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SUMMARY
FORECASTING FTODUCTION COSTS FOR FERTILIZER PROCESSES

Production costs have to be forecast for a number of different purposes =~
budgeting, feasibility studies, process evaluations and comparisons, assessment
% of R & D projects, technical litersture. In the cases of budgeting and feasi-
{ bility studies where the oost estimstes condern specifiec plants on known sites,
% it is possible to adopt definitive costing technigues, There is, however, no
| untrormity of approach 1n prejaring more generalised produstion cost data for
' ths other purposes. It is comotimes maintsined that any eost dats, which are
§ not specific to a particular plen: on & specific site, are almost worthless.
{ Such generalised production‘cost dats wust continue to be ussd for the purposes
| mentioned; this paper therefore reviews the preparation of such data.
: Tae method used for preparing generslised produstion costs should be sush
Mmﬁuwmﬁmﬂmhﬁm%mmmmm
would caloulate in Fetrospect after the plant is in operetion,
A plant aapital cost which includes all of the elements of cost which wil)
be incurred ir building & plant and putting it into operation is constructed.
The major difficulties in preparing gemeralised production costs are shown
to 1ie in the handling of capital charges and overheads. It is these two
u!m:m which result in the greatest differences between production cest
 figures presented by different sources. In deterwining the level of npim
m- for generalised production costs, the percentage of the total naim
: Mewpwmmamemmmwammmm 11fe
et%hplmaﬁurmafWMwam W¥hen a single
produotion cost figure is quoted, itilhﬁémwmnﬁmmh
and does not make allowance rwmmxim;zm. Inflation itaelf
MMthnuﬂwm; 1f costs are being caloulated
without provision for inflation, then the rate of return should be reduced to
the level whioh would apparently be scceptadble to the investor if he did not
have to cover inflation out of his interest or dividends.
, The paper conoludes with a discussion of methods for hmdlmg m smm
problems of anlupins Countries when generalised preduetim costs are used for
such purposes as the analysis of process routes.




I. INTRODUCTION

The production cost of a process is probably the most vital piece of in-
formation about 1t. In spite of this, it is frequently difficult to compare
or recorcile with one another production cosis quoted by different suthors or
plant suppliers, One reason for this difficulty lies in the fact that pro-

- duction cost calculations often require the participation of engineers, econo-
S mists and accountants, who do not always understand each other's problems and
methods, There 18 no generall:} accepted format for precentation of production
oost ‘data.  fhe need for a standavd format is particularly pressing when
diffemt process routes to the same, or similar, products are being compared.

A second feature contributing to the diffieculty in caloulating production
i éé}ﬁ&s 18 the fsot that costs are calculated in a different way according to the
;We,rar which they are required,

It is necessary to calculete production costs for a number of different
* purposes which can be divided into two groups:

‘Prospective costs - estimated costs for some period in the future
Retrospective costs - calculated costs for a past period

Retrorpective cost3 are very much the province of the accountant who sust
~ analyse actual expenditure, changes in capital vaim; eto. Praqucﬁw oosts
~are more the field of the engineer and economist.

"ﬁfg perpezsas for which Pres‘bcetiva and - Bstmptet&u costs are lik:ly to




TABLE I
USES OF PROSPECTIVE AND RETROSPECTIVE PRODUCTION COSTS

PROSPECTIVE
1, Por assistance in pricing decisions.
2. Budgeting for the costs of future production from a plant.
3 Detailed evaluation of an Investment project.,
§,  Analysis of alternative ways of achieving the basic ab.;eative of in

Investment scheme,
- 8. Preliminary evaluation of en Investment scheme,
~ 6. Analysis of Research and Development projects.

msmatiﬁv of general mceas information in ?.E!}?m;&ﬁk };i r&ﬁm{

TIVE ,
- Budgetary oontrol - amparisan with budget.

mxﬁ oontrol - to enable profit or loss tﬁ be am
: Ei&ﬁ PEBOITOES ﬁﬁi&bh far ﬁ-imstm% ﬁiﬁeﬁé; 4%
oto. are known,




Another complication in standardising production cost calculation methods
is the range’ of size of the unit, whose costs of production we may wish to
oaloulate., This could be a singie plant unit, a group of plants representing
& processing stream or a complete fertilizer complex manufacturing a number of
fertilizer materials.

