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2 

INTRODUCTION TO THE STUDY 

1 PURPOSE OF THE STUDY 

The term "joint products" refers to those products which are produced 

simultaneously from the same set of raw materials by means of the same 

production facilities. Such products occur in the chemical, mining, 

food-processing, petroleum and other industries . 

Extensive developments involving joint products and their manufacture 

have taken place in recent years. Most significant of these have been 

in the fields of petroleum refining and petrochemical manufacturing . 

Rapid growth and t~e application of advanced technology in these and 

other primarily joint product industries, have led to the establish

ment of large, capital-intensive manufacturing complexes ; comprising 

numbers of interrelated process units . Management of the enterprises 

operating such complexes has consequently become a diverse and exacting 

function. 

Common to all types of joint product manufacturing, is the factor o f 

technical interdependence of the various products . This has the 

implication that certain of the systems and techniques wh i ch can 

effectively aid control and decision- making in other types o f 

manufacturing, may be inadequate where joint products are involved . 

The purpose of this study is: 

(a) to examine and analyse particular managerial problems 

relating to costing and maximisation of returns in 

joint product manufacturing enterprises; and 

(b) to review certain specialised systems and techniques 

which can assist in the optimal solution of these 

problems. 

This thesis represents the results of research into the specific 

application to joint products of certain costing and optimisation 



principles and methods. I ts findings in this res pect cons titute 

approaches to thos e managerial problems peculiar t o jo nt product 

manufacturing . 

2 SCOPE OF THE STUDY 

In the light o f its purpos e, the scope of this study i s restricted 

to certain aspects o f management specifi cally relat ing t o j o i n 

product manufacturin g . It dea l s wi th a g ven enterpris e operatin g i n 

3 

a market economy. Although s ome o f the systems developed are deigned 

t o meet requiremen ts f or complex mult i p le-pro cess product i n facilities, 

the principles involved are o f general signi ficance in all types o f 

join t product manufactur ing. 

The scope does not include the technica l aspects of manu factur ing . 

Neither does i t cover ven ture analysis wi th respect t o grass-r oo s 

projects . 

Within the scope as outlined, this s tudy i n no way pretends t o be 

exhaust i ve on any aspect. Bein g objective-orienta ted in a pproach , it 

is essen t ia lly broad and empir i cal. 

3 DEFINITION OF TERMS 

In introducing this s tudy, it is importan t t o define precise ly what 

constitutes a joint product, as we ll as wha t i s meant by the term 

"returns " in this context. 

3 . 1 JOINT PRODUCTS 

As has been stated, joi t products are produced multaneou ly 

from the same s et of raw mater i a l s by means o f the ame pro

duction facilities . This des cript ion is, however, incomple e . 

It is necessary to di fferen t i ate between the set of j i nt 

products and any by- products whi ch may be produced in t he ame 

process. 
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J.C. LESSING ( "Die kostevraa gstuk van die mede- en neweprodukte i n die 

chemiese bedryf, met spesiale verwysing na die kousale verband _us en 

kosprys en produksie," Unpublished thesis, P.U., 1965, p . 214) , 

distinguishes by- products ( "neweprodukte" ) from joint products 

("medeprodukte ' ) on a relative market value basis as follows: 

" Indien die markwaarde van die produkte 
relatief min of meer dieselfde is, word 
van medeprodukte gepraat, maar as die 
markwaarde van een of meer van die 
produkte relatief minder is as die 
markwaarde van die ander produk of 
produkte, word daar van neweprodukte 
gepraat. 11 

A. MATZ, O. J . CURRY and G.W. FRANK, ( " Cos t ace un tin g, " South- Wes t ern 

Publishing Co., New York, 1962, p.415) note that a ccepted accounting 

terminology refers t o j o int products as each poss es s i ng" . .. more 

than nominal value in the f orm in which i t is produced ." 

While relative value should be used t o differentiate between join t 

and by- products, little purpose is s erved by attempting to establish 

general rules as to where the distinction should be made . J.J . W, NEUNER 

and S . FRUMER, (" Cost accounting : principles and pract i ce," Irwin 

Inc . , Ill i nois, 1967 , P .409 ) s uggest that if the value o f the j o i nt ly 

produced product is less than 10% of the total value o f all produc ts 

it can be considered as a by- product . That this does not ho ld where 

11 products of equal value occur, is obvious . I t may furthermore be 

difficult to asses s the precise va lue of a product in the form in 

which it is produced if it requires further wor k - up after separation 

from its companion products before it can be sold . Ostensibly for 

this reason R. I . DICKEY, (Ed. "Accountants' cost handbook, " Ronald 

Press Co . , New York, 1967, p.13 . 19) states that by- products are nor 

mally differentiated from joint products "by degree of economic 

importance ." 

Differences in the methods by which they may be costed i s the main 

reason for distinguishing between j oint and by- products whi ch occur 

together . It is consequently maintained that the decis i on 

as to the point at which the distinction is made on a relative 
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value basis, should be left to the company cost accountant i n each 

case. 

In the light of the above, joint products are defined a s :-

different products possessing roughly similar 
realisable market value at separation which are 
necessarily produced simultaneously from the 
same set of raw materials, using the same 
production facilities. 

It can be seen that changes in the relative demands for the 

products may warrant changes in classification with the passage 

of time . 

Joint products are defined empirically in terms of the manner i n 

which they are produced. The definition has the following implica 

tions with respect to joint product manufacturing : 

(a) Joint products are technically interdependent in that t he 

set of all joint products o f a particular process is o f 

necessity produced in order to produce any one of the 

components of the set. 

(b) Where continuous, or repeated batchwise, production over an 

extended period is involved; the quantitative relationship 

between the outputs of the individual join t products o f a 

particular process is variable only between certain limits . 

(c) For a given process, a change in the yield of any j o int 

product will inevitably result i n a change in the yield 

of one or more of the remaining companion products . 

(For the purposes of this study, the yield of a join t 

product is expressed as weight - percentage of the s e o f 

raw materials . ) 

The ,.term "jointly-produced" as used in this study refers to all 

products produced simultaneously from the same materials in the 
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same process, regardless of the relative values at s eparation. 

Purely for identification purposes, products which are not jointly 

produced are referred t o .as "s i ngle- line products ." 

3.2 RETURNS 

In general terms, manufacturing involves the utilisation of the 

resources o f materials, labour and cap ~tal to produce saleable 

products . Mana gerial performance can be descr i bed as the 

effectiveness with which available resources are allocated to 

products and the efficiency with whi ch they are used to generate 

revenue in the form of sales of these products . 

The scope of this study is res tricted t o managerial activities 

specifical ly relating t o joint product manufacturing in a given 

enterprise . In this context, managerial performance as described 

above , can be measured in terms o f " returns " on joint products, 

which are def i ned as fo l l ws := 

Revenue accruin g from sales of a s e t of 
j oint products manufac t ur ed i n a given 
process; less sell ing and distribution 
expenses, less t he cost pri ce of the 
set of j oint products. 

Cost price ( "kosprys 11
) i s d fined by A.J.E. SORGDRAGER,( "Kosprys 

berekening en =tegniek, 11 Nasau Bpk. , Cape Town, 1967, p . 67 ) as 

follows := 

"Kosprys is di e som van die koste wat 
vi r di e totstandkomi n g van die produk 
gemaak is. " 

The maximisation of returns as defi n d represents the primary 

managerial objective with respec t o join t produc t manufacturing 

activities in a given concern. 
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4 LAYOUT OF THE TEXT 

This thesis is typewritten and consequently only one letter-type has 

been used. In order to distinguish them from the remainder of the 

text, definitions, direct quotations, important observations, and 

deductions of an original nature are type in close-spacing towards 

the centre of the page. 

Each chapter is divided into sections and sub-sections, which have 

been numbered decimally. Where items are listed within a sub-section, 

they are numbered alphabetically. In the interests of clarity and 

ease of reading, each type of sub-division is positioned at a different 

distance from the left-hand side of the page. 

5 LITERARY REFERENCES, FIGURES AND TABLES 

On initial reference to any book, article or treatise, the following 

bibliographical details will be noted in the text: 

(a) Initials and surname of the author (where known). 

(b) Title of the work (where applicable). 

(c) Title of the journal or collection in which 

the work is published (where applicable). 

(d) Publisher (where applicable). 

(e) Year in which the work appeared. 

(f) Page number or numbers . 

For example: 

P. F. DRUCKER, "Managing for results , " 

Heinemann, London, 1964, p. 7. 
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If the same work is referred to subsequently, only the author's name 

and the page number are noted. Where more than one work by the same 

author is referred to, the year in which the work was published, is 

also noted. For example : 

A.J.E. SORGDRAGER, (op . cit., p.62) 

A. J . E. SORGDRAGER, (op. cit., 1967, p. 257) . 

A list of the authors and the works referred to in the text is given 

at the end of the study. Literary references consulted, but not 

directly referred to, are listed separately. 

All tables and figures are collected in a single appendix . These are 

referred to in the text on the 1 e ft-hand side of the page as per the 

following example: 

A. 15, FIGURE II . 3 

\ A. 15, above indicates the pa ge number in the appendix, while 11.3 

denotes that the third f i gur e in CHAPTER II applies , 

Tables are referred t9/ in the text in the same manner. 

6 FRAMEWORK OF THE STUDY 

This study is divided into four parts: 

PART ONE deals with the nature, development and management of joint 

product manufacturing. 

In CHAPTER I the basic nature of the processes whereby joint 

products are manufactured is empirically examined. The concept 

of the joint process is defined and its imRlieations are discussed. 

Mention is made of the industries in which joint processes occur. 
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In CHAPTER II developments in joint product manufacturing and the 

factors affecting them are outlined. Attention is focused in par

ticular on the growth and status of the petroleum refining and 

petrochemical manufacturing industries. Special reference is made 

to the importance of joint products and their manufacturing in certain 

South African industries. 

CHAPTER III deals with the management of the joint product manufac

turing enterprise . The nature and relev~nt aspects of modern 

manufacturing management in general are discussed prior to an 

examination of the particular problems associated with the maximisation 

of returns in respect of joint. product manufacturing. 

In PART TWO aspects of the principles and practice of joint product 

costing are considered. 

In CHAPTER IV the particularization of joint product costs is 

discussed in the light of the technical - economic concept of cost. 

CHAPTER V comprises a critical examination of various documented 

methods whereby joint costs can be allocated to individual products. 

CHAPTER VI deals with the development of a costing system for joint 

product manufacturing. Attention is focused on the use of certain 

material standards which are significant with respect to efficiency 

control of the joint process. 

PART THREE deals with managerial planning and decision-making for 

joint product manufacturing. Procedures and systems which can be 

used to provide meaningful information in these respects are detailed. 

Pricing procedures for joint products are discussed in CHAPTER VII. 

Some advanced demand forecasting systems are considered in CHAPTER VIII. 
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CHAPTER IX is devoted to the use of simulation models as planning 

and decision-making tools in large-scale multi-process joint produc t 

manufacturing systems . Procedures for compiling an optimisation 

model for such a system, which is based on sound cost part i culari 

zation principles, are developed. 

In CHAPTER X an optimisation model for a multi-process system is 

used to simulate the results of case study decisions . 

The conclusion to and sunnnaries of the study are contained in 

PART FOUR. 

UNLESS OTHERWISE STATED, ALL 

CONTAINED IN THIS STUDY ARE 

FACTS, FINDINGS AND OBSERVATIONS 

THE RESULTS OF OWN RESEARCH . 



PART ONE 

THE NATURE, DEVEL0PMENT AND MANAGEMENT 

OF JOINT PRODUCT MANUFACTURING 
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FOREWORD TO PART ONE 

In PART ONE the particular .managerial problems associated with 

joint product manufacturing are examined with respect t o the i r 

underlying causes and the importance of their solution. 

CHAPTER I is devoted to the nature of the joint product 

manufacturing system. The concept of the joint process is 

empirically defined and its relevant implications examined . 

In CHAPTER II developments in joint product manufacturing 

industries are discussed. Particular reference is made to 

the growth and status of industries operating joint proces s es 

in South Africa. In CHAPTER III the problems confronting 

management with respect to the maximisation of returns on 

joint products are examined and analysed. 



CHAPTER I 

THE NATURE OF JOINT PRODUCT MANUFACTURING 

l INTRODUCTION 

Joint products are defined in terms of the manner in which they are 

produced . A.J.E . SORGDRAGER, (op. cit . , p.257) states that : 

"Gemeenskaplike produksie is van die 
tegniese aard van die produksie
proses afhanklik." 

Consequently, comprehensive definition of the basic nature of the 

processes whereby joint products are produced is essential, if the 

precise significance of the terms "joint products" and " j oint 

costs" is to be understood. 

In this chapter the various manufacturing activit i es wh i ch make 

up joint product manufacturing systems are defined and discussed . 

Attention is focused on the concept and basic nature of the jo in t 

process which forms an integral part of every such system . 

The term "manufacturing" is used in its widest sense in this study , 

and is taken to include the recovery of minerals from mined raw 

materials. 

2 THE JOINT PRODUCT MANUFACTURING SYSTEM 

A joint product manufacturing system is the ordered arrangemen t of 
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the production facilities necessary to convert a set of raw mater ial s 

into joint products. The system consists of one or more process es , 

each comprising a series of what are generally termed "unit oper ations" 

which are necessarily performed sequentially on the materials being 

processed. 



Within a given enterprise, the initial stage of the system is the 

acquisition, by purchase or transfer, of the set of basic raw 

materials involved. Thereafter it includes all unit oper ations 

required to convert this set into products ; each of wh i ch is in 

the final state in which it will eventually be sold or used as one 

of the raw materials in another manufacturing system. 

3 THE JOINT PROCESS 
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At least one of the proces s es in a joint product manufacturing system 

is a " joint process . " 

are examined. 

The concept and basic nature of such processes 

3.1 THE JOINT PROCESS DEFINED 

In defining joint products, the term "production faciliti es" 

was used. These facilities cons i st of equipment , l abour , 

utilities and process materials. The manner in which they 

are used constitutes a process or ser ies of process es . 

3 . 1.1 THE BAS IC DEFINITION 

A joint process is defined a s : 

a manufacturing operation or series of 
operations, each of which is of neces 
sity performed s imultaneously on a set 
of raw materials in order to produce 
two or more distinct products ; both 
or all of which .comply with the previously
stated definition of joint product s 

3.1 . 2 COROLLARIES TO THE BAS I C DEFINITION 

Based on the above definition, the fol l owing can be 

said of joint process es : 
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3.1.2.1 EVERY JOINT PROCESS INCLUDES A 
SEPARATION OPERATION : 

Regardless of the manner in which the products as 

such are created, the fact that they occur s imul 

taneously in the same unit operations, implies 

that their separation is an integral part of the 

joint process. In the simplest case, the joint 

process consists only of a separat i on operation, 

with the set of raw materials receiving no treat

ment prior thereto. 

3.1.2.2 ANY MANUFACTURING OPERATIONS PERFORMED ON 
THE SET OF RAW MATERIALS PRIOR TO THE 
SEPARATION OF ANY JOINT PRODUCT ARE 

See A.l, FIGURE 1.1 

See A.2, FIGURE 1.2 

PART OF THE JOINT PROCESS : 

If, for example, the set of raw materials consists 

of two substances which are mixed together and 

then filtered, both the mixing and the filtering 

operations are part of the joint process . 

If, however, the substances are filtered 

individually prior to mixing, neither filtering 

operations is performed on the set of all raw 

materials, and neither is part of the joint 

process. 

3.1 .2 . 3 ANY OPERATIONS PERFORMED ON ANY JOINT 
PRODUCT OR PRODUCTS SUBSEQUENT TO THE 
ISOLATION OF ANY MEMBER OF A PARTICULAR 
SET, ARE NOT PART 
BY WHICH THIS SET 

OF THE J OINT 
WAS PRODUCED : 

PROCESS 

This factor has important implications with 



See A.3, FIGURE I.3 
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respect to multi - process manufacturing complexes . The 

case is considered where the set o f joint produc ts 

consists of products A, B and C. 

If product A is isolated from Band C in one operation, 

and Band Care separat ed from each other in a subse

quent operation, two joint processes (I and II ) , 

are involved. Proces s I comprises operations prior to 

and including the i solation of A. The joint products 

of this process are A and a mixture of B and C. 

This mixture forms the raw material for joint 

II which involves all operations performed on 

process 

B and 

C subsequent to the isolation of A, and prior t o and 

including the separation of B from C. 

Where more than one joint process occurs in a manufac

turing system, the final products of the system are 

strictly speak ing not all j oin t with respect to each 

other. They are all produced from the same original 

raw materials, but, in their final f orm, all have not 

been produced using the same production facilit i es. 

In the above case, product A, f or example, was not 

produced using the facilities comprising joint 

process II . 

The same principle holds for the work - up of separated 

individual products . By definition the process es 

involved in the further treatment of indi vidual 

products subsequent to separation are in no way joint . 

The final products of a j oint product manufacturing 

system have each been produced by means of joint 

processes. They can each be legitimately termed a 



3.2 SPLIT-OFF POINTS 

3.2.1 DEFINITION 
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joint product. The term "set of joint products " can 

be ·seen to be ambiguous unless qualified . For the 

purposes of this study, the final products of a 

specific joint manufacturing system will be termed 

"the set of joint products " un less otherwise stated . 

The unit operation by means of which 
the joint products of a joint process 
are separated from each other, is 
termed a split-off point. 

Each joint process has one, and only one, split - off point ; 

regardless of the number of products isolated in the unit 

operation concerned. A joint product manufacturing system 

will therefore have as many split - off points as joint 

processes. It may be that every product is isolated in 

a single separation operation, in which case only one 

split-off point is involved. On the other hand each product 

may be isolated individually in a separate unit process . 

In this limiting case, the number of split- off po i nts is 

equal to the number of joint products involved, less one . 

3.2.2 SPLIT-OFF OPERATIONS 

Some unit operations which constitute split-off points in 

various types of joint product manufacturing systems are 

listed below. Combinations of chemical and physical 

processes, such as precipitation and filtration , are 

encountered; and are regarded as constituting a s ingle 

unit operation. 

3.2 . 2.1 CHEMICAL SEPARATION OPERATIONS 

(a) Ion exchange 
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(b) Molecular sieving . 

(c) Fractional distillation. 

(d) Osmosis . 

(e) Electrolysis . 

(f) Solvent extraction . 

(g) Precipitation. 

(h) Adsorbtion. 

(j) Chemical absorbtion . 

3.2.2.2 PHYSICAL SEPARATION OPERATIONS 

(a) Diffusion . 

(b) Gravitation. 

(c) Filtration. 

(d) Centrifuging . 

(e) Liquifaction . 

(f) Freezing. 

(g) Mechanical cutting . 

(h) Sorting. 



3.3 JOINT PROCESS OPERATIONS PRIOR TO 
THE SPLIT-OFF POINT 

Joint processes can be broadly grouped into two categor ies : 

extractive processes and synthesis processes. 

3.3.1 EXTRACTIVE OPERATIONS 

Where the raw material consists of a conglomerate or 

mixture of the joint products, the joint process 

operations involved in their manufacture are es s en

tially as sociated with the separation of the products 

from each othe~ and/or from accompanying by- products 

and/or waste. 

Examples of this type of joint extraction processes 

are found in industries such as food processing , mining 

and petroleum refining. The raising of agricultural 

products, th~ actual mining of ore, and drilling for 

petroleum cannot be classed as manufacturing operations 

and do not form part of the manufacturing system . 

A type of extractive operation which occurs mainly in 

the- petrochemical industry is known as "cracking ." 

This involves catalytically or thermally induced de

composition of a substance composed of long- chain 

molecules into two or more substances of shorter- chain 

molecular composition. Manufacturing systems incor -

porating this type of extractive operation involve 

more than the straightforward isolation of the useful 

ingredients of a conglomerate as described earlier . 

3.3.2 SYNTHESIS OPERATIONS 

Certain manufacturing systems involve joint processes 

in which the products are synthesised, as opposed to 

19 
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extracted, from the raw materials. As these processes 

involve chemical reactions, they occur for the most part 

in the chemical and petroleum industries. Although 

synthesis and separation may be effected in the same unit 

operation, the synthesis process is frequentl y succeeded 

by extractive operations in the manufacturing system. 

An example of the latter type of system is f ound in the 

South African Coal, Oil and Gas Corporation, Limited, 

(-Sasol) oil-from-coal plant. So - called synthesis gas i s 

converted into a range of organic compounds which are 

subsequently separated in extractive processes similar 

to those employed in petroleum refineries . 

EXTENT OF THE 
THE PRODUCTS OF 

TECHNICAL 
A JOINT 

INTERDEPENDENCE 
PROCESS 

4.1 THE QUANTITATIVE RELATIONSHIP 

In the introduction to this study, one of the implications o f 

the definition of joint products was the following . Where 

continuous, or repeated batchwise, production over an extended 

period is involved; the quantitative relationship between 

the outputs of the individual joint products of a part i cular 

process is variable only between certain limits . 

The extent to which the ratio of product - outputs may be var i ed 

depends on the nature of the joint process. In some cases it 

is a function, over a defined range, of some or other inter

dependent variable. The list of such variables includes the 

following: 

(a) Raw material composition; 

(b) Operating conditions such as temperature, pressure, 

retention time, etc.,; 
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(c) Catalyst selectivity; 

(d) Type of process material; etc. 

An example of the dependency of the ratio of product outputs on 

operating conditions is the effect of temperature in the naphtha

cracking process. This process is employed in the petrochemical 

industry to produce a range of products including ethylene, 

propylene, c4 hydrocarbons, gasoline and fuel gas. The feedstock, 

petroleum naphtha, is vapourised and rapidly heated in the 

presence of steam. At the -so-called cracking temperature, the 

higher molecular weight hydrocarbons in the feedstock are broken 

down into lower molecular weight products . 

Within limits, the ethylene yield is a functi on o f the crackin g 

temperature. The higher the temperature the higher the yield 

of ethylene, and the lower the yield of gasoline and c
4 

hydro-

carbons. (Vide A. L. WADDAMS, "Chemicals from petroleum," 

Butler and Tanner, Ltd., London, 1968, p . 30) . 

It can be seen that by adjusting operating conditions for this 

process, the ratio of product yields can be varied to a limited 

extent. The range over which this is possible is bounded by 

practical considerations. If the temperature is too low, 

insufficient cracking takes place, and if it is too high 

excessive coking of the furnace tubes results. 

Technically, however, a plant may have an unbounded range with 

respect to the relative output of one or more joint products. 

By, for example, varying the feedstock composition, it may be 

possible to reduce the output of one product to zero . In such 

a case conceptual limits would apply . At some stage a point 

would be reached where this product could no longer be con 

sidered to be a joint product on a relative value basis. At 

this point it would cease to be a member--of the set of joint 

products. 
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If, in the case described, only two products were involved, the process 

would cease to be joint for as long as one o f these was classed as a 

by-product or was not produced at all . If more than two products 

remained under such circumstances, it would still be a joint process. 

From a conceptual point of view, however , in the light of the fact 

that a new set of joint products was now being produced, it would not 

be the same process as before. 

In practice the type of situation des cr ibed above is rarely encountered 

where continuous production is involved. In most cases, the ratio of 

outputs is fixed to within relatively narrow limits for all products 

by either technical or economic considerations . The latter apply 

when any deliberate change in the ratio of outputs results in a 

decrease in returns. It is important to note that economic 

considerations only apply within the technical or conceptual limits, 

and are not a basic consideration in this respect. 

4.2 QUALITATIVE RELATIONSHIP 

Depending on the nature of the joint process, the products may bear 

a limited qualitative relationship to each other. This type of 

product interdependence is common to those extractive joint pro

cesses where the products are not pure subs·tances or identifiable 

compounds, but mixtures required to meet certain physical specifi

cations. 

The example is taken of a fractionation process where a mixture of 

hydrocarbons is separated into two fractions . One is the -so-called 

"light fraction" having a low boiling range, while the other is 

termed the "heavy fraction" and has a higher boiling range. If con

ditions are altered so as to raise the upper limit of the light 

fraction boiling range, the lower limit of the heavy fraction boil

ing range will automatically increase to a corresponding extent. 



23 

In this case a change in physical properties of one joint product 

resulted in a simultaneous change in the properties of the other. 

Here there was an accompanying change in the ratio of the product 

yields, but qualitative changes are not necessarily accompanied 

by quantitative changes. The extent of the range over which 

the qualitative relationship is variable will, in virtually all 

cases, be bounded by limits of the specifications under -which 

the products are sold. 

5 WORK-UP PROCESSES 

For the purposes of this study, the term "work- up processes" refers to 

those operations incorporated in the joint product manufacturing 

system which are performed on individual products subsequent to their 

isolation. The work-up of a separated product may be a relatively 

simple purification process, or it may involve a complex series of 

unit operations; depending on the -state in which the final product 

is required. 

If, at some stage subsequent to separation, a joint product becomes 

in effect one of the raw materials for another manufacturing system 

within the enterprise; the operations constituting this system are 

not part of a work-up process. Some of the chlorine produced jointly 

with sodium hydroxide at the Chloorkop works of Klipfontein Organic 

Products, Limited,(S.A.) is used in the manufacture of insecticides. 

These insecticides are by no means products of the joint process in 

which the chlorine is produced, and their manufacture is not part 

of the -work-up of this product . 

Where some, but not all, of the products occurring in a joint process 

are blended with each other subsequent to isolation and possibly 

purification, the blending operation is part of the work-up processes 

of the products involved. It is not, however, part of the joint 

process in which they were - synthesised or extracted, as it does not 

involve the complete -set of raw materials. Blending of separated 

joint products is an integral part of gasoline manufacture in the 

petroleum industry. 
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The term "joint products" appears for the most part in the literature 

dealing with cost accounting. Even in this specific context, a 

number of conflicting definitions of the term "joint cost" are to be 

found. (Vide Chapter IV; op.cit.) . Some examples of con f licting 

manufacturing terminology are discussed below. 

6.1 COMMON PROCESSES 

The situation is frequently encountered in manufacturing 

industries where different products are processed by means 

of the same facilities. The following are examples of this 

type of process: 

(a) A furnace is used to produce various types 

of alloy. 

(b) Chairs and tables are made from oak boards 

using the same joinery equipment . 

(c) Standard parts which are later assembled 

in different combinations are made using 

the same machinery. 

(d) Steam from a boiler is used to drive several 

machines making various products. 

None of the above processes complies with the stated definition 

of a joint process. Although two or more products are produced 

in each case using the same facilities, the condi tion that the 

set of all raw materials is necessarily operated on simultaneously 

is not met. The processes and pro-ducts are "common" with respect 

to facilities, but are in no way "joint" as defined. 
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J.C. LESSING (op.cit., p.214), states correctly that "saamgevoegde 

produksie (common production) ontstaan slegs as gevolg van 'n 

doelbewuste bestuursbesluit." 

It can not be agreed with A. A. WALTERS ("The allocation of joint 

costs," in American Economic Review, June, 1960), who regards 

goods subject to different transport tariffs aboard the same 

carrier as joint goods. J.M. CLARK ("Studies in the economics 

of overhead costs," University of Chicago Press, Chicago, 

1923, p.100), adopts much the same approach with respect to 

joint costs. 

6.2 DIVERGENT MANUFACTURING SYSTEMS 

If after a point in the manufacturing system, a single-line 

product or a separated joint product can be processed in 

alternative ways to give two or more different end products, 

the system is termed "divergent" at that point . 

L.L. BETHEL, F.S. ATWATER, G.H.E. SMITH and H.A. STACKMAN, 

("Industrial organisation and management," Kogakusha Co. Tokyo, 

1962, p. 15) refer to joint processes as "divergent functions," 

making the following statement : 

"In the joint-product group, the manufacture 
of any one of the different products might 
be discontinued without affecting the others 
produced, as, for example, when butt~r and 
cheese are produced from milk . " 

These authors are in fact referring to alternative work- up 

processes which are in no way joint and may not even be 

common. 

6.3 C0PR0DUCTS 

J.W. NEUNER and S. FRUMER (op . cit . , p . 408 et . seq . ) refer 
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to "joint and/or coproducts, 11 stating of the difference between 

the two that: 

"Coproducts, if and when a dist nction 
must be made, refer to the production 
of two or more products at the same 
time but not necessarily from the same 
processing operations or the same raw 
material." 

They give as an example the proces ing of oak, pine and walnut 

boards at the same time, but from di fferent trees . 

If, in the above example, the same process is involved , it 

is a connnon process, which perhaps gives rise t o the term 

coproducts (connnon products) as used. If di fferen t processes 

are employed to make the various boards, each is a single- line 

process which is neither joint nor connnon. 

R.B. STOBAUGH ("Petrochemical manufacturing and mar.keting guide, " 

Gulf Publishing Company , Houston, 1968) refers repeatedly to 

" coproducts " (e.g. on p . 1O,Vol.2) wh i ch are produced in joint 

processes as defined. He distinguishes between " coproducts " 

(companion products) and by- products on the basis of 

realisable value at separation. His use o f the term "coproducts" 

thus differs entirel y from that o f NEUNER and FRUMER . 

NEUNER and FRUMER' s 11 coproducts " may be technically i ndependent . 

The term as used by STOBAUGH conforms t o the definit i on of 

jo i nt products as stated and refers to technically interdependent 

products. It wil l be s hown subsequently in this s tudy that 

the factor of technical i nterdependence of joint products has 

an important bearing on cost ing and dec isio -making. 

