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The influence of technology on joint product manufacturing has
been not only to render it possible in many cases, but econo-

mically feasible as well.

THE PROFIT INCENTIVE 1IN A
MARKET ECONOMY

The profit motive has, in many instances, prompted fruitful
research intoc joint product development. In the market
economies of the "free world,' the profit incentive under
competitive conditions results in a drive for efficiency and
productivity. (Vide G.N. HALM, "Economic systems,”" Holt,
Rinehart and Watson Inc., New York, 1964, pp. 64, 65).

Where jointly produced products are involved, productivity and
efficiency are associated with the ecoromic exploitation of
each and every prcduct resulting from a set of raw materials.
Profit-motivated research has led to the development of waste
and by-products toc the stage where they are classed as joint

products by virtue of their contribution to total revenue.

In secondary industries, the drive for profitability has resulted
in a search for cheaper substitute materials. The effect of this
may be an increase in the demand for the by-products of a primary
industry. The classic example of this effect is the phenomenal
increase in the use of plastics and polymers in recent years.
This has resulted in the large-scale develcpment of petrcleum
products such i ethylene and propylene. (Vide R.B. STOBAUGH,
op. cit., Vol. II, pp. 49, 110).

THE AVAILABILITY OF CAPITAL

Mechanisaticn and sophisticated producticn processes have





































































































































































































































































This wax is known in the industry as "slack-wax" and 18 sold as a
heavy fuel oil constituent or as cracker feedstock. The slack wax
is treated as a by-product for costing purposes and revenue result-
ing from the sale thereof is subtracted from the total joint cost.

The joint products are known as:

(a) Light/medium, medium viscosity index (paraffinic) oils
(L/med. MVIP);

(b) Light/medium, high viscosity index oils (L/med. HVI);

(c) Heavy, medium viscosity index (paraffinic) oils
(Heavy MVIP);

(d) Heavy, high viscosity index oils (Heavy HVI).

Raw material costs amount to R3,000 under design load conditions of

100,000 1. throughput per accounting period.

See A,30, TABLE V.6

4.3

In this process the realisable value of the four joint products at
separation is roughly proportional to weight. Differences in price
of the final products being related to the value of various inhibi-

tors added at a later stage.
ADVANTAGES
(a) The procedure whereby joint costs are allocated to each product

according to the number of associated base units may be useful

where product prices tend to be based on the same unit,




























































J.C. LESSING, (op. cit., 1967, p.225) points out that:

"Die hele doel van die kosprysberekening
is immers om realistiese verkoopspryse
te bepaal."”

With few exceptions, allocated joint costs are unsuitable for pricing pur-
poses. It is consequently necessary to examine the objectives of costing

before developing procedures for a joint product costing system.

2.1 WHY A BUSINESS NEEDS A COSTING SYSTEM

Any costing system is in effect a source of managerial information.
The effectiveness of such a system lies in the extent to which it
facilitates the maximisation of returns. J,C.M. VAN NIEKERK (op.
cit., p.12) lists the following reasons why a business needs a

costing system:

"Bepaling van die koste van produksie;

toepassing van kostebeheer;

bepaling van die verkoopprys, waar
konkurrensie dit toelaat;

'n doeltreffende stelsel van koste-
berekening vergemaklik die voorbe-

reiding van rapporte vir bestuurs-

besluite."

J.J.W. NEUNER and S. FRUMER (op. cit., p.7) list virtually the

same reasons, these being:

{ ‘mination of various costs for :counting and record

purposes;

(b) analysis and classification of total and unit costs with

a view to reducing them;









2.3 CONCLUSIONS

In view of the arbitrary nature thereof, the determination of the
"cost prices" of individual products for record-keeping and pricing
purposes can not be considered among the primary objectives of the
joint product costing system. This leaves the provision of control
and production decision-making information as the main objectives

in the majority of cases.

The most effective overall joint product cost-
ing system is that which provides the best in-
formation for control and production decision-
making purposes, under the particular circum-

stances involved.

The remainder of this chapter is devoted to the principles and proce-

dures involved in the development of such a system.
3 THE ESSENTIALS OF PROCESS COSTING
3.1 COMPATIBLE PRODUCTION STRUCTURE
Proper classification of the technological structure of the enter-
prise is essential to the meaningful particularization of costs in
a costing system. A.J.E. SORGDRAGER (op. cit., 1964, p.71) lists
the following manufacturing characteristics compatible with process

costing procedures:

(a) 1large volume of business and standardisation of products.

(Norm and standard costing can easily be introduced);

(b) special purpose equipment;

(¢) production for stock.

Process costing is best suited to this type of production structure,

particularly where continuous processes are involved. (Vide



3.2

G.R. CROWNINGSHIELD, "Cost accounting principles and manager’
application," Houghton Mifflin Co., Boston, 1962, p.53).

DOCUMENTED PROCESS COSTING PROCEDURES

Process costing involves the accumulation of costs for all units of
production operated on in the various departments of the manufactu-
ring system over a given period of time. The methods and procedures
for single-line products are well documented in the Anglo-Saxon
literature. (Vide R.I. DICKEY, op. cit., Section 12). The majo-
rity of these conform to the procedures described., (Vide J.G.
BLOCKER and W.K. WELTMgﬁ, "Cost accounting," McGraw-Hill Co.,, New
York, 1954, p.227 et seq.).

