I) , ,

\ ('

escant~di)were calculated fot ± 20% on the above sensitivity 'parameters. c
• ,~ 0

JI

Finally, best' and worst cases f,or all the above were calculated using the ± 5% or "
. 0 ot'

+,2Q% sensitivilY, as the case may be;' 5% and 20% were chosen to illustrate the
sengitivity ana1j~i~ technique, although different percentages CQ~Id be chosen,

\' '" "

depending on the preferen~~ of the operator,
\_\ (!

"

\.
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"

"10,25 10.00 10,00

3,03 3,08 3,13 3,24 3,60 3.80 ~.~

J.g~ 1,86 1,92 1,95 1,90 1,88 1,8,8

o
.;,

ProjecK'd Metal Pirices (Free_Market]"

Rh US$!QZ j 375

Ru US$/()z 58 58 61 64 ! 69 69 '73 77 81

It US$/oz 298 305 320 320 352 352 369 388 407

~: ~:::tOZ 0 8 ~:; 8 ~~~ 8 ::~ 9
1
4
63

9
20
;:1 ~01 S61~705( :' 1°
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. 10:: 111 :7'.·~7,250,... r; ~:~

cu~ __ L~:~~:1~9~:" ~52:____:~ . ' 1~ __ l 825

.~~

lj

E\ 113 1'3:1 148 185 "210
":3 620 4065, 4372 4375 4875 .5 250 4850 52~O
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@Risk, produced by Palisade Corporation,,is a true "ad<R;u" to Lotus 1:'2-3, using

Lotus-style menns ~d @ftmctJo~ •.ht allows for unc~f~n cen values in 1~2~3to be

d~~n.•ed .as P"'bab~tyo dism., lbU~ U.sing .@. fUnCti~.ns.o,.A ceil containing the
distribution @fum::tion@Noru.vik (10;10), for eX~trlp1e9 would return samples
dunng a simulation drawn frQUl a normal diStrib~tiof~:'-:~~ == 10; standard
deviation 10). Distributiou':@functions ar~ orilyinvok~'~;rlng a simulation (in

:; (\ D . _' I

normal t~2;'3'operatiQns, they show a single cell vah~~,:ju3t the Same as 1.;.2<~without
@Rhfk). Available distribution types includ~ :~

D

Beta
Binomial
~hi·Square"
.Correlations
Cumulative
Discrete
I)iscrete tlni£brDl

)) "Error Functions 17

"
, Erlang Lognormal

Negative Binomial
;1

,H

Nornii~ 0

o

Gamma

Gener21
Geometric

,. Histogram

Hypergeomettlc
o . .. 0

Logistic

C<

r. Paretq
IiPoisson

. Triangular

Uniform
We~i1ull'

@Risk has sophistlcated ,Fapabilities fOtospecifyingand executing simulations of 1...2-~
m,~\dels. Both Monte Carlo and Latin Hypercube sampling techlliques are supported
f~\ distributions of possible r~sults may be generated for any cel1"o~range of cellsi in

(}the spreadsheet model.
II

(I

.,
1/

()

o
o

o

mailto:@Noru.vik
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1/

;or !hi. s res.earch, the model ~as desi.gned;~ allow fat'tll\<)l5~,.O..wing dlStribUti~ris,OffI;;';
input parameters :- ,~ '~ ", /I

' U
G

XJ
,::.~; Xz

X3
X4

() Xs
(I

X6
X7
Xl)

~
Xl()

XII
"12

Xl3
Xl4

XIS

"16
\.,XI'I

X1(\

X',9
'X;X;

9100
100
100
100
100
190
100
100
100
100 c:

Yl
:"Y2

Y3
Y4
15
Y6
Y7
Yd

c. Y9
o)\u

\\

The distribution @function used in all cases :follows '? the' form of
@'tNOruyIAL,(1;@MAX(Yn-1OO;10'O ..xu)13;xn;Yn) for n -: t to 20. "

"' 0.;\\

Yu
" YJ2

(J )'13

1\!\
@TNORMAL(J.£;a;mlnimuri1;maximum) is a truncated " Normal distJ;ibution/)

i1\

constrained by truncated minimum and ~aximum values as shoWn above. The density
function is:"

where'Fn (x) is the distribution function for the Normal.

o



<)

" () ~16-

Ii (\

o

(J." '<, ,::: 0 " .', . ,,' '" " " ",' ',.",' , i:'t The Normal distribution was used to represent the fact that quantities w~ph are the

\~ sums OfJ?th\~qUantities teJd fo a "Normal di~tribuwt~)•because ,Of the. cr~tra1,lim~t
t "theorem. The tnput parameters abov~~:i~t='the sum of many other vanables and
~ ,,,''-0; ~l1bjectoto a host of Influences that in themselves may vary according to their own"~,L -', \, ,

"', o-r'~istrlbution ft;,nction.s. Hence, a Normal distribution was ~~~ to be.justified, The If

o truncation-values are used in order to ryftt~)the operator'i s assessment of m~ima and
'1/'-"- (\ '

maxima." In ,flll cases, the Latin Hypercube sampling technique was used, \
\\

Itmust be kept in mind that @Risk is merely a tool used during this study and that
the study itself is more than just an examination'of this tool.

'd,
//

o

\\,
I
fi

a

o
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D
3.4' ROBUSTNESSCRfrERIA

(I

....: €;;s C! . '

cAs mentioned previously, the ~ea1 IRR (%),and NPV @ 0% discount (R million,
base date) are divided by the following criteria in each of fmailcia.1 years 1 'to 25 :.

\\ "

i) (i)
"

(U)

(iii)

(iv)

(v)

(vi)

Working cost per ton }li111ed net-of by-product revenue' (Rlt)
"/

Working cost per /,Junce of platinum produced net of by-product revenue

(R/oz PO ·f
it

Profit per ton mi~jed (Rit)
Profit per OUnce of platinum produced (RJoz Pt)
CutJ~t:f head grade (g F,;PM/t)

Ii c', ' \\(~

C~J~ margin, (or ,Profit/Revenue ratio) (%)
f,

o

In all cases, costs Include ongoing capex, royalty payments and lease payments in

order to ~roperly compare projects with \~fferent reqUir~ments for these, ite~~,/
Therefore, figures produced for net costs, Pi:~fit and margin take account of thes_~r!

, '~ .., '\\

expenditures. \G
'C' \ ,'.

Q \

If :-
ii,'

X = Project Factor (Real IRR or NPV @ 0% discount)
and y:;:::: Robustness Criterion (one of the 6 above),

o

o

then the following number is produced :-

z:;:::: x/y

During simulation, each iteration produces a number :-

Z + AZ - X + AX

y + Ay

\')

if

!J
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o_

The o~.:Jctive is thus to determine which of tlWabove "yll factots foHows the rise'and
fall of the above "x" factors most closely. That is,"wh.tch produces the smaller
average number for AZ. For ease, tIle outpijt variabI~ examined in the simulatiohS is:~

I?
(x/y)/«x + 4;c)/(y + 4Y» - 1 ::::z/(x + AZ) - 1= V

t..
which should average as closely as posgiiJi:,~o zero.