The above serves to demonstrate the n eed for precise and uni form 

definition of joint product manufacturing co cepts. 
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A product is classified as a joint product according to the method 

by which it is manufactured, and its market value relative to that 

of other products produced in the same process. Depending on these 

factors, the same type of product may be produced singly; as a 

joint product, or as a by- product. Refined gold, for example, is 

a single- line product of ore reduction, where the raw material does 

not contain economically recoverable amounts of other substances. 

It is a joint product in some gold/uranium reduction works, and a 

by-product of certain copper and silver refining activities. 

With some notable exceptions, few products are invariably produced 

as joint products and never as main products or by- products . 

Similarly, within the same -industry, some manufacturers may operate 

joint processes while others produce single- line products . With 

some exceptions, which will be discussed in the succeeding chapter, 

joint product manufacturing cannot be universally categorised according 

to product or type of industry. Joint processes are, however, more 

prevalent in some industries than in others. (Vide L.L. VANCE, 

"Theory and technique of cost accounting," Henry Holt and Company, 

New York, 1959, p.325). 

See A. 12, TABLE -1.l 

The above table lists examples of such industries, their basic raw 

materials and commonly occurring products . Taking into account that 

under certain circumstances, some of these products may be classified 

as by-products, they are listed as jointly- produced products . t 

Certain other industries which are not listed in table 1. 1 may be 

classed as joint product producers b~ virtue of the form in which the 

raw materials are acquired . Tobacco processing enterprises, for 
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example, sometimes purchase bulk lots of leaf which are sorted into 

various grades and then used to produce a range of end products. 

The sorting operation in these cases is part of the manufactur i ng 

system, and is, strictly speaking, a joint process. This type of 

joint process is termed "grading." The recovery of industrial 

and gem quality diamonds; and the sorting, prior to preserving, of 

fruit purchased in bulk, fall into this category of joint process . 

Grading is regarded as an extractive process as it involves the 

separation of the various products from each other and/or accompanyi ng 

material. 

8 SUMMARY 

Every joint product manufacturing system includes at least one joint 

process in which members of the set of joint products or groups 

thereof, are synthesised and / or extracted. By stipulating that the 

set of all raw materials is operated on in every unit operation com

prising the joint process, it becomes possible to define the precise 

extent of such processes. 

The ratio of the product outputs for some continuous joint processes 

is a function, over a defined range, of an independent variable such 

as catalyst selectivity, raw material composition, or operating 

conditions . The range is generally limited by technical considerations . 

In certain cases joint products bear a limited qualitative relation

shtp ~o each other. 

Joint product manufacturing systems are found in a variety of industries. 

Although in most cases it is impossible to categorise joint products 

according to type of product or industry, they are more prevalent in 

certain industries than in others . The most important of t hese are 

the petroleum refining, petrochemical, chemical and food - processing 

industries . 
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Examples of conflicting terminology appear frequently in the literature 

on the subject of joint products and joint costs . The fact that joint 

products can only be defi ned i n terms of the mannt::r in llh i ch t hey ar e 

produced emphasises the need f o r precise and comprehensive definition 

of the nature and extent of the processes i n which t hey are produced . 

Having defined i t s basic nature, the followi ng chapter deals with facts 

and statistics concerni n g joint product manufacturing. 
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CHAPTER II 

DEVELOPMENTS IN JOINT PRODUCT MANUFACTURING 

1 INTRODUCTION 

2 

In recent years, joint product manufacture has undergone extensive 

development in many types of industry. Most prominent in this 

respect has been the unprec~dented development of certain basic 

petroleum and chemical products. 

In this chapter factors influencing the development of joint product 

manufacturing in general are discussed, while the growth and 

characteristics of the petroleum and petrochemical industries are 

considered in some detail. Attention is focused on the rapid 

development of South African industries of this nature. 

The facts and statistics contained in this chapter illustrate the 

increasing importance of joint product manufacturing both in South 

Africa and overseas. Many of the manufacturing sequences involved 

are complex, capital-intensive and have a high capacity. This 

emphasises the need for specialised approaches to the problems 

associated with the management of the joint product manufacturing 

enterprise. These problems are discussed in the succeeding chapter. 

FACTORS INFLUENCING 
JOINT PRODUCTS AND 

THE DEVELOPMENT OF 
THEIR MANUFACTURE 

2.1 TECHNOLOGICAL PROGRESS 

As is well known, the connnercial application of scientific 

discoveries since the turn of the century has "revolutionised" 

virtually every aspect of industrial manufacturing. New 

industries have been created and some old ones rendered 

obsolete. Not only new manufacturing methods and processes, 

but also new products have made their appearance in recent 

years. 
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It has been estimated that 40% of all manufactured goods sold 

in 1967 were products different from anything produced in 1952; 

and that 60% of the goods s old in 1985 will be products unknown 

in 1970 . (Vide R. J . KENARD, " Creating and exploiting the new 

technology," Chemical Engineering, January, 1970, p .'85). 

The list of "new" products which have come into commercial use 

in the past 20 years includes many joint products and their 

derivatives . Examples of these are: high octane gasoline, 

jet fuel, plastics such as high- density pqlythene, polyurethane 

and epo~y resins; synthetic fibres, nuclear fuels, aerosol 

propell~nts and numerous types of industrial, household, 

agricultural and pharmaceutical chemicals. 

Techh~logy has influenced joint product manufacturing in a 

number of ways . In numerous instances technological innovation 

has provided industry -with the method or means by which certain 

joint products can be synthesised and/or extracted . Further -

more, new and improved processes and equipment have resulted 

in greater efficiency and lower unit productio costs; thus 

rendering the manufacture or recovery of many joint products 

economically feasible . 

A less direct inf l uence of technological progress has been its 

effect on the demand for various products . In a large number 

of cases, demand for a previously unimportant by- product of a 

particular manufacturing process has been created or greatly 

increased as a result of innovations in other industries . The 

rapid growth in demand for gasoline, formerly a by- product of 

kerosene refini ng, is a direct result of the development of 

the internal combustion engine . The rise in demand for 

uranium, a previously neglected j oint product of s ome gold 

mining activities, is similarly linked to advances ln nuclear 

technology. 

In some instances the by- product has been the starting point, 
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and a demand created by the development of its appl i cations . 

The infiuence of technology on joint product manufacturing has 

been not only t o render it possible in many cas es, but econo

mically feasible as well. 

2 . 2 THE PROFIT INCENTIVE IN A 
MARKET ECONOMY 

The profit mo tive has, in many ins tances, prompted fruitful 

research into j oint product development . In the market 

economies o f the " free world, " the profit incentive under 

compet tive conditions results in a drive for efficiency and 

productivity . (Vide G.N. HALM, "Economic systems, " Holt, 

Rinehart and Wats on Inc., New York, 1964, pp . 64, 65) . 

Where jointly produced products are involved, productivity and 

efficiency are associated with the economic exploitation of 

each and every product resulting from a set of raw materials. 

Profit -motivated research has led to the development o f was te 

and by- products t o the stage where they are cla s sed as joint 

products by virtue of their contribut on t o total revenue . 

In secondary industries, the drive f or profitability has resulted 

in a search for cheaper substitute materials . The effect o f this 

may be an increase in the demand f or the by- products o f a primary 

indus try. The classic example o f this effect is the phenomenal 

increase i n the use o f plas tics and polymers in recen t years . 

This has resulted in the large- scale development of petroleum 

products such as ethylene and propylene . (Vide R. B. STOBAUGH, 

op . c i t., Vol. II, pp . 49, 110) . 

2 . 3 THE AVAILABILITY OF CAPITAL 

Mechanis ation and sophisticated product i on processes have 
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greatly increased the fixed portion of the total cost of manufac

turing many important joint products . Manufacture of these 

products is only economica lly feasible on a very large scale . 

In these cases the av i l ability o f capital has a controlling 

influence on the rate of development o f the industry . 

The rapid developmen t o f the Japanese petrochemi ca l indus try 

over the las t 15 years has been influenced by boom condit i ons 

and readily ava i lab l e cap i t al i n that country. Japan 's first 

petrochemical venture was launched in 1955 , and since t hen the 

industry has developed at an annua l growth rate o f 25%. 

Government policy has done much t o boost the industr y's rapi d 

growth by means of tax incentives and special financing 

arrangements . It has encouraged the use o f f oreign technology 

(mainly American) and restricted chem cal imports . (Vide 

"Japan's chemical industry, " in Petroleum Press Service, Vol. 

37, no. 7, July, 1970, pp . 253, 254) . 

In other coun tr i es inc luding South Africa, governments have 

assisted both direct l y and indirectly in the financing of large

scale joint product industries . An example i s the f inancial 

spons orship via the South African Industrial Development Corpora

tion o f Sasol . Government pol icy in this respec t was descr i bed 

by MR. J.J. KITSHOFF (in J . A. LOMBARD, ed ., "Die 

ekonomiese politiek van Suid- Afrika, 11 Raum, Cape Town, 1967, 

p.30) in his capacity as chairman o f the Board o f Trade and 

Industry, as foll ows : 

"Die (Nywerheid- ontwikke lings - ) Korporas e i s in 
die lewe geroep hoofsaaklik met die doel om die 
nywerheidsontwikkeling van di e land te bevorder 
deur , onder andere, die finans iering van 
nywerheidsondernemings te vergemakl ik . 11 

The availability o f cap i tal, whether privately or s tate- owned , 

has influenced the development o f j oint pr oduct manufa cturing 

t o a cons iderable extent in many i nstances . 
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In most cases joint products cannot be categorised according t o t ype 

of product or industry. Even in the chemical industry, where a sig

nificant percentage of basic products are produced i n joint processes, 

(vide B,E. GOETZ, "Management planning and control," McGraw- Hi ll Co . , 

New York, 1949, p . 123) products may be singly or j o intly produced 

depending on the nature of the enterprise and the raw mater i al . 

There are however two major classes of products, the large scale 

manufacture of which virtually always involves joint processes. 

They are the refined products of natural petroleum or oil from cal; 

and those chemical products from raw materials of petroleum origin 

known as petrochemicals. 

The importance of these joint product industries can not be over

emphasised. P.H. FRANKEL, ("Mattei : oil and power politics," 

Faber and Faber, London, 1966, p.76) makes the following statement : 

"The oil industry is more international than 
any other : petroleum is the biggest item 
in world trade, both by volume and by value, 
a distinction which it has now enjoyed for 
more than thirty years . " 

In view of the economic, industrial and strategic importance of the 

petroleum refining and petrochemical manufacturing, the development 

and characteristics of these joint product industries are discussed 

in some detail below . 

3 . 1 PETROLEUM REFINING 

3.1.1 BACKGROUND 

Naturally occurring petroleum was first util i sed as a 

fuel in 1870, when H, St. CLAIRE DEVILLE invented 
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what is thought to be the first petroleum- fired furnace , 

(Vide Scientific American, January, 1970, p . 10) . 

Subsequently a cleaner - burning fuel, kerosene, was ob

tained from crude oil by distillation . It was nly when 

the internal combustion engine came into relatively 

widespread use that the large- scale derivation of 

various grades of fuel by means of fractional dis til 

lation came into practice. 

Crude petroleum consists essentially of a mixture of 

hydrocarbons. The purpos e of its refining is to separate 

this mixture into fractions having like propert i es, and 

to obtain products complying with certain specifica tions. 

As the constituency of crude petroleum varies from 

deposit to deposit, modern refineries are " tailored" to 

suit the available raw material . 

The various fractions obtained in t he initial distil 

lation operation may be further processed in a number 

of ways . The majority of post- fractionation processes 

are designed to produce the maximum of high octane 

components for subsequent blending into various grades 

of gasoline . Higher molecular weight fractions are 

thermally or catalytically cracked , while thos e of 

lower molecular weight are polymerised or alkylated . 

In most cases, not only the nitial fractionation 

process, but also the subsequent cracking and polymer

i sation, as well as the associated separation stages, 

are joint processes. 

3.1.2 THE WORLDWIDE GROWTH IN REFINING CAPACITY 

In January, 1969, there were 833 petro leum refineries in 

operation throughout the world, with a t otal refin ing 
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capac i ty of 2,041 million metri c t ons per annum. 

(Vide "In ternational petroleum encyclopedia," The 

Petroleum Publishing Company, Tulsa , 19 68, pp .260 , 261) . 

See A. 13, TABLE II .1 

The above t able reflects the i ncreas e in t ota l free 

world ref i n i ng capa city from 1940 t o 1968 . The increas e 

of nearly s i xfold over this per i od repres en t s an average 

growth rate of 20 . 8% per annum . 

The incre se in refining capa c i t y of the Republic of 

South Afr i ca is no les s spectacular . 

See A. 14, TABLE II . 2 

The above t able reflects the increas e in refining 

capacity in South Africa since 1940, proj ected to 

mid- 1971 when an inland refinery at Saso lburg i s 

expected t o be in operation . 

3 . 1 . 3 JOINT PRODUCTS OF PETROLEUM REFI NING 

See A.15, TABLE II . 3 

Disregarding petrochemi cals wh i ch are s omet imes pr oduced 

jointly by the same enterpris e , t able I I . 3 re fl ects t he 

range of final products produced i n a t ypi ca l r efinery , 

situated at the coast . The ma j ori ty of t hes e pr oduc ts 

are blends, the componen ts of wh ch are produced jointl y 

in the various process units . 

See A. 4 1 FIGURE II . l 

The above figure is a simp lified f l ow d i agram o f t he 

Tidewa ter Oil Company ' s Delaware r ef i nery, showing t he 
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joint products of the main processing units . 

In the case of refineries which are situated inland, 

there is often a limited market for heavy fuel oil , 

which is sold as ships' bunker oil by coastal refineries . 

In such cases this oil is cracked to produce greater 

percentages of the remaining products . The i n land 

refinery at Sasolburg now under construction for 

National Petroleum Refiners of S . A. (Pty). Ltd . 

(Natref), will produce a minimum of heavy fuel oils. 

In order to achieve this, highly sophisticated process 

units will be installed to convert these fractions to 

gasoline components. 

3.1.4 CHARACTERISTICS OF PRODUCTION FACILITIES 

3.1 . 4.1 LARGE SCALE 

The economics of petroleum refining favour large 

scale integrated production processes . The 

majority o f modern ref ineries are thus big, both 

in terms of output and capital investment . By 

world standards, a medium sized refinery has a 

throughput of around 5 million metric tons o f 

crude oil per annum . (Vide A.L . WADDAMS, op . 

cit., p.6) . 

The largest refinery in the world n 1970 is the 

Shell Netherlands refinery at Pernis, Rotterdam, 

which has a production capacity of 25 million 

metric tons per annum. The investment in equip 

ment per metric ton of crude oi l processed per 

annum for a medium sized refine ry varies between 

R20 and R50 depending on the nature o f the raw 

materials and products . 
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In view of the high cap i tal investment involved, 

it is no t surpr i sing t o f ind the world petroleum 

refi ning s cene dominated by a r e l atively small 

number o f very large c mpani es . 

The a bove t able reflects detai ls o f the nine 

petro leum companies listed amon g t he twenty 

largest i ndustrial corporations in t he f r ee 

world . 

3 . 1 . 4 . 2 CAPITAL I NTENSITY 

See A. 17, TABLE II. 5 

Another characterist i c o f the petroleum refining 

i ndus try is that it is capita l -intensive . The 

i ndustry has h i gh s a les per employee and l ow 

sales per Rand invested . 

Total nves tmen t in the Shell Netherlands r efinery 

at Pernis is R500 mill ion . I t emp loys 7,200 

persons, so tha t the inves tmen t per empl oyee is 

approximately R70 , 000 . (Vi de Petro leum Times , 

February , 1970 , p . iv) . 

Of the t otal running cos ts of a r e f iner y, a 

rela t ively l ow proport ion var i es with t hroughput 

of r aw mater i al s . Defin i ng "variable cos t s" as 

thos e cos ts " no t a ff cted by an increase 

in tu nover percen t a gewi se , 11 T. P. AN DEN BERG 

(Petro leum Times , op . ci t . , p . i v ) s tates t hat 

only one thi rd o f the tota l working costs o f 

the Shell, Pernis, refinery f a l ls into t his 

category. Dur i ng the last ten yea rs techno-
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logical know- how and developments have brought 

down variable costs at this refinery by 20%, 

about half o f which has been effected in the 

las t five years . The variable percentage of 

running costs is expected t o decrease further 

in future years. 

As signposted by the high inves men in equ p

ment per employee, refineries are characterised 

by a high degree of automation . The nature o f 

the operation of a modern refinery s such that 

t o tal l abour costs f or a plant of a given size 

are general ly regarded as be ing fixed costs, 

i . e . costs which remain cons t an t in total as 

output increases. (Vide C.T. DEVI E, "Cos 

accoun ing and analysis, " The Macmillan Company, 

New York, 1950, p . 13) . 

lt i s noteworthy that, in prac ice, a decrease 

i n output is frequently a ccompanied by an 

increase in t o t a l labour costs f or that per iod , 

particularly when decreas ed output is due to a 

breakdown . This phenomenon is caused by the 

necess ity to work overtime on repairs and 

maintenance dur ing periods of decreased or 

interrupted throughput . 

Characterised by a high degree o f ca pital nten

sity ; relative t o o ther types of manufactur n g, 

the pe troleum refining industry has 

(a ) high sales per employee; 

(b) low sales per Rand invested; 

( c) a high propor tion of f ixed runnin g costs . 
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3 . 1 .4. 3 COMPLEX OPERATION 

A modern integrated petroleum refinery generally 

consists of five or more main processing pl~nt 

each of which involves a large number o f unit 

operations. The proces sing plants are frequently 

single - train, i.e . maj or process units a re o t 

duplicated and the product of one uni t operation 

becomes the feed for the next in the train. 

Continuous operation of such a manufacturing 

system is extremely complex. Coupled wi h the 

fact that a number of produc ts o f different 

unit prices are produced j ointly, specialised 

managerial information systems are required f 

returns are to be maximised . 

3.2 PETROCHEMICAL MANUFACTURING 

3 . 2 . 1 BACKG OUND 

Historically the most important raw materials f or 

the chemical industry have been coal, mola ses, 

animal and vegetable oils, var ious ores, water and 

air. The widespread use of petroleum as a sour ce 

o f basic chemicals is a relatively recen develop

ment, which, until 1939, was restricted to the 

United States of America . (Vide A.L. WADDAM 

op . cit., p . 3). However, since 1950 the deve lop-

ment o f petrochemical manufactur ing in Europe and 

elsewhere has been an outstanding fa ure eve i~ 

a picture of widespread industrial ac i vity . 

The importance of petro leum as a chem cal raw 

material is underl ned by the fact that 93% of 

the t otal organic chemical production in the 
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U.S.A. in 1968 was derived from petroleum. (Vide 

A.L. WADDAMS, op. cit., p.226). Furthermore, the 

range of products which may be derived from 

petroleum includes virtually every organi c 

chemi cal as well as some important inorganic 

compounds. 

The factors influencing the rapid development of 

the petrochemical industry are precisely thos e 

listed earlier in this chapter. Technologi cal 

innovations in the fields of plastics, r ubber and 

s yn thetic fibres led to significant increases in 

the demand for a range of basic petrochemicals. 

The processes developed to meet the demand f or 

high octane fuels, led to the increased avail 

ability of olefin-rich gas streams at refinery 

l ocations. The profit motive in turn stimulated 

the economic exploitation of these streams, con

verting them from by-products, or waste, into 

valuable revenue sources. 

The same applies to natural gas which, depend ng 

on circumstances, may bring in greater returns as 

petrochemical feedstock than as a heat ng fuel . 

Certain liquid refinery streams, termed naphtha 

or gas oil, can be cracked t o produce gasoline. 

However, where low- cost crude oil is available, 

' tis less profitable to crack these streams than 

to refine fresh crude. This is evidenced by the 

fact that naphtha is frequently priced well below 

crude oi l . With the increase in demand for petro

chemicals, it has become profitable t o crack 

naphtha under special conditions to produce a 

maximum of olefin- rich gas and a minimum of 

gasoline. 
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The main raw materials for basic petrochemical 

products are thus refinery gas streams, natural 

gas and naphtha. For the purposes of this study 

the special case of gases produced in the 

manufacture of oil from coal is included under 

refinery gas streams. Petrochemical plants using 

refinery and natural gases are frequently situated 

near the source of these materials, whi le those 

using naphtha are more common in areas remote 

from such sources. 

3.2.2 THE GROWTH IN PETROCHEMICAL OUTPUT 

Before 1939 petrochemical production on a large 

scale was virtually restricted to the U.S.A. 

This was owing to the fact that this country was 

alone in possessing the necessary raw materials 

and refining capacity, together with a substantial 

market for the products. 

See A.18, TABLE II.6 

The above table reflects the production of petro

chemicals in the U.S.A. from 1935 to 1966, as 

well as the percentage of the total chemical 

production derived from petroleum. It is estimated 

that in 1975 petrochemical production in that 

country will be 145 million metric tons represent

ing 50% of the total chemical production . (Vide 

A.L. WADDAMS, op. cit., p.225 et seq.) . 

See A,19, TABLE II.7 

The above table shows the increase in ethylene 

consumption in the U.S.A. Ethylene is one of 

the main basic petrochemicals, and the growth 
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in its output from 14,000 metric tons in 1930 to 

4 . 25 million metric tons in 1965 signposts the 

extensive development of petrochemical production 

over this period. 

Petrochemical manufacturing in Europe and Japan 

began with the siting of refineries there after 

the Second World War. After 1950, Western 

European production expanded rapidly. 

See A. 20, TABLE II . 8 

By 1969 Japan's ethylene capacity was 2.3 million 

metric tons per annum and is expected to reach 

4.2 million by 1972 . (Vide "Petrochemical report 

- 1969 ," supplement, Oil and Gas Journal,September, 

1969, p . 10). 

3.2.3 JOINT PRODUCTS OF PETROCHEMICAL 
MANUFACTURING 

Classified as raw materials in the production of 

basic petrochemicals, are refinery gases, natural 

gas, refinery reformate, gas oil and naphtha , and, 

to a lesser extent, wax . With the exception of 

natural gas, these materials are generally produced 

jointly in petroleum refineries . They may them

selves be classified as either joint or by 

products depending on the relative value . The 

following basic petrochemicals are derived from 

thes e raw materials : 

(a) Acetylene 

(b) Ethylene 
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(c) Propylene 

(d) Butadiene 

(e) Higher Olefins 

(f) Aromatics. 

These compounds are sometimes referred to as 

secondary petrochemical raw materials. (Vide 

A.L. WADDAMS, op. cit., p.18). Their j oin t 

derivation from the various raw materials listed 

above is discussed. 

3.2.3.1 PRODUCTS FROM REFINERY GASES 

See A. 21, TABLE II.9 

The use of refinery gases as raw material 

for petrochemical manufacturing is largely 

restricted to the U.S.A. In 1965 

approximately 10% of that country's ethy

lene requirements were met from this 

source. Elsewhere in the world, where 

supplies of this material are less 

plentiful, there is greater dependence 

on the other raw materials. The main 

sources of refinery gases are catalytic 

cracking and ~eforming processes used 

in the manufacture of high octane gasoline. 

The feedstock for these processes is 

usually gas oil or naphtha. 

The above table · lis ~s the typical yields 

of basic petrochemicals in refinery gases 

from these sources. The joint processes 
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used in the manufacture of these chemicals 

involve their isolation and/or conversion 

processes such as selective cracking and 

polymerisation. 

3.2.3.2 PRODUCTS FROM NATURAL GAS 

The joint production of petrochemicals 

from natural gas is again virtually re-

stricted to the U.S.A. This is largely 

because the gas available in other indus

trialised countries consists mainly of 

methane, whereas American natural gas 

frequently contains quantities of higher 

paraffins and some basic petrochemicals 

as well. These include c4 hydrocarbons, 

ethane and propane, as well as traces of 

condensate containing higher olefins. 

It is noteworthy that the natural gas 

deposit discovered off the South African 

coast at Plettenberg Bay is of a similar 

constituency. 

As for refinery gases, the joint manu

facture of basic petrochemicals from 

natural gas, involves extractive and/or 

synthesis processes. Two joint processes 

using natural gas as feedstock are of 

particular importance. 

(a) Pyrolysis of propane, or a mixture 

of propane and ethane, results in 

a set of joint products ranging 

from acetylene to butadiene. 

See A.22, TABLE II.1O 
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The above table shows the typical 

yield of propane pyrolysis. This 

process is an important source of 

ethylene in America- and accounted 

for 62% of the total ethylene pro

duction in that country in 1965. (Vide 

R.B. STOBAUGH, op. cit., Vol. II, p.43). 

(b) Chemische Werke Huls AG have developed 

a plasma process which converts gaseous 

hydrocarbon feedstock into a range of 

petrochemical products. A gas -whirl 

stabilised DC electric arc with a 

capacity of 8,200 kw, burns between 

two hollow electrodes. The gases 

flow through an anode tube parallel 

to the arc and are brought to cracking 

temperature. Immediately after the 

arc the cracked products are quenched 

with fresh feedstock, which is pyro 

lised in the process. 

A variety of feedstock can be used 

with this process, including refinery 

gases or even vapourised naphtha. 

Us ng natural gas the most important 

j oint products are acetylene and 

ethylene. 

3.2.3.3 PRODUCTS FROM GAS - OIL AND NAPHTHA 

The joint production of basic petrochemicals 

as well as gasoline from these raw materials 

involves thermal cracking in the presence of 

steam. Large quantities of ethylene are 
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produced by this process in many parts of 

the world , notably Western Europe and Japan . 

South Afr i ca's ent i re ethylene demand is 

met by a naphtha cracking plant operated by 

the South African Coal, Oil and Gas Cor

pora t on . 

The above table lists the typ i cal yield o f 

j oint products obtained by cracking naphtha. 

The various percentages are subject to the 

so - called " crack severity" whi ch is a function 

of the temperature at which the operation is 

performed . 

3 . 2.3.4 PRODUCTS FROM REFINERY REFORMATE 

The naphthenes in heart - cut refinery hydro

carbons can be reformed into aromatic com

pounds using a platinum catalyst at high 

temperature and pressure . These aromat i cs 

can be separ&ted from the paraffins and 

res i dual naphthenes usin g aqueous diethylene 

glycol as a so lvent . The aromatic stream 

is then fractional ly distilled to yield 

benzene, t oluene and mixed xylenes as 

joint products. (Vide R.B. STOBAUGH, 

op. cit. , Vol . I, p . 2) . 

Although in Amer i ca some 60% of a l l t he 

benzene consumed is produced from re f inery 

reformate, the maj ori ty of the benzene 

produced in South Africa is dis til led from 

coking coal . The South African Iron and 
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and Steel Cor poration (Iscor) is t he maj or 

producer in this c untry. 

RODUCT FROM WAXES 
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Less important than the other raw materials 

discus sed, wax may be cra cked t o ' yie ld a range 

o f hi gher olefins, refinery gases and fuel o 1 . 

This process is known as a paraforming process . 

3.2.4 CHARACTERI STICS OF PETROCHEMICAL 
MANUFACTURING PLANTS 

Being clos ely as sociated with petroleum re fining, it is 

not surprising t o find that most petrochemical manufac 

tur ing plants display the same characteristics as 

refineries . As such they are large, complex and cap ital 

intensive. A striking feature o f the petrochemical 

industry is the i ncr ease in t he size o f individua l pro 

cessing plants over the last decade . 

See A. 5, FIGURE I. 3 

The above figur e reflects the increase in ethylene 

producing capacity of the largest petrochemi ca l plants 

construc ted both in the U.S.A. and the rest o f 

the free world each year from 1962 to 1969 . The graph 

shows that if, during any year in this period , a company 

dec i ded t o erect an ethy l ene- pr oduc ing plant as large 

as the biggest then in existence, by t he time i t came 

into product ion , a plant nearly 1 . 5 times its size 

would have been under construction somewhere in the 

world. (Thi s as s umes an erect ion period o f two years . ) 

I n general, the capital cost of a modern automated 

petroch mical plant varies in proportion to the 
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capacity to the power o.6. This factor has had the effect 

of limiting the mini mum economic size, while the maximum 

increases as techno l ogica l problems are overcome . 

3 . 2.5 FUTURE PETROCHEMI CAL PRODUCTIO 

It is not anticipat d that the increase in the world 

demand for petrochemi.cals will reach its peak for 

several decades to come . 

See A. 6 , FIGURE II. 4 

4 

The above figure r eflects the f orecasted increase in world

wi de petrochemical production up to and including the year 

2000 . It can be seen that the petrochem cal industry, the 

basic products o f which are primarily joint products , is 

and is 1 kely to remain one of the most rapidly developing 

industr i es . 

THE IMPORTANCE OF 
MAi.~UFACTURING IN 

JI T PRCDUCT 
OUTH AFRICA 

The list o f j oint products produced in South Africa includes a wide 

var i ety o f organic and inorganic chemicals, fuel s , metals and agricul

tural products . A major proportion of the chemical industry in this 

country has been bu i lt up around a j o nt process for the conversion of 

coal t o fuels and hemicals which i s unique in the world . Other j oint 

process operations which are still in the planning tage are likely to 

be of considerable e onomic importance. 

4 . 1 OIL FROM COAL 

Of the South Afr can j oint p oduct manufactur i ng i dustr es, that 

o f oi l - from- coal i o f parti cular significance . In the ab ence of 

economically recovera bl e depos it of natural petroleum here has 

been a lively interest in the Fis cher- Tropsch proces f or the 
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manufacture of liqui d fuels from coal since the announcement o f its 

feasibility in 1935 . 