(a) Costs, both direct and indirect, are accumulated in cost
accounts during the period and are reclassified by depart-

ments or processes at the end of the period.

(b) Production, in terms of quantities such as units, tons,
gallons, etc., is recorded by processes daily or weekly,
and is summarised in departmental reports at the end of

the period.

(c) The total cost of each process is divided by the total
production for the process to obtain an average cost per

unit for the period.

(d) When products remain in process at the end of the period,
production and inventories are computed in terms of com-
pleted products, the stage of completion usually being
estimated and the indentity of each lot or batch being

ignored.

(e) 1If units are lost or spoiled in a department, the loss is

borne by the units completed and remaining within the














































































operating similar processes can be expected to vary inversely
as the capital investment required. In view of the capital
intensity and giant size of many of today's multi-product
manufacturing processes, entrepreneurs are unlikely to enter
the market unless a reasonable share thereof for the majority
of the products is assured. Depending on the number of pro-
ducts produced in the joint process, however, the chances of
capturing a proportional share of the market for all products
is remote. A certain amount of "cut-throat" competition be-

tween particular joint products can thus be expected.

2.3 THE QUALITATIVE PRODUCT MIX

A further consideration with respect to the optimisation of price
decision-making is the large amount of detailed market information
required in cases where the quantitative product mix is flexible.
It may be that further work-up, or lack thereof, places the product
in an entirely different market. Ruling prices and the elasticity
of demand in both markets must therefore be considered before an
optimum price decision can be taken. Where a large number of pro-
ducts and alternative final forms in which they may be sold are in-

volved, a considerable quantity of information is required.

The not uncommon belief that "all the market can bear“spricing is
synonymous with income optimisation under given circumstances can
be faulted on various grounds as a long term policy, Where joint
production is involved it does not even hold over the short term
unless the demand characteristics for alternative derivatives, inter-

mediates, and product blends are takep into account,

PRICING PROCEDURES FOR JOINT PRODUCTS

In the case of single-line products; whera sound cost particularization
principles are put into practice, the resultant cost price is of consider-
able importance to effective product pricing. Replacement value con-

siderations and clear distinction between cost and waste, tend to relate

























































(b)

(e)

(Issued by the Department of Statistics, Pretoria).
This publication lists statistics relating to a numbe:
of industrial, economic and demographic factors which
may be related to joint product demands and resource
supplies. Certain statistics, such as those on total
population, are projected for periods of up to 10 yeax
ahead., The Department of Statistics also issues a
quarterly bulletin of statistics as well as a monthly

news release entitled "Short-term economic indicators.

"Monthly abstract of trade statistics," igsued - the

Department of Customs and Excise, Pretoria.

This publication is of particular importance to the
manufacturer who produces products which compete with,
or replace, imports. It is also relevant in cases
where raw materials are imported. The publication is
criticised on the grounds that certain import figures
are lumped together under a common heading. The fault
probably lies outside the Department, however, and wit
the importer or agent who does not specify the consigr

ment sufficiently accurately.
BER Publications.,

The Bureau for Economic Research attached to the Unive
gity of Stellenbosch compiles and publishes a quarter]
"Opinion survey" and annual "One-year and medium-term

forecasts."

The opinion surveys are conducted by
means of mailed questionnaires to some 2,000 collabo-
rators in various commercial and industrial sectors.
The forecasts are mainly compiled in a national accour
framework. The forecasting methods used include an
adapted form of the opinion survey and econometric
relationships. Qualitative information is obtained

by way of interviews with representatives of govern-

ment departments and other bodies,












5.1.2

5.1.3

or more existing joint products obsolete, are an
present threat to multi-product profitability. T
serves to emphasise the importaunce of technologic
casting with respect to venture analysis on plant

sions and additions.,

APPLICATION REDUNDANCY DUE
TO TECHNOLOGICAL INNOVATION

A factor which can affect the demand for a jointl
product is the redundancy, owing to technological
of its major application. If forecast, however,
manufacturer can research alternative markets and

tions for the product concerned.

The petroleum refining companies are doubtless ke
watchful eye on developments in the field of elec
driven vehicles, especially in the light of the ¢
against air pollution. Polyvinyl chloride (PVC)
duced from two primarily jointly produced product
ethylene and chlorine. This material will socner
later face redundancy owing to its biological wunc
bility and the fact that when burned on municipal

dumps it gives off poisonous fumes.

The implications of application redundancy consic
are that techrological forecasting is required ir
number of fields, Predictions covering not only
challenge of new products and processes to those
enterprise itself, but also those of its major o

are required.