(I~Bthis work, 1. OOC1itatationswere run per simulation, prQduc41g both the risk
analysis results and the variability oiV around zero, as well as the eXPe,cted result for

Q ~

V.
(I

(\

o

1\

I)

o

ji
!b

o

«
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They. have declar~ that the proJ'::'itis viable"~t a proouction level of 2 milliol1 t pap
c ',J .'. '. C . ,'j. <l, _ ...• . . _ . ~'. . ". . G n,. _ .. "

106 000 oz Prpa and 2 450 t Ni pa. Pages 20 to 23 shows the input parameters used,
taken from Delia's-evaluation. The maincaifferences~}hthese input parameters from
these used by Delta are the assumption ({jSouth African Rand terr&s 'and ili~'fo~~C&fot,~'-,~ __""r-

" /_,~/". .' . . .~ 0::O:~~:::n::OW:;:~~~{; S::li~kOO::e:~'::~:~ru:
"'-"-_'f . r-« )

Zimbabwean currency and ec~~omic factors, o (/ ... II \._j u

.." '~.'''' " 0 I) (I

the roof Id'b.mined at JInrtleAGteafDYke sulphlde zone.and ~ more similar 10
','the Bushveld Igneous Cvmplek:/ ~er~nsk1' Reef than' to ,,~JG2 Reet. Thls
evaluation has been confined to published data on this proj~~cfand "Wy mis,~ing data

~" .. ' ..... \_L ... _'_'.,,~' ... ' •......... I'_'-'_." ", , (i,t .."~
was estimated. No (:"lnfidentialinformation is used or, ii1d~;'wafav~jlable."

I)

!'", 19 - "
"

4.
o

(I

o
(1

4.1 ,GENERAL
u ~

~ Ci Ii!")
" _ '. _." \\C) '. '. _." ,,'.' (/, .. ,... - () . r . ,-,

Delta Gold NL ha~'~made several ~nouncements(l~ recen~,year~on the re~u1tsffom

ex~gmtionandrJbililY slUdi~at~"!' fInrtley PGM d~1li1 on tile ~rea\ ~:~ in
Zintbabwe6• ' ~

o

;'::;:

,,7

o

\\

J/
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i
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)
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21-Ju1-91 .!L'L lS31 iEfil'iS _illY.WI Hl11W!AR1illltt t.:IM.YSiS OF PLAnt.'U!HROOUCERS : IlA~REY I:'JtJ..lJ~n~l. Juri" 1991
:::=~=:-:::;: ::;==::==;;:;::::= .. _, - - -;:=:===--=::== '" :=::===::;:::.:::::::===;:======::===:::.:=:==:~-=: " ,=~-:=:::=~====:==:::~=~:==::;:::::::;;:=::::=:::=::::::::==:=::;==;::::~::::::::=::::::'::::::::::::::;:==::;-

11n::tnUU.tlUUlusn:a:EUSU:;JmIt1sU:;;-.a. ..nniz::s*= ..:n-::..n:~"1:t:::u:J:=;Jt!'#it.:una:nll:J:¥n:n:rrt~;::#:::n~:tli~;J.4alt!:.U1!it&;n:":iUll.lhU:=U"Jr-::Z##;;S;;'='l;ftZ::t:'\UUf:V=t:';t:,;:ntt%ttn:;l'lH:.;:e:nu.u::n:ltllun'U:.i~:Z:Uj:tlt:-1U:=.uu~_auu2:u~a_uuu:a;;,:.

• " RESERVES UCt:lSl '. 1: en Pi; '!.l~ 'EXC!WlGE RATES: jUt 19S1 i'miS • . . '\!(f<KIM tlms : .mt 1991 1EllHS ..= ftt:F'S: ~a.06ICJJ. . lNSlfJ . M!:;eA€!.E P.li. p.a, years : RfUS~ us~/£ :';,.-r IEENS:,\,( 002 Tt\TtJ. ~
• I'E1ENSKY . t.1S ~ I,SENSKY =' Z,a35 l,GSa, • Rlt EVt R/t"

0:::::::.: a: UG2 1 21 It. _ U'31 __ _ _ u"=n'l?=!l1fu.JUt:nlf~.'4'li'i:a:itl!llJl::==:l::~U.:lttt •
lI:'=UltUU-UllliZ:lI#"::l;~::.;t;lU::_¥;'~""'tt~lEnz~:rnS"6-¥ull;.;t¥g,1rn:::: ...... u=;~.If%1t3:::a:nn::in:l::-U:::lI:=:~l;:n_i:~;:':lf:::Ult*1j'a,#%:.,.:z::: ...%Z):-a;un;i3;' lfTA!.. -PRICES· : JUt .. 199\ ·1ERt4S -:..11: ll:

~ a % SPll! --CtTl~ECTED_" ~~TlMA:tl) F.ECO'IERIES 0 Y!ELO % SPLIT RE1iE.~1JE' FREE l·t\R~Er StLES' • #
: l£l..l'1ISl<Y : lIl-srru m-snu &tJ) :C(f(C£ll1?.Alffi SI£L~Ell 1/Cfl pm glt (BASElPtj RIc" USl/cz RI(j~ !U) }111m,S,RI!: : 3G.1g
.. mTI!!.S • 5,EDn 4,7t9' . • (;.. " '(l) Hl!SltI.. PROCESSn;G, Rlt : 18,55
• l't " 44.13to 2.565 2,12i:l~ ill 101; 91.SI!'; 98 ~a% ss eilt 1 648 47 89% 55,49' l't 37916 1 ~45il1 ..
• Pd • 3, .•29% 2.1132 1,122" 1S;Slt S1.S8t 93:11il% gg:ea% 1:299 l1;9l; H,C1' Pit SS:S3 203:56 '(3) ql-$flE SERVICES., fl/l: : s,sa

tJz • 1.S~ n,~1~ 9,35fi" 72,eS% gHat 117,ea% 97.ga%·0 zss G,Bi!'; 1.1a • fu 36(.,g t U~6,ll •
Illi z 3.5Sl; a.lut 9,170' 83.1St 9";5~% 9~.5\it SS.SIJ; a;m 3;S5~ 35,11 n fih 3275,03 9. i!4<.3J '(4) G'i'-Sl1E PR~SSn:S, R/t : is,2ft

" Ru : 5,18% !l,llS S.21il" 7;.73% ~l,Sll% g~,9a% 92,03% O,t63 4,56% B,BS~ Ilu S9.Sa 151,S2 •
: Ir : 2.m: 0.118 R.IOa:. 4:1.53% S7,5\lt ~4,\lil% 7B,C3% _a.9?8 B,Se,. ll,11: lr 2SS.~a gg,Si! :(S) tlmlASm~ C(MIt.:i'I.IVt : 5,25 ~

• iOTALS '" 10a.~a1; s.sea 4,140' 19,1S% !)1,59:t 97,4Sl; 91.n~ j,SSl l~ua% ttI,94' US$lt Rlt •
~" . • Ni 11 135,flH2 460.:!. • 'WS TOTl.L ~2,83
• Iii "g/c 2 W 12~3 • '14,62% ~S ~~; g5,1l3~ 1 2lS 143 21,51 " '.

Co • gil; 1 ~aa mil • 78,m g5:e~; S5.1li}.~ 185 ~16 2.18 '" £It i{lt 'w H!J:i(~lNa {t·T~jCI}
• >-- " Cu 1 281 s9 3 S40 gg " % OF ilElJElruE : '.!.'
• MIIIINS -!J;;ClFRECTElJ--' TOTALREVE!(l;E 142.2~·" ' ,0. ' .• .. • r(!)'tXl!;1ms, Rlt : 1,24
~fXIRACTIa{ tt!-Sl1U Htt.O e O'.;EFl_J.:Lt ~fW '13.6S'tu:-a-n-u-:,zu:u·:unn::::,u$::f=:3P'U •• ;: \' -:;.