The r ghts to this process were acquired by the Anglovaal company 

and i n 1949 a 1 cence was ssued t o cover such manufac t uring. Owing 

t o devaluat on and demands on its capital resources, Anglovaal 

approached the Government for financial assis t ance . At that stage 

i t was agreed that all rights be taken over by the Government . 

I n 1950 the outh frican Coal, Oil and Gas Corporat ion ( Saso l) 

was formed wi th the purpose of erecting an oil - from- coal plat i n 

the Northern Oran ge Free State. Erection was started in 1952 and 

in 1955 the first products were sold . In 1965 a naphtha cracking 

plant was completed to s upplement the production of olefi ns . Raw 

material for this plant is imported from the Middle East . 

In add i tion to various grades of liquid and gaseous fuels, Sasol 

produces a wide var ety o f chemical products n a complex series 

of j o i n t processes. The oil - from- coal process consumes approxi 

mately 8% of the Republ i c's total coal pr duction and accounts for 

a significant percentage o f its fuel requirements . Sales by its 

wholly-owned subsidiary, Sasol Marketing Company, amounted t o 

R72 mill ion durin g its 1969- 70 financial year . Of this R24 million 

accrued from the sale of chemicals . The company produce approx -

mately one - third o f the country's nitrogenous fertilizer require

ments . 

A number of secondary industrie bas ed on oil - from- coal and naphtha 

produc shave been e tablished in Sasolburg . These i nclude plan ts 

for the manufac t ure o f fertilizers, plastics, syn hetic rubber, 

cyanide and raw materials f or bio - degradable detergen ts . When the 

Natref petroleum ref inery in the area comes in t o production in 1971 , 

the gasoline and di esel fuel production capacity i n Saso lburg wi ll 

t o t a l approximately 40% of the country's requi r emen t . 

Tog her wi th the coas tal petro leum refineries, the growth rate 
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between 1957 and 1965 in volume of output of petroleum and coal 

products was the highest for all major industries . (Vide 

G, MARAIS, in "South African Statistical Yearbook," Bureau of 

Statistics, Pretoria, 1966, p . 17) . 

The total con tribution to the gross national product of industries 

in the Sasolburg complex, which are based on joint products and 

their derivatives, was in excess of R80 million in 1969 . The 

average contribution per worker to the gross national product was 

above R7 ,500 . (Vide D, . DE VILLIERS, " The development of the 

Sasolburg petrochemical complex, " Paper delivered at the National 

Development and Management Foundation Conference, Vereeniging, 

February, 1970) . 

4 . 2 THE EXTRACTION OF COKING COAL 

A recent development of considerable economic importance is the 

perfection of a process for the extraction o f coking coal from 

medium grade deposits in the Eastern Transvaal. 

The process cons ists of the "floatation" of lighter, high carbon 

content coal from the conglomerate of grades comprising the coal 

seam as mined . A series of operations is involved, using water 

as the floatation medium. The yield of high carbon- content con

stituents is approximately 30% by weight, but varies according 

to the characteristics of the seam being mined . 

The primary use of coking coal is in the manufacture of carbon 

steels. There is a world shortage of coking coal at present and 

the supply position is likely to deteriorate in future years . 

Initially the entire South African production by this process 

will be exported to Japan. The ex-works price obtainable is 

roughly twice the price obtainable for the coal in the form in 

which it is mined . 

The remainder of the raw material will be purchased by the Elec 

tricity upply Commission (Escom) for use in thermal power 

stations in the vicini ty . 
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The economic signif cance of the development of this joint process 

is that a substantial amount of foreign exchange will be earned. 

I n terms of value, it enables greater utilisation of the country's 

natura l resources. 

THE 
TO 

PARTIAL 
PRODUCE 

REFINING OF 
NAPHTHA AND 

CRUDE 
FUELS 

PETROLEUM 

A feas i ble development concerning joint product manufacturin g would 

be the part i al refin ing o f crude petroleum to produce cracking feed 

stock f or t he South African petrochemical i ndustry , and various 

types o f heat i ng and motor fuel. 

The Republic is the closest industrialised country in the Western 

world by sea from the Middle East oilfields to the East of the 

Suez Canal. Consequently the landed price of petroleum in South 

Africa can be expected to compare favourably with corresponding 

prices in America and Japan. Under these circumstances it may be 

economically feasible to produce naphtha from crude petroleum 

instead of importing it as such. 

This can be achieved by partial refining to produce a set of j o int 

products comprising naphtha, heavy fuel oil, diesel fuel and petro

leum gases . 

See A. 24 TABLE II .12 

The above table reflects the yields of the various products and 

estimated realisable prices where a market exists . 

Where the price is competitive with that of coal on a calorifi c 

value ba s i s, thermal power stations are a potential outlet f or the 

heavy fuel oi l fraction. In th,e cas·e where the coal price exceeds 

RS per ton the estimated discounted cash flow on the partial 

refini n g process i s in the order of 15% per annum before taxes . 
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Such a system has potential and represents a possible development in 

the field of joint product manufacturing in South Africa. 

5 SUMMARY 

Influenced extensively by technological progress as well as the availabi

lity of capital and the profit incentive, joint product manufacture has 

developed at a rapid rate in recent years. In the major fields of petro

leum and chemicals, joint product manufacturing is characterised by large, 

complex and capita l-intensive production facilities. A number of enter

prises engaged primarily in joint ·product manufacturing, rank high on 

the list of the largest industrial corporations in the free world. 

In the Republic of South Africa, joint products account for a significant 

percentage of the gross national product and their manufacture is of 

major strategic, economic and industrial importance. Consequently the 

optimal solution of the managerial problems associated with joint 

product manufacturing is of considerable importance. 



CHAPTER III 

MANAGEMENT OF 
MANUFACTURING 

1 INTRODUCTION 

THE JOI NT 
ENTERPRISE 

PRODUCT 
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Having examined its na ture and development, this chapter deals with the 

mansgerial aspects of joint product manufacturing. The factors of large 

scale product ion and technological intricacy tend to complicate the 

functions f management i n any capital-intensive industry . Where joint 

processes are involved, however, these functions are further complicated 

by virtue o f the techn i cal interdependence of the products. 

The scope o f this study is restr icted to the given concern operating in 

a given , dynamic environment. In this context the primary objective of 

manufacturin g management may be stated as bein g the maximisation of 

returns, as def ined. In this chapter the nature and functions of modern 

manufactur ng management are outlined, and the particular managerial 

problems associated with j oin t product manufacturing are examined and 

nalys ed . 

The appr~ach adopted is to contrast single- line with join t product 

manufac tur ing with respect to decision-making and control. Specialised 

managerial n f ormation is shown t o be necessary if returns in respect of 

j o int product manufacturing enterprises are to be maximised . 

2 THE ATURE OF MAN FACTORING MANAGEMENT 

2 .1 DEFINING MANAGEMENT 

J. BATTY, ( 11 dustrial administration and management, " McDonald 

and Evans, Lon don, 1966, p.123) maintains that there i s no generally 

a ccepted def inition of management . Much depends on the poin t of 

view o f the person who is attempting to define the term. Thi s is 
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borne out by the fact that various definitions of the term are 

almost as numerous as the writers on the subject. The widely

used functional approach and the more recently developed co

ordinative concept are discussed below. 

2.1.1 THE FUNCTIONAL APPROACH 

The functional or anatomical approach to the concept of 

management is largely an extension of the "management is 

gett ng things done through other people" defin ition, by 

elaborating on how this can be effectively achieved . 

E. DALE, ( "Management theory and practice," McGr aw- Hill Co., 

New York, 1965, p.l) states that : 

"Management is best defined . . . in terms 
of the functions that all true managers 
perform, to a greater or lesser degree, 
whether they are business managers or 
managers of other types of organisations." 

These functions have been variously described by a wide range 

of authors on the subject. One of the first of these was 

L. GULICK, ( "Papers on the science of public administration," 

Institute of Public Administration, New York , 1937, p .~3) 

who coined the word POSDCORB from the initial letters o f 

the functions of planning, organising, staffing , directing, 

co-ordinating, reporting and budgeting . L.A. ALLEN, ("The 

management profession," McGraw-Hill Co., New York, 1964, 

p . 263) includes "motivating," while W.H. NEWMAN, C.E. SUMMER 

and E .K. WARREN, ("The process of management," 2nd Ed . , 

Prentice- Hall Inc., New Jersey, 1967, p.11) refer to 

"leading" as an intrinsic managerial function. 

P.F . DRUCKER ("The practice of management, " Harper and Row 

Inc . , New York, 1954, p.47) states correctly that managing 

a ·business " cannot be a bureaucratic, an administrative or 
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even a policy-making job." Maintaining that managing is 

a creative rather than an adaptive task, he emphasises 

the innovative aspect thereof. 

A primary objection to the multiple function approach is the 

fact that in practice, the various functions overlap and can 

not be realistically isolated. The longer the list of func

tions, sub - functions and activities, the less meaningful the 

functional definition becomes. By restricting the list to 

planning, organising and controlling, and stipulating that 

all three are invariably basic to and inherent in all 

managerial activity, it becomes more significant. (Vide 

W.M. FOX, "The management process," Irwin Inc., Illinois, 

1963, p . 3) . These three are termed basic functions, 

relevant aspects of which are discussed later in this 

chapter. 

2.1.2 THE CO- ORDINATIVE CONCEPT 

Similar to the approach adopted by FOX; in terms of 

the co- ordinative ~oncept, management is regarded as an 

integrated activity. "Co-ordinative" in the sense used, 

holds "allocation of resources" connotations, and the 

concept centres around the manager as a decision- maker in 

this respect . M. H. SPENCER and L. SIEGELMAN, ("Managerial 

economics," Irwin Inc , Illinois, 1965, p.16) maintain that 

the co- ordinative activity is the process of selecting an 

action from alternative courses of action, stating that: 

"It is management in the co - ordination 
sense which is now recognised by many 
modern scholars as a central concept 
of management theory." 

When selecting a course of action, the manager is in effect 

taking a decision at the present time in order to obtain 
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results in the future. As such, an element o f risk is always 

present and a decision can at best be "probably correct" at 

the time it is taken . In terms of the co - ordina t i ve concept, 

managerial decision-making is regarded as being t he selection 

of the course of action which has the greatest probability 

(or least uncertainty) of fulfilling the object i ves of the 

enterprise . Thereafter the results of the decision are con

trolled by measuring the effects of the course of action 

selected; comparing them with the relevant objectives, and 

taking corrective action where necessary . 

Although more abstract than the functional approach, this 

concept has merit. It incorporates the innovative or 

creative aspect of setting up alternatives and embodies the 

pr i nciples of management by . objectives. 

2 .2 THE BASIC FUNCTIONS OF MANUFACTURING MANAGEMENT 

Us ing the functional approach, manufacturing management can be 

broadly descr i bed as planning, organising and controlling the 

a ctivi ties i nvolved in converting raw materials into f i nished 

produc t s. As a prelude to the examination of the particular 

problems associated with the execution of these functi ons in 

the j o in t product manufacturing enterprise, their natur e and 

scope a re discussed in general terms below. 

2 . 2 . 1 PLANNING 

The function of planning in the given manufacturing 

concern involves the setting of performance objectives 

f or each segment of the organisation, which, when co 

ordinated, represent a plan by which the primary ob 

jective o f the enterprise can be attained. This 

normally involves three phases, namely : 



(a) forecasting the demand for each product for 

the period involved; 

(b) allocating available resources in such a 

way as to maximise returns; 

(c) compiling functional operating plans for 

each segment of the organisation. 
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Relevant aspects of each of these phases are outlined below. 

2.2.1 . 1 DEMAND FORECASTS 

In most manufacturing concerns the anticipated 

volume of sales for each product forms the 

framework within which operating plans are for 

mulated. In a market economy, demand for a 

particular product tends to vary, to a greater 

or lesser extent, according to its price. 

Where this factor is significant, it is neces 

sary to compile a demand schedule for ea~h 

product which reflects the anticipated volume 

o f sales at various prices. The revenue which 

it is anticipated will accrue from sales at 

each volume level is obtained by multiplying 

the number of units by the corresponding unit 

price in the demand schedule. This information 

can be used to compile revenue/volume schedules 

for each product. 

The revenue/volume schedule for a product 

reflects the sales revenue for each feasible 

volume of sales. Taken together with cost/ 

volume schedules, they provide valuable in

formation on which resource allocation 

decisions may be based. 
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Demand forecasts and resource a llocation plans 

are termed short - run or short - term if t hey cover 

periods of up to one year, and l ong-term if they 

cover periods in excess of two years . 

Depending on the nature of the produc t and the 

manufacturing sequence employed, the degree to 

which returns can be maximised is a function of 

the a ccuracy and reliability o f the demand fore

cast . In general the less flexible the production 

fac i l ities are with respect to type and quality, 

the grater is the need for accurate forecasting. 

Furthermore, the higher the proport on of fixed 

manu facturing costs, the greater the need for 

rel iable long term demand forecasts if r e tur s 

are to be maximised . 

2.2 . 1 . 2 RE SOURCE ALLOCATION 

Manufacturing resources are alliteratively referred 

to by H. SPEIGHT, ( "Economics and industrial 

effi ciency," 2nd Ed . , Macmillan , Lo don , 1967, p . 9) 

as being manpower, money, machines, materials and 

management. The optimisation of manu factur ing 

activity involves the allocation of available 

res ources to products in such a manner as to 

maximise returns on the i nvestment which this 

a llocation represents . 

Some o f t he decisions involved in resource alloca

i on planning are as f o llows : 

) which products should be produced; 

(b) how much o f each product should be 

produced; 



(c) whether a product should be sold or 

worked up further; 

(d) whether intermediates should be 

manufactured or purchased; 

(e) which grade of raw materials should 

be used; 

( f) which process should be employed, 

etc. 
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Resource allocation planning is of course subject 

t o the constraints imposed by technical considera

tions, and a sound knowledge of the manufacturing 

process is essential if the activity is to be 

optimised. 

Short-term allocation generally involves a 

relatively fixed set of resources and range of 

products . Long-term resource allocation plans 

may involve different products and/or manufac

turing facilities. Under these conditions the 

relative quantities of the various res ources 

may change. For example, equipment resources 

may be increased at the expense of capital or 

labour resources. 

Depending on circumstances, resource allocation 

may involve a large number of alternatives. 

Selection of the optimal course of action is 

subject to the availability of reliable revenue/ 

vo lume and cost / volume information. 
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2.2.1.3 OPERATING PLANS 

Once the optimum manner in which resources should 

be allocated for a forthcoming period has been 

determined, it remains to compile functional 

operating plans for each sector of the organisation 

based on this information. These plans are based 

on forecasted data and can be regarded as being 

forecasts in themselves. In allocating resources, 

predicted costs and prices were used. If they are 

to be effectively employed for control purposes, 

the operating plans should incorporate cost elements 

and prices. As such they are combination forecasts 

and budgets. (Vide J. BATTY, "Management accountancy, 11 

MacDonald and Evans Ltd., London, 1966, pp . 77 - 89). 

2.2.2 ORGANISING 

In the sense in which it is used in this study, the term 

"organising" refers to the managerial function of ensuring 

that efforts within the business enterprise are directed 

toward the primary set of objectives. As such the function 

includes such activities as staffing, motivating, leading, 

co - ordinating, communicating and directing. It is in effect 

the link between the plan and the results. Relevant aspects 

of this function are discussed below. 

2.2.2.1 ORGANISATIONAL STRUCTURES 

Organisation invariably involves people. For this 

reason it is the sphere of management in which 

strict scientific principles cannot be adhered to 

with consistent results. A scientifically based 

personnel framework is however essential to the 

effective co-ordination of activity in any manufac

turing enterprise. E.F.L. BRECH ("Organisation: 
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the framework of management," Longmans, London, 1965, 

p.16), refers to the nature of the organic s tructur e 

as follows : 

" a 'known arrangement' between the 
persons concerned in sharing of the 
responsibility is essential, if con
flict, confusion or chaos are t o be 

. avoided." 

The "known arrangement" is alternatively described 

as an "organisational structure," a "pattern of 

defined responsibilities," or a "framework for the 

management process of delegation. " 

Decentralisation and technological progress have had 

a significant effect on manufacturing organisational 

structures, particularly in multi - process and multi 

product industries. In these areas the products of 

one division may be worked up in others, requiring 

close co - operation between them in a number of 

spheres. 

Departmentalisation based on cost - incurring consider

a tions has resulted in a trend away from the strictly 

vertical organic structure and toward parallelisation, 

with horizontal and diagonal relationships. 

A logical extension of the departmentalisation of 

manufacturing operations is the centralisation of 

service act i vities such as production planning, 

maintenance, inspection, technical and laboratory 

services, etc. Specialist service department s are 

a prominent feature of modern manllllfacturi ng 

organisational structures . 
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Despite the scientific basis of organi sational 

structures, there is no set formula f or their 

formation . Structures in different companies 

may often be similar, but are rarely exactl y 

the same. 

MOTIVATION AND 
OF AUTHORITY 

THE DECENTRALISATION 
AND RESPONSIBILITY 

Whatever the enterpr i se, management i nvolves the 

continuous task of accomplishing objectives via 

the efforts of others. Motivating is thus an 

integral part of managerial organising, and involves 

the blending of the personal needs and goals of 

the individual employee with the objectives of the 

enterprise as a whole. The size of the modern 

manufacturing corporation, coupled with a high 

degree of automation, has resulted, to a certain 

extent, in a loss of individuality among industrial 

employees . This can lead to serious motivation 

problems in a large concern. E. C. SCHLEH, 

("Management by results, " McGraw-Hill, New York, 

1961, p.3), points out that greater productivity 

per manhour and increased mechanisation has 

resulted in the fact that "larger losses than 

formerly are possible at any individual work 

place along the line ." This is particularly true 

in process manufacturing . 

Motivation of lower level employees is further 

complicated in this type of industry by the fact 

that, in a number o f cases, no suitable basis 

exists for monetary incentives in the form of 

production. bonuses . Motivation of employees at 

every level has thus become an important aspect 

of the co-ordinating function. 
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Decentralisation can have a favourable motivating 

effect in a manufacturing organisation. With 

respect to lower level employees, the size of the 

enterprise is in effect reduced. Instead of being 

ne of several hundred (or thousand) company workers, 

he becomes a member of the ABC Department produc

tion team. In this way he preserves a degree of 

individuality. 

On the other hand, unless guarded against, decen

tralisation can have negative results with respect 

to motivation of the lower ranks. L.A . ALLEN 

(op. cit., p.206) states that: 

"To be most effective, there should 
be a consistent and systematic 
effort to delegate authority to 
the operating levels." 

It is maintained that although in many other 

respects delegation is insuffic i ently practised, 

the least - transferable managerial skill of leader

ship is frequently the first to be passed down the 

line. If the pyramid organisational structure is 

considered, it is seen that the men most skilled 

in the managerial functions are furthest removed 

fr om the men who actually perform the revenue

generating operations. 

Motivation of these men is often and for the most 

part, left to their innnediate superiors. These 

superiors are theoretically inferior in managerial 

skills and experience to all but the lowest rank 

in the organisation. 

It is proposed that this syndrome is one of the 
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determinants underlying the findings o f F.J. ROETH

LISBERGER (In H. KOONTZ, Ed. "Toward a unified 

theory of management," McGraw- Hill Co ., New York, 

1964, pp . 41 et seq.), who investigated organisa t i on 

behaviour -with respect t o morale, motivation, 

leadership and productivity. One o f these fi dings 

was that the motivational assumptions under lying the 

principles of management were inadequate. 

The effect of decentralisation and de legation on 

departmental managers is generally favourable. If 

each department is regarded as an individual enter

pr i se, the incentive for its managers to s trive 

more actively to meet the objectives set, is sig

nificantly increased . 

Where departmentalisation is warranted by the si ze 

and nature of the enterprise, it is important that 

sub- division be based on cost - incurring consider 

ations. The motivating effect of decentralisation 

can be increased if profit margins can be attri= 

buted directly to manufacturing departments. 

2.2.3 CONTROLLING 

Regardles s o f how carefully its activities are planned and 

organised , the primary objectives of a business enterprise 

can not be achieved except by accident unless the sys em is 

in a state of control. D.S. SHERWIN ( "The meaning of control, " 

in Dun 's Review and Modern Industry, January , 1956 , p . 46 ) , 

descr ibes the underlying concept of the contr o l function as 

follows : 



"The essence of control is action 
which adjusts operations to pre
determined standards, and its 
basis is i nformation in the 
hands of managers ." 
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Managerial control based on the detailed objectives discussed 

earlier under the planning function, i nvolves three phases : 

(a) measurement of actual performance; 

(b) comparison with plans and evaluation 

o f deviations; 

( c) corr ective action. 

For the most part responsibility for the day-to- day control 

of manufacturing operations rests with line supervisors . 

In thi s respect feedback of control information from the 

vari ous sectors of the organi sation takes the form of 

periodic reports. These enable management to measure and 

evaluate performance in general terms on a weekly or monthly 

basis. 

Longer ~t erm evaluation, however, is usually c ncerned with 

cost and revenue measurement . Here budgetary control , 

standard costin g systems and sales schedules play a i mpor

tant r ol e in providing management with information on which 

assessments and decisions can be based . 
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2 . 2 . 3 . l ASPECTS OF COST CONTROL 

Costing is an essential aspect of the first phase of 

the controlling function in a manufacturing enter

prise; namely, measurement of actual performance . 

J. H. ELS ("The application of standard costs in 

certain South African industries, " Unpublished 

thesis, P.U., 1964, pp. 6, 7), makes the following 

statement: 

"A cost system, properly adapted t o the 
the production process, will also assist 
management in the control of the cost 
and cost items resulting in savings and 
increased efficiency by pointing out 
those performances which are out of 
line with those planned, thus enabling 
management to make use of the principle 
of exception, that is, attention being 
focused only on those results which 
are not in accordance with those pre
determined." 

ELS maintains correctly that the future o f any 

business undertaking is closely related to its 

cost structure and the effectiveness of its cost 

control system. 

Costing systems should be designed to meet the 

particular requirements of the enterprise concerned. 

For control purposes it is desirable to relate the 

costing system to the organisational structure of 

the enterprise . In this way the line managers 

concerned can utilise the information directly, 

and be held accountable for variances from pre

determined performance. (Vide H, OONTZ and 

C. O' DONNELL, "Principles of management," McGraw

Hill Co . , New York, 1,955, p.190) . 



68 

A.J.E. SORGDRAGER ("The particularization of indirect 

cost in modern costing administration," Ajax, Pot

chefstroom, 1964, p.168), points out that "the cost 

centre structure is identified as the centre of 

responsibility." SORGDRAGER attributes the 

development of this system of responsibility to 

A. MEY. E.W. NETTEN ("Responsibility accounting 

for better management," in The Canadian Chartered 

Accountant, Vol.83, No. 3, September, 1963, 

pp.164-168), emphasises the importance of such a 

system in the exercise of effective managerial 

control. 

In many concerns, so-called "direct costing" is 

favoured for control purposes. Direct costing is 

a concept under which only variable costs of 

manufacturing are treated as product costs. (Vide 

J.R.E. PARKER, "Perspectives on direct costing," 

in The Canadian Chartered Accountant, Vol.78, No. 3, 

March, 1961, p.225). 

R.R. ANTON and P.A. FIRMIN, ("Contemporary issues 

in cost accounting," Houghton Mifflin Co . , Boston, 

1966, p.139) maintain that direct costing has the 

advantage of focusing on more controllable costs, 

and so facilitates control of responsibility centres. 

Direct costing is criticised by J.H. ELS (op. cit., 

p.163) on the grounds that no differentiation is 

made between the "rational or irrational sacrifices" 

of any excess capacity; which is almost always 

charged as part of the "cost" of the products 

manufactured . 
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2.2.3.2 EFFECTIVE BUDGET CONTROL 

The value of any control information system lies 

in the extent to which it reveals the real cause 

of both favourable and adverse deviations from 

planned performance. It is important therefore 

that the budget control system be designed to 

facilitate the isolation of variance causes. 

Unless budget control information is sufficiently 

detailed, the danger exists that adverse and 

favourable variances which are not reflected 

separately will cancel each other. The result 

may be a low nett variance indicating all - round 

efficiency which is not the case. It may be 

necessary to reflect each cost element separately 

for each cost centre if production costs, for 

example, are to be effectively controlled . 

The incorporation of standard costs in the budget 

control system has become generally accepted in 

a large number of industries (Vide D. SOLOMONS, 

"Flexible budgets and the analysis of overhead 

variances," in Management International, Vo l. 1, 

1961, p . 84) . By incorporating stan dard variable 

costs in the production budget, efficiency and 

price variances can be determined, thus facilitating 

the isolation of variance causes . (Vide J . BATTY, 

op . cit . , 1966, "Management accountancy , " p . 268). 

In a departmentalised manufactur ing concern , 

responsibility for cost control in each department 

is delegated to the manager thereof . In such con

cerns it is advantageous to distinguish between 

"controllable" and "uncontrollable" variances in 

each department. Variances due to such causes as 
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changes in raw material quality may be uncontrol-

- lable with respect to the production department 

manager in whose budget the variance is reflected. 

In general, efforts should be made to isolate 

those variances which reflect performance in a 

particular area from those which result from 

changes in non- or semi-controllable factors. 

(Vide J .A. BECKETT, "A study of the principles 

of allocating costs," in Accounting Review, 

Vol. 26, No. 3, July, 1951, p.328) . 

The use of electronic data processing can greatly 

facilitate cost accumulation and analysis for 

budget control purposes. By means of correlation 

analysis and other statistical methods, variance 

trends can be signposted during the budget 

period, permitting corrective action to be taken 

promptly. The cost of the system should, however, 

be weighed up against the economic advantages of 

its results . 

2.3 THE INNOVATIVE ASPECT OF MANAGEMENT 

If returns are to be maximised, the business enterprise has to 

have leadership in something of real value to the .customer or 

market. It may be leadership in cost, service, quality or the 

ability to convert ideas into saleable products speedily and at 

low cost . Maintaining that any leadership position is transitory, 

P. DRUCKER, (t1Managing for results, 11 Heinemann , London, 1964 , 

p . 7) states the following of innovative management: 

"It is, then, the executive ' s job to reverse 
the normal drift . It is his job to focus 
the business on oppprtunity and away from 
problems, to re- create leadership and counter 
act the trend towarQ mediocrity, to replace 
inertia and its momentum by new energy -and 
new direction." 
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Having examined the basic nature of management and dealt with 

relevant aspects of its basic functions, the remainder of this 

chapter is devoted to managerial problems peculiar t o joint 

product manufacturing. 

PARTICULAR 
WITH JOINT 

MANAGERIAL PROBLEMS ASSOCIATED 
PRODUCT MANUFACTURING 

Joint product manufacturing management is faced with the objective of 

maximising operating profit, over the long term, on two or more products. 

These products are interrelated with respect to quantity, costs, and in 

some cases, quality. They may, however, be entirely independent with 

respect to demand and market value. Furthermore, as will be established 

subsequently in this study, manufacturing costs can not be allocated to 

individual joint products other than on a semi - arbitrary basis. 

The factors of product interdependency and the unsuitability, in several 

respects, of allocated joint costs as decision- making information, com

plicate the functions of joint product manufacturing management. In this 

section the effect of these factors on aspects of the basic managerial 

functions is examined. 

3.1 PLANNING ASPECTS 

3.1.1 DEMAND FORECASTS FOR JOINT PRODUCTS 

Demand forecasting for joint products involves the prediction 

of the simultaneous demand, over a certain period, for two or 

more products. The reliability of the composite demand forecast 

depends on the accuracy with which the demand for each indivi 

dual product can be predicted . Taken separately, the forecast 

for each product carries a certain probability o f being correct. 

If the products are sold in different markets, the respective 

probabilities may differ appreciably. 

The accuracy probability of the composite forecast for resource 
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allocation purposes is governed by the accuracy probability 

of the least predictable individual product demand. As a 

result the degree of uncertainty associated with production 

plans based on composite demand forecast for a set of joint 

products tends to be appreciably greater than that for a set 

of singl e- line products. 

Resource allocation and the resultant operating plans are 

based on forecasted revenue/volume and cost/volume data. 

Manuf cturing activities will only remain optimised for as 

long as a satisfactory correlation exists between forecasted 

and actual conditions. As every demand forecast carries some 

degree of uncertainty, plans must be regularly updated in the 

light of additional market information if returns are to be 

maximised. (Vide R.A. KNAPP, "Forecasting and measuring with 

correlation analysis," in Financial Executive, Vol . 31, No . 5, 

May, 1963, pp.13-19). This holds for both single-line and 

joint product manufacturing. However, the inherent inflexibility 

o f the j o i n t product mix tends to seriously impede short - run 

optimisation in the event of unpredicted variations in the 

demand for one or more products. 

In general, any deviation from forecasted 
demand on which optimum resource alloca
tion has been based, tends to result in 
a greater deviation from maximum returns 
than otherwise if the products are tech
nically interdependent. 

3.1 . 2 RESOURCE ALLOCATION TO JOINT PRODUCTS 

The primary objective of the planning function in a manufacturing 

enterprise is to establish the manner in which resources should 

be allocated to products in order to maximise returns . Of the 

resource allocation decisions listed under 2.2 . 1.2 in this 

chapter, the first two, namely, which products should be 
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produced, and how much of each, are fundamental dec i sions. 

For a large multi - process manufacturing complex a considerable 

number o f courses of action may be associated with each re

s ource allocation decision. A system which can provide 

reliable and comprehensive information on which these 

decisions can be based is essential if the optimum course o f 

action i s to be selected. 