This paper is primarily concerned with Prospective estimation of producte
ion costs for individual plants., We must, however, asxamine Retrospective 7
costa first since the methods of estimating future costa must be related to the
way actual costs will be determined by the acaountant after a period of cpera~
tiaa of the plant,

' The dguihﬁ mlysis of projects in ftuﬁbility miu has been dealt
~with fully in a munber of publications, Most Pinancial Organisations have
; t&ei:- ewn specifications for studies in conneotion with Loans. In addition

' G&. +D. published a W 61' Mﬁﬁ H'éjﬁ@t mzm; in mxm
ﬁn in 1988, , s :




1I. THE RELATIONSHIP OF PROSPECTIVE TO RETROSPECTIVE cosTs

The acoountant will usually analyse the zost of brodgotion for a given
period in the past - say one year. To do this he needs to know
(a) the cost of the total rescurces used in that year in connection with
manufacture of the product concerned.
- (b) the quangity produced in the year.
The cost of rescurces used would be the sum of the follcwing component

oosty listed in Teble I1 (some of which may be, wwlitd from other pz.an%s ex; .
the Saie ‘1'&.}* -




A,
B.

F.
a.

W

TABLE IT ’
ELEMENTS OF PRODUCTION COST (RETROSPECTIVE)

Taw materials processed.
Process labour and supervision (including direot payroll overheads,
and expenses),
cgtalyats, chemicals, ete. consumed.
Maintenance costs (equipment, materials, labour, emu}
Purchased utilities
Power
Water
Gas, eto.
Insuransce,
Apportioned overhead costs (administrative, site ealu, ulim,

: distribution costa). ’ : Grgar
Depreciation (the estimatec reduction in value e% the m aﬁé

equipment used during the year).
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The total of these clenents ie the produciion eost for that year. If it
is divided by the number of units produced, then the unit cost 18 obiained.

It will be noted that ".uterest" or "return .n cunltel" is not shown in the
costs, When the accountont is dealine witi t'e total production costs of &
fertilizer complex, thrv he may subtract these ccsts from the sales reverue
(aesuming no change ! stocks of product’ .nd hencc obtaln thc gross profit for
the year. This gross -ofit may then he allne-ted by tha company management
for interest, dividerd-, taxe:, otu., 4nd the residue retained.

If the accountunt 1s calculating produeticn costs for a 1 nzie plant unit
then he may allocate o ;:robm"tmn of the total mterest, dividendeg, teaxes, ete,
for the gomplex to ea:!. luu: ~idugl plant as a :part of “he adrinistrative overe
heads (G).

It will be clear that Retrospective produetion costs fo- s plant or for a
fertilizer complex will vary from year to year over the life of the plant.

When calculating Prospective costs and building up a single figure to mprumt‘
the production cost, we must meke, this a realistic representation of the set 'af
annual costs which the accountant will subsequently caloulate for the plant
year by year after ;*; has been built.

The slements of Produotion costs in Table IT can now be examined in ree
lation to the list of uses of Prospective preduction costs given in Tablz T,

It will then be ¢lear which elements will present diffioulties when the coete
are to be used for tne specifie purposes listed. Apart from the problems of
forecasting future costs and allowing for inflation (discussed in Section IV),
there will usually be no difficulty in dealing with items A to F. PMurthemmore,
for budgeting or prieing purposes when a plant is already operating or about to
start up, the anticipated overhead costs (G) will Le known and a good estimate
of the annual depreciation (H) of en established capital value will be pcssible,

In the case of a detailed project evaluation (item 3 of Table Y), 1t should
also be posaible to make realistic estimates of overheads and depreciation.

The latter may not be rwquir&d since it is more usual io estimate the year-by-
year cash flows generated by the project and derive the return on it or the
Net Present Worth by the discounted cash flow wathod.

Thus the handling of overhead costs (G), depreciation (M} and return on
investment only -presents difficulties when dealing with Prospective production
costs in a more general way (items 4 to 7 of Table I). It would per*icularly
be of value to the reader of technical literature if a uniform approach were
adopted ‘for production cost data presented.




Following this discussign of the relationship between Prospective and
Retrospcotive costs, the next step 1s to examine how the problem areas (0 and H)
oan be handlod in preparing generalised production cost data,
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III. CAPITAL COST

Depreciation and return on investnunt are items which are related to the
capital oost of the plant. The construction of cepital cost estimates, which
are suitable for use in the caloulation of Prospective production costs, is
examined in this section. ' :

~ The basic elemente of the capital cost of a plant are shown 4n Table IIX.