# • 84.64% 4.117fr 4,11g· I'AllE kglt 2,631' ~ -:;-
IT#-n:n.::::nu;:.c:;:t;.,t1t=;:'lI'::u=·n,lC:::.nruzz::n.n:":z.u,:II:='';Jl'n;.:;:::r~U2U"":l:c:u:~:1t:z:z:c=nll;n.:Q..$'ZZlf::.a:n:u#:¢J::3:::U~-=lllUt:n.a:;:;:tr.::n-::--(I}BIKED l-stENSlCY·!'; U~:: Tartt U:'ORKl!;S COST .84JU1
• e !,; SrUT ---coAAECTEO STlMAItD F.ECOVERIES VIRI) % SPLIT REvalUE: YIElD % SPLIT Rt"VS''ilE' . -----

~ Ir!-stfU Ill-Smi iiEAl). 'W;EEllTM1Cll Sl'f!,,1Ell NCR HR gIt {!lASE/Pt) Rlt· gft (SASEI?t) F:t.. '.
• " '. • ',. . . _'(5) «'1~OlNGCAPEl(R/t 1.S7
"1.826 5.165' '.':::'.~. •.•• •

9S,tB', gS,~a% 1'£52 46.,91% 62 33 % Pt • 47 {l~t 55 {g % :::::""'="====:==:::==::::;!:==:;:::""~
ga.ca~ 99.~B% 1:~13 32,37% 111:83' Pd 31;Q9ot l1;aj' TOTALcosn 95,94 85,06 as,9!'~?,~~~ 2!,£~ Mr! ~.g3]: l,18'~. 6,g~ 233• =="..-=--~=::::=::::~"":,,:::===~=.
..,.,..S'i::l~ ;1';;).:;;0-. 0tt:J1 0:."1;;, 14.6Lf :: Rh 3,55% :.:>,11 ~ .. . ,.. L

94,\10% 92.fiil% 9.458 11,61': 2 •••• f-u 4.€S% a,as "TOUL «srs '<1111\Rll'fl.LTY 55,.4 SIl.~5 1lS.9~ .'
94,2B% 1il,ee:; 9.055 ~~t 1,7{ • If a,slit {I.13 ! :~=:::=:::;::"'"'=""='"'=""=:::::=::=:~

36,79

rs.ss
6,95

" 1S,2a

5,15

"•
'I,

o

Pi: " 4S,€E%
Pd ~ 31.:;1;;
:.u " u.sa't
Illi : h.ijl%
flu · 12,6at· lr 4 '2,41:;;• .----·TOTALS • ,sa,Go%: 1.8.0

1ll.~2l: ,~~~

B:;.e~% S1;S~"
al.~g% a',56l:
al.S~\ ,eo: CG"

83 sa; Si:S0i
e3:~~ 91,5£%

S3,eS% ill,Sat ~'l.15t 91.16% 3,947 lelt,e~% 153,14 'TOTAL 3.~1l!1 m,e3% 111.94'

~ 3061gB' A8,UD% 9S,Ga% 95.~a~ 37 47 l.~!i:. til i 225 743 21,51'"
CVt ise Sg • 1S,ll3% 55,gill: 95.,l:0% 58 37 0,24 • I;u 76S 415 2,13 "

% - U ~ It

e MIil!lr. ~,C(R!lEe1Bl-' IOTAL llEVEli1JC 155,33 '" iorti R.."V?illE 142,24 •
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'I;QTE: Ifj-SIill EP..ADE
• IS WOW ACROSS

WE r~;ro;.ETlCAL iDEAL
rv.i1l~:El:.. 'OmTti

S.lo> ~

" lli
Ct:

.
· :~

:Zc

"e

!J:;t CtMlINElI {lJG2 ~ OJ!&.';}
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4.2 CONVENTIONAL REstToLTS

1?age~,.25 to 33 shows the detailed results; with graphs, of the standard project
.; <,j

evaluation of Bartley. In summary, these are as foll~~s ,;..

"@ 5% discount :

'c,
11,~,6

(l

999
530

333
595

(}

518

6

9

u

NPV, Itmillions 25,years,~@ 0% discount:
@ 3% discount :

Maximum Exposure, escalated, R million:
I~aximuth Exposur~ base date, i million:

(f'

Payback Period, yeats'7 escalated money :
\., , .~.

Payback Period, years, base date money :

In addition., sensitivities Were run (see, pages 34 to 40) showing that the ,project was
most sensitive to variations in metal' prices and recovered grades.

a ()
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4.3 RISKANALYSISRESULTS
o

Page 21 also shows the upper and lower potentials for input parameters ("upside" and
"downside") in percentage terms assumed for the Hartley Project. The following
should be noted :~

{f

The potential for metal prices to vary from forecast is based an recent
(I

variations of metal prices.

~~ ~

(ii) 'WorrJp& costs appeal' to be extremely low by Sopth African s,tandards. At
R86/ton milled, compared to between R95 and R160t,ron' mill&'! at South
African operations, this is probably a justified concern. For this reason, the

o

upside potential is assumed to be greater than the downside' pote~tia17.

(i)

(iii) Capex also appears to be low in the Delta evaluation? especially When one
considers the relatively high cost of capital goods in Zi!f1babwet At R5 !B5
per annual OZ Pt, compared to, say R5 703 pet annual oz Pt (in July 1991

(iv)

o

terms) for the original underground option at Potgieters11ls' Platinum (which
has now opted for an opencast operation), it is Dottob low by South African
terms, but the conceijl;:athigh capital costs in Zimbabwe, still remains.. Again,
therefore, the upside potential is assumed to be great~r than the dq;Wllside

" \~'

potential on this Item", di'/

" ," (:-: v ,,\

General economic conditions for Zimbabwe may have' a ~reater potential for
being worse than being better than the forecasts shown on pag~\ 13. 'Th,~

\) (::>

upsides for SACPI and exchange rates have thus been given greater weighting
:;~'-. -f ,)", - r' - - " -r )

than their downsides. - \\ - " '

o

o

~\ ,,,

()



o
(/

(v) It is also assumed that tax rates have a greater potential to increase than to
decrease. because of possible future Zimbabwean government intervention
coupled with their possible need to increase fiscal spetfding od)socio-economic
programmes. Thus, the political risk of the project in Zimbabwe is address~ .

. ! ., '"'

,{'vi
(vi) The timing and production build-up phase at Hartley appears to be extremely

rapid. For example, Potgietersrus Platinum's original underground option was
forecast to reach full production over Jive to six years, compared to three to

I:!

four yea\ts for Hartley. Potgietersrus Platinum's original underground option
is used a\ a co~parison because it "yas also a shallow operation at a similar
prOdUCtiO~i~~9:-"f"itHas'U1usbeen assumed that there is a greater potential for
a delay in production than there is for an acceleration.

, "","

rr~)\
\.~<\

The results of the risk analysis for H"¥tley ate,~,I~~~ngraphically on pages 43 to~4..Hi .,.~
(1 In summary, they are as follows :- (J ~\ \

Real IRR, %, 25 years :
~V, R million, 25 years, @ 0% discount:

@ 3% discount :
, 'i

@ 5%o::~idcOU=nt :J/
Maxi~um Exposure, escalated, R million :
Maxi~;um Exposure, base date, R million ;

Ii (I

Payback Period, years, escalated money!
\,')

Payback Period, years, base date money :

Expected
" Result
8,826
725,9
351,8
191,6
639,8
553,8
7,0

10,4 ,!

" 38,8
31,3

0,8
1,1

Standard

Deviation
1,010
84,5

58,0

4810

'\

The :above expected result for"I(eal nm after 25 years.of 8,83% is 2,53% less than
.!

the conventi\?nal result.of 11,36%; This amount could be dbnsidered to be the risk, .
discount rate to be.~1ppl1ed over and above a "normal" hurdle rate for an NPV

,< . ,>;'; , :;

analysis.
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o

As mentioned in section 3.4, the objective is .to'find the variable, V, with an expected
~ ~

D result closest to zero aiId with the smallest standard deviation.
" . -., -; V

N°
10

2
~,

3'.