With respect of single-line products, break- even analysis 

techniques can be usefully employed for this purpose . 

S . A. TUCKER, ( "The break-even system : a tool for profit 

planning, " Prentice-Hall Inc., New Jersey, 1963, p.xi) 

describes the system as follews: 

"Practically every action 0r planned 
decision in a business enterprise will 
affect costs, prices, volume and profits. 
The break - even system discloses the 
interplay of all these factors in a way 
which aids management in selecting the 
best possible course of action now and 
i n the future. " 

( Break- even analysis is comprehensively covered both in theory 

and i n pract i cal application by J . C,M. VAN NIEKER.K, "Die 

wins - en ver lieskruispunt in teorie en praktyk, " Unpublished 

thes is , F , U. , 1968) . 

Whi l e br eak - even analysis has certain limitations , it provides 

usef ul in formation on which resource allocat i ons t o s ingle

l i ne products can be based. The limitations are examined by 

A.J.E. SORGDRAGER , (op. cit., 1967, pp.239 , 24O) . The system 

and variations thereof have found widespread us e in many t ypes 

of i ndustry (Vide R.I. DICKEY, op . cit . y p.18 . 19) . 

Where more than one product is produced , unles s the cost /volume 

r elationship for each individual product is known, break- even 
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analysis serves little purpose with respect to resource allo

cation decision-making. As has been stated, joint manufac

turing costs can not be allocated to individual products 

except on a semi-arbitrary basis. The value of allocated 

joint costs for the important purpose of optimising resource 

allocation is therefore questionable. 

Although they make no reference to allocated variable costs, 

several authors on break-even analysis are critical of the 

use of allocated fixed joint costs. R. I. DICKEY (op. cit. , 

p.18.13) quotes the National Association of Accountants 

(U.S;A.) on the allocation of fixed costs as follows: 

"Where a significant portion of the facilities 
represented by the fixed costs is shared in 
connnon by the various products, difficulties 
which are inherent and cannot be readily 
overcome cause the resulting break-even 
figures to have only limited reliability 
in many cases." · 

S.A. TUCKER (op. cit., p.46) states that: 

" In an arbitrary allocation of joint fixed 
costs, the only significant piece of in
formation obtained from this (break-even) 
chart is the PV." 

PV is defined as (1 - variable cost percentage of sales.) 

He maintains that in using only the variable product cost -

"we would be comparing known values without compounding it 

wi th the presence of an arbitrary fixed cost." It is evident 

that despite this author's use of the word "joint" he is not 

referring to joint products as defined in this study. For 

these products, allocated joint variable costs would be as 

arbitrary as the joint fixed costs he avoids using. (Both 

the concept of joint cost and various allocation methods are 

discussed in PART TWO of this study.) Provided that the 
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ratio of product yields remained constant f or every joint 

process in the manufacturing sequence, it would be possible 

to compute a single break- even volume expressed as aggregate 

sales revenue . It is, however, doubtful whether t he trouble 

taken to do this could be justified. Furthermore, to plan 

f or a fixed product mix except over short periods wil l more 

often t han no t lead to sub- optimum res ource allocat ion . 

It is maintained that allocated joint costs and cost/volume / 

profit rela ionships for individual joint products tend t o be 

uns ui table and may be misleadin g as far as resource allocation 

de cision-making is concerned. The usefulness of break-even 

analysis and related techniques f or planning purposes is t here

by l imited. I f resource allocation to jo in t produc ts is to be 

optimised, alternative decision-making information systems are 

required. 

A further consideration with respect to resource allocation 

planning for joint products is that the entire j oint product 

manufac tur ing sequence must be c nsidered as a who le . This 

is necessitated by the technical interdependence o f t he pro

ducts. Where a multiplicity of products and proces s es are 

involved t he use o f sophisticated optimisation techniques 

may be essential i f returns are to be maximised . 

3 . 1 . 3 JOINT PRODUCT PRICING 

The role o f pricing in the maximisat ion of re turns i s particu

l arly signi fi cant in the joint product manufacturing enterprise. 

By means of pric i n g, management is able to regulate the demand 

f or the various joint products t o a limited exten t. Pric ing, 

t herefore, represents a part ial solution to t he ever-pres ent 

prob l ems r is ing from t he independent demands for j o intly

produced products. 
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The establishment of a sound long-term pricing policy and 

structure is essential if returns are to be max.i mi.s ed. 

Although rigid cost - plus-profit pricing is a detrimenta l 

practice, manufacturing cost data is of basic importance in 

this respect. A.J.E. SORGDRAGER (op . cit., 1967, p .59) 

makes the f o Ol. lowing point: 

··Alleen wanneer die kosprys van die 
produk bekend is, is dit moontlik 
om te oordeel of die ruil van die 
goedere by 'n gegewe prysstand op 
die mark, voordelig is ." 

A deta iled knowledge of cost-volume relationships for individual 

products extensively facilitates optimisation of pricing 

dec is ons , In this respect break even analysi g can provide 

management with valuable information. (Vide J . C M • \1-Atl 

NIEKERK, op . cit., p . 228 .~ t seq.) . 

While the break - even system can be effectively employed for 

sir1g1e ~line product pricing, the lack o f rational c0st vo lume 

dat~ for indi vidual products precludes its direct application 

for joint products in all but isolated cases. 

Pr ic ng i s a key managerial function and its optimis~tion is 

essential to the maximisation of returns . In the ca se of 

joint products, specialised procedures, which do not depend 

on alloca ted joint costs, are necessary. 

3 . 2 ORGANISATION ASPECTS 

Not al l joint product manufacturing concerns operate large integrated 

producti on complexes . Such facilities are, however, connnon - and i n 

fact the rule - in the petroleum-refining, petrochemical and ore

re fi n ing industries. The way in which the technical interdependence 

of the products affects the organising function in these plants is 

discussed below. 
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Joint product manufacturing systems may consist of a large 

number of processes . With respect to many of these, the end 

products of one process become the raw materials f or others. 

The pres ence of recycle streams, common utility facilities 

and post separation blending, further increases the extent 

of the interre lationship between these processes . At the 

same time , each process may be operated and control led by a 

different team o f operators. 

It can be seen that under these conditions effective co-ordina 

tion of manufacturing activities is an exacting and vitally 

important function. This applies particularly in the petroleum 

refining and petrochemical industries where large-s cale con

tinuous processes and limited intermediate storage capacity are 

common features. 

DECENTRALISATION 
WITHIN THE JOINT 

OF AUTHORITY AND RESPONSIBILITY 
PRODUCT ENTERPRISE 

Departmentalisation in manufacturing industries should be 

based on product lines or related process activities. This 

is in accordance with the pr inciple of combining responsibi lity 

for production efficiency with control thereof. The greater 

the degree o f decentralisation the more authority and respon

sibility is delegated to line managers. 

In the extreme case, each production department is regarded as 

a s epar ate manufacturing enterprise within the organisation. 

These are called " quas i-firms," each of which is considered to 

incur its own profit or loss. (Vide R.B. HORNBLOWER, 

"Observations on decentralisation in large enterprises, " in 

Industrial Economics, November, 1960, pp. 7,8). For t hi s 

degree o f decentralisation to be feasible, each department must 
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be r elatively independent of the others with res pect to through

put, quality, raw materials, etc. 

Although decentralisation to this extent is rarely encountered 

in process industries, many large multiple product concerns 

compromis e by instituting some form of divisional profit 

responsibility. (Vide M.J. GORDON and G. SHILLINGLAW, 

"Accounting: a management approach," Irwin Inc., Illinois , 

1964, pp.753-755). Decentralisation along these lines can be 

effective in single - line product industries, but is rarely 

practicable where joint processes are involved. (Vide 

H. C. GREER, "Divisional profit calculation," in NAA Bulletin, 

Vol . 43, No. 11, July, 1962, pp.6 - 7). 

Regardles s of the manner in which the processes compris ing a 

joint product manufacturing sequence are departmentalised, all 

are interrelated by virtue of the technical interdependence of 

the products . This factor necessitates consideration of the 

sequence as a whole for optimisation purposes. Consequently, 

decision-making with respect to practically every aspect of 

production quantities or qualities is o f necessity a centra lised 

a ctivity. 

Jo i n t product manufacturing management is thus faced with an 

unavoidably high degree of centralisat ion o f authority and 

r esponsibility , with accompanying problems i n the areas of 

motivation, connnunication and control. 

3 . 3 CONTROL ASPECTS 

A has been stated, the allocation of joint manufactur ing costs to 

ind vi dual products is at best a semi - arbitrary process. The con

sequences thereof and other aspects concerning managerial control 

o f jo i n t product manufacturing activities are examined . 
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Cost control can be broadly described as the determination and 

analysis of cost data with a view to cost reduction. The 

importance of this function in the maximisation o f returns 

cannot be over - emphasised, The need to accumulate and analyse 

the costs involved in joint product manufacturing is undisputed. 

The arbitrary nature of allocated joint costs for individual 

products poses a real problem with respect to their use for 

control purposes. 

Unit product costs and c0st/volume relationships are used 

extensively for control purposes in single-line manufacturing 

concerns, particularly where more than one product is manufac

tured, Individual product costs play an important role in 

budgeting and standard costing for multiple product manufac

turing, both of which systems provide valuable control 

information. 

It is on these grounds that a case can be made for the use of 

allocated joint costs for control purposes. R.I. DICKEY 

(op. cit., p. 13.37) makes the following statement in this 
I 

connection : 

"Care must be taken, however, in the use 
of allocated joint costs, since the allo
cations may introduce fluctuations not 
related to managerial performance and 
may focus attention on the method of 
allocation rather han the amount of 
c0st to be controlled." 

In view of the absence of any generally recognis ed basis on 

which j oint c0sts may be allocated to individual products, 

management is faced with the important decisions of whether 

and how to allocate these costs for control information 

purposes. 
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Modern mechanised and capital - intensive joint processes are 

characterised by a low proportion of variable costs. This 

is particularly so in the petroleum- refining and petrochemical 

industries . In CHAPTER II of this study a figure of 25% 

was quoted for the Shell, Pernis refinery. Of this variable 

cost the m;ijor portion is made up of raw material costs. 

For such processes, therefore, the efficiency with which raw 

materi als are converted to saleable products is a useful 

guide t o the efficiency with which the joint process is 

opera ted, Figures which reflect deviations from standard 

material efficiency constitute useful control in f ormation. 

The material efficiency of a single-line process can be 

measured by comparing actual and standard performance . By 

incorporating standard raw material costs, variances can be 

determined which reflect the cost of deviation from standard 

per formance . A useful single yardstick in this respect is 

the mater i al quantity variance (or usage variance) which is 

derived from the following formula : 

(Actual quantity - standard quantity) 

x standard cost . 

Another variance which facilitates material efficiency control 

is t he so- cal led "mix variance." (Vide C,B. NICKERSON, 

"Managerial cost accounting and analysis," McGraw-Hill Co ., 

New York, 1962, pp.311 - 312). This variance may be used where 

various combinations of differently priced raw ma t er i a ls may 

be required to meet product specifications under different 

(uncontro llable) conditions. It is important t o note that 

the "mix" variance alludes to the raw material and no t the 

product mix . 
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For single- line processes the usage and, where applicable, the 

"mix" variances are sufficient to reflect material effici ency 

adequately. This does not apply in the case of joint processes . 

The case i s taken of a joint process which involves the ex

traction of produc t s A and B from a given raw material. 

All else be ing equal, the usage variance as described may be 

zero at sub- optimum efficiency . This can occur if product A 

has a higher market value at separation than B, and i s lost 

to B due to ineffieient separation . 

Additional performance indicators are seen to be essential if 

joint product manufacturing is to be effectively controlled. 

The factors of technical interdependence of joint products and t he absence 

o f any non-arbitrary bas i s on which joint costs may be allocated to indi 

vidual products , tend to complicate the management of a joint product 

manufacturing en terprise . The conclusions arrived at in this respect are 

sunnnarised be l ow. 

(a) The degree of uncertainty associated with manufacturing plans 

based on the composite demand forecast for a set of joint 

products is nherent ly greater than that for a set of single 

line products . 

(b) Any devia tion from forecasted demand on which optimum resource 

llocation has been based tends to result in a greater deviation 

from maximum re tur ns than otherwise if the products are tech

nically interdependent. 

( c) The joint product manufacturing sequence must be considered 

as a whole for opt imisation purposes . Where a multiplicity 

of products and processes are involved 1 resource allocation 

dec ision-making can become an extremely complex function. 
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(d) Allocated joint costs and cost/volume/profit relationships for 

individual joint products tend to be unsuitable for certain 

planning purposes. Alternative decision-making information 
I 

systems are necessary if resource allocation to products is 

to be optimised. 

(e) Joint product pricing is a particularly important and complex 

function. Specialised procedures which do not depend on the 

allocation of joint costs to individual products may be 

necessary. 

(f) In the absence of any generally recognised basis on which 

joint costs may be allocated to individual products, 

management is confronted with the important decisions of 

whether and how to allocate these costs for control 

purposes. 

(g) Documented cost-variance analysis procedures for single

line products provide insufficient control information 

regarding the efficiency with which a joint process is 

operated . 

The above are special managerial problems associated with joint product 

manuf~cturing. In the course of the remainder of this study, various 

s ystems and techniques are reviewed which can assist in the optimal 

solution of these problems. PART TWO is devoted to an analysis of 

the theory and practice of joint product costing. 
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FOREWORD TO PART TWO 

In CHAPTER IV the principles of joint product costing are examined. 

The particularization of direct and indirect costs incurred in the 

joint process is discussed in the light of the technical-economic 

concept of cost. In CHAPTER V various documented methods by 

which joint costs can be allocated to products are critically 

examined. CHAPTER VI deals with the _development of a costing 

system for joint product manufacturing with special reference to 

joint process efficiency control. 
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CHAPTER IV 

PRINCIPLES OF JOINT PRODUCT COSTING 

1 INTRODUCTION 

Broadly stated, returns constitute the difference between revenue and 

costs. Of these two variables, management has control over only one: 

costs. Revenue is not directly under the control of anyone within the 

business enterprise, but, in a market economy, depends solely on the cus

tomer and what he is prepared to pay for the goods produced. In this 

respect, P,F. DRUCKER (op. cit., 1964, p.4) states that there are no 

profit centres within the business, but only cost centres. 

"The only thing one can say with certainty 
about a business enterprise ..• is that it 
consumes efforts and thereby incurs costs. 
Whether it contributes to results remains 
to be seen." 

It would, however, be a gross misconception to believe that the maximi

sation of returns simply involved the minimisation of costs. Despite the 

exogenous nature of the revenue variable, one of the primary entreprenerial 

functions involves the exploitation of opportunities within the source of 

revenue; namely, the market. 

As the endogenous profit variable, costs are manufacturing managements' 

key concern. Their determination, particularization and control are vital 

to its objective of maximising returns. In this chapter the principles 

involved in the particularization of manufacturing costs to joint products 

are examined in the light of the basic technical-economic concept of cost. 

2 THE CONCEPT OF COST 

The basic concept on which the costin~ aspect of this study is based 

originated in the Netherlands. Business administration has long been 

regarded as an applied economic science in that country, and the 
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development of cost accounting into a normative science is attributed to 

the Amsterdam school. The cost concept of this school is founded on the 

work of Th. LIMPERG Jnr . , whose theories were later developed by his 

pupils, H.J. VAN DER SCHROEFF, A. MEY and S. KLEEREKOPER. (Vide A.J.E. 

SORGDRAGER, op . ci t '. , 1964, p.7) . A valuable contribution, particularly 

with respect to the practical application of this concept has been made 

by SORGDRAGER who is a pupil of Prof. VAN DER SCHROEFF. 

Relevant aspects of this concept are examined. 

2.1 COST AND VALUE 

The incurrence of cost is generally understood to involve the sacri

fice of something of value. Technically speaking, cost is the re

corded measurement of a sacrifice which can ultimately be expressed 

in terms of monetary units. With respect to manufacturing costs, 

A.J.E. SORGDRAGER (op. cit., 1964, p.25) states that: 

"The valuation of this sacrifice is intrin
sically the valuation of the services of 
the factors of production which have gone 
into the product. " 

The extent to whi ch a sacrifice is economically justified depends 

on the difference between the value of the sacrifice made and the 

realisable value of the goods or services received in exchange. 

Costs thus involve sacrifices which, i n order to be meaningful in 

an economic sense, must be related to value . 

A.J.E. SORGDRAGER (op. cit . , 1964, p. 7 ) states correctly that value 

and cost are closely linked, in that cost is not possible without 

value and no unit can possess value if the sacrifices involved are 

not coupled with cost. He defines the concept of cost as follows: 

"Costs are those value units which must be 
sacrificed for the production in order to 
obtain new values." 
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Th. LI MPERG ( "De gevolgen van de depreci atie van de gulden voor de 

berekening van waarde en winst voor het bedrijf," Vijf en Twintig 

Jaren Maandb lad Voor Accountancy en Bedri jfshuishoudkunde , Deel I, 

1936, p.336) descr i bes the economic value uni t as : 

"de kwantita tiewe voorstelli n g van de betekenis 
van een goed voor de behoeft ebevrediging van de 
bezi t t er o f gegadi gde ." 

2.1.1 THE REPLACEMENT VALUE CONCEPT 

Technical costs, once incurred or i mputed, are definite 

measured quan t i t ies . Value , in a dynami c environment , may 

fluctuate wi dely in sympathy with a large number o f complex 

variables. A direct relat ionshi p between cost and value can 

consequen t ly only exist a t the momen t o f transaction . 

J . H. ELS (op . cit . , p .25 ) a ttributes the most important develop 

ment in cos t =value re l ati onshi p to the Amsterdam school, with 

the development o f the rep l acemen t va l ue concept. The replace

men t va l ue is t he va l uation on the bas is of the price on the 

buyer' s marke t a t the momen t o f economic exchange . (Vide 

A.J.E. SORGDRAGER , op. cit . , 1964 , p . 33 ). 

In terms of t he concept , r ep lacement must be based on an eco 

nomi cal ly e fficacious deci sion. Inopportune replacement or 

arbitr a r y rep l acemen t does no t compl y with this requirement 

and in such cas es replacemen t price , as opposed to value, is 

involved . A. J . E. SORGDRAGER (op . cit . , 1964, Chap t er II) 

shows clearl y how rep l acemen t pr i ce is no t necessarily related 

t o cos t, in t he t echnica l - economi c sense . 

I f the r ep l a cemen t va l ue a s defined i s i ncorpor a t ed in the 

bas i c concep t o f cos t, the measurement o f the sacrifi ce i n 

exchange becomes economica l ly meaningfu l . 
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2.1.2 COST AND EXPENSE 

tis c l ea r tha t a l though ncosts" and 11 expenses " are related, 

the terms are by no means i n terchan geable , The difference 

l i es i n t he economi c j us t i f icat i on o f the sacrifice involved 

i n the exchange, J,H. ELS (op . cit., p .34 ) s ums this up as 

follows : 

"Cos ts should not be seen a s the expenditure 
incurred, but as the expendi ture necessarily 
incurred in the manufacture o f the product 
and o ly that expenditure effi ci ent ly i n 
curr ed . " 

P .F. DRUCKER (op. cit., 19 4 , p.64) refer s to expenditure 

which does no t produce economic r esults a s waste , stressing 

that the r a t i o between ' efforts and resu l ts i s more important 

than the absolute (techni cal) cos t l evel . 

" Cos t, after all, does not exi st by itself. 
It is a l ways incurred - in inten t at least -
f or the sake o f r esu ts. N matter how 
cheap or efficient an e ffort , it is waste 
rather than cos t if i. t is devoid o f results . " 

( it is inter esting t o note that DRUCKER is i n fact stating 

one o f t he bas i pr i nc i pl es of t he norma t ive approach to cost

ing . ) 

Only t hose sacri f i.c s whi ch a r e necessari ly incurred i n order 

t o pr duce economic r es ults can be c lassified as cos t s , the 

remainder a re was t e . Was te does no t include technically or 

economica l l y unavoidable plus - usage, the sacrifices associated 

with whi ch a re , by defini tion , costs. Standard costs provide 

a means by which waste and plus ~usa ge may be differentiated. 

As such , standard cos t ing can be regarded as an extens ion of 

the rep lacement value concep t. 



89 

Only by incorporating the replacement value concept in the 

concept of cost can any distinction be made between cost and 

waste. The technical-economic concept of cost is consequently 

of fundamental importance to the practice of effective mana

gerial control and decision-making. 

2. 2 COMMENTS ON THE NORMATIVE COST CONCEPT 

The technical-economic concept of cost as outlined above is by no 

means universally accepted or applied. Although the importance of 

the relationship between cost and value is generally recognised, 

this aspect is circumvented rather than placed on a sound theoretical 

basis. 

The traditional American approach in this connection is aptly illus

trated by N.M. BEDFORD (in Accounting Review, Vol. 32, No. 1, 

Jan., 1957, p.9). Quoting the findings of the American accounting 

association cormnittee on cost concepts and standards, he states that 

cost represents a release of value for the creation or acquisition 

of economic resources. He notes that: 

" this view is broad because of the indefinite 
nature of the term 'value release. ! But this 
breadth is also the advantage of the term for it 
allows a variety of methods for measuring cost 
so that preciseness of a concept of cost may be 
provided by the method by which cost is measured." 

This approach can be traced back to J.M. CLARK (op. cit., . p. 281) 

and his concept of "different costs for different purposes." This 

approach to the basic cost concept is justifiably termed "not only 

pragmatic, but opportunistic" by A.J.E. SORGDRAGER (op. cit., 1964, 

p.14). 

The idea of different costs for different purposes is widely advo

cated in the Anglo-Saxon liter~ture on the subject of costing. 

R.I . DICKEY (op. cit., p.1.11) states that it is advisable to use 
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the word "cost" with a qualifying adjective or phrase which will con

vey the shade of meaning intended. He lists 22 "types of cost." 

It is to be regretted that this appr~ach is also prevalent in South 

Africa. (Vide J.H. ELS, op. cit., pp.29-33, and J.C.M. VAN NIE

KERK, op. cit., p.18). The findings of ELS and VAN NIEKERK in 

this connection were confirmed by the writer in the course of the 

study of costing procedures in certain joint product manufacturing 

enterprises. 

Non-acceptance of the normative approach to the concept of cost is 

not restricted to the Anglo-Saxon literature. J.A. GEERTMAN ( "De 

leer van de marginale kostprijs," Elsevier, Amsterdam, 1948, p.19) 

criticises the approach as being in conflict with realities encoun

tered in practice. Referring to the LIMPERG (Amsterdam) school of 

thought, he states that: 

"Dese school houdt zich te ver van de realiteid 
verwijderd ... De idealistishe en normatieve 
instelling ... kan tot conflict met de werklijk-
heid leiden." 

This statement will be shown to be erroneous. 

With respect to joint product costing, unless sound technical

economic principles are applied in the particularization of joint 

costs, the resultant product costs have no economic significance and 

may be meaningless and misleading. If purely technical cost concepts 

are applied, provided that the sum of the allocated individual pro 

duct costs is equal to the cost of joint manufacturing and separa-
~-

tion; any allocation basis, no matter how arbitrary, must be con-

sidered as being valid. That this is not the case is obvious. 

Far from being in conflict with reality, the technical-economic 

concept of cost provides a basis on which costs may be particularized 

to joint products in a manner which is meaningful for control and 
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and decision-making purposes. 

The remainder of this chapter is concerned with these precepts and 

the development of the concept of joint product costing as a problem 

in partial particularization. 

3 THE NATURE OF JOINT MANUFACTURING COSTS 

Having defined the basic concept of cost, the cost of manufacturing a set 

of joint products of a given joint process is examined. 

3.1 CATEGORIES OF MANUFACTURING COST 

The sacrifice$ involved in a manufacturing system may be classified 

as follows: 

(a) application of raw materials and auxiliary materials; 

(b) application of human labour; 

(c) wear and tear of durable means of production; 

(d) use of the land; 

(e) services of those outside the system; 

(f) taxes, royalties, etc. 

(Vide A.J.E. SORGDRAGER, op. cit., 1964, p.55). 

The cost price of a product or set of products is the sum of the 

costs associated with its manufacture . With respect to the set of 

joint products, some of these costs can be classed as direct in that 

they can be traced directly to the set. The remainder are indirect. 

Both direct and indirect costs can be broadly grouped into labour 
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costs, material costs and overhead costs. 

It must be noted that a direct cost of the set of joint products is 

not necessarily a direct cost of an individual joint product. 

3.2 JOINT MANUFACTURING COSTS DEFINED 

A number of conflicting definitions appear in the Anglo-Saxon litera

ture with respect to joint manufacturing costs. This is largely the 

result of the use of the "different costs for different purposes" 

principle, and the prevailing lack of any precise definition of what 

constitutes a joint process. A notable exception in the latter re

spect is the valuable contribution to the Anglo - Saxon literature on 

this subject by T.J. KREPS, ("Joint costs in the chemical industry," 

Quarterly Journal of Economics, Vol. 44, 1930, pp.416-461). 

3.2.1 A TECHNICAL-ECONOMIC DEFINITION 

Having examined the nature of the joint process and the tech

nical - economic concept of cost, the cost of manufacturing the 

set of joint products of a particular joint process can now 

be defined as follows : 

The sum of the direct and indirect costs 
associated with the sacrifices which are 
required technically, essential for the 
joint process, and economically unavoid
able. 

In this study the term "joint cost" refers to the above defini

tion. Where used, joint cost thus applies to the cost of ma

nufacturing the -set of joint products of a particular joint 

process. It should not be confused with the "joint costs" 

used by some Anglo-Saxon authors in connection with the cost 

of transporting mixed loads; real estate costs, etc. 

Furthermore, it should not be taken to refer to the cost of 

manufacturing the set of products of the joint manufacturing 

system. (Vide Chapter I, 3.1.2.3, op. cit.) 
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3.2,2 JOINT COSTS AND COMMON COSTS 

It is necessary to distinguish clearly between the concepts 

of joint costs and common costs , Some document~d definitions 

are critically examined . 

' (a) E. L. KOHLER ("A dictionary for accountants," Prentice

Hall, New York, 1957) regards joint costs as a special 

type of common costs, defining them as follows: 

"The common cost of facilities or services 
employed in the output of two or more simul 
taneously produced, or otherwise related 
operations, commodities or services." 

(b) I.W. KELLER and W.L. FERRARA ("Management accounting 

for profit control," McGraw-Hill Co., New York, 1966, 

p.6O8) adopt a similar line, with joint costs being 

described as: 

"Those costs of a basic raw material and 
processing from which inevitably arise 
two or more distinct products; " 

and common costs as : 

"Those costs of any kind which cannot be 
nonarbitrarily assigned to any segment of 
a firm. The products (if any) involved ·· 
need not be distinct products nor products 
which inevitably arise together." 

The view that joint costs are a form of common costs with 

no distinction being made on a cost concept basis, is 

held by a number of authors . (Vide R.I. DICKEY, op. cit,, 

p .133). These include H. BIERMAN Jr . ("Topics in cost 

accounting and decisions," McGraw-Hill Co., New York, 

1963, p,59) . He cites the classic example of joint 

products, namely the -slaughtering of a pig with resultant 
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joint products in the form of various cuts, meats and 

processed products such as ham and bacon. By referring 

to the purchase price of the pig as "common" and the ' 

cost of processing it as "joint," the two concepts are 

sadly confused. 

(c) In contrast to the above, L.L. VANCE (op. cit., p.324) 

regards the two concepts as being mutually exclusive. 

He maintains that common costs can be traced to the 

separate products on a cause and effect basis or by 

tracing the use of facilities, and do not include 

direct materials and labour. Joint costs can not be 

so traced and do include direct material and labour 

costs. G. SHILLINGLAW, ("Cost accounting, analysis 

and control," Irwin, Illinois, 1962, p.1O2) holds much 

the same view. 

(d) A.J.E. SORGDRAGER, (op. cit., 1967, p.257) using the 

normative approach, distinguishes clearly between the 

two concepts on a sound technical-economic basis. 

What follows is a summary of his reasoning. 

Common costs ("saamgevoegde koste") occur 
when common facilities are used for rea
sons of economy. Joint costs ("gemeen
skaplike koste") occur when two or more 
products are produced simultaneously in 
a joint process from the same materials 
owing to technical unavoidability. 

It must be noted, however, that in his book, "The parti

cularization of indirect costs," the terminology is 

reversed. (Op. cit., p.62). One of the primary differ

ences between the two types of cost is that the costs 

associated with each operation in a joint process are 

always incurred simultaneously with respect to all 

products. This is not the case with common costs. By 

virtue of the fact that the word "joint" holds time 

connotations of concurrency (vide P.M. ROGET, "Roget's 
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Thesaurus," Penguin, London, 1953, p.60), whereas "coD1110n" 

does not necessarily denote concurrency; the reversed 

terminology is not favoured. 

3.2.3 WORK-UP COSTS 

THE CAUSAL 
JOINT COSTS 

"R.I. DICKEY (op. cit., p.13.7) quotes LORIG as follows: 

"In effect, the costs incurred up to and in
cluding the split-off point and the separate 
processing costs incurred afterward up to 
the point where sales values are determined 
are all joint costs." 

This statement must of course be rejected as costs incurred 

in the work-up of individual products may be conmon costs but 

are in no way joint costs. 

Where two or more joint processes are incorporated in the 

joint product manufacturing system, a case may be made on 

practical (although not conceptual) grounds for regarding 

these as constituting a single process. This only holds for 

certain cases. The example is taken of a set of joint pro

ducts which are actually formed in a single synthesis pro

cess, but are separated in a series of separation proc~sses. 