TABLE III
ELEMENTS3 OF PLANT CAPITAL COST

Equipment
Bulk materials
Construction costs

Labour, supervision and local expenses
Const.ruction tools, equipment, materials
Cival works, provision of site services, eto.
Freight, inesuranve and duties (if any)
Bng.aeering (design, project management and ¢
icence fees
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The sum of these would give the baslic cost of designing, purchasing and
erecting the plant if the Job were carried out by the owner (an established
organisation). There are, however, a nurmicr of othie items which must be
taken into account when calculating the fuill investrznt cost involved in
building the plant and ~:stablishing it in nermal cperation,

Contractor's Costs: If a contractor is used %o build the plant on a fixed

cost basis then his econtingeney and profit margin must be added. Contingeney
will depend on the length of time for the project and the risks involved in the
country wherg the plant is to be built, Alsc the compeny v, .ng the plant
will have to adll to thc contractor's price its own costg for personnel over-
seeing the project. The overall cost should ‘still be lower if an experi&ncéd
contractor is selected since the contractor will be able to achieve lower costs
for the items listed in Table III.

Commissioning Costs: There are a number of expenses under this heading:

Contractor's commissioning charges (if applic;;hle).

.

Costs of training operating personnel.
Excess production costs {raw materials, labour, ets.) during initial
start-up period.

Capital Charges durirg Construction and Commissioning Period: There is no
depreciation charge during this period but a charge should bc made for the
"idle" cepital during this period, If the plant is being constructed through
a loan, then interest should be oharged on the amount disbursed st the rate
provided for under the terms of the loan.

Eacslation: During the construction period inflution will inorease the
costs of materisls and labour used in the later stages of construotion. 1If a
contraotor carries cut the project, then his fixed price will inelude provision
for such cost increases, ‘The problem of allowing for inflation during the
full 1life of the plant will be discussed in greater depth later in this paper.

Pinsnoing Charges: If the plant is to be purchased by means of & loan
then there will be payable certain charges, commissions and insurance premiuns.
Theseo depend to a considerable degres on the source of the lozn, its period, ete,

Consultancy Fees: The owner of the plant may employ consultanis %o pre-
pare enquiry documents, adviu on design and supervise the work ¢f the contras-
tor appointed to build the plant. Thess costs would largely replace similar
expenses in the owner's organisation, .

Working Capital: Most plants require stocks of basic raw materials and/or

products’ for satisfactory operation, The cost of these represents an initial




S ete e e e,
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expense which will be recovered when +he plant shuts down. The return on this
capital is a cost of production in the plant, but depreciation does not have to
be provided on it. If a deteiled analysis of a 2o iplete complex is being pre-
pared, then an accurate estimate of working capital can be made and return on
this can be handled as a separate ltem of the capital charges. If not, an
allowance should be mede equivalent to a part of the working ceplial - thus re-
flecting the faot that depreciation does not need o be charged on working
capital. ' (The working capital irvolved in financing credit for custor.rs and
other finanecial purposes is not considered as a procuction cost,)

Land: This should be treated in the same way as wdrkins cepital, It
does not depreciate but provision for return on the cost of it should be in-
eluded in prospective production costs. Price of land varies considerably
from site to site. Again in a detailed anelysis, an acourate estimate of land
oost at a specific location cen be ineluded. For generalised costing purposes,
an allowance wust be made reflecting the fact that therc iz no depreciation
 element.

L The @Iieability of the charges itemised above ir very mich dependent on
the way in which tﬁg work of constructing the plant is organised and financed,
~Certain items will alvays apply and, if the capital cost of the plant used for
prospective oosting is to be comparable to actual cost incurred in building and
mnisgﬁas the plant, then an appropriste inerement must be added to the
_total of the elements listed in Table III. Typical percentage figures for

the additional costs are given in Table IV, '
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TABLE IV
TOTAL PROJECT CAPITAL COST

Basic Plant Cost (items listed in Table III) 100
Contractor's Margin and Contingency 5t 10
Consultancy, Training and Start-up Costs 10 t0 18
Interest on Capital during Construction 12

Escalation

Flnancing Ch .ges
Allowance for Cost of Working mm
Allowance for Land




It is therefore pronosed that in determining the capital cost of the plant
for the purpose of celeul siing proguoctive ¢ oduetion costs, 50% 1s added to
the basic cout of items listed in T.bhle TII. Thic percentage cannot fit all
for example it is rather high foo he simple case of the con-

struction of a single nes rlant in the U.X, 14 e 14 cisn be 1w for & com=
& I

plete fertilizer complex ot +r4 Gouth Pole +  Iv 17, however, generally a

~ore appropriate tetal capital cost

cases perfeclly;

realistic figure and ts .o€ pivag a mash 1
g only the sum of the
1% the provision for additioral costs

than is obtained Ly uri: ~lements listed in Table I1I.