(.4

5
6

The following robustness criteria were examined ._

Robustn~ Cdtedon
Worldng costs per ton milled net of by..product"revenue (R/t)

~--,';>

Working costs per ounce of platinum produced' net of by-product reveau~
(RIoz Pt)

Profit per ton milled (R,/t)
Profit per ounce of platinum produced. (R/oz Pt)
Cut-off head grade (g PGM/t)
Cash· margin (%)
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) Thefcllowing results were PF0(,luced (see pages 58 to 69 for graphical
u
re-presenta~ollS

of these re\~ult~),where fl is the expected.result and SD is the standard deviation for
V'fofthat year :-",;)

I:;:;,

lUf8UL'fS FOR x/y -

IT06
D cr

. (I,4U;( 16,016' (I,l103) 16,321 0,542 l,'ro?

1,::«1 52,017 '"I,23l 51,&'\(1 ~ 21,247 (O,!l6O)
c /)

(I,~) 8,197 (l.:1.t3) 3,1)3~ m.1S11 t,m ( (O,W)
--0.9 d It,s4£: \9.1r«5'(0,610) 11,561 ) (O.61\l) ll!·OZill u,<)n

"

14 (I,ZS81[) '3,:103 (1,2'hl) 14,ln'u ~ 0.554 "((),O$I) 0,321

1$ (I,1:)G) W,'leiS (1,244) 10,873 l()"~)ll 0,112 (G,oll)
r~ lQ,OSSI) 6,'86 (0,8'*) 6,186 .~ 0,524 (0,002)

",Ii),366l 21,214 (I),3SG) :11,4711 ..Q.,,!!; I,T.!I 0,067

O,13n) ,,7,635 (t.l561 7,893 a,@1 ,0.710 .!1.!lJ1c
t)

(O,9J5) ,,16,m «l,9:29) 17,019 <.\04S 0,51$ (1'.1)37

\0,953) 12,4S~ (0,\192) 12,761 0,063 ,cO,611l O,OS4

(\l,S31) '/,69$ (0;839) 7,759 0,051\ O,S4S 0,051 -a>

, iO,4111)
,~;

(0,400) 5.~ S,olM O,Qn O,Sb3 /'),068
,'(

'ii:1>S4(Q,S2l) ,1,061 (0,821) 7,104 O,S2tl 0,071
8,376 [I,olOO) ~,8!13 0,139 ltO!lil O,I:(.()

,~

(O,9'3Q) IO,I~ (t,l)09' 10,41$ 11,m O,7in 1),100
\j,

,o;tI4~)
t),,·

(O,U42) 12~73L} 12,!)20 ~~ Z,09:! (Om?) 1,$40 (0,)40) "~~-....--- -_.---rr-- --
(L ~\

i) \'~

(i

()
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()

RES~TS FOR x/y"=:: NPV @ (ij~ DISCOUNT DIVIDED BY ROBUSTNESS
;)

CRITERIA 1t TO «) o

12,1:i3 0,116 O,i'lll 0,173 O,G42. .!l,1l~1~
ZS,OOO 0,210 0,140 O,J!l3 O,(l;;O .!U!:ll
6,OOS 0,192 1,144 11,178 G,9?1 ~

(1!024) 0,111 0.11.l 0,6;12 1),11S) 0,$'11) ~
(O,(i."fi) 7,1~~ 0,2.54 o.s1S 0.21.0 I),SIU .!l&2
(O"~SI) 5,522 5,146 O,~SS 1,318 O,34Z 1,220 ~

G~

2,7711" (I,$4,/) Mil o,t94 ~
(0,941) s,m S,IlU4 (O,8:SS) ?7".;; (O',~;' M'!l
tMS3l 3,438 3,3~9 (O,2.5S) 0,046 ((r,JSst': !2JtF~
n,I$:l), 6,O.J7 6,293' (O,I?JJI MOO (O,IZJ) 0,561 (O,IS3)

i (O,allS) ~,SSS 7,139 ~~J 0,514 (O,O7l) O,4llS (\),.16) ..!!d!M
(0,878) 0';512 «(),OJ6) 0,4'14 (tt',0')lJ) ..!l.m
(0,776) h~g ~ I,OS:I (0,(,3$) .M.!!a

;9 (0,\)42) 4,m 0,42.5 (9,022) Q.3!i2 (0,014) ~
(0,718) 8,'l:Jif O,OS,1 "I,MI (l,OM 1,454 (O,on) .,!!.1-.iU o,O".:l

(4!S411 o,Ola 0,47;1 ,5!,!1ll! 0,4:13 (O,C64) llJ,lJ, (0.01»)

o,(~ 90,942 0,6:9 93,~I()' 0,035 a.,IM 0,027 0,564 ,(0,060, .!l.m
0,101) 25,m8 (1,11)7) ~(j;269 0,045 0"s81 0,031" 0,541 (0,0.'58) J!,.~~ .Q8l.'l

(0,845) !l,824 (0,849) 12,102 0,041 0,914 0,04<1 0,811 (0,0.$4) .QJOl
(2,OSIl 211,2.59 (2,105) SO,?:!I 0,0$4, O,79U o,M,) 0,61)(1 (0,053)

(O,I$SS) 11,9S6 (O,~) 0,051 .0,~1> 0.058 ~,6.S~ (0,0$0)

0,142 .24.133 0,051 a,oro 0,514 \(lt070), \.
\

(0,954) :i),S4S (0,979>.. 0,049 1,7ll (0,047)

r:

1)1

o

I'l\
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INPUT PMNl!TERS
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455,23 513, ~~ 51S,D~ 613,O0 ij3B,00 665,00 690,00 m,0C ?61,BI 796,09 B31,9! B59,3S
113,00 133,0~ UB,~0 163,~0 m,00 I05,M 195,00 m,co 219,45 27.9,33 239,54 25O,43
420,00 m 00 490 D0 51C,00 SSO 00 555 00 652 0D 605 00 715,83 740 04 781 70 BIB,au

3 52O,49 4 B64;SO I 312:00 4 625,M 4 075;00 5 250;00 4 050;00 5 250:0~ 5 486,25 5 733;13 5 991;12 B 260,72
58,00 61,00 64 00 66 0~ 69 00 7HO 77 D0 BI,O B(,65 ea,45 92,43 95,59

3C5 00 310 M 320;00 m'00 m'0e 369' 00 380' 00 401 0~ 425,32 444,45 464 45 485,3&o 401 '32 o ooe;e0 9 300,00 g: 600;00 10 100:~0 10 6S0:~n 1\ 200:00 11 759:0 12 'i70, 75 12831,29 13400;70 14 012,09
1 391;61 1 525,00 1 S?S.00 t m,0~ 1 575, D 1 725,00 I 115,00 1 a2!l,~0 1 ooo.~o 1 9S4,9~..!.~23.~1 2 094,23

3,03 3,08 j,l~ 3 24 3,42 3,60 3,00 4,00 -i~1 4,43 4,67 HI
5,69 5,13 6,0 6;~3 6,51 6,10 7,,16 7,53 e;,~ 8,5t 9,04 n:61-~-""
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The,ounderlined numbers on pages 56~nd 57 are the.lowest" SD figures or the E
figures closest to ,~ero for V for each particular yea'· and overall. The following notes
,,~;.ube made t- ' !J

i// 0 -
l (/

the Net Wt and'l'ret Rio? Pt criteria produce the worst SD and E results or the
ones considered, Net RIot. Pt is slightly w.qfse that Net R/t.

Although the actualnumbers are diherent, "oriteria :3 to 6 show similar patterns
over time for SD and E. This is probably to be expected since all of these are
related to profit.

t! 0

Cut-off head grade, however, stands out as prfkIucing the lowest SD"fol' V,
esped.ally in years 3, 9 .. 11 and 1'1il- 19. "ii

o
'.,"'1)
):'j

Tln~Profit/t, Cash Margin and Cut-Off Head Grade criteria stand out as
.s=

producing values for E closest to zero.