If the costs of separation make up a minor percentage of the 

total cost, it may be feasible to group the joint processes 

for practical purposes. If, in such an event, costs are to 

be allocated to individual products for control purposes, 

care must be taken to ensure that the objective thereof is 

not defeated. 

RELATIONSHIP BETWEEN 
AND JOINT PRODUCTS 

The question at:ises as to whether any of the costs associated with a joint 

process bear determinable causal r~lationships to the values .. imparted to · 
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the individual products by virtue of their incurrence. The direct costs 

of the joint process can be traced on a causal basis to the set of jointly

produced products. Whether any of the cost categories bear a determinable 

relationship to the individual separated products is examined. 

4.1 JOINT MATERIAL COSTS 

4.1.1 RAW MATERIALS 

In most cases the raw materials consumed in a joint process 

or combinations of the components thereof, can be directly 

identified in the products. In extractive processes the 

raw material actually consists of a conglomerate containing 

the eventual products. Gold/uranium ore thus contains the 

products, elemental gold and uranium oxide. In synthesis 

processes the identification is not as straight forward. 

The basic chemical elements constituting the final products 

are, however, identifiable in the raw material. 

An exception occurs in the case of jointly produced radio

active isotopes, manufactured by the bombardment process. 

Here, the resultant products as such cannot be identified 

in the raw material. 

The cost of the raw material can rarely be associated with 

the value of the joint products. In order to relate the 

sacrifice involved in the acquisition of the raw materials 

directly witH the materials constituting each joint product, 

the purchase price of the raw material must be based directly 

on its individual components going to make up the separated 

products. An example of this occurs in the case of platinum/ 

nickel ore, where the price is based directly on the assay 

of both components. Such cases occur mostly where the prices 

are artificially fixed and bear no relation to the actual 

cost of producing the raw materials in the first place. 
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Unless the raw material price is based on the product compo

nents as described, no relationship can be established 

between the purchase price or cost of the raw material, and 

the replacement value of the product . Consequently, in the 

majority of cases, raw material costs cannot be directly 

traced to individual joint products on a cause and effect 

basis . 

4 . 1 . 2 PROCESS MATERIALS 

The set of all joint products is operated on simultaneously 

in the joint process . The cost of any process materials con

sumed can not be said to be incurr ed for the sake of producing 

any one, but not the other, joint products. Consequently, 

the cost of materials such as catalysts, fuel, coolants, etc., 

consumed in the joint process, bear no determinable relation

ship to any individual joint products, but only to the set 

thereof . 

Furthermore, the fact that a change in the yield of any one 

joint product inevitably results in a change in the yield of 

one or more of the companion products, precludes the quanti 

tative establishment of any causal relationship between 

process materials used and individual products . 

4 . 2 JOINT LABOUR COSTS 

Any human effort expended in the course of the joint process is of 

necessity applied simultaneously to the set of all raw materials . 

No part thereof can therefore be directly identified with any single 

unit of product produced in a joint process . No causal relationship 

between labour costs and individual joint products can therefore be 

determined . 

4.3 JOINT OVERHEAD COSTS 

With respect to joint product manufacturing equipment, overhead 

costs such as capital costs, maintenance etc . bear no direct relationship 
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to individual products . All joint products are processed simulta-

neously by means of the same equipment and in order to produce any 

one, all must be operated on together . 

4 . 4 CONCLUSIONS 

COST 
AND 

The following can be said concerning the causal relationship between 

joint costs and the replacement value imparted to joint products by 

virtue of their incurrence: 

(a) the technological nature of the joint process is such that no 

causal relationship is determinable between any individual 

joint product and the incurrence of any definable proportion 

of the total joint costs involved; 

(b) although direct costs of the joint process may be traced to 

the set of jointly produced products, it is in effect im

possible for any single product of a joint process to incur 

cost individually prior to its split-off point . 

The conclusions arrived at with regard to the causal relationship 

between the joint cost and the individual products of the joint 

process are concurrent with those of J.C. LESSING (op . cit . , 

p . 244), and serve to corroborate his findings in this respect . 

The remainder of this chapter is devoted to the principles involved 

in the allocation of joint costs to products in the light of the 

above . 

PARTICULARIZATI ON PRINCIPLES 
J OINT COST ALLOCATION 

In the followin g chapter various methods by which joint costs may be allo 

cated to individual products, are discussed . These methods can be broadly 

grouped into two categories: 
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(a) methods based on some physical unit common to all products; 

(b) methods based on the relat i ve realisable value of the products 

at separation. 

The principles of cost particularization with respect to joint processes 

and the merits of the above methods are examined. 

5,1 THE THEORY OF COST PARTICULARIZATION 

C.W. SARGENT, ("Handbook of cost accounting," D. van Nostrand Co., 

New York, 1951, p.61) lists product cost allocation as a major busi

ness problem. He maintains that there i s no such thing as an "actual 

product cost" in the sense of absolute authenticity and verifiability. 

This argument is based on the degree of arbitrarity involved in the 

allocation of indirect costs and the average nature of direct costs 

accumulated on a period bas i s . 

The allocation of manufacturing costs to products is seen to present 

a major problem , the optima l solution of which is relevant to the 

maximisation of returns. In this respect the particularization 

theory developed by A.J.E . SORGDRAGER is of considerable signifi

cance. 

The bas i c principles and their application are 
contained in hi s thesis : "Die verbesondering 
van indirekte koste , " (A.A.A. - Rotex, unpublished 
thesis for D' Econ, Amsterdam, 1961) to which 
the reader is referred . 

The concept of the particularization process incorporates the tracing 

of all costs to cost centres, which may be regarded as separate enter~ 

prises. From these cost centres, costs may be further apportioned 

to products by tracing the causal relationship between the incurring 

of the cost and the product . If tnis relationship can only be traced 

as far as the cost centre, then the particularization process should 

not be carried further, but the cost should rather be prorated to 
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the products of the activity involved. 

A pupil of A.J.E. SORGDRAGER, J. BATTY ("Application of standard 

costing as a tool of management in certain British industries," 

Unpublished thesis for D.Com., P.U., 1967, p.139) describes the 

particularization theory as follows: 

"There is no question of all fixed costs being 
put into a pool and not being traced to pro
ducts as in marginal (direct) costing, nor all 
costs being allocated or apportioned as in 
total or conventional costing. Instead each 
type of cost is treated on its own merits and 
action taken accordingly." 

The above constitutes a brief outline of this concept, which is con

sidered to represent a major breakthrough in cos.ting theory. It 

forms the basis of the approach to the principles of joint product 

costing adopted in this study. 

5.2 THE PARTICULARIZATION PROCESS 

G, SHILLINGLAW (op. cit., p.103) states correctly that all costs may 

be classified as being either direct or indirect. As far as the 

enterprise as a whole is concerned, all costs are direct. Within 

the cost structure of the enterprise, however, indirect costs occur 

with respect to cost centres and products which must be particularized 

if costing is to be placed on a sound basis. A.J.E. SORGDRAGER, 

(op. cit., 1964, p.72) describes this process as follows; 

Total costs are divided into costs directly traceable to the product, 

and indirect costs. By tracing a causal relationship between the in

direct costs and the cost centres involved, these costs are classi

fied as particular costs of the cost centre, or as general costs. 

General costs and indirect costs have in common that each must still 

be particularized to cost centres or products. Indirect costs are 

made particular costs of the product via the partial particularization. 
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What are indirect costs of the product may be particular costs of 

the cost or sub-cost centre. The particularization always takes 

place from a bigger to a smaller unit with cost centres being re

garded as interim steps in the process of arriving at the cost per 

product. 

See A.7, FIGURE IV.1 

The above figure depicts the classification scheme of the direct, 

indirect, general and particular costs. 

5.3 THE PARTICULARIZATION OF 
JOINT PROCESS COSTS 

The joint process, as described in chapter I of this study, comprises 

a series of unit operations which are performed sequentially on a set 

of raw materials. These operations or related groups thereof consti

tute cost centres. The final cost centre in the process sequence 

will constitute or contain the separation operation which is the 

split-off point. 

The proration of direct costs to the cost centres involved can be 

effected in the normal manner. Indirect costs must then be particu

larized to the cost centres via the causal relationship, thereafter 

becoming particular costs of the various cost centres. The sum of 

the particular costs of the final cost centre will include all the 

particular costs of all cost centres in the joint process. 

The sum of the costs particularized to the 
final cost centre is the particular cost of 
producing the set of joint products of the 
joint process. It is thus the joint cost 
as defined. 

The question now arises as to whether the joint cost can be particu

larized to individual products. A.J.E. SORGDRAGER (op. cit., 1964, 

p.98) states specifically that: 
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" it is essential to trace an organic or 
causal relationship to arrive at a particu
larization basis." 
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As has been shown, no causal relationship~can be traced between 

joint cost and indi~idual products. It is therefore not feasible 

to carry the particularization further than the last cost centre in 

the joint process. 

Particularized in this way and up to this point, the cost of pro

ducing the set of joint products of the joint process is control

lable. In respect of the joint cost as defined, the split-off 

point is the control point. In view of the absence of traceable 

causal relationships beyond this point, further particularization 

serves no purpose from a cost accumulation point of view, with 

respect to the joint process. 

Immediately after it has been separated, any further work-up costs 

incurred by an individual product can be particularized to that 

product as if it were a single-line product. 

THE ALLOCATION OF 
COSTS TO SEPARATED 

PARTICULARIZED 
PRODUCTS 

JOINT 

Hypothetically, a knowledge of the cost price of each individual 

joint product is just as desirable as that of any other type of 

product. However, in the absence of determinable causal relation

ships, no non-arbitrary basis exists on which the joint cost can be 

prorated to individual products. It is consequently impossible to 

determine the cost price of any individual joint product on a nor

mative basis. 

Despite their arbitrary nature, a number of well-documented methods 

exist for the allocation of joint costs to separated products. These 

are discussed in the following chapter. What follows is an examina

tion, in principle, of the usefulness and significance of allocated 

joint costs. 
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5.4.1 THE USES OF ALLOCATED JOINT COSTS 

5.4.1.1 STATUTORY REQUIREMENTS IN SOUTH AFRICA 

Under certain circumstances a South African manufac

turer may be legally required to keep records per

taining to the cost of manufacturing one or more mem

bers of a set of joint products. The price controller 

may, from time to time, by notice in the Gazette, 

or, with the authority of the Minister of Economic 

Affairs, in the case of a particular person, require 

any person purchasing any goods for use in the manu

facture of any class of goods for sale, to keep 

records relating to the cost of "processing, manu

facture or production of such goods." (Vide Price 

Control Act, No. 25 of 1964, section 11, as amended 

in section 6 of Act No. 80 of 1967). 

The controller may alternatively require such records 

as will permit "the ready and accurate ascertain

ment" of the cost of manufacturing any goods. 

Where such goods are jointly produced, allocation 

of joint costs to products by some or other means 

is necessary. 

5.4.1.2 THE USEFULNESS OF ALLOCATED JOINT 
COSTS AS MANAGERIAL INFORMATION 

As has been stated, with respect to the joint process 

joint cost allocation to individual products serves 

little purpose. However, if a non-arbitrary basis 

on which this could be effected, existed, such costs 

could be used for the following purposes: 
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(a) as a basis for pricing policy; 

(b) cost/volume analysis for decision-making pur

poses. (This would apply particularly where 

the ratio of product yields was a function of 

some or other joint cost); 

(c) cost control; including budgeting, process 

costing with respect to work in process and 

lost units in work-up departments, and effi

ciency variance analysis . 

(These factors were discussed in chapter III of this 

study). 

The absence of a normative basis on which allocation 

can be made seriously limits the usefulness of allo

cated joint costs for decision-making purposes. As 

will be shown in the subsequent chapter, most of the 

documented methods will result in product "costs" 

which are either entirely unsuitable or may be mis

leading if generally used for pricing or cost/volume 

analysis purposes . 

However, as discussed in chapter III, (op . cit)., a 

case can be made for apportioning the joint cost to 

products for control purposes. Manufacturing manage

ment may consequently be faced with the decision as 

to which type of allocation method to employ. This 

question is discussed in principle below. 

5.4.2 JOINT COST ALLOCATION 
RELATIVE MARK.ET VALUE 
AS A BASIS 

FOR CONTROL PURPOSES: 
VERSUS PHYSICAL UNITS 

Recognising that the problem of allocating joint costs to 

products is extremely difficult and "perhaps i mpossible," 
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I.W. KELLER and W.L. FERRARA (op. cit . , . p.601) state that 

the least arbitrary method seems to be the sales value method 

since it yields an equality of gross margin percentages . 

"The only -way to eliminate the arbitrariness 
of joint cost allocation is to eliminate the 
allocation, and this can only be done if 
joint products are valued . • . at their net 
realisable value." 

M.J. GORDON and G. SHILLINGLAW (op. cit., p.715) are adamant 

in their condemnation of methods based on average or weighted , 
physical units. 

"Allocation on some physical basis such as 
weight or volume is an obvious but unaccep 
table course of action. The resultant cost 
figures need bear no relation to the value 
of each product, and fluctuations in periodic 
income would bear little relation to the 
firm's performance." 

They regard relative market value as being the least arbitrary 

basis. 

R.I. DICKEY, (op. cit . , p.13 . 11) maintains that many, if µot 

most, cost accountants believe that joint costs should be 

allocated to individual products according to their ability 

to absorb joint costs . Underlying this is the theory that 

costs would not be incurred unless the jointly produced pro

ducts would yield enough revenue to cover all costs plus a 

reasonable return . 

While this idea has merit, DICKEY, in connnon with a number of 

Anglo-Saxon authors, makes no attempt to justify use of the 

realisable value basis on conceptual grounds . 

In principle, the use of relative realisable market value as 

a basis for joint cost allocation, is partially justified in 
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terms of the technical-economic £oncept of cost. In order to 

conform to this concept, cost must be related to the replace

ment value imparted to the product by virtue of its incur

rence. Where the realisable market value is congruent with 

replacement value, the costs obtained are conceptually correct. 

In practice, however, market prices may be determined by f~- ~ 

tors which are unrelated to the cost of manufacturing the set 

of joint products . In such cases, the prices actually ob

tained for the various joint products may bear little relation 

to the replacement value as defined . In effect management may 

not be able to take economically efficacious decisions with 

respect to the moment of selling for every product in a fluc

tuating price situation. Limited storage capacity, the credit 

supply and other factors may prevent this. 

The use of standard market values tends to nullify the above 

effects which represent a serious objection to the use of 

the method . By standards in this sense are meant predetermined 

values based on the optimised resource allocation plan and 

marketing strategy . Standard realisable market value thus 

represents the revenue accruing from the sale of the optimum 

quanti~y at _the optimum price, and at the most opportune 

momentr Provided that the forecasted data on which the plans, 

strategies and standards were based, prove to be acceptably 

accur4te, joint cost allocation on this basis for cost control 

purposes is conceptually superior . 

It will be seen in the next chapter that other methods of cost 

allocation can result in certain joint products showing an 

excess of cost over selling price, while other products re

flect a substantial profit margin . As the products are tech

nically interdependent, the "losse~" shown for certain pro 

ducts in this case need not reflect managerial or operating 

inefficiency. Proportions thereof are in fact costs incurred 

in the production of the other "more profitable" products . 
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Use of the realisable market value method is not advocated 

for any purpose other than cost control. Its use for pricing 

purposes is obviously unfeasible and in view of the fact that 

it results in the same gross profit margin for each product, 

it can definitely not be generally used for decision-making 

purposes. 

It must be emphasised that the joint cost of the set of joint 

products is the primary consideration as regards decision

making. The split-off point remains the control point in this 

respect, as any production decision affecting any one product 

must affect one or more others produced in the joint process. 

Using the normative approach, the joint cost is defined as the sum of the 

costs associated with the sacrifices which are required technically, essen

tial for the joint process, and economically unavoidable. While the direc1 

and indirect costs can be particularized to the set of joint products at 

. the split-off point; the indeterminable causal r .elationship_s between the 

joint · cost thus obtained and the sepa_rated proaucts precludes the deter

mination of individual cost prices on a normative basis . 

. The absence of a normative basis on which joint cost can be allocated 

seriously limits the usefulness and sfgnificance of individual joint 

product costs comprising artificially apportioned segments of the joint 

cost. Costs allocated on the basis of standard realisable market value 

(as described) may be economically meaningful but can only be used for 

cost control purposes. 

In the following chapter aspects of~, various documented joint cost 

allocation methods used in practice a~e critically examined. 
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CHAPTER V 

A SURVEY OF JOINT COST ALLOCATION METHODS 

1 INTRODUCTtON 

A.J.E. SORGDRAGER (op. cit., 1964, p.64) makes the following statement in 

con~ection with joint cost allocation: 

"From the point Qf view of a causal relation 
there is in this instance an insoluble pro
blem and theoretically the matter can be 
taken no further. In practice no management 
can accept such a position and artificial 
solutions will have to be found in order 
to come to an approximate cost by certain 
allocation methods ... " 

There is no generally accepted method by which joint cost may be allocated 

to individual products. In practice a wide variety of systems are employed. 

In this chapter various bases and procedures in connnon use are examined, 

and illustrated by means of case studies. 

Although some of the methods reviewed are highly arbitrary, they have been 

devel_oped in response to particular managerial information requirements. 

As such each merits examination, albeit critical. 

As defined, the term joint cost refers only to the sum of the costs incurred 

up to the split-off point and excludes work-up costs. However, several 

of the methods outlined in this chapter make no distinction between joint 

and work-up costs, and all product costs are regarded as being joint. 

Although a statistical survey of the methods used in South African indus

tries has not been attempted, certain systems encountered in the course 

of research are mentioned in this chapter. Details of these systems have 

been omitted at the express request of the companies concerned. 
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2 TRE AVERAGE UNIT COST METHOD 

2.1 DISCUSSION 

Perhaps the simplest method of joint cost allocation is the average 

unit cost system. Under this system each product is valued at the 

average cost in proportion to the quantities produced. R.I; DICKEY 

(op. cit., p.l38) states that total costs only are figured, yield

ing an average cost per u•it and one nett profit. An average cost 

is obtai ed for the set of joi•t products and then prorated accor

ding to the number of u•its of each produced. 

The system has limited application a•d the following conditions 

should apply for the method to be usable: 

(a) The products must all be expressed in the same units, e.g. 

litres, tons, cubic meters, etc. 

(b) The -sales values per unit for all products should be roughly 

equal with •o product bei g priced significantly higher or 

lower than its companio s. 

(c) The method can only be used without modificatio if no product 

or group of products incurs appreciably more cost after 

separation tha• the remai der. 

2.2 CASE ILLUSTRATION 

To illustrate the application of this method, the case of a sawmill 

and timber-treati g cancer is considered. 

The enterprise is a family-owned saW)ll~ll and creosoting cancer , 

ce trally situated among pine and bluegum timber estates. Timber 

is purchased on a forest-acre basis as it matures, whereupon the 

trees are felled, stripped ad transported to the -sawmill. The 
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timber is cut into poles, the aim being to obtain straight lengths 

of as many multiples of one meter as possible. The poles are then 

sorted into similar lengths and stacked for seasoning, the offcuts 

being burned to produce charcoal. When seasoned, the poles are 

weighed and pressure impregnated with creosote under controlled 

conditions. Thereafter they are allowed to dry and stacked for 

despatch. 

The units in which the raw material and the products are measured 

are cubic meters. The selling price per cubic meter varies accor-

ding to the length and thickness of the pole; which two factors 

determine the grade of the product. The different products are 

graded joint products, two or more being obtained from the same raw 

material and being processed simultaneously prior to separation. In 

this case the sawing operation represents the split-off point. 

See A.25, TABLE V.l 

See A~26, TABLE V.2 

Table V.l reflects the calculation of the average unit cost, while 

table V, 2 shows how the unit cost is used to cost the various grades 

according to the quantities produced. The off-cuts are treated as 

a by-product and costed by subtraction. 

2.3 ADVANTAGES AND DISADVANTAGES 

From table V.11it can be seen that grades A and B show an excess 

of costs over selling prices according to this method of allocation. 

The case is taken of a 12 m straight length which is cut into two 

5 m lengths and one 2 nr' length. In order to produce two "high 

profit" 5 m lengths it is technically unavoidable to produce either 

one 2 m or two 1 m lengths in addition thereto. The apparent 

"losses" on grades A and B obtained by this method are in effect 

costs of producing the other "high profit" products. 
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The method has serious limitations with respect to pricing and should 

not be used for this purpose. 

The system is based on a certain amount of logic from a technical 

cost point of view. It can not be stated with conviction that prior 

to the split-off point, any grade is more or less expensive to pro

duce. 

A practical advantage is that the method provides an incentive to 

produce the maximum proportion of high market value products. How

ever, unless post separation costs are accumulated separately, this 

factor may lead to sub-optimum resource allocation. Where graded 

joint products are concerned, none of which receive appreciably 

different unit work-up costs, the system is aptly suited for incor

poration in a standard costing system. 

2.4 APPLICATIONS 

Subject to the conditions stated under 2.1 above, the average unit 

cost method or variations thereof can be used wherever graded joint 

products occur. Examples of the industries employing joint processes 

of this type are as follows: 

Trawler fishing; 

Leather tanning; 

Flour milling; 

Tobacco curing and processing; 

Fruit packing; 

Stone crushing, etc. 

3 THE WEIGHTED AVERAGE METHOD 

3.1 DISCUSSION 

The weighted average method of joint cost allocation is a logical 

extension of the average unit costing method described above. It 
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finds application in joint processes where the various products may 

not all be expressed in the same units, or where it is desirable that 

certain products should carry a greater percentage of the joint cost. 

Th~ procedure involves the expression of units produced in terms of 

"equivalent units" obtained by weighting the number of actual units 

produced by application of a suitable coefficient. A. MATZ, 

O.J. CURRY and G.W. FRANK, (op. cit., p.420) give the weighting 

factor in "points" by which actual units are multiplied to obtain 

equivalent units. Cost allocation is then made on the basis of the 

relative quantities of equivalent units. 

The average unit cost is based on the total joint cost divided by the 

number of equivalent units and not the actual quantities as in the 

case of the method described under 2.1 of this chapter. 

The weighting coefficient or weighting factor may be based on one or 

more of the following considerations: 

(a) Costs incurred after split-off. 

(b) Quantitative considerations with respect to the units involved 

(size, weight, volume, etc.) 

(c) Time consumed in processing. 

(d) Ease of manufacture. 

(e) Labour. 

(f) Process materials, 

etc. 

If the factor is based on more than one consideration, it is termed 

a "composite factor." Factors are usually set for each size, grade, 
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etc., of product, 

3.2 CASE ILLUSTRATIONS 

To illustrate the weighted average method a talcum powder and a fruit 

canning process are discussed . 

3.2.l A TALCUM POWDER PROCESS 

The process involves the pulverisation of refined talc chips 

in a single tituration process. The nature of the milling 

equipment is such that a range of particle sizes is inevitably 

obtained, although a degree of flexibility exists with respect 

to the ratio of product yields. 

The powder mixture resulting from the primary tituration process 

is sifted into various grades according to particle size. The 

coarse grade is marketed in 200 kg barrels as commercial french 

chalk for use in the rubber, plastics and allied industries. 

The medium grades are scented and marketed in 50 kg plastic 

containers for use as cosmetic body or baby talcum powder. 

The fines are marketed in 10 kg tins for eventual use as face 

powder . 

As mentioned, t he relative quantities of the various grades 

can be varied t o a l i mited extent by adjustment of the titu

rating equipment, but for technical and economic reasons, all 

grades are produced simultaneously in roughly fixed relative 

quantities . Altogether four grades are produced and marketed 

as Technical, Cosmetic A, Cosmetic Band Super-fine. The 

following table reflects the quantities produced as wel l as 

the costs incurred after separation and the total cost of 

production . 

See A.27, TABLE. V.3 
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For the purposes of costing the various grades, a composite 

weighting factor for each grade is applied. These factors 

comprise three elements: 

(a) Quantity of units produced; 

(b) Packaging cost; 

(c) Cost of materials added. 

See A.28, TABLE V.4 

The above table shows the composite factor for each grade and 

its use in determining equivalent units; and the allocated 

cost per unit. 

3.2.2 A FRUIT-CANNING PROCESS 

See A.29, TABLE V.5 

The above table depicts K.E. JANKOWSKI's now classical 

approach to the joint cost allocation problem in the fruit

canning industry. (Vide R.I. DICKEY, op. cit., p.13.10). 

Cases containing various grades and quantities of fruit are 

packed from mixed batches of fruit purchased in bulk. 

The quantitative cases are used to allocate direct - preparation 

labour and other costs directly relating to the quantity of 

unprepared fruit. The qualitative cases are used to allocate 

the purchase price of the raw materials. The totals appli

cable in each instance are divided by the total basic case 

to obtain the cost per ba~ic case. This unit cost is then 

multiplied by the relative factors to obtain the cost per 

actual case. 
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3.2.3 FURTHER EXAMPLES OF WEIGHTING FACTORS 

In the case where a highly automated capital-intens i ve process 

using cheap raw materials is invo lved, separating and post

separation periods traceable to each product may be incorporated 

in the composite factor. Jointly produced isotopes for example 

may be separated by a diffusion process. Some of the products 

diffuse rapidly while others only separate from each other 

over a longer period . 

Other examples of processing time as a cost - related fac tor 

occur in the chemical industry. (Vide BETRIEBSWIRTSCHAFT

LICHEN AU SCRUB DES VERBANDES DER CHEMISCREN INNl"::TRI'E , 

e.V . , "Kostenrechnung in der chemischen industrie , 11 Gabler, 

Wiesbaden, 1962, p . 1O7). 

Further examples of composite factors based on var ious prior 

and post s pl it -o ff considerat i ons are quoted by P. RIEBEL, 

("Die kuppelprodukt ion, " Koln und Opladen , 1955) which re

flect the versatility of this approach. 

3.3 ADVANTAGES AND DISADVANTAGES 

As can be deduced from the above illustrations, the method involves 

allocating the j oint cos ts (as defined) involved on an average unit 

basis, with the factors applying for the mos t part to work - up costs 

and, in some cases, raw materials costs. The method has the prime 

advantage of simplicity. Once the number f units and the total 

cost is known, predetermined factors can be applied. The fact that 

the composite factors can be predetermined enables them to be in

corporated in flexible budgets and standard costing systems wi thout 

prior knowledge of the sales pri ces. 

One of the disadvantages of the method is t hat not a ll cost factors 

can be conveniently incorporated in a composite factor. However, 

statistical methods may be used to establish t he s ignificance of 

cost and cause relationshi ps in this respect. Furthermore, the 
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method is only as appropriate as the factors used. These rr~y be 

inappropriate either in the first p lace, or become so with the 

passage of time. 

The weighted average system represents an a ttempt to establish a 

relationshi p between products and costs . In mos t cas es, however, 

weighting factor merely converts t he product volumes to common units 

and/or makes provis ion for work- up costs . In general, the use of 

carefully compiled and realistically based composite factors enab les 

the adaptation of this method to a variety of joint processes. 

Joint product costs obtained by t his method can , under certain cir 

cumstances, be used as a rough guide t o pricing. The method is 

certai nly less arbitrary in this respect t han the average unit cost 

system. Direct use of the resultan t cos ts for pricing purposes is 

unsound, however, for the same reasons as thos e given for the average 

unit cost method on which this method is based. 

The weighting factor is in effect a standa r d cost coeffici ent. Com

parison with other standard costs for control purposes may be 

meaningless as the standa rd itself and not the cos t wil l be compared. 

Where composite factors are employed , t he r esultant costs can rarely 

be used directly for var iance analys i s purposes . Their usefulness 

as control information is thereby limited. 

3.4 APPLICATIONS 
• I • 

The weighted average method i s best suited t o graded products which 

have a roughly sim~lar market value at separation. It can theoreti

cally be employed in any t ype of industry. The South African Iron 

and Steel Corp . Ltd . uses a variation of thi s method f or allocating 

certain by-product mixture work - up costs . 
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4 BASE UNIT SYSTEMS 

4.1 DISCUSSION 

In some joint processes a single constituent or physical unit is 

common to the primary raw material and all resulting joint products, 

and is used as a denominator for the allocatton of costs. For 

example, in the natural gas industry, all constituent gases and 

mixtures thereof may be expressed in terms of the heat they produce 

on combustion, i.e. in joules or British thermal units (BTUs). In 

the liquor industry various quantities such as tons, gallons, litres, 

cases, etc,, can be reduced to a ·common denominator - proof gallons, 

which is related to the alcohol content. Another example of a base 

unit involving a material component occurs in the nitrogen fertilizer 

industry, where nitrogen units form a useful common denominator for 

cost allocation. 

The base unit systems as described apply only to the proration of 

the joint cost to products at separation. It is essential that post 

separation work-up costs be accumulated separately where this type 

of system is used. 

A variation of the - system is the so-called "theoretical" or "formula" 

basis for joint cost allocation. J.W. NEUNER and S. FRUMER (op. 

cit,, p.414) describe this method as follows. During a given period, 

for every 5,000 lbs. of a certain material proce$sed, 3,000 lbs. of 

product A and 1,800 lbs. of product Bare obtained, with 200 lbs, 

being lost. This would establish a ratio of 18:48 for product B 

and 30:48 for product A, to be used in prorating the material costs, 

and, if required, the labour and overhead costs of all joint produc

tion. In this case the ba~e unit is the physical unit of weight, 

namely lbs. 