The items in Table TII togrther Wi
1isted in Table IV give - rerlistic sstimate of the capital cost iavolved in
building a plant and patting it inno operation.
1 ~harres which 1s developed in the next

This capital cort can be used

with the figure for anrual capita

seotion.

If a single plant unit is being aoneiders-d,
of sueh utilities as power, ga.. steam, feed water,
In estimating a unit cost for
gsost of the

then the production cosis will

. include ti costs scoling

water, etc., as are consumed in the process.

these utilities, the necessary capital ehargés on the capital

utility plants will be included. Tn iue gase of gensralised costs vhere no

ble range of variation of utilities' costs is large.

gite 15 specified the possid
Typlcal figures are quoted in Section VI The life of utility plants is often

longer than that of process plant units and t
pondingly lower. If costs are being estimated for a complete site, in which
the cepltal cost of the utilities units has been included in the total capital
then the costs of utllities consumed wil! not be included in the proe
the costs of operating the utilities plants will be included

e depreciation on them is corves-

cost,
duotion costs;
within a production cost for the whole complex,
Another point concerning the galeulation ©
fertilizer complex is the question of whether ov not the return and depreci-
ation on the capital cost of social facilities such as a housing colony should
be inoluded in the estimate of prospective production costs. These charges
pmould certainly be included in feasibility study of a specific projeet, but
they are diffioult to handle in calculation of generalised production costs of
the type being discussed ‘n this paper., This 13 because the oxtent of such
facilities varies greatly from site to site and their life is usually much |
longer than that of the process plant units, Also, the operatiig staff may be
required to pay rentals for housing in the colony. It is better that these
{tems are excluded and the costs of them regarded as a part of the overheads

£ rroduction costy for a comp! ete

(item G of Table 11) - if no rentals are charged.
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IV, THE TREATMENT OF CAPITAL CHARGES IN PRODUCTION COSTS

We have been considering the build up of production cost data for general
B purposes such as technical literature, promotional data and general process and
§ process route comparisons. In Section II, the relationship of these costs to
retrospective production costs, which would be calculated by an accountant
1 after plant start-up, was examined, It was shown that only the elements of
2 production cost ooncerned with overhead costs and capital charges present
difficulty. In Section III, we developrd a capital cost designed to include
§ allowance for all of the normal charges incurred in building a plant and pute
ting it into operation.

The next step 1s to specify the basis for charging the ocst of capital into
| the prospeotive production cost. This is a subject already discussed by the
§ author in & paper to The Fertilizer Scolety last year (proceedings No. 11%), °
Vnnmeanmtoemmmmmnmm:smum
cepital cost which kccurately represents the financisl charges (interest, taxes,
§ depreciaticn, retention, eto.) which would be incurred by the plant over its
B working life. The problem is to inolude in a single production cost figure,
¥ financial charges which are equivalent to the set of charges allocated retro-
spectively each y:ar in the life of the plant. REach ysar this retrospective
charge is likely to be a different sum.

Why do the costs of capital change during the life of the plant ¢

Pirstly, the astual depreciation charged against theplent msy vary. More
ususlly a plant is depreciated linearly giving & fixed yearly depreciation
charge. Secondly, aﬂup&ﬁmmwmwﬁ%&w
duoed capital value decreases. The financiel charges in the generalised pro-
mzmmmhmmammﬁummm(am
'mmmm)ﬁaen, irtthﬁ-Maehm. will allow the
capital sum to De amortised over the sssumed 1ife of the plant. Next the
level st which we will charge “return on capital” must be speoified. This is
probably the single point which omises mat.m variability in pm&uctim cost
data. It immediately raises two important and related points - inflation and
the "true” cost of capital in a fertilise - manufscturing enterprise.