Years 3, 9 .. 11 aug 17 ~ 19 are the w,eriodswhen (1) production starts, (2)
Real IRR and NPV @ 0% discount fit$t become positive and (3) a fresh
capital injection is required, respectMl:ly"

I)
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5.
§ ,

XYZPGMMfNE {r

5.1 ')GENERAL

,\

o

\. . .... . .:
\ xYr~acts as a test of the results produced for'l"lfartley. It is a fictitious South African
D02 i~line,although it is loosely based on several declared results of trG2 project
evaluations, No inference can or should be drawn from the results for XYZ on

o
any011~'sview of any particular project. o

()

U02 Reef was chosen as the reef to be mined at XYZ since Hartley mines a reef
("j ,

more ein)ilar to/ale Bushveld Igneous Gomplex·s Merensky Reef. It if) a dekper mine
'J 0 .;,

than Hartley with cortsequently higher capex and working costs, Maximum..
production is 2 750 000 t milled.pa and 166000 oz Pt pa.

The forecast economic ..parameters used are as per page 13, Refer t<, pages 72 to 75
for details of all input parameters used.
o n,

"'~~j)

(J o

/1 "

()

~l

1\
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INPUT OATA

Pt PROOUCEO oz 165 046 16S 046 166 D46 166 046 166 ~46 166 C46 its 046 166 ft46 166 046 156 046 166 046 ' 166 046
Pd PROOUCEO 01 111 901 11t 901 111 901 111 9Cl 111 901 111 901 m 901 111 901 !tl 90t 111 901 <11 901 111 901
Au ,Q1 3 501 3 ~1 3 501 3 501 3 501 3 5~1 3Sel 3 501 SSill 3 501 3501 3 501
Rh t) 23 504 1~~04 23 504 23504 23 504 23 504 23 504 23 SC4 13 504 23504 ~a504 23 S04
flu "~ 41 82B "

4 ~~~
tl 828 41 ala 411l2a 41 aza 41 028 U 020 41 820 41 028 '(.018 41 028

Ir I",' 4 096 4a~o 4 096 4 896 4 8S6 4 896 4096 4 096 USS 41:I'S 4 096
1'1\ ~ 415 416 H6 416 416 ne 416 416 416 4.~ 416
Cv t 20S 208 200 20U 200 2~a 20S 200 208 2Ca 2es 208..._.,.,__ .... ----.... -,. --------._- ~-- .. __._......_ . _".___ _......_~
Pt PRICE, FRE€ MMK€T US$loz 008,47 949,3$ 992,01 I 036,7! ! 083,36 ! 132,11 1183,~6 j 23ii,30 1 291,93 1 350,81 i 1410,82 I 4?A.~1
Pd PRICE, FREE fWl.KET US$lOI 261,10 213,47 m'~~ 290,64 mOB 326 12 349 au ~56 u 372,113 39B 91 406,41 m 10
I>JJ PRICE, FREE flAAlrET US$/02 nS3 sa 092 05 374 14 1 017:90 1 063:78 1 111;65 1 m:so 1 213,95 I 260:50 1 325,61 1 335'32
Rh PRICE, rRFE ~tMKET US$/ot 6642'46 6 836:07 7 144 :52 1 466;03 '/ m,C0 B 153,09 B 519,90. o 903,30 9 30t,03 9 ?22,?1 10 160,23 10 617:44
Ru PRICE, FREE ~WlI(ET USVOl 100'94 1~5,48 110.23 115,19 120,37 115,79 m,45 137,37 143,55 150,01 156,'16 ISl,Ul
Ir PRICe, FREE KOMET 'JS$loz 50'1: 2n 530,07 553 87 578 79 604 ,04 632 ~fl G60,~C 69O,22 721 20 753,74 767 66 023,10
NI PRICE, FREE fWlJ(ET UStlt 14 642,64 15 301,56 15 99~' 13 16 709:60 11 461,62 18 247:39 19 C60,52 19 92.,61 22 023;30 21 m.3S 22 739:57 23 762,05
Cu PRICE, FREE MMKET £It 22.67 ,53~';, 2 243,39. 2 321;91 2 403,18 24B7,29 2 574,34 2 664,44 2751,70 2 054,22 2 '954,12 3 0$7,51 3 164,52
* • ---- -----~_.._ ... _ ..._.... ' .._ ......
EXCHANGE RAT£ NIUS$ 5 11 5 44 513 603 6 35 6 66 '/03 7,4D 179 910 o 63 9 0~
EXCHMlGE RATE Rtf 10;21 IU:05 11;53 12;2& 13:03 13;85 u:n 15,64 16:1l~ 17;67 10:78 19;95-_..-_-.---- ___.....,.__ ....._._.__ ----
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.5.2 CONVF..NTIONAL RlESlULTS

Pages 77 to 84 show the detailed resun~, with graphs, of the standard project
, .," '_' '. J/

evaluation of XYZ. In summary, they are as follows :~

6,85

928
Real:, iRRI %, 25 years :

NPV, R million, 25 years, @ 0% discbun.~ :
."

, @ 3% discoun\\ : 363
,@ 5% discoun~: 139

1~'" " . :'\

Maximum EX:POSW~tescal~ted,R lrlillion :' I) 1 305

M~hnum ~~posu~;, ba~edate, R "llion : <,0 ~5~
Payback Period, .y~rs, escalated money : 11

Paybf-ck Period, '..~.'.~~.SI, base (late mol~fey': \1 15 0
~\ / " .~\ f_P \\

In addi!io:, s~~sitivitieswe~.oo (~IP..ages ~~;,; 91~~~wing .....tb.~t the pr~.•...ec..twas
most sensitive to "variations i~~etal ~\\.lees and recovered g~t~\>: II 'i;i,

\.

' ') " II
'\ .,j'

h

o
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CASH 1'w(GlN, PRt'I'ITI1lEvEh'U!: % 0,M ~,OG 0,nO o.on_~t!0 14,1B 34.?O n~9 n,n U~S 43,50 H,S9 44,59--~-- .............---...,--..---.-- ....,..,_,.------- ....,.......-,~~ ~~ ~~-~ __,..",.,.__ .......,....__
t-1!R£t'SKY CUT-lll'F HEAD GRADE 9 PGt,1It O,DBD 0,000 ~,00U 0.9nG a,ann Q,DW uno MOD 0,O~B /.( ,600 C,nOll n,coo 0,000
UG~ tuT-lll'F HEAD GRADE 9 ~lltvt 0 c,oco o,~eo ~:~~iC,\l~a ~,S03 ~,43! 3,391 l,l9S 2)ggn 0';/ 2,919 2.912 ~,655 2,65S
lOrN. CUT-Off IIEAD GRf.JJ11 9 PGIVt n,D00 0,COO 0,Qa~ 0,e00 ,4.m 3.391 3,108 1,USu- ~,919 2,912 2,355 2,055------,~,..-.-~~-........--.--_.., ...,....-..-. ...-...................... -...----- --_ .. .........-~ ....... ........._ .......--~-~ ......~-_......._,.~ ....
NPV CASII FLOW ~% R milhon {SS} ,l3$ , 254 370 J610 t5

!
051) 7?3 G32 t~i AIO 322 22G

NPV CASHFLO',I: 1~ II :tnilllon 35 134 ZAD 3tJ'l. 500 70? Bl5 743 613 5~4 m 335 2~1NPV CASH Fl.O',i, 2% It !ill li(lll 2~ 131 243 351 567 150 701 7U 596 4SS 422 346 mNPV CASH ROIl, 3% n milli(){1 f3dI 1
129 2.1 ~47 640 719 749 60'/ 579 till 422 3S4 200