NEW APPLICATIONS FOR JOINT PRODUCTS

The inverse of joint product redundancy, namely |















CHAPTER IX
COMPUTER MODELS AND JOINT PRODUCT DECISION-MAKING
1 INTRODUCTION

Multi-process joint product manufacturing systems consist of chains of
interrelated unit processes. As such the end products of one process
become the raw materials for others. In many cases, however, the pro-
cesses are related on more than an "upstream-downstream'" basis, with
recycle and blended product streams being commonly encountered features
A number of processes in the system may be joint and intermediate pro-

ducts may be sold or bought-in,

Planning and decision-making for maximum returns for a system of this
nature becomes highly complex. As a result interest in mathematical
programming techniques as aids to optimisation in the industries where

such systems occur has been growing over a number of years.

In this chapter managerial optimisation techniques are discussed and
certain models which can assist in the maximisation of returns on

joint products are examined.
2 MANAGERIAL OPTIMISATION SYSTEMS

The primary objective of manufacturing management was defined for the
purposes of this study as the maximisation of returns. Managerial
optimisation involves the maximisation of revenue less costs under
various conditions. The break-even system is a good example of a
managerial optimisation system. Cost-volume-profit graphs reflect
profit under various cost and volume conditions. (Vide J.C.M. VAN
NIEKERK, op. cit., p.157-165). If the product mix of a joint product
system is permanently fixed, the break-even system can be applied by
regarding the set of products as a single product. The information

provided thereby was, however, shown to be of very limited value.






















































4.6

The fact that the model will provide an optimal solution in no
way infers that optimum or theoretically possible stacndards

should be incorporated. The solution will only be as realisrtic
as the standards used in the corstraints. Frevailing and anti-
cipated performance, usages, yields, costs and realisable value

based on experience and careful judgement must be incorporated.

The standards used in the constraints can and should be regular

reviewed and updated in the light of actual circumstances.

A major advantage asscciated with the incorporatiosn of standard
as constraints in the optimisation model is that it extensively
facilitates material efficiency contrsl, If standard yields a
realisable values are used, the yield/value variances for each
product can be readily determined. Trese variances reflect de-
viations from optimum performarce with respect to conversion

and recovery efficiency and product mix, with the system as a

whole taken into consideration. Their value as managerial cont
information cannot be overestimated, particularly where a degre

of flexibility exists as regards the final product mix,
PROCESSING THE MODEL

If all the constraints are linear the oprimisatiosn model can be
compiled as a standard simplex matrix. However, a review of th
constraints listed above will reveal several of them to involve

non-linear relationships.

Where only minor variations between narrow limits are involved,
a non-linear relationship may be regarded as being fixed with
little or no effect on the final solution, This applies parti-
cularly where uncontrollable factors are involved. The r1~
tionship between the usage ratio and the sum of the inputs can,
for example, be regarded as being fixed in many instances with-

out it affecting the solution.



bienaing optimisactlion probiem, lnese tecnniques coula weirl De
applied in cases of progressive or digressive costs {sacrifices).

(Vide A.J.E. SORGDRAGER, op. cit., 1964, p.90).

In the case of some constraints, the relationship may not be a
continuous function but a series of steps. For example, catalyst
P might produce two joint products, A and B, in a ratio of

3A:2B while catalyst Q results in a yield of 2A:3B. This type
of constraint may be included in a linear programme by regarding
the input stream as being composed of two components, A and B.
The joint process itself is then treated as a blending operation
with permissible permutations being 3A,2B and 2A,3B. 1In the
optimisation process one or other of the "blends" will be selected
depending on the profitability consideration. 1In this way the
yield ratio can be related to catalyst cost. Relationships be-
tween alternative raw materials and yield ratios may be treated

in the same way.

In theory most non-linear functions may be broken down into a
series of steps or points and built into the linear programme as
"alternatives" in the way described. In practice, however, this
can complicate the programme to sn unacceptable degree. In
cases where linearisation is impracticable, it may be feasible
to employ non-linear programming techniques, such as hill-
climbing with penalty functions or geometric programming. Both
of these are described by D. GLASSER and P.L, SILVERSTON (op.
cit,, p.0.84 et. seq.).

These techniques can be used directly in optimisa” ° n )
but suffer fri the serious disadvantage that a somewhat limited
number of constraints and variables can be handled. Currently
availble linear programming routines can optimise between ten

and a hundred times as many variables as hill-climbing.
































































































































































































TABLE 11.2

PETROLEUM. REFINING CAPACITY ANLC
CONSUMPTION 1IN SOUTH AFRICA: 1

: REFiNERY CONSUMETION OF
YEAR CAPACITY PETROLEUM FRODUCTS
1940 0.1 1.5
1945 c.1 1.5
1950 0.1 2.4
1955 0.8 3.2
1960 1.2 4.0
1961 1.3 3.9
1962 1.5 4.1
1963 1.6 5.0
1964 4.9 6.5
1965 5.2 6.4
1966 5.5 6.3
1967 7.6 7.3
1968 8.2 11.1
1969 8.9 12.0
1970 8.9 -
1971% 11.4 -
(MILLIONS OF SHORT TONS)
* ESTIMATED

SOURCE: INTERNATIONAL PETROLEUM ENCYCLOPEDIA, 1970, The Petroleum
Fublishing Company, Tulsa, 1969,








































































