Inflation is not a cost of capital. It causes production costs to rise
but equally selling prices are inoreased to cover the increased costs. The
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investor, however, can only retzin the value of his capital against inflaticn
by allocating a proportion of wie interest he recelives to cover the inflation.
When prospective productiorn Josls are gucted for a2 plent, they refer to current
cost conditionzs and therafore the elemont of Intersst or retirn on capital
which covers the irnvestor arainst inflation should not be included in the pro-
duction coests, It wi!l cerizinly have to be provides after ithe plant has
started up but, like other inflatior~related cost [ncreases, it will be covered
by increases in selling prices,

There 1s another way of Justifying the exelusion of ihe iInflation element
of return on capital when dealing with production costs related to present day
prices, The effect of inflatlion during the 1life of the plant is to allow the
operating company (the borrower) to repay the lender with money heving a lower
purchasing powery for this privilege he peys the lender a rate of interest
which is more than suffi®ient to keep the pumﬁasing power of the lender's
oapital sum intact.  When non-inflation conditions are being ucnsidered, the.
operating company repays the lender with money having the same purchasing power
and it is unnecessary to pay the extra interest needed to keep the purchasing
p@ﬁ!‘ of the lender's capital intact.

A further difficulty in providing a percentege rate for return on capital
is that interest rates, rates of inflation and taxaticn all vary coasiderably
from country to country. It is possible, however, to make realist!c assurptions
and build up 2 realistic percentage iiisam to charge for return on investment in
the prospective production costs,

Por major fertllizer projects it will usually be possible to obtain loan
~ and/or equity finance at interest rates of about 8%. In fact dividends on

oquity in the U.K. fertilizer industry st present arc nearer to 5%, provided the
‘oonpany ooncerned has a good growth record.  Allowing for the fact that the
equity holder benefits from the growth of the company, these rates of 5% and 5%
7 - couparable. Pigure 1 outlines how & 15% return on capitel might tmm:ty :
be allocated, The equity holder can reasonably hope to do better than 3%
eapital growth after Gains Tax, and this Justifies his risk factor. If *,bi L 4
inflation element is removed, the company, the equity-holder and the lender osn
make the same income or eomewhat better from a gross return on capital reduced
to about 12%.

~ With 12§ return on capital and the same 7% retention -(before tax), refer-

ence to Pigure 1 will show that the equity investor's position will improve
somewhat more than that of the loan investor. The fect is, of course, that the




dividend and interest rate financial structure would graduaily adept itself to
the new situation if inflation were stopped.

Thus the project can pay Company Tax, provide ror cash retained and meet
equity-holders and lender's requirements of irtcrest (less inflation element)
from a return on capitul in the project of abcut ifZ. The Inflation element
for investors like inflatlion on raw materials,' labocr, ete. will be met from
g the inflaticn in sales ravemies.

3 The return on capital to provide for interest, dividenas, taxes and re-

j tentions (exocluding inflation element) has been defined as 128, In Table IT
€ in Section II, these elements were included as part of the "overheads" (Item G).
Now return on capital must be combined with the depreciation element in a pere
centage figure for the capital charges, which amortizes the plant over its

% 1ife. Many fertilizer plants operate for more than 20 yesrs, but a typical
operating life of plant (perhaps somewhat on the pessimistic side) is required.
Taking a figure of 12 years and 12% return on capital, the capital charges
element of production cost comes to 16% per annum of the installed capital cost

ocaloulated in Seotion ITT.  Figures for other plant life and return figures
sre given in Tadble V. '
; This percentage figure for capital charges does not include any margin to
l sllow for "risk" or uncertainty in achieving the estimated capital cost or fore-
I cast raw materials, labour costs, eto. It is applied, however, to a compleste
§ figure for the capital cost of the installe¢ and operating plant., Any neces-
| sary risk analysis can be curried out in the normal way by applying probabillty
B aistributions to the values of varisbles in which there is uncertainty; this
is a more appropriate technique than the simple expedient of a mark-up on the
return-on-capital called for from the project.
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FIGURE 1

APPROXIMATE DISPOSITION OF GROSS RETURN

-7% retained in the business
(4% after Company Tax)

[ "Gross Interes




TABLE V
CAPITAL CHARGES FOR GENERAL PRODUCTION COSTS (% OF CAPITAL COST)
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V. OVERHEADS