NPV tASH .l'lO'd. df~ £t milliull 34 12'i m 330 529 691 7lS GGI 562 m 360 392tl~V CASH FLOW, 5% R mtjl1(){1 m 125 227 319 Sl1 664\ 69~ 637 545 m m 364 <.313NPV CASH FLOW, 6% R tnl lion t~ m 320 494 GBilj 662 B13 Sin 462 H3
r'

36S ' 32B
NPV CASH flOW 7% R mi!p(II\ pal 1211 m 312 m b14 637 591 514

4S2l
4M 366 325NPV CASH FLOW: o~. R fill Ion 32 119 213 3B4 Ali, S91 It2 570 499 4'3 403 365 33D}NPV CASt! FWd. 9% R milho~ m pl1 208 29S m~ 5S0l 509 5Sn 405 f433 ana 364 f332NP'l CASH FlO'tI, 10~ RmilliOl\ 115 iUI 209 o ~33 (5~~ 567 531 4?1 m 392 ISSl d3~N~V ,NlEX O~ n r.dlllon 35 13b 254 3'19 GIB gsa 0'/6 90B SOD " 990 n9. 9901M CAS!I ~LO'II, 1; ERR ERR ERR EAR E@ £flR ERR Elm cRI! ERR ERR gi-R (9,~21....__-----..._ ....._..,._ ---_-_ -.....-~--..--~- ----~------.-.~~
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'CIJlEX . 3,21 3,12 F,ga) ~APE)( (54 52 r CAPEK 41,53 ~1,4( 41,35 •
'Ree GRADES 0,95 rl2 7 19 ~EC G~ADES 17 (S2 (13 REC GRADM 3a,07 41,41) A3,77
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SAll'1 41,40 41,4~ U.4B, •

'UStPI 3,09

!l:i1
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s.s fijSK>ANALYSIS RESULTS

Page 73 ruse), shows the upside and downside percentages assumed for the XYZ

Project:c Tilt~"fol1owing should be noted :-"
.::-, ".I " ., " ;:\

/;0 ",
(i) Metal prices variations are the same as thQ~ .us~ for Hartley, "

'0
c

(ii) WOl'ki."1g costs are assumed to be known with a fait ~egree of certainty.

(iii)
a

Cape~ is also.a relatively certain figure, compared to Hart1~y.'

(iv) General economic conditions for South' Africa )bay have a~:gr~-itet,potential for
;) ,~

c[

being worse than being better than the ,forecasts shown on page 1.3. The Co

. !)upsides for SACpt and.exchange Otes have thlJS b~n given greater w~i~ting"
..« c () "11

than their downsides, as for Hartley." L\

«(

(v) For XYZ mine, th~reis a possibility or lease agreements ~eing sc~apprd with.,
the new Minerals "Bill. On the other hroftf, a aew government may ';eplace !~e
lease system with another system ;~in order to pay 'fqf socio-economic

\\ 'J ,)

programmes, Thus, both the upside"and downside::;,'Ootentiafs on this item are
large,

1) I;

• \1

(vi)
I;

It is 81$0 assumed that tax rates have a'greater potential toincr~se in a ':tut~~e \i

(.r

dominates by government intervention coupled .with their., possible need to
" ,)

Inct~ase fiscal spending on socio~¢~onornic pr6gran{m~~~~""

(vii) The tilping and production build-up phase at XYZ are.considered.to he more
well ..defined tQat at ijartley. 2)

1)
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The results of the risk analysis for XYZ are shown graphically on pages 94 to 105.
{l j)

ReallRR~ %~25 years :
l\J'PV,) R million, 25 years, @ 0% discount ':

o

@ 3% discount :
D h

11.:»
@:~% discount:

Maximum' Bxposure, escalated, R Willion : "
Maximum Exposure, base date, R million, :

.-;:, ·,0 I~,..

Payback Period, years, escalated money :
o· .

Payback Period, years, base date money:
() (;

Expectefl
Result

6,301
794,0

290,8
91,9

1 287,3
(l '
)i 832?2

Standard "

DevnatioliA

o
o

'llhe above exp,ected result lor l\.4a1 IRR after 25' years of6,30% is 0,'55% less than'
the conventional result of'6,85% ..-,This amount eould be considered to be the risk
d~scoui'(t rate to be applied over and above a "normal' hurdle rate for an NPV
analysis.

o

\\

o

0,873
118,4

I

17,5

61,1
83;2 9J

)5,2

46,6
0,6 If

i'}

},O

\
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5.4
:"\ ~. - -

.~ As mentioned insection :).4, the objeCtive is to find the variable, V, with an expected -:
. \)

The follewing resnlts were prcdueed (500 pages· lOfi to 119 fOT graphical

representafions of these results), where E is. the expected result and SD is the statH!~~

deViation for V. for that year :-

a

(t1.~9). f. 11,S$

(O.114)' .'17,836
(3.Q'J;l) ~l

(G.S25) I ::,sqa
(l,(J\,S) I 1.m
ft.31S)1
(l,Il:.3)

(l},'WS}

~5;;

i
O.;4'jJ

1,435 .:I.t15J ::...~ t)j~~~1i

~i {l,!illl)

I
€,31S re~

1,00 I OtC'lS 1;(E5 o.Qf$

1J$61 O,G15 <),5£4 ~
0.'080 ,},452 W'j1'i) IO,4m f B.lr",)

I--0,090 {I,«S IWill U.,<_:S 0.1J".4

Q,® :O,rro! .t.e?! 0;3;'1 O.G:l'

O,m:l o;m o*~. 0.;24 .£:.!!ll
c.m il,ZSG I a,C;1lF O,3SO .QQ11
:-::_:>31 (i..315 fi7e3Z 0,,£3 ~

lJ.C~

.!!.E
0;3'%1
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As mentioned in section 3.4, the objectiv(\?Is to find the variable, V, with an ~xpect¢d
t~ ~ ~

result closest to zero and with the smallest standard deviation.
c, •

The following resUlts were produced (see pages 108 tg 119 for graphical
\\ representations of $ese results), where E is the expected result and SO is the standard

deviation for ~17ior that year :: u

REsUl,tTS FOR x/y :::::REAL mR DIVIDED BY "ROBUSTNESS Cru:9?EruA
1 TO,eJ

11,836 (Om!) 17,~?4 O,16a l,436 0,161 1,4:lu 1),1);16 I,W

1~'()9a) 6tf3~t (3,111) tl$,::43 (I,OIS) ti,~41 (1,018) 6,318 ~ (II,ellS) ',919
(II,~~SJ i,393 (O{i211 2,41~ ..!t&.!1 1.0~ 0,010 1,03~ o,~ ~.2 M!S 0,95:';,
,\ ., "(IJ ,.) 1,$$7 (1,000) 1,$63 0.075 C),.'i61 0,lJ75 0,$1.\4 .!),!l:!! O,5l1! 0,1l5.1 041)4

ipt~

R>,37S} 3,2&\ O,Qoo O,46Z 0,019 (l,458 "~ ().~al 0.053
o
.Il,;!;?!!