R.I. DICKEY (op. cit., p.13.10) quotes the example of the system 

whereby molecular weight is used as a base unit. In the electrolysis 

of sodium chloride solution, sodium hydroxide, chlorine and hydrogen 
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are obtained as joint products by means of the following reaction: 

2NaCl + 2H
2

0 = 2NaOH + Cl
2 

+ H
2 

(116) + (36) = (80) + (70) + (2) 

The figures in parenthesis represent the molecular weights of the com

pounds involved. Neglecting inefficiency and impurities, it can be 

assumed that 116 lbs, of sodium chloride in solution will produce 

80 lbs. of sodium hydroxide, 70 lbs. of chlorine and 2 lbs. of hydrogen, 

Joint costs may be allocated tothese products in the ratio 40:35:1, 

based on their molecular weights. 

The important difference between the base unit system and the average 

unit cost method is that in terms of the latter, the total cost is 

divided by the total number of units of the final products. In the 

base unit system, joint costs only are allocated to products at 

separation according to the predetermined ratio of the quantities of 

base units associated with them. It can be seen that the method can 

only be incorporated in a process costing system if the relative 

quantities of base units remain practically constant for the 

- accounting period, 

4.2 CASE ILLUSTRATION 

To illustrate the application of this method using weight as a base 

unit, the case of a lubricating oil plant is considered . 

The solvent extraction department produces four different grades 

of base lubricant from hydrofinished lon g residue feedstock. The 

process involves dewaxing of the feeds t ock by means of solvent ex

traction and separation of the various grades by means of fractional 

distillation. The solvent used is methyl - ethyl-ketone (M.E.K.) which 

is recycled through a purifying distillation process in which the 

wax removed from the feedstock is obtained as residue , 
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This wax is known in the industry as "slack-wax" and is 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 (Limed. 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 l. throughput per accounting period. 

See A.30, TABLE V.6 

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. 

4.3 ADVANTAGES 

(a) The procedure whereby join~ 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. 
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In the case of certain natural gas constituents, 97% of the 

various joint products (on average) is used as fuel in some or 

other application. (Vide C.A. SMITH and H.R. BROOK, 

"Accounting for oil and gas producers," Prentice-Hall, New 

York, 1959, p.435). The large majority of consumers i n this 

case are in fact purchasing energy. For this reason prices 

will tend to be related to the calorific value, i.e. joules/mg 

or BTU/lb. 

If, in the above case, joint cost is allocated according to 

thermal units, the resultant product costs are indirectly re

lated to market value, In the fertilizer industry, prices are 

sometimes related to nitrogen content. If this proportion is 

used as a basis for joint cost allocation the product costs 

will be related to market value. 

In cases where the quantity of base units associated with the 

units of production are related to market value, the costs 

allocated by this method take on an economic significance. 

They conform somewhat more closely t o the technical-economic 

concept of cost. Where the relationship is more or less direct 

at separation, such costs may be used effectively for pricing 

consideratiol'ls. 

Where -a direct relationship exists between base unit and market 

value, a semi - causal relationship between joint material costs 

and products may possibly be traceable. For example, the 

manufacturer who sells constituents and combinations of natural 

gas for use as fuel can theoretically be regarded as a producer 

of a single product, energy, in different packages. The semi

causal relationship will only be applicable in the case of raw 

material costs; as labour, wear and tear, etc . , are not 

traceable to the base units . 

Furthermore, in the case where raw material prices are based 

directly on the assay of all constituents of the raw material, 
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a semi-causal material cost relationship can be traced if joint 

material costs are allocated in terms of the units used to 

measure the relat ive quantities of constituents. As in the 

above case, the same can not be said for labour and overhead 

costs. 

(b) An advantage of the base unit system in practice is that the 

unit serves as a useful basis for the determination of the 

material efficiency of the joint process. Lost units in work

up departments may also be costed according to the base units 

involved. 

(c) The ratio of the base units associated with the various products 

are predetermined for an accounting period. This may enable the 

system to be incorporated in a standard costing _or flexible 

budget control system. 

(d) The base unit system can sometimes be applied satisfactorily 

for control purposes where more logical, but more complicated 

systems are not worth the additional effort involved. 

4.4 DISADVANTAGES 

(a) Unless t he number · of base units is closely related to market 

value, costs allo cated on this basis are unsuitab l e for pricing 

purposes, and can be misleadin g in this respect. The same 

applies t o the use of the costs so obtained for cost/volume 

analysis. 

(b) In order for a unit to be suitable as a cost allocation base, 

a decrease in the quan tity of base uni ts associated with one 

product must be accompanied by a corresponding increase ' in the 

units associated with the other joint products for the same 

throughput and overall efficiency . Unless this is the case, 

fluctuating costs w 11 result. In many processes a suitable 

unit conforming to this tenet does not exist; thus limiting 
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the universitility of the system. 

(c) From a conceptual point of view, not all costs are by any means 

directly related to physical units or constituent quantities. 

4.5 APPLICATIONS 

The method can be applied to any process where the raw materials and 

all joint products bear a semi-constant relationship to each other in 

terms of some physical unit or constituent material connnon to all. 

The resultant costs are only meaningful for decison-making purposes 

where the base unit bears a semi-direct relationship to raw material 

prices and realisable product value at separation. 

Thus, although not universally applicable, the method is particularly 

suited to joint material cost allocation in certain industries. The 

formula basis is used effectively for control purposes at the 

Chloorkop works of Klipfontein Organic Products, Ltd. (S.A.). This 

company operates a chlorine/caustic soda joint process with brine as 

the basic raw material, A comprehensive computerised process costing 

system provides detailed budget and standard variance analyses on 

costs which have been allocated in this way. African Explosives and 

Chemical Industries (S.A.) operate a similar system, 

Joint processes .which lend themselves to the base unit allocation 

system are found in the mining, chemical, heating fuel and dairy 

industries. 

5 THE REALISABLE MARKET VALUE METHOD 

5.1 DISCUSSION 

In terms of the documented "sales realisation" or "market value" 

method, joint costs are allocated on the basis of the market or 
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sales value of the individual joint products. In describing the 

procedure involved for costing of petroleum products by this method, 

C.H. GRIFFIN, ("Multiple products costing in petroleum refining," 

Journal of Accountancy, Vol. 105, No. 3, 1958, p.47) makes the 

following statement: 

"In the application of this method, data 
must be accumulated on yields of the 
various grades of refined products, total 
crude and processing costs for the period 
under study, and the expected market rea
lisations from the sale of each product. 
The relative market values of refined 
products provide the basis for assigning 
costs to various product classes." 

It is thus seen that basically the procedure is similar to that for 

the weighted average method, with the relative market value of the 

various products forming the weighting factor. In this connection, 

J.J.W. NEUNER and S. FRUMER, (op. cit., p.413) state that: 

"The quantity of production is weighted 
(multiplied) by the average sales price 
or assumed market price before computing 
the proportion of the total cost for 
material and/or labor applicable to each 
product." 

In order to conform somewhat with the technical-economic concept of 

cost, joint costs allocated by this method should in the first place 

be accumulated separately from any work-up costs. The latter costs 

must be particularized to individual products separately according to 

the causal relationship. 

The above implies that a knowledge of the relative realisable value of 

each joint product at separation is a prereq4i~ite. This condition is 

not always met in practice. The various alternatives encountered are 

discussed. 
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5.1.1 DETERMINATION OF THE REALISABLE MARKET VALUES 
WHERE ALL PRODUCTS OF THE JOINT PROCESS ARE 
SOLD IN THE FORM IN WHICH THEY ARE SEPARATED 

5 .1.2 

In this case the realisable market value is the so-called 

"nett-back" value. This is defined as follows: 

The realisable selling price of the product 
in the established market; less those costs 
associated with it which cannot be considered 
to contribute directly to its replacement 
value, but are necessarily incurred in order 
to be able to market it via existing channels. 

Costs such as selling costs, distribution and transport, 

storage, loading, packaging , final inspection, etc., are 

not included in the nett-back value. Although selling and 

distribution costs are not classified as manufacturing costs 

many cost accountants include storage, loading and even 

packaging costs under this heading. (Vide J.J.W. NEUNER 

and S. FRUMER, op. cit., p.158) . In view of the fact that 

there is no causal relationship between these costs and the 

joint process, these should be excluded from the basis on 

which joint costs are allocated . 

For this reason, realisable nett - back value is considered to 

be a superior basis to real i sable price as such. 

THE 
ALL 
INCUR 

CASE WHERE ESTABLISHED MARKETS 
PRODUCTS AS SEPARATED, BUT ONE 

WORK- UP COSTS 

EXI ST FOR 
OR MORE 

This case is relatively straight forward. Where products are 

not sold in the form in which they are separated an estimated 

or theoretical nett - back value may be der i ved from average 

market prices for these products as separated. 

5.1.3 DETERMINATION OF THE REALISABLE MARKET VALUES 
WHERE NO MARKET EXISTS FOR ONE OR MORE PRO
DUCTS IN THE FORM IN WHICH THEY ARE SEPARATED 
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In the case where no established market exists for one or 

more joint products at separation, it is impossible to 

determine the relative realisable value of any of the joint 

products directly . 

For example, in the saponifi cation of fats and oils in the 

soap-making process the glycerine separated in the spray 

chambers can be valued immediately according to the ruling 

market prices for various grades of the product. On the 

other hand, the remaining joint products, crude soaps, 

require further expenditure before standard marketable 

products, which can be identified and valued , are obtained. 

In cases such as this, it is necessary to der i ve artificial 

market values for the joint products unvalued at sepa ration 

in order to establish the relative market value factors for 

the various products . 

One method of arriving at an artificial realisable value at 

separation would be to assume that post- separation processing 

costs do not contribute to the products' replacement value and 

subtract such costs from the respect i ve nett - back values. 

This assumption has little justification under most circum

stances, however, as post-separation process ing which alters 

the form of a product in such a way as to render it marketable, 

must be considered to contribute to its profi tability. 

A more logical approach is t o assume tha t the post- separation 

processes and the j oint pro cess earn the same gross profit 

margin. Based on this assumption , a theoretical realisable 

value at separation may be obtained by subtracting the post

separation processing cost plus its gross profit margin from 

the nett-back value. The gross profit margin i n this case is 

the difference between the total nett-back for all products and 

the joint cost plus all pos t - separation processing costs 

expressed as a percentage of these costs. 
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Although this procedure must be classed as artific i al in 

view of the assumption that joint and post-separation 

processes contribute equal ly t o the profit margin, it has 

merit in certain respects. If no market exis ts for the 

joint product at separation, it may perhaps be argued that 

the post-separation process is in effect an extension of the 

joint process and the costs incurred are technically and 

economically necessary if the set of joint products is to 

be rendered marketab l e . 

5.1.4 COMPLICATING FACTORS ENCOUNTERED IN PRACTICE 

In cases where no established market exi sts at separation and 

extensive post-separation processing is invo lved , the esta

blishment of an artificial realisable value by e ither of the 

above methods may be unfeas ible. 

Practical considerations may render the particularization of 

post-separation costs to i ndivi dual products highly complicated 

or economically unjustified . I f , for example, some of a joint 

product of one process is blended with some o f a compani on 

product to form the raw mater ial for another joint pr cess, 

the tracing of causal rela t i onsh ips becomes involved to say 

the least. Other factors such as the use o f common work- up 

facilities may compli ca te post - separation costing to an extent 

where it becomes impract ical. 

Under these conditions the best alternative may be t o ignore 

post-separat ion costs and to allocate join t cost a ccording 

to completed nett-back value . The case for this approach is 

even stronger if common work-up costs are allocated on a sales 

value basis . 

5.2 CASE ILLUSTRATION 

In order to illustrate the procedures invo lved in this method the 
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case is taken of a platforming process in a petroleum refinery. The 

quantities and prices used are those on which the design for the 

Ohio Oil Company's Detroit refinery was based in 1960. (Vide 

S.S. MILLER and D.C.D. ROGERS, "Manufacturing policy, " Irwin, 

Illinois, 1964, p.791, etc. seq.). 

To arrive at the relative realisable value at separation, any post 

split-off processing costs plus margin are subtracted from the nett

back value as described. 

Post-separation costs such as anti-knock compounds, oxidation 

inhibiting additives, colouring, storage, l oading, etc., are not 

included. The hydrogen and fuel gas also produced in the process 

are treated as by-products and as such do not feature in the joint 

cost allocation schedule. 

The process involves the catalytic reforming of a c6-c7-c8 heart 

cut naphtha stream to produce a mixture of aromatic- rich gasolines, 

benzene, toluene, liquified petroleum gases, fuel gas and hydrogen. 

The hydrogen and fuel-gas are separated in a separator and depentaniser 

respectively whereupon the depentaniser bottoms are fed to a splitter 

column. This column is regarded as the s pli t - off ~oint wit~ ~he 

bottoms (high octane gasoline) being valued at nett - back, while the 

overheads (medium octane gasoline and aromatics) receive further 

processing before being separated into completed products in an 

aromatic extraction unit. 

See A,31, TABLE V.7 

The above table reflects the allocation of joint costs to products 

on a relative realisable value basis. 
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5.3 ADVANTAGES 

(a) Where the standard realisable nett - back for each product at 

separation can be directly established, joint costs allocated 

by this method tend to conform more closely to the technical

economic concept of cost. In such cases, the costs derived 

are economically meaningful and the system must be considered 

to be conceptually superior to phys i cal unit methods. 

(b) The method reflects the same gross pr ofit for all products, 

thus providing equal motivation to sell them. This is an 

undesirable feature where the ratio o f product yi elds is at 

all variable. However, the method does no t result in the 

unrealistic situation where so~e products appear unprofitable 

while others are reflected as being consistently profitable. 

Costs are sacrifices incurred in the creation of value . Costs 

allocated on a technical basis may l ack economic significance. 

Allocation on a technical basis on l y may result in the case 

where the hindquarters of a pig are s old a t a high "profit" 

while the forequarters of the same pig are sold at a "loss." 

(c) Being economically s i gnificant the pr oduct costs obtained by 

this method are particularly usefu l a s con trol information . 

They also enable realistic inven t or y cos ting . 

(d) The method is entirely independent o f any physical units or 

constituents and can be us ed f or a l l ocat ing labour and over 

head as well as mater i al costs . 

(e) In a number of cases occurr i ng particularly in the chemical and 

ore - refining industries, raw mater i al tender prices are related 

to the probable market value of the products . In such cases 

there is a semi - causal relationship between r aw mater i al cost 

and the value of the prodcts at separation . C.B. NICKERSON 

(op. cit., pp . 209, 210) makes the f ollowing statement: 
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"In effect he (the purchaser of a joint process 
raw material) is buying a package containing a 
variety of items, and he tries to determine their 
value in arriving at a price to be paid for the 
lot. Having bought material on this basis, it 
is then logical for him to allocate its cost 
in proportion to the market values of the seg
ments actually realised ." 

5.4 DISADVANTAGES 

Despite its conceptual superiority, the sales realisation method 

suffers from practical applicat ion difficulties, and the costs 

obtained have serious limitations as decision-making information. 

(a) Costs allocated on a market value basis cannot be used as 

such for pricing purposes for obvious reasons. No price 

floor can be set for any individual product, and if any 

one product is underpriced due to fau lty marketing policy, 

it will not be reflected as a decrease in profit margin 

on that product only, but as a general reduction in 

profitability for all joint products. 

(b) In a market economy, prices fluctuate as a result of 

changes in the relationship between supply and demand. 

In addition to ex ternally caused price variations, such 

internal policies as cash discounts, reduced unit prices 

on large orders, and introductory o ffers , result in fluc

tuations of the price received for j oint products. If 

based on actual prices , the relative costs of the joint 

products may fluctuate although no change has taken place 

in either the total cost or the manufacturing process. 

On the other hand, if prices are fixed artificially as in 

the case of certain precious metals, these may bear no 

relation to the actual cost of _manufacturing. This effect 

is generally short term, but gold prices are an exception. 
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(c) The method is only as rational as the means by which the 

realisable value at separation is deduced. It may be 

argued that in cases where post-separation work-up is 

involved, if the product were sold at separation, it 

would alter the balance between supply and demand, and 

deflate prices . By this reasoning where post-separation 

processing is involved , it is impossible to value the 

product absolutely at separation. 

(d) Product blending and the use of common work-up facilities 

may render the particularization of post- separation costs 

impractical. In such instances it is necessary to base 

cost allocations on final sales values or estimated values. 

This introduces further arbitrarity. 

(e) J.C. LESSING (op . cit., p.225) objects to the method on 

the following grounds: 

"Daar bestaan geen prinsipiele regverdiging 
vir die bewering dat di e gemeenskaplike 
koste volgens die opbrengs van medeprodukte 
verdeel moet word nie . 11 

This statement is based on the lack of di rect causal 

relationship between changes in the product price and 

joint cost. I t may be argued that under this method if 

the price of one product drops for some or other reason, 

the relative cos t wi ll be disturbed in favour of this 

product. Moreover, if the same quant ity and quality of 

raw material components are identifiable with the pro

duct, it is illogical to alter the cost thereof because 

of changes in product price. 

(f) The fact tha t the method refl ects the same gross profit 

margin for all products renders the resultant product 

costs invalid for decis ion-maki ng purposes with respect 

to the joint process. 
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5.5 CONCLUSIONS 

(a) Despite its conceptual superiority, the realisable market value 

method cannot always be realistically applied. 

(b) The costs obtained are entirely unsuitable for pricing and joint 

process decision-making purposes . 

(c) If standard realisable nett-back values are employed, the costs 

obtained may be economically significant and can provide valuable 

control information. (Vide chapter IV, 5.4.2, op. cit J . 
' · 

5.6 APPLICATIONS 

The realisable market value method can be used to allocate joint costs 

to products for control and inventory costing purposes , irrespective 

of the nature of the joint products. It can be more realistically 

applied where the market value at separation can be readily deter

mined . 

A variation on this method is used for inventory valuation at Sasol. 

6 OTHER METHODS OF JOINT COST ALLOCATION 

Although the majority of joint cost allocation procedures are based on the 

four methods described above, several variations which have particular 

application in certain industries are worthy of mention . 

6.1 THE BY- PRODUCTS METHOD 

Under this method the assumption is made that all propuction activity 

is directed toward the manufacture of a single principal · product. 

All other joint products thus become supplementary, or incidental to, 

the principal product and its manufacture. Thus, regardless of sales 

value or quantity, all joint products excepting the principal product, 

are considered as "by-products," and costed as such . 
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If the subtraction method is employed for the costing of these pro

ducts, the joint cost assigned to the principal product is the sum 

of raw materials and processing costs for all joint products, less 

the anticipated revenue from the sale of the "by-products." 

The accounts and accounting procedures subcommittee of the financial 

and accounting committee of the American petroleum institute ("Out

line of petroleum-industry accounting," Amercian petroleum institute, 

New York, 1954, p.144) states the following in respect of the use of 

this method in the petroleum refining industry: 

"The market value of all by-products is 
deducted from total refinery expense, 
and the remainder is considered to be 
the cost of gasoline produced." 

In the costing of coal distillation products, coke may be considered 

as the principal product, and the oils, tars, aromatics, ammonia and 

gas are regarded as by-products. The accepted definition of by

products as being of considerably less market value does not hold 

for the purposes of this method. The combined sales value of these 

products may conceivably well exceed that of the principal product, 

although the method is unlikely to find acceptance in such cases. 

The method assumes that the by- products do not contribute to the 

profitability of the joint process and all profit is attributed to 

the principal product, Thus, although the method is related to the 

sales realisation method, the cost of the principal product so ob

tained is generally less than that derived by the latter method. In 

view of the above assumption, the method must be classed as totally 

arbitrary. 

' In practice it has the serious disadvantage - that it provides no in-

formation on the cost of the so-called "by-products." In addition 

changes in market conditions may substantially alter the relative 

economic importance of the various products; resulting in the dis

placement of the principal product, and rendering the allocation 
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method ineffective. 

In effect the by-product allocation method assumes that with the ex

ception of the '~rincipat'product, the joint products earn no profit, 

while the sales realisation method assumes that all products earn an 

equal profit margin. In view of the characteristic~ of the joint 

process, the latter assumption is considered to be more logical, 

6.2 THE BARREL-GRAVITY METHOD IN PErROLEUM REFINING 

This method is described by C.H. GRIFFIN (op. cit. p.50) ~s an 

attempt to reflect the emphasis given in some refineries tp the 

properties of the crude oil processed. The specific gravities of 

the various refined products are used as weighting factors in the 

apportionment of raw stock costs in much the same manner as physical 

units are used in the weighted average method. The technique seeks 

to recognise an alleged correlation between the specific gravity of 

the petroleum products and their commercial value, but as C.H. GRIFFIN 

(op. cit., p.51) points out: 

"Formerly, this correlation may have been 
significant, but presently it is regarded 
as slight." 

It is true to a certain extent that the cost of re(ining is influenced 

by the chemical composition of the crude feedstock, but to assume that 

these costs are directly proportional to the specific gravity of the 

products is highly arbitrary to say the least. 

Incorporation of the calorific value as a weighting component gives 

rise to a method known as the "gravity-heat unit method" which is 

considered to be no less arbitrarY., R.I. DICKEY (op. cit. p.13.17) 

mentions that neither the barrel-gravity nor the gravity-heat unit 

met~od is widely used . 
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IN PETROLEUM REFINING 
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Under this method, gasoline is assumed to be the principle petroleum 

refining product and its cost should be determined as independently 

as possible. Joint products of the refining proces~ are valued · as 

potential gasoline, less the expenditure required to convert them 

into this product. 

The American petroleum institute (op. cit., p.144) describes this 

method as being fundamentally an adaptation of the by-product method, 

although "the departure therefrom is of such significance and so 

widely recognised" that it is given prominence. C.H. GRIFFIN (op. 

cit., p.49) describes the method ~s follows: 

"Replacement value CO$ting provides for the 
establishment of a hypothetical processing 
plan by which crude and unfinished stocks 
are processed in existing facilities to 
maximise the yields of the three afore
mentioned products (namely gasoline, fuel
oil and fuel gas), assuming no imposition 
of limitations on equipment capacity." 

Based on this theoretical plan, the basic cost of gasoline is deduced, 

assuming that the plan results in costs which are comparable to those 

incurred in actual operations . In effect the method is an extensio~ 

of the by- products method, as the anticipated sales value of the 

joint products are deducted from the estimated cost of producing 

maximum gasoline yield, 

R.I. DICKEY (op. cit . , p.13.17) quotes the connnittee on price deter

mination (Cost behavior and price policy ~ National bureau of economic 

research, U.S.) as stating that : 

"There can be no doubt that costing of 
gasoline by the replacement value method 
provides the closest approximation to the 
correct economic allocation of joint cost 



7 

under varying proportions of any of the 
accounting methods in connnon use." 
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The validity of this statement is disputed oq the following grounds: 

(a) The tremendous growth of such industries as plastics, fertili

zers, bio-degradible detergents, synthetic rubber and aromatic 

chemicals over recent years; coupled with the threat of over

supply on the world gasoline market, has encouraged the produc

tion of high return speciality products at the expense of 

gasoline. 

(b) Formerly the assumption that refineries operated primarily to 

produce gasoline may h4ve been valid. However, it has been 

estimated that nearly a third of a million products are ob

tainable from the refining and processing of natural petroleum. 

(Vide C.H. GRIFFIN, op. cit., p.48 and A.L. WADDAMS, op. cit., 

p.4). Greater returns than on gasoline are possible on a 

number of these. 

(c) To cost all such products as potential gasoline on a hypothetical 

basis can today hardly be described as "correct economic alloca

tion." The method is deemed to have considerable value in the 

determination of profitability of existing or proposed post

separation processing costs, but is considered to have little 

to recommend it as a standard procedure in joint costing. 

A more appropriate system for decision-making in modern refineries 

would be to compare alternative nett-back on a product with all 

alternative (replacement) products and thus evaluate its profita

bility. Such a system is used for product proposal evaluation at 

Sasol on an ad hoc basis. 

IMPLICATIONS 
ALLOCATION OF 

WITH RESPECT TO 
COMMON COSTS 

THE 

In multi-product manufacturing industries, use is frequently made of common -



136 

as opposed to joint - production facilities, for reasons of economy. 

J.C. LESSING (op. cit., p.213) states that: 

"Die gesamentlike produksie vind plaas weens 
die ekonomiese voordeel wat daardeur verkry 
kan word omdat dit in sekere gevalle goed
koper is om die produke saam te produseer as 
om elk afsonderlik te vervaardig." 

While the causal relationship between joint costs and products is indeter

minable, this is not the case in respect of common costs. As A. MATZ, 

O,J. CURRY and G.W. FRANK (op. cit., p.140) point out: II each of 

the products could have been obtained separately •.• " L.L. VANCE (op. 

cit., p.325) states expressly that: 

" common costs can be traced to the separate 
products on a cause-and-effect basis or by 
tracing the use of facilities ••• " 

If the cost prices of commonly-produced products are to be determined, it 

is necessary to allocate the common costs involved to the products on 

some or other basis. A number of the so-called "joint cost allocation 

methods" described in this chapter can be effectively used for this pur

pose. 

These documented methods have in most cases been developed to meet the 

requirements of Anglo-Saxon "full" or "direct" costing systems. Applied 

to common processes as defined in the previous chapter, the bases des

cribed may well be congruent with the causal relationships between the 

common cost and the various products involved. Where such congruency 

exists, allocation of the connnon cost by the relevant method conforms 

to the principles of cost particularization in this respect. 

The choice of method depends on the particular manufacturing circumstances 

involved. Common costs allocated on an appropriate physical unit basis as 

described can be incorporated in a process costing system with meaningful 

results. The resultant cost prices can be effectively employed for 

pricing, control and decision-making purposes. The use of allocation 
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systems based on physical units in the case of joint products, however, 

may provide invalid and misleading unit costs. 

In effect, the physical unit allocation methods described in the Anglo

Saxon literature erroneously equate joint and common costs. To advocate 

the use of the "cost prices" of jointly- produced products determined by 

these methods for pricing and decision-making purposes, represents a 

failure to appreciate the basic nature of the joint process and the 

technical - economic cost concept. 

8 SUMMARY 

The decision to allocate joint costs to individual products as well as 

the choice of method is entirely dependent on the use to which the resul

tant product costs are to be put. The arbitrarity present to a greater 

or lesser extent in each of the methods renders them unsuitable for control 

or decision-making in some or other respect. 

In this chapter each allocation basis has been examined and none was shown 

to be generally acceptable in all aspects or universally applicable with 

significant results. 

A number of the methods can , however, be effectively applied for the allo

cation of common costs, in which cases causal relationships can be traced. 

It is maintained that the use of methods based on physical units represents 

an ill - advised attempt to treat joint costs as common costs. 

In respect of value to management as control information, costs obtained 

by the realisable market value method were shown to be superior on most 

counts. Product costs allocated by this method are, however, invalid for 

decision-making purposes. 
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CHAPTER VI 

COSTING SYSTEMS FOR JOINT PRODUCT MANUFACTURING 

1 INTRODUCTION 

So far in PART TWO of this study, the principles of joint product costing 

and various methods by means of which joint costs may be allocated to 

products have been discussed. It remains to examine the somewhat spe

cialised procedures comprising an effective overall system for costing 

joint products. 

g systems are examined in the light 

ss costing procedures for joint pro

considerations in cases where a 

r in the same manufacturing system. 

important part played by standards in 

.lised standards are shown to be of 

to control of the material efficiency 

developed in this chapter are incor-

~ joint product manufacturing discussed 

L.L. VANCE (op. cit., p.l) states that a truly comprehensive cost account-
·, 

ing system for a business enterprise will in the first· instance provide 

the unit manufacturing costs of products or services. However, each of 

the various joint cost allocation methods described in the previous chap

ter will result in different cost prices for the same individual products. 

The validity of some or all of these methods with respect to cost price 

determination is thus questionable. 



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

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

(a) determination of various costs fo r accounting and record 

purposes; 

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

a view to reducing them; 
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(c) determination of unit costs as a guide to testing the 

adequacy of selling prices; 

(d) the provision of reports for managerial decisions. 
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These reasons can be summarised as being the provision of information 

for the purposes of record keeping, cost control, pricing, and deci

sion-making. 

CONSIDERATIONS 
JOINT PRODUCT 

WITH RESPECT 
MANUFACTURING 

TO 

The effect of the absence of any non-arbitrary method for allocating 

joint costs on the purposes served by a costing system is examined. 

2.2.1 RECORD KEEPING 

The total cost of producing and working up a set of joint 

products is independent of the manner in which joint costs 

are allocated . The evaluation of total inventories, work 

in process and cost of sales, can be effected by means of 

any recognised costing system. Record keeping with respect 

to the set of joint products requires no specialised cost 

ing procedures outside of the incorporation of an appro 

priate joint cost allocation basis. 

2.2.2 COST CONTROL 

The effectiveness of a cost control system is a function of 

the extent to which it reveals the underlying causes of de 

viations from the optimum. In this re~pect the particulari 

zation of costs via the causal relationship to cost centres 

- and (if feasible) - product~ can be seen to play an impor

tant part. 

It is ' tnaintained that in order to be effective as a source of 
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control information, the joint product costing system should 

be based on sound particularization principles. Where one or 

more products incur work-up costs, from the point of view of 

these products the determinable causal relationship is inter

rupted at the split-off point. 

This effect must be considered in the development of a cost

ing system for joint products. Specialised procedures are 

consequently required if the system is to be effectively used 

as a source of control information, or incorporated in a 

decision-making model. 