We have already included in the Capital Charges certain financial costs
(tax, dividends, interest) which the accountant would allocate as overheads
when calculating production costs retrospectively., The rema.ming overheads

which would be allocated to a plant production cost are:
Administrative costs - manuigement costs, -communications, expenses,

depreciation on adm}nistrative offices, buildings and

equipment, etc. ,
Selling expenses - sales staff, advertising, gaglitg econtrol, ete.
pistribution and transport costs. ' '
Comnon site costs - local taxes, road and rail mailntenance, ete.,
The levels of these costs can and do vary very widely from plant to P‘}sﬁ%y
,:ite to site and from one company to enoiher. Also the way in which the eait
‘&mm allcveataa these costs retrospectively between plants and preéﬁ&ts 1& :
_warisble., In some cases certain overheeds would be allooated only to pf:rtia
‘eular plants - e.g. selling expenses may be allocated solely to plants making
" the end-products not to intermediate plants. The most realistic method of
dealing with overheads is probably to relatd them to plant "processing" cost -
1.e. all costs excluding raw msterisls. The processing is the business |
iﬂtﬁty of the plant and it 1s to this business sctivity that overheads rslate.
mﬂ'; figure af 108 of the production costs, mlw&im rou m%crigu, 3.; pre»
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VI. PROSPECTIVE PRODUCTION COSTS

The previous sections of this paper have been concerned with the develop-
ment of a basis for calculating production costs ror such general purposes as
technical and promotional literature, compariscns of process routes and assess-
ment of R & D projects. It was pointed out earlier that more detalled analyses
of projects must inolude data specific to the site, fertilizer producing organi-
sation and country emeermd. The basis for generalised costing developed in
the previous seotions can be applied to a single plant, a processing train or to
a complete complex. Figure 2 shows & urea plant disgremmatically, The dotted
lines lettered A, B, C encircle sections for which prospsctive produstion costs

’ metoéu a:tlima in Sa'eim m, m: 1: m a;m vmac;ew,
mwwmemmmm&mwuamm;
Dcsloping Country. The amounts sdded to the basie plant cost - -~ ;6 million
and 1.3 nillicn ~ are glose in tota) to the 50f markeup proposed in Seotion IIT.
mpord duties, residential building and staff fastlitien have been exoluded.
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TABLE VI
CAPITAL COST FOR 1000 MIPD UREA PROJECT IN DEVELOPING COUNTRY

13.2

Equipment, Bulk items

Construction
Civil works, site facilities 9.5

Labour, supervision, local expenses 2.2

Tools, equipment, materials 1.0
Preight, Insurance 2.2
Engineering, Licence fees 3.9
Basto ost of erected plant S e e
mw, u-ﬁm and mw m Ny
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TABLE VII
PRODUCTION COSTS FOR 1000 MTPD UREA COMPLEX /!
Unit Cost  Annual Cost
S Y g Million

Natural Gas 0.21 x 109> g 10/10000> 2.10
Utilities

power 67 x 105 kwn . B 0.010/Xwh 0.67

Raw Water - 3,5 x 1053 $ 0.02/m? 0.07
Catalysts and Chemicals, materisls EE 1.60
Maintenance Costs (4% of Capital # 50,9m) 2.04
Insurance (0.% of Capital ¥ 50.9m) PRk G 0,15
Labour | ot 0.50
Capital Charges (16% of Capital ¥ s0.0m) L B35 -
ma (m of eetts exoluding m Materials - 1.%




!
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If we now consider a single plant in such a complex (case C) or the pro-
cessing stream (case B), then values are needed for iie unit costs of utilities.
In the situation where a flowshcut for the complex incorporating the single
plant has been prepared and the capital.cosis for the utility plants have been
estimated, then unit costs for the utilities can be calculated; this is done
using the procedure for capital charges and overheads which has been ocutlined
in previous sections. iore usually, when production costs for a single plant
are being presented, data for each utility plant are not prepared in detall;
in this case typical unit costs for utilities are assumed. Utility unit costs,
which depend on the costs of fuel, power, raw water, etc. vary from one loca-
tion to ancther. When a new plant is being considered on an existing site,
the oosts of utilities can depend on the precise energy balance for other
plants already in operation. Any set of velues for utility unit costz can be
subject to argument. If generalised cost data are to be presented, however,
then a set of typilcal unit costs must be seleoted. Such & set is proposed in
Table VIII. Use of these utility cost Sigures for presentation of prospective
production costs would lesd to grester uniformity and comparebility of cost




TABLE VIII , i
TYPICAL UTILITY COSTS FOR USE IN FRODUCTION COSTS :

Unit Cost

Electric Power XWh 0.10
Naturel Oss * (1000 Btu/sef) 1000 w2 ' 10,00
Water '

Process water (potablu)

Boiler feed water L

Ciroulated cooling water ===
Stean h.p..