(1,033) 9.3«> 0,090 0,445 .. O,Q(l9 0,4)8 -=-'\~\ .Q~'l 0.051 0,327 /?\
(11,\1'13) n,77g (I),M9) 8,754 0,!)::J3 Q.«lI O,C32 0,591 -~ S!. 0,052 0,:;&4

(O,9lI'sJ 3,039 ((),9i151 ,3,1l5~ \"\032- 0,391 0,001 0.~a4 J19l2 "!!J:l.I. 0,('52 (),~n
1,658 (1,019) l~,t~ om? (MSG 0,(l7G o,~so J!:..ll!l ~<!.$1J!' 0,0.13 O,Z41 / .
1,£03 (1,017) i.~i l/,033 tJ,31S 0,1lll2 0,363 .~I..\l .!.lci!1 (1,1)51 0,24S

r
21~ (I).'JOJj :t,tl3~, 0,001 .!1!ID.! Al2Z 0,03a 0,47~

11,:I'\) 1,100 (I),MG) ~, .{!W.Ml M41
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RESULTS F'OlR.x/y" == ~V @ 0% DISCOUNt DIVIDED BY ROBUSTNEss

CRITERIA 1 TO 6

1 .1),131 1),54] 0,131 (),54~ SQ,,(Jllll O,O1~ O,3t3

11 14,301 0,113 0,4~1 0,111 (Min ~ !1J~ 0.0it1 (l.3~()

i) ((I.OOfI) 10nli 0,001 0,445 O,OOil 0.4«> ~l Q.JJ.2 O,04a 0,293
I)

\~.Il'lZ'10 3.HZ .1 ((),G92) ~,1$2 0,0$1 (1,413 0,05.1 (1,401 (O,(M3) !:'J.:1l! .!!o.Ql:!, O,:l7l
J

u (o,?7!) 2.,S/I /~ (O,\lS4) ).S6'1 0,0$) 0,4.13 o,oSI 0,411). (0,046) !!.M2 _q,m,e O,:lll!)l.

12 , ((I,st.S) MIni! (O,StlU) 6,6tJ(i 0,05) 0,482 0,052 0,4711 .,(O,~, !2.zru .9L®i! "0,339 \:to.ltll) Ii

I;; 5,1l45 (O,m) 5,811 O,!l4il 0,$4) 0,04.1 O,SlS (O,~G6) ~ ~ 0,414

14 (0,00\1) ~,9S5 ((I,W» 3.?3B 0,&3 o;m 0,031 0,719 (U,0911 ~ .!!1lll!!I O,e14·
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16 (2,375) ~S.lni (2,293) m.211l ~ 4,:WO o,m 4,275 0.1'11 ~ 0,214 4,1145

11 ,fo'#'J) 1)3,455 (4,341) 83,2?S O,O?:l 0,0)1 o,on O,1l1iS 0,1)91 0,Q.q6 .ll~ J,.~
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I~ (1,3$6) IO.l66 (1,309) 10,70$ 0,0'/1 (),4Cp (.0,(l1l) 0,462 ~ O,S\)!» 0,044 M'T.\

c 2() (1,154) 4,n25 11,151) 4,642" Il,06tJ 0,42-1 Q,051
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1),321' O,lMO Jl"w

\\
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n (\l,~S3) 3,~{j1 (1),9.53) 3,~46 0,0<10 O,""~6 0,0$0 0,351 .!1..~ 0,:164 0,0)2 .ll.~

" 2:l (I,21Z) G,>SIG U,2().l) 6;3M 0,054 (1,369 O,O~~ O,3~ 10~1 ~ O,O,'l4 (I,~41

:!4 '.1
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Thl~nderntl~ numbers'on pages 106 and 107 are the lowest SO fig~i~tfor the E

figures closest to zero for each particular ?!foal and overall. The foUowi~ notes 'can
be made :-

(i) the Net Rlt and Net Rloz Pt criteria produce the worst SD and E results of the
'1\ . ,

ones considered. Net Rloz' Pt is slightly worse that Net Rlt.

(u) A1thoq~h the actual numbers are different, criteria 3 to 6 show simi12.:r,pattems
over time i~r ~D and.B, This is probably to be expected since all of these are

I.. "

related to profit.
o

(iii)
11

~llt-{'J-f':iead grade, howi~er,s~lds out as producing the ~owest SO for Vi
especially in years 6 and 15 ~ l7~

u

producing values for E closest to zero.
The P:q>fit/t, Cash M:'rgin and Cut-Off Head Grade criteria staild out as c, ,

I'
.' "I

17

(iv)

il'" \\

tv) Yeers 6 and 15 - 17 are the periods when (1) production starts add (2) Real
IRRaand NPV@ 0% discount first become positi\Ye, respectively.

o

G'

I '
\~ ,\

!]
D
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() 6.

Ii

M one were to compare the conventional" results for Hartley and XYZ: from a
potential investor's point of view, ~f91l\)vijng, would emergei ..

, ,'/< :';~~'~7","~""""="~"~=~=="""==':='="~"",o..==~ii'-"'o~-~,~ -- - -"

ReallRR, %, 25 yeats :
NPV, R million, 25"years,'@ Q% discount:

p ;.'c-

@ 3% discount :
,,@ 0% 'discount :" c-,

Maximum Exposure, escalated, R million:
Maximum Exposure, ba~e date, ,R million:
Payback Period, years, escalated money :CJ"

Payback Period, years, base dn"," money :

Hnttley
11,36
993
530 "
333

XYZ
o

o 6,85
o 928

363
.,139
!j05

851
If

CI595
c

518
6

(\9

Clearly, withcut ta1dng strategy or:, risk analysis" into account, the Hartley projeet
stands out as having better ~nanciiu results in all cases than XYZ. 'The difference in
production between the two, project~ i§ npt great enough for this' to 'bJalce ~llelll
uncomparable.

"

r",'
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(l.. . ... .?

Risk analysis helps to add quantitative results for the perceived uncertainties for both
,>. . ... .. .." . () .. n

projects. The following results comparison is'thus produced :-
c

RcullRR, %, 25 years
o 0

NfV, R million, 25 years, @ 0% discount

@ 3% discount

@ 5% dlscount " 191,6

Maximum J3xPo~).lte,escalated, Itmillion 639,8
- ( Maximum ~XPOl;ure,base date, R ctillion 5';3,8

Pcyback Period, yeora, osculnted money? 7,0

Payback Period, yeaTS, base date llIoniy

118,4

290,8 71,5
()

91,9 el;t
38,8 1287,3 83,2

o

sr,s 832,2 41$,6
0,8 11,3 0,6
1,1 15,'2 1.0

0\

10,4
!.)

"

This cemparison is now different from the one that the conventional results presents.
Hartley is shown to suffer more as a result of the risk qUat;lti±lcationthan XYZ does.
In fact) XYZ's expected NPV @ 0% discount is now higher than 'Hartley's and
XYZls maximum e"_Q_Qsurehas decreasedwhilst that for Hartley has increased. In
effect, the conventional results have now, been discounted for risk for both projects.
For. example, the risk discount rate for Hartley is 2;55.%, compared to XYZ's 0,55 % •

\\
.J'

However, this exercise is not meant t~!reflect a oiligent analysis of either Hartley or
any South African PGM operation, bUl ':e above results do illustrate the usefulness
of risk analysis in looking b,eyonq conventional results, especially when two potential
projects JU'e situated within different uncertainty and risk environments:

What is important is that the following are common to both projects with regard to
the robustness criteria studied i~~

(i) Net cost/; and net COSt/Ol Pt are both inefficient and inaccurate measurements
,of robustness when conducting sensitivityand risk analyses, compared to other
available criteria which produce lower values of SD and values of E closer to

D ()

Ii
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" ·",-SLf,7!Y
zero in the foregoing analysis. The reason that these are inefficient robustness
criteria is that variations in metal prices both for platinum and for other PGMs

, \.1.

and base metals. can affect these criteria without necessarily affecting

profitability. For example, a ..reduction in net costJoz Pt could also be
(/

accompanied 15y a reduction in revenue! 02 Pt. Ii

\1

(ii) Cut-off head grade is(\the most efficient of the robustness criteria, producing
'/

an average standard deviation of between 0,545 and 0,835 fur the V-factor
(:r+AZ)!Z - twhen Real lAA is divided by it and of between 0,430 and Ot514

for V when NPV @ 0% discount is divided by it.
c .