2.1.3 PRICING 

Cost prices for individual products incorporating allocated 

joint costs are for the most part unsuitable for pricing pur

poses. Consequently, the information provided by a joint pro

duct costing system can rarely be used directly for decision

making with respect to individual product prices. The system 

should, however, be tailored to suit the requirements of any 

specialised pricing procedures employed. 

2.1.4 DECISION-MAK.ING 

Up to and including the split-off point, the set of products 

of a joint process are technically and cost-wise interdepen

dent. Consequently any decision taken with respect to the 

production of any joint product will in some or other way 

affect one or more members of the remainder of the set. 

Subsequent to separation, however,this does not necessarily 

hold. 

The split-off point represents the control point with respect 

to the particularization of joint costs. The costing system 

must be so designed as to facilitate cost accumulation at 

the control point of every joint process in the joint product 

manufacturing system. 
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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) large volume of business and standardisation of products. 

(Norm and standard costing can easily be introduced); 

(b) special purpose equipment; 

(c) production for stock. 

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

particularly where continuous processes are involved. (Vide 
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G.R. CROWNINGSHIELD, "Cost accounting principles and managerial 

application," Houghton Mifflin Co., Boston, 1962, p.53). 

3.2 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. 
E'~ 

BLOCKER and W.K. WELTMJE!ll, "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) If units are lost or spoiled in a department, the loss is 

borne by the units completed and remaining within the 
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department, thus increasing the average cost per unit. 

(f) In cases where products are processed in two or more depart

ments, costs incurred in one department are transferred to 

the next, the total cost and unit cost of products being 

accumulated when completed. 

A detailed study of the American approach to process costing has been 

made by D.B. VAN DER SCHYF ("Enkele beskouings oor die teorie van 

proseskoste na aanleiding van Amerikaanse praktykgebruik," Unpublished 

thesis, P.U., 1964) to which the reader is referred. 

3.3 PROCESS COSTING REPORTS 

Although the form of process costing reports for single-line products 

is not standardised, two main types listed by J.J.W. NEUNER and 

S, FRUMER (op. cit., pp.294, 295) are described. 

3.3.1 THE SUMMARY COST OF PRODUCTION REPORT 

The principal characteristics of the summarised cost of pro

duction report are as follows: 

(a) For each department the costs are shown separately for 

each element, namely material, labour and manufacturing 

overhead. These costs are total and on a per unit 

basis. 

(b) An analysis is made of the total costs of production in 

each department. This analysis shows; the cost of pro

duction transferred to the next department, the cost of 

work completed and not transferred, and the unfinished 

work or work - in ,process in the department. Lost units 

are treated separately, either as a separate element of 
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cost or as additional manufacturing overhead in the 

department in which the losses occur . 

3 . 3 . 2 THE QUANTITY OF PRODUCTION REPORT 

The quantity of production report is necessary for the 

calculation of lost units . This report shows, for each 

department, the quantity received and how accounted for, 

and the yield percentages . 

COSTING FOR JOINT 
MANUFACTURING 

The majority of joint products are manufactured for stock rather than for 

specific orders. This is principally due to the nature of the joint pro 

cess where products are unavoidably produced in roughly fixed relative 

quantities, regardless of firm orders or demand for individual products . 

Furthermore, many joint processes, especially in capital- intensive indus 

tries, are operated on a continuous basis. 

Process costing is consequently compatible with the production structures 

encountered in a high percentage of joint product manufacturing systems . 

The essential features of a process costing system for joint product 

manufacturing are examined . 

4 . 1 DISCUSSION 

The s i ngle- line process costing procedures described earlier in this 

chapter are based on the assumption that all units produced incur 

exactly the same amount of cost in every stage of the production 

process . This enables the classification o f all cost elements by 

products and by sequen tial operating departments . All costs can be 

shown in a single cos t - of- production report . This report reflects 

both the total unit cost of manufacturing and the unit cost incurred 

in each successive department . 
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Where joint processes are involved, the above system can only be 

applied directly where joint costs are allocated on an average unit 

cost basis, and no distinction is made between joint costs and connnon 

work-up costs. Where the latter distinction is made the units of 

the various isolated products incur different proportions of the 

joint cost, depending on the allocation method employed. 

Furthermore, regardless of whether and how joint costs are allocated, 

it is essential to differentiate clearly between joint costs and 

work - up costs if meaningful control and decision-making information 

is to be provided. 

The primary feature of an effective process costing system for joint 

products can be sunnned up as follows : 

Joint costs (as defined) are particularized 
to the set of joint products at the control 
point of the joint process; work- up costs 
are particularized to individual products. 

4.2 PROCEDURES FOR THE PROCESS COSTING 
OF JOINT PRODUCTS 

In the light of the above discussion process costs for joint products 

should be accumulated separately according to whether they are joint 

or work- up costs . 

4 . 2 . l COSTS INCURRED PRIOR TO THE 
SPLIT- OFF POINT 

There is no reason why costs incurred up to and including the 

split - off point of a joint process may not be accumulated and 

classified by the documented process costing procedures des

cribed. Lost units, work in process and the effect of mate

rials added may be computed for all departments in the normal 

way . 
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The set of raw materials is in effect regarded as going to 

make up a single product (the set of joint products at split

off), the cost of which is thereby obtained. In the parti

cularization process, direct costs are particularized to the 

set of . product , while indirect costs are first particula

rized to cos t centres (departments). Particularization of 

direct costs to the set should only be directly effected for 

cost centres within the joint process as defined in chapter I. 

Direct costs incurred prior to, but outside the joint process, 

should be particularized via. that portion of the set of raw 

materials operated on, to joint cost centres. 

The sum of the particular cos ts of the set of products at the 

control point of the joint process represents the joint cost 

of the set. This cost may be allocated to individual products 

by one or other of the methods described in the previous chap

ter. Alternatively, it may be retained as a sub- total for sub

sequent particularization to the set of products of the joint 

manufacturing sequence as a whole. 

4.2.2 COSTS INCURRED SUBSEQUENT TO SEPARATION 

4.2 . 2.1 THE 
ARE 

CASE WHERE 
ALLOCATED 

JOINT COSTS 

For the purposes of this procedure, the joint cost 

of the set ob t ained above is allocated to individual 

produc ts by means of a method which will suit the 

purposes of the system, The allocated cost for each 

product is then treated as the raw material cost of 

the first post - separation department in which each 

product is worked up . The individual products may 

now be costed in these and succeeding work-up depart

ments by means of normal process costing procedures. 

Once the joint cost has been allocated, lost units 
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and equivalent work in process may be readily evaluated . 

This procedure results in a "total" unit cost by ele

ments and departments for each individual product. 

An artificial "cost price" is t hereby obtained. 

Although this "cost price" is generally unsuitable for 

pricing and cost/volume analysis, it may provide use

ful control information. It may be possible to incor

porate these costs in standard/budget control systems, 

but this depends on the allocation method used . . As 

pointed out previously, the formula, weighted average 

and some variations on the base unit system can result 

in the comparison of standard against standard instead 

of actual against standard. 

Only if the joint cost is allocated can process cost

ing techniques be used with respect to the evaluation 

of lost units and work in process in the work-up de

partments. 

4.2.2.2 WHERE JOINT COSTS ARE 
NOT ALLOCATED 

Whereas a case can be made for the allocation of joint 

costs for control purposes; for decision-making and 

the evaluation in terms of returns of alternative courses 

of action, allocation serves little purpose. Many 

joint product manufacturing systems do not lend them

selves to an allocation method which provides meaning

ful control information. 

In such cases there is no point in 
attempting to prorate joint costs 
to products on a contrived basis 
simply in order to be able to apply 
documented process costing procedures. 
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It is none the less essential to particularize work

up costs to separated products if effective decision 

making and control informat i on are to be provided . 

Where joint costs are not allocated, post- separation 

costs may be particularized on a "value added" basis . 

Costs incurred prior to separation are ignored for 

the purposes of this procedure and the value added 

to each product in each cost centre is divided by 

the number of units processed to arrive at a unit 

work- up cost. Under this method the total material

in-process cost and lost unit expenses can not be 

evaluated directly. 

Post- separation costs can be traced to products on 

a causal relationship basis . The unit work-up costs 

can be effectively used in standard costing systems . 

The marginal work-up costs can be used for decision

making with respect to post-separation activities. 

Product decisions which are based on work-up costs 

without reference to allocated joint costs are as 

follows : 

(a) sell or process further; 

(b) tender prices for post - separation materials 

added; 

(c) blend formulation decisions, where two or more 

joint products are sold as a blend; 

(d) product mix decisions where the ratio of joint 

product yields are variable; 

(e) determination of the price below which a joint 

product should be dumped rather than worked 

up; etc. 
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The unit work-up cost can be obtained from the cost 

of production report in cases where joint costs have 

been allocated, by means of subtraction. To whatever 

purpose the costs are put, the user must be made fully 

aware of the basis on which the costs were determined. 

COSTING REPORTS FOR 
PRODUCT MANUFACTURING 

According to the procedures described above, joint costs are regarded 

as having been incurred by a single product which is completed at 

the split-off point. After split-off, each product is costed separate

ly by elements and cost centres . If joint costs are allocated, an 

"artificial cost price" is obtained. Where joint costs are not allo

cated, the joint cost of the set of products of the joint process, 

and the unit work-up costs of each product are obtained separately. 

The costing reports involved are as follows : 

(a) summary cost of production prior to split - off. (Joint cost 

report); 

(b) quantity of production prior to split - off (Joint process quan

tity report); 

(c) yield ratio report; 

(d) joint cost allocation schedule (where costs are allocated); 

(e) summary cost/work- up cost reports for each separated product; 

(f) quantity of producti;n reports for individual products in work

up cost centres. 

Regarding the case where joint costs are not allocated, if a product 

has a known market value at separation, a gross work-up "profit" 
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figure can be calculated. This is obtained by subtracting work-up 

cost from the difference between sales value on completion and sales 

value at separation. This figure has limited usefulness, but can con

ceivably be used for return on investment comparisons. 

4.4 DRAWBACKS OF PROCESS COSTING 

The system described suffers from the same drawbacks as any process 

costing system. These are outlined by A.J.E. SORGDRAGER (op. cit., 

1967, p.356) as follows: 

"Die metode is gebaseer op die delingskalkulasie 
waarteen verskeie besware ... geopper is. 
'n Ander beswaar teen die delingskalkulasie is 
die retrospektiewe inslag. Daar word van die 
offers van 'n bepaalde periode uitgegaan wat op 
die offers van die verlede of historiese kos
prys gebaseer is." 

(See also R.I. DICKEY, op. cit., pp. 12.2, 12.3) 

The incorporation of standard costs in the system is desirable for 

t he above reasons. The costs remain "average costs" however and the 

sys tem suffers from lack of fl exibi lity f rom a particularization 

point of view . 

4 . 5 CONCLUSIONS 

In principle, the process costing procedures described whereby joint 

and work-up costs are accumulated separately, are sound. A traceable 

causal relationship exists between the joint cost and the set of pro 

ducts of a joint process. Furthermore, work-up costs may be particu~ 

larized to separated products. As the causal relationship between 

the joint cost and individual products is indeterminable, it is 

logical to reflect joint and wqrk~up costs separately. 

From a practical point of view, the cost reports resulting from the 

system described are in line with the objectives of a joint product 
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costing system. Meaningful, although not comprehensive, control and 

decision- making information is provided. The reports reflect a break

down of costs by elements and cost centres both before and after 

separation. Whether or not joint costs are allocated, this informa

tion is valuable from a control point of view. 

5 COSTING FOR BATCHWISE-PRODUCED JOINT PRODUCTS 

In certain manufacturing processes where joint products occur, the raw 

materials are purchased in relatively small lots or batches. Examples of 

industries in which such processes occur include lumber milling, food pro

cessing, leather treating, etc. In most of the above processes the com

pleted units consist of various grades of the same product. 

The purchase price paid for each lot of raw material may vary widely accor

ding to the quantity and quality of the anticipated final product yield. 

In such cases it is in the interests of the concern to distinguish between 

the processing co$ts of each batch, where practicable. A,J.E. SORGDRAGER 

(op. cit., 1964, p.71) lists the following characteristics of a produc

tion structure to which job order (batch -production) costing methods are 

sui ted. 

(a) Production of a variety of products (multiple cost system, overhead 

app l ication and rates). 

(b) All - purpose machines . 

(c) Production based directly on sales. 

Job order costing procedures for single-line products are well documented, 

(vide R.I , DICKEY, op. cit., Chapter II) and will not be discussed here. 

Suffice to state that as for process costing for joint products, job order 

join t and work- up costs should be reflected separately. 
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Whatever costing system is used, where joint processes are involved it is 

desirable to reflect joint and work-up costs separately. It is consequent

ly necessary to design the cost centre structure in such a way as to en

able costs to be accumulated accordingly. 

In general the cost centre structure should be based on the causal rela

tionship. 

See 4 ~7, FIGURE IV.l 

A.J.E. SORGDRAGER (op. cit., 1964, p.74) states that cost centres must be 

considered as interim steps to arrive at the cost per product. 

In view of the interruption in determinable causal relationship between 

costs and products at the split-off point, the cost centre structure for 

a joint product system should be similarly divisionalised. The cost 

centres themselves should be classified as follows: 

(a ) centres in which the costs incurred are traceable only to the set of 

joint products; and 

(b) centres in which the costs incurred are traceable to individual 

products. 

Where only one joint process is involved a structure based on the above 

classification principle can be readily developed. A complication arises 

where more than one split-off point occurs, as is often the case in prac

tice. 

An example of multiple joint processing is found in the petroleum industry. 

Crude oil may be separated into gasoline- and naphtha-fractions in a pre

flash column at the outset of the process. Both fractions then undergo 

further processing before being separated into petroleum gases, avgas, 
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(aviation gasoline) straight run gasoline, jet fuel and other products, 

in secondary separation processes . 

As stated in chapter I of this study, it is not inconceivable for a 

joint product manufacturing sequence to consist of as many joint pro 

cesses, less one, as the number of products . Where a large number of 

products are involved it must be recognised that if traceable causal re 

lationships are to be strictly adhered to, an extremely complex and un

wieldy structure may result . 

In such cases it is recommendable to group certain joint processes in 

the joint product manufacturing system under a single cost centre . This 

is a deviation from the principle that the cost centre structure should 

be based on the causal relationship . For example: if product A is 

separated from a conglomerate consisting of A, Band C in joint process I; 

and Bis separated from C in joint process II; there is no causal rela

tionship between A and the costs of process II . If both joint processes 

are grouped in the same cost centre, A will in effect carry a portion of 

the costs incurred only by Band C. This will affect allocated joint 

costs . 

A way of circumventing this problem would be to regard the split - off point 

of process I as the only split - off point and class joint process II as 

a common work- up facility . This would result in more realistic allocated 

costs but is no less arbitrary . 

In practice virtually every situation is different and no hard and fast 

rules can be laid down regarding the cost centre structure of a joint 

product manufacturing system . The following are proposed as guidelines : 

(a) where a multiplicity of joint processes occur they should be 

grouped in cost centres so as to enable the establishment of 

a practical cost structure; 

(b) this grouping should be done in such a way as to coincide as 

closely as is feasible to causal relationships; 
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(c) work- up activities, the cost of which is directly traceable to indi

vidual products should not be included in the same cost centre with 

joint process activities. 

In effect, the grouping of joint processes in the same cost centre alienates 

the control point from the split-off points of all but one process. The 

effectiveness of the new control point should be the primary consideration 

when grouping joint processes. 

In view of the interruption in determinable causal relationship between 

joint cost and individual products at the split-off point, the cost centre 

structure deserves special attention where joint processes are involved. 

7 THE USE OF STANDARDS IN JOINT PROCESS COSTING 

A.J.E. SORGDRAGER (op. cit., 1964, p.135) makes the following statement: 

"The cost information of the cost centres, 
measured against a specific norm, is manage
ment's tool to control costs in the cost 
centres before the cost of the final pro
duct becomes available." 

Waste and inefficiency can then be reported promptly to management enabling 

timely corrective action. 

The use of predetermined norms in the joint product costing system can ex

tensively facilitate cost allocation procedures as well as the provision 

of important control information. Aspects thereof are examined. 

7 . 1 STANDARD COSTING DEFINED 

The nature and uses of standard costing is described as follows by 

J. BATTY (op. cit., 1967, p.lPl): 

Standard costing is a system of cost accounting which is designed to 

show in detail how much each product should cost to produce and sell 
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when a business is operating at a stated level of efficiency and for 

a given volume of output. 

Through carefully planned and organised accounting procedures the dif

ferences between actual and standard costs (the cost variances) are 

analysed and then promptly reported upon to managers. The latter, in 

turn, take corrective and preventative action, as well as employing 

the data for planning, co-ordination and control. 

An important feature of the system should be the measurement and at

tainment of a high level of efficiency and a constant review of 

methods employed in production. When necessary the standard costs 

should be amended so that they reflect current realistic conditions 

and practices. A further essential characteristic of a standard cost

ing system is that it should be forward-looking and, since it is in

tended to be a tool of management, the system should be part of a 

fully co-ordinated management accountancy system. 

Conceptual aspects of standard costs are comprehensively covered by J.H. 

ELS in his thesis "The application of standard costs in certain 

South African industries" (op. cit.) to which the reader is referred. 

SPECIFIC 
IN JOINT 

STANDARDS OF IMPORTANCE 
PRODUCT · COSTING SYSTEMS 

The main application of standards in joint product costing is asso

ciated with material costing. As I.W. KELLER and W.L. FERRARA 

(op . cit., p.6O3) point out, standard labour costs are developed by 

time studies, and standard factory overhead rates from the overhead 

budgets at normal production volumes: 

"Thus, for direct labour and factory overhead, 
the cost and budget procedures follow those of 
any other industry." 

A material and a value standard of importance_ in joint product costing 

and control of the joint process efficiency are discussed below. 
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7.2.l STANDARD YIELD AT SPLIT-OFF 

The quantitative relationship between the outputs of the indi

vidual products of a joint process is variable only between 

certain limits. The yield of a joint product was defined as 

its weight expressed as a percentage of the set of raw mate

rials. 

In many joint processes, scientifically predetermined standards 

may be set for product yields under varying conditions. The 

actual yield for a particular volume of input is dependent on 

the constituency of the raw material and the nature of and 

manner in which the joint process is operated. If standard 

yields are based on optimised production plans under expected 

conditions for the period, the ratio of standard yields at 

separation will reflect that product spectrum on which maximum 

returns are anticipated. 

Under these circumstances, variances between actual and stand

ard yields for each joint product at split-off, provide a 

measurement of raw material quality and conversion performance. 

If multiplied by a suitably derived standard joint cost, these 

variances can be expressed in monetary terms, thus providing 

useful control information. 

In the interests of pin- pointing reasons underlying yield 

variances, it serves a purpose to attempt to eliminate the 

effects of variations in raw material quality. Testing of raw 

material inventories may enable the standard yield to be cor

rected for changes in the average composition of the raw 

material. Such standard yields will be termed "corrected 

standard yields" for the purposes of this study. 

As distinct from the control aspects, standard yields may be 

directly incorporated in certain joint cost allocation methods 
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for process costing purposes. Standard yields may be expressed 

in terms of base units in certain cases, enabling yield ratios 

or percentages to be predetermined, Using the base unit allo

cation system, joint costs are allocated by multiplying the 

total joint material cost by the standard yield percentage for 

each product. 

Where predetermined values are used, both the "formula" and 

the weighted average allocation methods are in effect based 

on either standard yields or standard cost - incurring factors. 

7: 2·. 2 STANDARD REALISABLE MARKET VALUE 

Predetermined unit product realisable market values at separa

tion are particularly useful in the allocation of joint costs 

by the realisable market val ue method. If standard values are 

based on the optimised resource allocation plan and marketing 

strategy, they represent the revenue accruing from the sale of 

the optimum quantity at the optimum price, 

Such standard values approximate to the replacement value. 

Their use in j oint cost allocation lends economic significance 

to the res ultant joint product costs. 

From a practical point o f view, where process costing systems 

are employed, the use of actual market values is more often 

than not unfeasible. The actual price paid for a product may 

only become known months after the product has been produced. 

In addition, fluctuations in price caused by any number of 

factors will cause the cost relationship of the various pro

ducts to fluctuate irrationally if .actual values are used, 

Using standard realisable values, the market value allocation 

method has distinct advantages with respect to variance ana

lysis . . If allocated product costs hav~ e.conomic · si.gn.ifi~ance, 

variances from standard can be expressed in realistic terms. 
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Certain of the cost allocation systems described can result in 

some joint products showing a "loss" ·while others show a "pro

fit." The same percentage deviation from standard will be 

reflected as a disproportionately low nett variance on the 

"profitable" products; and a disproportionately high nett 

variance on the "loss" products. This can not occur if pro

duct costs are related to market value. 

A further application of predetermined market values is in 

the establishment of the price payable for raw materials. Tpe 

sum of the products of the standard unit values and the stan

dard yield for each joint product, provides a useful guide to 

the prices which may be tendered for raw materials. 

THE USE OF STANDARDS 
EFFICIENCY MEASUREMENT 

FOR 
FOR 

MATERIAL 
JOINT PROCESSES 

In single-line product manufacturing two material variances are of im

portance. These are listed by J. BATTY (op. cit., 1966, "Management 

accountancy," p.349): 

(a) material price varianc;.e : 

(actual price - standard price) x actual quantity; 

(b) material usage variance: 

(actual quantity - standard quantity) x standard price. 

The quantities in the above formulae refer to the amounts of raw 

material required to manufacture a given quantity of finished pro

ducts . 

The latter variance can be said to provide adequate information con

cerning the material efficiency of a single- line process. 

This variance does not, however, tell the full story with respect to 

a joint process. To illustrate its shortcomings the case is taken 
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where joint products A and Bare separated in a distillation process. 

It is assumed that A is a high va l ue product made to stringent speci

fications. Bis a lower value product wi th wider specification limits. 

At zero us~ge variance indicating opt i mum effici ency, A may be l ost 

to B due to poor operation of the process. The sum of the quantities 

of A and Bare not affected by the loss and as B has wide specification 

limits, the loss may go unnoticed with respect to quality . Revenue 

will be adversely affected. 

Thus, although the total usage variance will reflect deviations from 

standard efficiency with respect to scrap, waste, spoilage, etc., it 

provides no information on revenue l os s es due t o s ub-optimum product 

mix. Addition variances are thus necessary if effective material 

efficiency control in the joint process is to be exercised . 

7.3.1 YIELD - VALUE VARIANCES 

In the illustration quoted in the previous paragraph, the de

viation from optimum yield could have been deduced from a 

comparison of actual and standard yields. Such a comparison 

will only reveal quantity variations, and in order to deter 

mine the extent to which revenue i s affected, product values 

at separation must be taken into consideration. It is thus 

proposed that a third var i ance be computed in order to pro 

vide the more detailed information necessary if returns on 

joint products are to be maximised , 

This variance is termed the yield - value variance and is com

puted by means of the following formula for a given input: 

(corrected standard yield actual yield) x standard unit 

realisable value x actual input . 

The sum of the yield- value variances for each product provides 
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the total yield-value variance for the set of joint products 

at split-off. The total variance which may be computed on a 

regular basis, provides a prompt means of measuring the all

round efficiency of the joint process . 

Although the relative quantities produced in the joint con

version process are at best only semi - controllable within 

certain limits, in virtually every case the actual yield is 

dependent on the proficiency with which the products are 

separated. Factors such as the down- grading of spoiled units, 

failure to separate high value products sharply or separation 

of "over-specification" products, can have a highly adverse 

effect on profitability. Unless some means of detection is 

available, this may go unnoticed. 

7.3.2 COST OF MATERIAL EFFICIENCY VARIANCE 

THE 
IN 

It will be noted that the yield-value variance reflects the 

loss of potential revenue. It is in effect a value and not 

a cost variance. To obtain the corresponding cost of ma

terial variance for each product the relative standard rea

lisable value must be computed and multiplied by the joint 

raw material cost. The resultant cost is then substituted 

as the multiplier in . the variance formula. 

This variance will then reflect the "cost" of dev.iatioti from 

standard yield as opposed to the loss of revenue, 

It must be noted that yields only are being compared in this 

process. The actual cost for the set of products at split

off requires separate analysis in the normal way, since for 

this purpose the set is regarded as a single product. 

IMPORTANCE OF THE 
THE OPTIMISATION OF 

YIELD - VALUE 
THE JOINT 

VARIANCE 
PROCESS 

The maximisation of returns on joint products manufactured in a given 

enterprise involves the quantitative optimisation of the joint product 



162 

spectum at split-off in favour of those products with the highest 

realisable value. The optimisation process is subject to the con

straints imposed by the following factors : 

(a) raw material constituency; 

(b) market considerations; 

(c) technological limits inherent in the process with respect to 

the extent to which the relative yield of any separated pro

duct is variable. 

Albeit to a minor extent, in most cases the ratio of product outputs 

for a given set of raw materials, or the constituency of these ma

terials, are variable. 

It is consequently possible that returns on a 
set of joint products may fluctuate over a re
latively wide range , while the total material 
cost as well as unit prices and the total 
quantitative sales remain constant. 

Controls based on the standard cost o f manufacturing the set of pro

ducts of a joint process become i neffective under these conditions. 

It is maintained that supplement ary information 
regarding the joint product mix, and the effect 
on revenue of deviations from the optimum, is 
vital to the maximisation of returns. 

This information is provided by the type of yield and value variance 

analysis described in the previous sections. 

8 SUMMARY 

The objectives of a joint product costing system are to provide control 

and decision-making information that will facilitate the maximisation of 

returns. In order for the system to be effective in this respect, joint 
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and work-up costs should be accumulated and reflected separately. 

Where a multiplicity of joint processes occur in the same joint product 

manufacturing system it may be necessary to group them in cost centres 

for practical reasons. 

Standards, and in particular material and realisable market value stan

dards, play an important part in an effective joint product costing 

system. Supplementary to the documented standards for single-line pro

ducts, two specialised norms are of particular significance with respect 

to the efficiency of the joint proces.s. 

These are: 

(a) the standard yield of a joint product for a given input of raw 

material; 

(b) the standard realisable value of a joint product at separation. 

The former is useful for control and joint cost allocation purposes; 

while the latter renders use of the realisable value allocation method 

more feasible from a practical as well as conceptual point of view. 

(Use of the standard realisable value does not alter the limitations 

as decision-making information of costs allocated on this basis). 

Together the above standards can be used to compute what is termed the 

yield-value variance. This provides information regarding the joint 

product mix which can extensively facil~tate the optimisation of the 

joint process. 

In part three aspects of decision-making for joint product manufacturing 

systems are discussed. The incorporation of the costing principles and 

standari-s described in this chapter in planning and decision-making 

simulation models are examined. 
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FOREWORD TO PART THREE 

The factors of technical interdependence of joint products and the absence 

o f any non - arbitrary basis on which joint costs may be allocated, tend to 

complica te managerial planning and decision-making in a joint product 

manufa ctur i n g en terprise , In PART THREE managerial information systems 

whi ch can facilitate planning and decis ion-making for maximum returns are 

exami ned , 

CHAPTER VII deals with price - sett i ng and pricing po licy determination for 

joint produc ts. I n view o f the importance thereof, particularly where 

capital - intensive joint processes are invo lved , CHAPTER VIII is devoted 

to env i r onmenta l forecas t i ng . CHAPTER I X deals with simulation models 

as p lannin g and deci sion-mak i ng t oo ls for the maximisat i on of returns on 

j oint products, In CHAPTER X a model f or a multi - process joint product 

manu facturing system i s us ed t o s i mu late the results o f case study decis i ons . 
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CHAPTER VII 

PRICING JOINT PRODUCTS 

-1 INTRODUCTION 

Decision-making with regard to prices and pricing policy for joint pro

ducts differs in many respects from that for single-line products. 

Joint production involves a range of different products produced simul

taneously in roughly ~ixed proportions. Each of these products may be 

subject to different demand elasticity, pricing legislation, competition 

and other market factors. 

The pricing decision for each individual product is subject to consider

ations involving the entire product spectrum, and specialised procedures 

are necessary if pricing decisions are to be optimised. 

In this chapter various aspects of joint product pricing are discussed and 

a procedure based on demand analysis is examined. 

2 CONSIDERATIONS WITH RESPECT 
TO JOINT PRODUCT PRICING 

2.1 THE USE OF PRICING TO REGULATE DEMAND 

Ever present in the field of joint product manufacturing is the pro

blem of independent demand fluctuations of the various products . . 

Within limits, pricing can provide a useful means whereby demand may 

be regulated. Restrictions on the use of pricing for this purpose 

include the following: 

(a) inelastic demand characteristics for one or more joint 

products; 

(b) the impracticality and adverse effect on customer relations 

of frequent price variation; 
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(c) the time lag between price adjustment and the resultant change 

in sales volume; 

(d) the practice can only be optimised if the price/volume relation

ship is known to a reasonable degree of accuracy. This is not 

always the case. 

Largely as a result of these restrictions, long term sales contracts 

are frequently sought, particularly with respect to large volume, low 

priced products. Although this has the advantage of guaranteeing 

certain sales levels over the contract period, it may be necessary 

to sacrifice income by lowering the price in order to secure the con

tract. 

In a situation where prices are rising as a result of inflation or 

rising demand, fixed price long-term contracts are detrimental to 

revenue maximisation. Furthermore, the danger exists that the con

tract will not be renewed on expiry, resulting in a sudden (and 

possibly unexpected) drop in sales . 

2 . 2 COMPETITION ASPECTS 

The consideration of competition with respect to joint products is 

a very important one. Two aspects are discussed; inter - joint pro 

duct competition, and competition from products produced outside of 

the enterprise. 