. L.p.

Utility Unit Proposed

0.02

0.05

E3LLLLL
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VII. PROSPRCTIVE PRODUCTION COST3 FOR DEVELOPING COUNTRTES

So far in this paper, the analysis of prospeciive production costs has Leen
equally applicable to Developing and Developed Countries, The particular pro-
blem, which needs to be considered in the cage of Develuping Countries whose
ourrency 1s not freely convertible, is the influence the proje:t will have on
the country's balance of payments. 1In a Developing Country, a significent pro-
portion of the cost of a project will have to be paid in convertible currency,
since specialised equipment, engineering urvieea and teohnologv will be importe
ed., The cost of these imports is usually covared by long-term finaneing,
Projects are therefore required to cover the payment of interest and capital on
such financing in convertible currency by either import replacement or axports
from the plant. Continuing imports of raw materials, chemioals, spares, eto.
ust also be similarly covered.

When a detatled tuaxbnity study for a fertilirer project in a Developing
Country is being oarried out, the project mz be analysed financially at thrae
dtstmet levels,

Commercial Vimntgs This is the mml assessment of return in loa;}.
currency for the project and is based on the year-by-year c2sh flowe during the
assumed 1ife of the plant, ’

ot of Payments: 1In a feasibility study it u not diffioult
%mmmaremulmW:wempﬁmﬁmwmwmm
in eonvertible currenoy. On the benefit side it is usual to assume that the
foreign currency savings of the project arecthe full foreign exchange cost (o & £)
dmmamgnnrmwwmtmmmﬁum 1t i :

rtnamrnmem.zrmtgmummmmmammm ,
~ Sideration, it would be imported. (Tnis is not always a realistic assumption.

mmﬂmemammmmsm;mrerm me&‘ we
the convertible currency élements of capital &nd operating costs.) Onoe annual
cash flows have been subdivided into local ourrency and convertible ocurreucy :
elements and the net saving in convertible currency payments has been estimated,
the local currency cost of saving each § can be assessed. This cost 13 then
compared uith the figures for other projects and with the m acccpzable fui
the éountry ooncerned. - ' .
Iﬂt on Internal Economy: The local currency element of the project




must be financed and the project will pay a returu on this local capital. A

second benefit to the Internal Economy will be the reveriue payable to the

Goverranent in the form of duties and taxes (on impcrhed equipment, possibly on

local resources used and also on profits made by the projsct and salaries paid

to the workers).
Although it 1s possible tc aralyse each of these aspecis when undartaking

a feasibility study, it is not possible to develop a general prospective pro-

duction cost which takes into account the balance of payments aspect of a pro-
Joct. when considering & particular Developing Country, however, it is feasible
"hypothetical” praduction cost using & Shadow Rate of Exchangé and

t imported fertilizer also converted

to develop a
gompare this cost with the cost of esguivilent
to local currency at the Shadow Rate, The Shadow Rate used would be the local

currency cost of saving convertible currency which is acceptable to that
Developing Country. The hypothetical production cost {8 calculated by sub-
dividing the capital cost (Table VI) and the production cost (Table VII) into
local and convertible currency elements. The convertible element is then chang-
!ﬁ;iﬂ*ﬁ local currency at the Shadow Rate ard added to the local element.  (The
lmi element should not normally include taxes, duties, etc., which are payable

to tha'ﬂevernment concerned).
' ~ If the example in Section VI 1s used, ‘we can consider a fictitious country

whose rate of exchange 1s 14 = 10 fs m& for which the shadow rate is 15 fs to
the . Por such a project the eapital cost would be W@ximtely 0% convers

tﬁh wy and 40% local currency.
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TABLE IX

HYPOTHETICAL PRODUCTION COST OF UREA IN A DEVELOPING COUNTRY

Capltal Cost

Annual Production

———

Natural Gus

.. Power
 Raw water
Catalysts,
Chemicals
 Maintenance

Poreten (M)

apital (16%)

Overheads :
(assumed 1ocal)