(iii) Cut-off head grade has an expected result for V of between (O~140) and
(0,046) when Real 1RR is .divided by it and of between (0,049) and 0,009

-v

(iv)

wheg Nl?V @ !)% discount i' divided by it. ~ h

Cash margin has a slightly better expected result.fer V Whell~eal IRR is

divided by it «0,066) .. (0,035» and also is relatively "accurate when

l~V'@' 0% discount is divided by it «0,035) ~ 0,071).

(v)
\\
\\

Cut-off head grade is a better robustness criterion quring the critical periods
of (1) start of production, (2) when a positive Real IRR and NPV @ 0%

discount are first made and (3) when a fresh c~Pita1prO$rfltrifue is embarked
Ij {,r

all, producing lower deviations and expected r¢sults closer to zero for V than
I.

the other criteria in the foregoing analysis.

/!

rash margin is h4ual to profit divided by revenue expressed as a percentage. Cut-off
(,

head grade is equal to 100% less this casu margin multiplied by the actual mined head

grade. It ~ru::be ~oncluded, therefore, thi;;:lmt-off ~ead irade is a more accuratf
reflection of a project's robustness when sensitivity and risk!kalyses are ron because

ii ,;

it relates both the financial and t,~chnical soundness of the !rQject in one parameter.
\\
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If' .this is the case, then presumably one eQuId taJ~~it a step further b)T~calculatihg the
s

cut-off r~ove~eAl grade and thus covering all the possible technica] variations. To do

this, one w01,11d have to let individual metal recoveries have an input variability, but
" . _. ::.:'

this is not done in the model. This variability would probably be very difficult to
. u . Ct, \)

r:,J

define.

A problem-lies in trying to determine l'YJ:u!: the cut-off head grade criterion should vary
less than the cash margin criterion when the two are so closely" related, One can (;

normally deterrnirte the one ifone knows the other. c

o \\
.~(/'"\ () \\
Th....-dnsw~r 'lies in the effect that changes in head grade have over time. Because of

_ •. , I) 0

the pipeline effect, which is built into"t!te model, a change in head I~.:ade will be"
manifest by a change in production not only in the year in which the head grade

o
o

changes but also in the subsequent year. This,.in turn, spreads the 'changed revenue
(r over those tWQ years and thus dilutes the effect on cash m~gin for Ute first year. the

()

cut-off head grade, however, is determined by mUltiplying the full head grade by a
• J) » I..

Ii fa,:tor Nlated to cash margin. o

As an example, assume that, in one particular year, head grade changes by x %.
~ • t

Furthermore, the pipeline effect is only y% f\,r that year and (1 • y) % for the
.subsequent year. The original cash margin is :~

M =: (R -:C), where R ;:: revenue and C = costs,I,

R

The new cash margin for that year \\dIl thus be :-

Ml .;-.~(R(l+xy) b C}

R(1+xy)
o

o
'.-:,-:."--."~ '~·""~·.;l<"'·,:"- '--'-"'~-~""> ,~.-_..~ ,~...r--:-:
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....Ml :::;fR(l +xy) :::Cll!
M R(l+xy) (R-C)c

~(1+x:Yl.::C
R(l +xy) ~C(l + xyj'

')

Similary, the original cut-off head grade is :-

CO ::!: C . HG, where HG is head grade

R

The new cut-off head grade will thus be :-
(i

COl :.:;:C • HG(l+x)
,_'rl

R(l~-xy) o

:. COl == C . HG(l +x)R_ t,

CO R(I +~y) C • HG
c

- (l+x)

(l-l-xy).: c

i)

C)

Let us assume that :-

I:.:.J
co} >
CO 0

l\f_'

M

Theretore :-

(l+x) >
(1+xy)

B.(l+xy) .. C

R(1+xy) - C(l +xy)

... (1+x) (R(1+xy) .. C (1+xy» > (1+xy) (R(I +xy) ..C)

...(1+x) R (1+xy) .- C (1+x) (1+xy) > C(l +xy)2 R":C (1+xy)

o



c:

/)

r: R(1+X) - C(l +j~) > R(i +xy) &: C'" rs

~'.~(1 +x-~"xy)> C(1+x...1)
...R(x-xy) > ex

t. Rx(1..y) >..Cx
';I n

... R{l-y,) :> C

... :R,(l-y) ~ C > 0

rj

\)

(1

';' .". »
which meansthatrevenue must.begreater than c9Sts by a factor of (1-y), or 100%

lj •

.less the pipeline percentag~ applicable for each year, for the effect of a variation in
head grade to be greater on cut-off pead~grade than on cash margin.

o
o

The important point here is that cui:off head grade does vary differently than cash
margin and that it varies Jess when usee!as a robustness criterion for Real IRR or
NPV @ 0% discount. During production build..up, when this-difference is markoo,

(R-C) is not large, an~ ~ay even be negative, an~thus R(l-y) - C will probably be
,. 'i'

less than zero, which, from t!te calculation Jlbove, means that the effect of a change

in head grade is greater on cash margin than on cut-off head grade", resulting in the
'distortions in SD for V produced by the c~sh ~argio criterion during the relevant
periods shown by tKis study.

I)

Costs $il'erelevant asua Jn~or barometer of robustness" It is a simple fact that low,
cost producers will survive longer than high cost producers. However) higfi revenue

;! II

producers will also survive ~onger th~ low revenue producers. The net Ci!Sstcriteria
do not jake both sides of this equation into account. The other criteria Itwofit and
margin-related) do take both sides into account, but this study shows that margin-
related criteria are more ~fficientindicators of robustness than profit criteria.

In practical applications, however, it'maY"be easier to refer to cash margin as a
robustness criterion rather ..than to calculate thib cash margin from the cut-off head"
.grade, This choice needs to be made by the person conducting the evaluation.

"
!/
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7. CONCLUSIONS

(-' '. ~ f'

)It is concluded that, since the c~sh margin criterion produces a value of E closest to
zero, it is expected to be a more accurate measure of project robustness than the other
criteria cOJ,!-sider&l.However, when running sensitivity 01' risk anatyses, cut-off head

\"\

grade will be a better.indicator qf project robustness because its SD 1s lower in the
\~, _' ;

foregoing analysis. ,.

a)

b)

CJ

c)

d)

e)

f)

g)

'.~-
(\

.Run the PGM project results conventionally, predicting Real RR, NPVs andIi .' !) II

\:~9ther financial indicators.
If these results are acceptable and could possibly fir in!9_h:llJ)brate strategic .
aims, compare ..them against alternatives available to the corporation;

Run similar conventiona; analyses for all competitors or potentiaIQcpmpetitqrs.

i~J1kthese results )1'1 descending order on the basis of cash margi~;
~I

Run sensitivity/risk.analyses for all the above PGM .producers. C' '0
(OJ -.:1

Rank them again, but this time on the basis of the expected difference between
head grade and cut-off head grade, expressed as a percentage of head grade.

The position of the project in the above rankings will determine; th~ gl'ajec';{~L~j
robustness and thus provide decision ..makers with the necessarY information

,. ;1 - ,
(~ o::;~'::

to assess the riskiness involved.

The assessment of the potential upward and downward potential, of each input
parameter tor each, producer is essential to this kind of evaluation and requires in-

depth knowledge and information:' This kind of competitiveness analysis should form

an essential part of any executive summary of a PGM project evaluation,' A brief
outline of a potential PGM project's robustness would probably be of greater value

to executive decision-makers than a miriad of financial data with no reference to
competitiveness,

:1
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8. COJMPlJfER DISK WITH MODEL
'-' r;
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