Looal
Currency
I8 Million

Convertible
Curreneoy
~# Million

21,0
6.7

| rltﬁ e
26

V; 13:2 -

"8 Million
204

& Converted at
Shadow Rate
(1 = 15 r8)

~ir Milion

2 ¥Million

0.5

Hypothetical
Production
Cost

fa tillgen

2.0
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This hypothetical cost can be compared with the cost of imported urea
(¢c & £). In this example, provided that imported urea costs more than
619/15 = % 41,3/MT, then the project is acceptable; *.e, the cost of saving
each % is less thau 15 fn. :

It is a fact that fertilizer projects in Developing Countries result fre-
quently in inoreased local usage rather than import substitution; furthermore,
much imported fertilizer is obtained under long term credit or aid arrangements,
In these circumstances the justifivation of projects on the grounds of balance
of payments benefits is difficult to sustain, It is important to consider
therefore what additional higher value products could be made in association
‘with fertilizer projects in Developing Countries so that exportes of these pro-
ducts at prices based on marginal or subsidised costing would compensate for the
outfliow of convertible currency attributable to the eroject,  Such arrangements

,w by«product have not’ proved populer in Developing Countries,

é-a present commercial problems and this may explain why plants with this type of




1,
2.
3

'8, For the gost of overheads, add 108 of the prodms;m conts (t:tam&ag rew

'ﬁ“amsmmcﬂm&mﬂma for a developing ccuntyy,

VIII. REVIEW OF ESTIMATING TECHNIQUES FOR PRODUCTION COSTS

Estimate basic capitel cost of plant.

Mark up by 50% to obtain investment for installed and operating plant,

Bstinate production costs using 166 of investment figure for anm.l capital
charges. o

If the costs of utilities are not being calculated for utility plants asee-
ciated with the plant under conaideration, use the typical figures in
- Table VIII.

materials).

 oaloulste "hypothetical” produstion cost by sdding local costs of pro-
: mmwm&mmmmamamaﬁ» i

Shadow Rate, Compare the "hypothetical" cost with the cost of miw
lent imports (also oonverted to local oost at the Shadow Rate), 1If
the import cost is higher then the project is acceptable on this basis
of assessment.
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asibility studics, process evaluntions and comparisons, asseesacnt of 3 & D projoots
teechnienl litur-ture. In the erases of buﬂgutﬁﬂg and feazibility studies where the cost
28tinntos concern specifie plants on knowm sites, it is pesiblc to adopt delinite cost-

ing tuchniquos, Thure is, howuver, ne wniforaity of appronch in prupairing nore gencrale

izod production ocgt dnty Tor the ther purposes. 1t is souetiies o sintained thet any
cost datn, which rre not gpeeific tc a narticular plant on n speeific site, are almost
worthless, “uch goneraliscd production cosy deta muet eontinue %6 bo used for the ;zur-u L
LHABOE maﬁtéﬁaed; thiz paper thersfore rovicws ths propovation of suoch date, %
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The nethod wsed for prosaring poncralised production costs should be sueh that ﬁiu

datn produced arc closelr rolrted to the costs which t‘z» soccountant vzauld aaletﬂ&ta ia
Poirespoet after the plont is in operaticn, '

L plant enpital cast, vhich ineludés 21l of the oloments »f ocost which will be

inourred in building n wlant nnd putting it intc operation, is construcied,

The majer difficultios in preonring genernlisod oroduction costs are shown to lie in
the handling of cnpitnl eharges ~nd e;s—vcsrheads. It is those twe cluwonts uvhish result in

the grentust difforencus bitweon oraduction cost figurcs nresentad by difforent sourcos,
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In detcrmining tho lovel of capital cherges for generalised production costs, the por-
centage of the totnl copital cost chorged per annun must cnable the plant cost tc be
amortizod over the 1ifu of thoe pladt 2t the rate of roturn denmnded for the projcct.
Yhen a single production cost figure 1s quoted, it is based on curruont cost and wage
lovels nnd dous not make allowance for the effuets +f inflation. Inflation itself
should not bo regarded 33 a capital charge; 1f coste arc being calculated without
provision for inflation, then the rate of roturn should be reduced io the level which
would apparently be ncceptable to the inyestor if he did nct have to eover inflation

out of his intorest or dividonds,

The paper concludcs with n discussion of molhods for handling the special prob-
“lems of Developing Countrics when gonoralised production costs arc uged for such pur-

~ poscs as the annlysis of alternative process routes,