2.2.1 INTER-JOINT PRODUCT COMPETITION 

Depending on the nature of the joint products, a change in the 

price of a product or a change in consumer preference may 

bring the product into competition with another in the same 

set. Under these circumstances sound pricing is a very rele

vant consideration, 

The case is taken of a concern manufacturing a range of heating 
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fuels, including bottled gas and light fuel oil. The products 

are marketed through various agencies and the concern has never 

attempted to determine the end- use pattern. The ratio of pro

duct yield is variable over a small range. 

Gas stocks show signs of a build-up, and management decides to 

lower the price on a temporary basis to awid having to cut 

back on total production . This induces certain fuel oil cus

tomers to switch to gas and they install the necessary equip

ment. Gas sales go up, but within a few months fuel oil stocks 

are at danger level . 

Management can now drop the fuel oil price or raise the gas 

price and risk the probable customer loss. Either way revenue 

is forfeited . 

The technical interdependency of the products renders the joint 

product concern vulnerable to the see-saw effect described 

above where products may compete with each other. Sound 

pricing and marketing strategy is necessary if revenue is to 

be optimised . 

2.2.2 EXTERNAL COMPETITION 

Where a joint product is in competition with a single-l i ne 

product, more often than not the latter has the advantage of 

production flex-iblli-cy. In the simplest case of a single - line 

product sharing the market with a joint product, production of 

the former could conceivably be doubled. If a percentage of 

the resultant cost saving is passed on to the customer, the 

entire market could be captured. The joint product manufac

turer, on the other hand, cannot vary output of any one pro 

duct to any great extent without a corresponding change in the 

output of the remaining products. 

The intensity of competition between joint product producers 
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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"- pricing 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. 

3 PRICING PROCEDURES FOR JOINT PRODUCTS 

In the case of single-line products; where 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 
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all product costs to the value at the moment of economic exchange. Cost 

price thus serves an important purpose as the underlying basis on which 

the pricing policy and presentation-prices should be established. (Vide 

A.J.E. SORGDRAGER, op . cit., 1964, pp.128 - 131; and 1967, p.59). 

In the light of the indeterminable causal relationship between joint cost 

and individual products, artificial "cost prices" for joint products do 

not serve the purpose described above. The joint cost as such is the 

primary consideration. The split-off point remains the control point with 

respect to pricing; as with cost control and other managerial decision

making. 

Viewed from the normative approach adopted with respect to costing and the 

maximisation of returns, the following can be said of joint product costs 

and prices: 

Returns (as defined) may be negative unless 
pricing is based on a sound knowledge of the 
behaviour of the cost price of the set of 
joint products under the relevant conditions. 

Procedures for the setting of presentation prices under various circumstan

ces a re discussed . 

3.1 PROCEDURES BASED ON 
SHIP TO ALLOCATED 

A FIXED 
JOINT COSTS 

RELATION-

Very few joint product costs apportioned by the methods discussed in 

chapter V (op. cit.) provide reliable decision-making information for 

pricing purposes. The following are the conditions under which it 

may be possible or necessary to base prices on allocated joint costs: 

(a) Where a single customer pur chas ~s v i r t ually the en t ire set of 

jo i nt products on a "packaged de.al" basis. 

(b) Where the base unit or weighted average allocation method 

results in costs which are relatively meaningful from a 

marketing point of view. 



171 

(c) Where one or more of the products is sold on a "cost - plus margin" 

tender basis. (This type of purchasing is rarely encountered in 

South Africa and is listed as a theoretical possibility . ) 

Conditions vary according to process, product and market environment 

and no rules can be laid down with respect to precise allocation 

methods in the above circumstances. 

3.1.1 JOINT PRODUCT COST/PRICE RELATIONSHIPS 

In the event of allocated costs being used for pricing purposes 

on a direct basis, the following procedures can be applied. 

(Vide J. DEAN, "Management economics," Prentice-Hall Inc., 

New Jersey, 1951, pp.473, et. seq.) 

(a) Prices proportional to full cost; that is, prices that 

produce the same profit margin in terms of the average 

unit cost for all products. 

(b) Prices proportional to incremental costs; that is, that 

produce the same percentage contribution-margin over in

cremental costs for all products . This method is used 

by several South African joi nt product concerns to adjust 

prices in the event of an increase in raw materia l costs. 

(c) Prices with profit margins that are proportional to 

average conversion cost and take no account of purchased 

.material cost . Presumably time studies are used as a 

basis for labour cost apportionment . 

The above relationships may be used under particular circum

stances . Further ~iscussion is unwarranted . 
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Unless costs can be particularized to products on a causal 

relationship basis, they may be unsuitable for pricing pur

poses. A.J.E. SORGDRAGER (op. cit., 1964, p.128) emphasises 

the danger that factors which are related to the demand problem 

may otherwise be confused with factors relating to the cost 

price . Profit is the difference between price and cost. 

Prices realised are functions of exogenous variables, while 

costs are incurred with managerial intent and are endogenous 

with respect to the enterprise. If cost and demand factors 

are confused, returns can not be maximised. 

PROCEDURES 
THE JOINT 

BASED 
COST 

ON DEMAND ANALYSIS AND 
OF THE SET OF PRODUCTS 

The demand for a product refers to the number of units that will be 

absorbed by the market at a particular price. Demand analysis is 

the result of market studies concerning the relationship between de

mand and price. In the simp l e case where external factors are ig

nored, the relationships between sa les vo lume and price for a par 

ticu l ar product can be represented by an equation and depicted 

graphically as a "demand curve ." More sophisticated analysis incor

porating the effect of exogenous market var iable~, can be represented 

by a system of pa rameters. 

If the demand curve for each j oint product is known, a relatively 

simple model incorporating the marginal joint cost may be set up. 

From this model individual product prices at optimum joint output 

can be determined. J. DEAN (op. cit., pp.475) proposes a system 

whereby products which are interrelated on the cost side can be 

priced accordin g to contribution margins that depend on the elas

ticity of demand of different market segments. In evaluating the 

above system, J.A. HOWARD ("Marketing management: analysis and 

planning," Irwin Inc ., Illinois, 1963 , p . 375) states that : 
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The following is an example of the procedure involved. 

3.2.1 A GRAPHIC METHOD FOR 
OPTIMISATION OF JOINT 

THE SHORT-RUN 
PRODUCT PRICING 

The following procedure is advocated by H. BIERMAN (op. cit., 

p.65): 

The following are assumed : 

(a) Joint products A and Bare manufactured from 10 lbs. of 

raw material . 

(b) The yield ratio is 4 lbs. of A to 6 lbs. of B. 

(c) Both products have known demand curves which are either 

horizontal or slope to t he right; i.e. the number of 

units sold is independent of price over the range con

sidered, or it varies inversely as the price. 

See A. 8, FIGURE VII.l 
A.9, FIGURE VII.2 

Considering the two products together, the average revenue is 

obtained and plotted against the number of units sold of the 

theoretical product (AB), coqsisting of four lbs. of A and 

six lbs . of B. The average revenue for one unit would be 

the sum of the prices necesspry to sell four lbs. of A and 

6 lbs. of B, both of which m' y be read off on FIGURE VII.1. 

The marginal cost curve is assumed to be a horizontal line so 

as to serve as an average variable cost curve. The marginal 

revenue of the theoretical product (AB) is then computed and 

plotted on the same axes . 
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See A.1O, FIGURE VII.3 

OQ is seen to be the optimum output of the theoretical pro 

duct (AB) expressed in terms of units representing four lbs . 

of A and six lbs. of B. OR represents the total revenue. 

To find the prices at which the units must be sold, FIGURE 

VII.l is consulted.This graph shows the prices for A and B 

that will clear the market of the number of units produced. 

The price of A multiplied by the number of units of A, plus 

the price of B multiplied by the number of units of B, will 

be equal to OR , 

3.2.2 DISCUSSION 

As a short-run optimisation procedure the validity of the 

method can not be refuted. In practice its application is 

hampered by the following factors : 

(a) The graphical method becomes unwieldy where a large 

number of products are concerned . 

(b) The method as described makes no provision for unequal 

unit work-up costs or a multiplicity of joint processes. 

(c) It is in fact based on cost/volume analysis, and is sub

ject to the limitations of the break - even system. (Vide 

J.C.M. VAN NIEKERK, op. cit. ; · chapter XII). The method 

can not, however, be s~riously objected to on this score. 

(d) The primary objection ~vst be that the effectiveness of 

the method as an optimi~ation procedure is a function of 

the accuracy with which the demand curves for each pro 

duct. An unrealistic curve for one product will ad

versely affect all the other prices computed by this 

method. 
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Factors (a) and (b) above can be overcome by using a mathema

tical model which takes the cost centre structure of the system 

into consideration. With respect to the primary objection, 

namely the probable inaccuracy of the demand forecast, it is 

proposed that this problem should be approached objectively. 

Both as a short-run optimisation procedure as well as a. guide 

to long-term pricing policy, the method represents a theore

tically sound way of analysing cost-volume-sales relationships, 

which does not depend on artificial cost prices. If returns 

are to be optimised, the problem of demand forecasting must be 

satisfactorily solved within the constraints of diminishing 

returns. 

Pricing of joint products is at once a highly important yet complex mana

gerial function. The conclusions drawn in this chapter in this respect 

are summarised . 

(a) Pricing represents a partial so l ution to the ever-present problem of 

the independence of demands f or j o intly produced products. The use 

of pricing for this purpose is subject to limitations and can only 

be optimised if the price/sales-volume is known to a reasonable 

degree of accuracy . 

(b) Returns on joint products can not be optimised unless pricing is 

based on demand characteristics and costs particularized on a 

causative basis . 

(c) Provided that the demand characteristics for each joint product are 

known to a realistic extent pricing for optimum revenue can be 

effected without allocating j o int costs t o the~e products . 

The importance of the demand forecasting function in a joint product 
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enterprise has been emphasised with respect to pricing. Aspects of demand 

analysis for joint products and some advanced forecasting systems are exa

mined in the following chapter. 
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CHAPTER VIII 

ENVIRONMENTAL FORECASTING FOR THE JOINT PRODUCT ENTERPRISE 

1 INTRODUCTION 

The environment of an enterprise may be described as the set of 

exogenous factors constituting the bounds or limits within which the 

enterprise operates. For a manufacturing concern, the basic exogenous 

factors are the demand for the resultant products and the availability 

of the manufacturing resources of capital, labour and materials. With

in limits these factors may be functions of the "price" attached to 

them by management. 

In order to be able to optimise manufacturing activities, it is impor 

tant to know where these limits lie, and the relationship between 

factor and "price. " In a dynamic environment the prediction of future 

conditions is involved, and this function is termed environmental fore 

casting. The desired end- result of environmen tal forecasting for a 

manufacturing concern is the predicted supp ly of each resource (related 

t o i ts cos t) and the demand for each product (related to its price). 

In this chapter demand f orecasting for j o int products is discussed and 

certain advan ced env ironmental forecast i ng systems are examined in the 

light of the decis ion-makin g i nforma tion requirements in a join t pro

duct manufacturing concern . Reference is made to the importance of 

technological forecasting in capital - intens i ve industries . 

2 DEMAND FORECASTING AND JOINT 
PRODUCT DECISON- MAK.ING 

2 . 1 THE NEED FOR RELI ABLE DEMAND FORECASTS 

A complicating factor in jotnt product decision-making is that each 

product may be subject to different demand characteristics. Each 
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product may therefore be regarded as having a different "market 

environment. " This market environment is in effect a set of 

influencing factors, some or all of which may change with the 

passage of time. Many of these factors may be common to all the 

"market environments, " i . e. a change therein will affect the demand 

for each product to a greater or lesser extent. On the other hand, 

changes in a factor may · have a pronounced effect on the demand for 

one product in the spectrum leaving the demands for the others un

affected. 

Rainfall, for example, can extensively influence the demand for 

fertilizer during a particular season. The raw materials for this 

fertilizer may be produced jointly with industrial fuel gas, as is 

the case with ammonium sulphate at Sasol. Rainfall has no effect 

on the demand for industrial gas . 

Many important joint product i ndustries are capital-intensive. 

This fact has two important implications with respect to the need 

for reliable demand forecasts. Firstly , with a high percentage of 

fixed costs, down- time or reduced throughput as a resu t of sales 

of one or more joint products falling below forecast, can serious

ly affect profits. The second implication i nvo lves new plants or 

expansions to exist ing ones. If demand forecasts turn out to have 

been optimistic, the fac i lities are run below capacity and possibly 

at a loss. If forecas ts were pessimistic or too far on the "safe" 

side, the new plant may turn out to be uneconomica lly small within 

a few years. 

T.E. CORRIGAN and M.J. DEAN ( "Determining optimum plant size," 

Chemical Engineering, August, 1967, pp . 152- 156) emphasise the 

importance o f thor ough market research with respect to plant 

sizing. Examples based on discounted cash flow over ten years 

quoted by the above authors show how pr i ceedecreases over this 

period drastically reduce the profitabil i ty of an undersized 

plant . 



179 

Conclusions drawn earlier in this study were that the degree of 

uncertainty as sociated with the compos ite demand forecast for a 

set of joint products was i nherently greater than that for a 

singly- produced product. Furthermore, any deviation from fore 

casted demand on which optimum resource allocation has been based 

tended to result in a greater deviation from maximum returns than 

otherwise if the products are technically interdependent. 

2.2 JOINT PRODUCT FORECASTING REQUIREMENTS 

The extent of the demand for a product i s a function of its 

"price," as is the supply of a resource. In the former instance 

"price" is the price ( in real terms) which the supplier will accept 

in exchange for his product, while in the latter instance it is 

the replacement price of the resource. 

For decision- making purposes it is necessary to know the relation

ship between demand and "price" and supply and "price," for each 

real i stic level o f production of each product . In a dynamic 

environment, these relationships may change with the passage of 

time. In order to optimise decision-making , forecasted changes 

i n these relationships a re required. 

The above relationships and changes i n them with the passage of 

time are termed the demand /supply characteristi cs for the product/ 

resource. 

3 MODELS FOR ENVIRONMENTAL FORECASTING 

Demand forecasting and analysis traditional ly falls under the heading 

of Market Res earch. Re pons ibility f or this function normally lies 

within the scope of the marketing divis ion in the company's organisa

tional structure. Sales forecasts may be bas ed on the results of 

executive or salesmen polls , where existing customers are ques tioned 

as to their estimated purchases; or from projections of existing 
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demand trends . 

The limitations of thes e methods and the development of opera tions 

research techn iques have l ed o a more s cientifi c approach to f orecast 

ing. Of the less sophi sticated t echniques i n thi s respect is correla

tion analysis, which enables appraisal and upda tin g of forecasts in the 

light of actual developments. This techn i que is described by R.R . .AJ.~TON 

and P.A. FERMIN (op. cit., p . 331) as being the derivation o f a mathe

matical equation which bes t di sc loses the na ture o f the r elationshi p 

that exists between a busines s element t o be predicted and one or more 

causal f a ctors . 

The increasing avai labili t y and scope of compu t e rs has led to consider 

able research into the construction of more comprehensive models. In 

view o f the importance o f rel i a ble forecasts i n l arge - s cale joint pro 

duct manufacturing it is no t s urpr ising t o find petroleum and chemical 

corpora tions among the pioneer s i n t h is f ield . 

No table in this respect a re t he followi ng : 

(a ) Es so Pe troleum Co., Ltd ., (U. K.) ( i de G. OWEN, "How Ess o s tud i es 

the fa r hor izon , 11 Financia l Times, London, March 30 , 1967 , p .15). 

(b ) Shell Oil Co . , (U . S . A. ). ( i de R . . McCURDY, "Applica t i on of 

operat i ons r esearch to chemical techno l o gy," Industria l and Engi 

neering Chemistry, ol. 60 , No. 2, Feb. 1968 , p . 21) . 

( c) Imper i al Chemi cal Industr i es Ltd . , (U.K.) . ( Vide P .V . YOULE , 

"Optimisation o f a petrochemical compl ex; a case h is t or y , " 

European Chemica l News , Nov . 1969, pp . 76 et . seq.) . 

Of the a dvanced models, two types , t he statis t i cal and the econometric, 

a re o f importance . 
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3.1 STATISTICAL MODELS 

This type of model is the logical result o f the application of elec

tronic data pro cessing techniques t o marketing analysis involving 

statistical methods. Dependin g on t he number of products , sales 

outlets, etc ., companies accumulate large mas s es of statistical 

data concern ing sales. The use f electronic da ta processing tech

niques enables the assimilat ion of this information in a form which 

will reveal significant trends . 

This function is more important than it may s eem on first examina 

tion . For example : the overall sales o f a j ointly produced pro 

duct may s how a downward trend indicating redundancy. A breakdown 

of the sales may, however, reveal that the sales to customers in 

an industry with a positive growth potential are increasing, while 

those t o customers in i ndustries with negat i ve growth po tentia l 

are dec lining. A model pro grannned to interpret the statistical 

breakdown of these sales wi ll forecast an upward swing which might 

otherwise have gone unpredi cted. 

The sta tis t i cal mode l can be pr ogrannned to d is criminate between 

s easonal and r andom f l uctua tions , apply exponential smoothing , 

compute price - demand re lations hi ps, re l ate sales t o promotion 

expendi tur e , and test the s tatistica l significanc e of ea ch result. 

A further appl i cation o f the s tat istical mode l is t hat short - term 

or tac t ical forecasts can be eas ily corre l ated with actual results. 

By means o f the s o- ca l l ed " Box Jenkins" method, subsequent predic 

tions can be modi f i ed in the light of the errors in previous fore 

casts. 

A limitation of the sta t i s tical model is that i t canno t be used to 

simu l ate the effect o f new i nfluences f or which historical data is 

not available. Such inf l uences inc l ude compet i tion fr om a new 

entrepeneur or product, chan ges in economi c climate , relaxation o f 
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import con trol, e t c . 

On the pract i cal side t he sta t istical mode l r equires lit tle spec ial 

i sed maintenance. The company using s uch a mode l wil l be likely t o 

process i t s accounts, opinion surveys and cus tomer polls on a com

puter in any event . I t i s a rela t i vely simp l e matter t o arrange 

for the mode l data fi le t o be simultaneously upda ted . 

This type of model t hus impr oves with a ge. Where exis t ing t rends 

are main tained, i t can be effect i ve ly used t o predi ct the type of 

detai led demand-price r e lationships re qu i red f or pr i cing, blending 

and overa l l opt imisation models. 

3.2 ECONOMETRI C MODELS 

Econometri cs is the science o f explaining past economic a ct i vi ty 

and predi cting future economic activity by means o f the der i vation 

of mathema tical functions that expr ess the mos t probab le inter

relationships between t he s e t of rel evant variables . The econo

me tri c f orecast i n g model is thus bui l t up of re lationshi ps between 

economi c variables der i ved f r om his orica l da ta and e conomi c 

theorems . Econome ric mo de ls based on t hese rela tionshi ps have 

been us ed t o simul ate c m lete national economies . 

W. W. LEONTI EF , C'The str ucture of t he Amer ican economy, 1919-1939, " 

Oxford Universit¥, Press, New Yo r k, 1951; and "Input-ou t pu t econo

mi cs , " Oxford Univ r s ity Pr ss, London , 1966) deve lops a method by 

wh i ch t he flow of resour ces between var ious sectors of an economy 

is s tudied by means of input -out put mode l s . 

The econometric mode l o f use to the manag men t of a par t icular enter

pr ise for envi r onmen al fo r ecast i ng purpos es is of a f a r more s pe

c i f i c nature . It i ncorpora tes only t hose economi c va r iables whi ch 

are mor e or l ess di r ectly r elated t o its ac tivi t i es. Such var i ab l es 

may inc l ude disposable income , government s pending , balance of trade, 
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construction plans passed, interest rates, etc . 

Setting up this type o f model involves the derivat ion of empirical 

relationships between these economic variables and the relevant 

resource supplies and/or product demands. In most cases the 

relationship as well as the choice of variable will be the result 

of statistical analysis. In some i nstances relationships may be 

based on " theorems" applicable t o certain market situations. For 

example, the two-person, zero-sum games theory is applicable to a 

duopolistic market where one competitor ' s gain is equal to the 

other's loss. By incorporating games theory postulates, the nett 

effect of the adoption of alternative marketing strategies by the 

competitors can be predicted . D. BUTLER, ("High potential for 

marketing," in Annual Review of Management Techniques, 1969, London, 

Haymarket Press, 1969, p .51) notes that models o f competitive 

situations have been successfully tested. 

The econometric model obviously becomes extremely complex as more 

causative variables and effect relationships are built in. More

over, the accuracy of the resultant forecasts is by no means 

directly proportional to its size, the laws o f diminishing returns 

holding stric t ly in this respect . The princip l e which renders 

this type of model feasible is tha t the pattern o f the results is 

not necessarily as complex as the interacting mechanisms causing 

it. 

This point is emphasised by B. WAGLE ("The use o f models for en

vironmen tal forecasting and corporate planning," Operational 

Research Quarterly, Vol. 20, No. 2, ep tember, 1969, pp .327-336) 

in describing the construction of an econometric forecasting model 

for the Esso Petroleum Company in En gland. This model has ten 

economic sectors represented in it . Thes e are: 

(a) Exports . . 
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(b) Imports . 

( c) Balance o f Payments . 

( d) Fixed I nvestment . 

(e) Consumers ' Expenditure . 

( f) Nett Di rect Taxes . 

( g) Final Demand . 

(h) St ocks. 

( i) Gr oss National Product . 

(j ) Pr i ces . 

In each o f t hes e sectors a basic s et of va r i ables is re l ated t o a 

second set and the funct iona l rela tionshi ps a re est i mated us i ng 

statist i cal methods . The results given by the model were compa red 

with actual r esults f or t he period from 1958 to 1967 and the cor 

r ela t i on is repor t ed to have been "s a t i sfactory f or all pract i cal 

purpos es'! 

Bas ical ly , the econome t r i c model relates , or attempts t o relate, 

caus e t o effect wi th respe ct t o forecas t ing . It is therefore less 

dependent on i nterna l company his tor i cal data and can be ·used t o 

s i mulate condi tions under a lterna t ive a s s umpt ions. As such it 

has dis t inc t a dvanta ges over ot her types of forecasting t echniques 

i n the fie l d o f venture analys i s . 

On the other hand the model is likely t o be expens ive to set up 

and main t ain. Changing economi c conditions . ~ust be cont i nuously 

analysed and interpreted, which may require the services of a full 

t i me research team . . M. H. SPENCER and L. SIEGELMAN (op . cit . , 
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p.69) note that the construction and updating of this type of model 

is usual ly carried out by professional econometricians working in 

universities or res earch organ i sations . 

4 MEETING JOI NT PROD UCT FORECASTING REQUI REMENTS 

Having underlined the i mpor tance of environment a l forecasting in the 

optimisa tion o f multi - product manufacturin g, it remains to exami ne how 

these requ i remen ts can bes t be met . For the purposes of the following 

discussion it i s as s umed that the en terpr i se i s large , capital - inten

sive and s el l s i n a number o f markets . 

4.1 STATISTICAL VERSUS ECONOMETRIC MODELS FOR 
JOINT PRODUCT PRI CING AND PLANNI G 

Provided t hat r ecen t t rends a re maintained , statistical models 

based on su f f i c i n t histori cal data a re capable of predicting 

both demand leve ls and pri ce re lat i ons hips with a des i rable de 

gree o f accuracy . Thi s does no t hold for periods immediately 

aft er a change i n trend d i rec t ion. Onc_e the " turning poi nt " has 

been r eached , however, th mode l can pro ject the new trend as 

a ccurately as before. Economic t i me s eries do , f or the most 

par t , show a pers i s ten t t endency t o move i n t he s ame direct ion 

fo r a per iod of time becaus e o f t hei r inheren t cumulat ive charac

t eris t i cs. As a result the stat istical mode l wi l l be accur a te 

f or a h i gh percen tag of t he t ime . 

I n the a bove res pects , the econometr i c model has a greater capa

c i t y for predic t i n g t he effecc o f previous l y unexper i enced i n

fluences. For e cas t s us ing this t ype o f model a re thus like l y t o 

be more accura t e for periods i n whi ch t he trend changes direction. 

For the r emainder s.nd gr .ea t er par t o f t he time , its predictions 

can be expected t o be less precise. This statement i s based on 

the fact that in order t o t ake accoun t of the factor s causing 

changes in the t r end, the mode l is more s us ceptible t o random 
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fluctuations dur i ng steady trend periods . 

An importan t cons ideration i n joint product demand forecasting is 

that the shape o f t he demand curve may be re la tively independen t 

of the actual demand level. Chan ges in the type of causative 

economi c variables i ncorporated in econometric models are likely 

to have a r oughly equa l effect on the demand levels of all the 

joint products . Provided that the shapes of the curves remain 

constant durin g a chan ge i n economic conditions, the joi nt process 

wil l remain optimised under the resultant increased or decreas ed 

output levels . The i ~her ent i n flexibility of the capital - inten

sive joint manufa cturin g pr9ces s leaves little scope for manage

rial act i on in s uch an event . 

In practice the s ituation where all demand levels vary to exactly 

the s ame extent whi l e a ll curves remain fixed, may r a rely be en

countered . The a bove reasonin g does, however, serve to demon

strate that f or optimisa tion purposes it may not be as important 

to predi ct changes in demand level trends as it is to forecast 

levels and curves accurate ly under prevailin g trend condi tions. 

In genera l it is maintained that the us e o f sophisticated econo

metr i c for ecas t ing mode ls in j oint product manufacturing concerns 

i s r a r ely j us tifi ed . Thi s t ype o f mode l i s , however, better 

suited t o simulating t he f eas :i.. ility o f new ventures, products or 

markets. 

In the above appraisals econometric and statistical models were 

a s sumed t o be t wo dis tinct and di fferent types. This is not 

strict l y the cas e . Economi c factors can be effectively used to 

"wei ght " sta t istical pra· ections , and should in f a ct be taken in

t o considerat on to s e exten t in any f orecasting model. 

4.2 SOURCES OF FORE CASTING DATA 

The accuracy and reliability o f any forecast i s dependent on the 
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adequacy and statistical significance of the information on which 

it is based. Data sources within and outside the enterprise are 

listed. 

4.2.1 INTERNAL SOURCES 

Internal forecasting data consist of facts and figures com

piled by and exclusive to the company concerned, Sources 

of such information include: 

(a) Records of sales and prices. 

(b) Records of purchases and costs. 

(c) Records of tenders and contracts lost. 

(d) Market surveys conducted by or on behalf of the 

company. 

(e) Sales staff reports . 

(f) Customer polls. 

4.2.2 EXTERNAL SOURCES 

External data sources are publications which list informa

tion relevant t9 company environmental forecasts. Such 

publications may obviously include anything from daily 

newspapers to opposition companies' annual reports. With 

respect to South' African external data sources, however, 

the following general publications are considered to be 

the most important: 

(a) "The Republic of South Africa statistical yearbook." 
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(Issued by the Department of Statistics, Pretoria). 

This publication lists statistics relating to a number 

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 years 

ahead. The Department of Statistics also issues a 

quarterly bulletin of statistics as well as a monthly 

news release entitled "Short-term economic indicators." 

(b) "Monthly abstract of trade statistics," issued by 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 connnon heading. The fault 

probably lies outside the Department, however, and with 

the importer or agent who does not specify the consign

ment sufficiently accurately. 

(c) BER Publications. 

The Bureau for Economic Research attached to the Univer

sity of Stellenbosch compiles and publishes a quarterly 

"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 vario~s connnercial and industrial sectors. 

The forecasts ~re mainly compiled in a national accounts 

framework . The forecasting methods used include an 

adapted form of the opinion survey and econometric 

relationships . Qualitative information is obtained 

by way of interviews wi th representatives of govern

ment departments and other bodies. 
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One o f the aims o f this research bureau is t o make a 

continuous scudy of economic conditions in South 

Africa with specia l reference t o the following: 

- diagnosis and prognosis of the business cycle ; 

structural changes in the South African economy ; 

the ana l ysis o f var ious economic sectors . 

As such the bureau publ i cations provi de valuable 

forecasting da ta. 

5 TECHNOLOGICAL FORECAS TING 

So far in this chapter two basic methods o f forecas ting have been dis

cussed . One, based essentially on t he projection o f recent trends, was 

seen to be inaccurate for periods f o l lowin g changes i n trend direction. 

The other goes some of the way in overcoming t h is disadvanta ge by taking 

changes in the economic environment into consideration on a cause and 

effect relationshi p . With respect to manu facturing indus tries , changes 

in product demand and resource supp l y due t o economic factors tend to 

be cycl ic , in that they a re temporary and average out over the long 

term. More permanent are t he effects o f changes in the technological 

environment . In addition , although more difficult to predict, the re 

lationship between technolo gical cha ges and pr oduct demand or resource 

supply is more direct . 

The r ate o f technolo gical advance has 
acce l erated to such an extent over 
recent years that !t has become a very 
relevant factor in l ong range forecast 
ing and venture analysis. 

Although specific technological appl ications may be generated from 



190 

within the enterprise, technological progress in the broad sense is 

a continuous exo genous process. It is thus classified as an environ

mental factor. 

5.1 TECHNOLOGICAL CHA.~GE 
PRODUCT MANUFACTURING 

AND THE J INT 
ENTERPRISE 

The various ways in which the joint product manufacturing concern 

may be affected by technological innovations and the pos sible 

effects thereof are discussed . 

5.1.1 COMPETITION EFFECTS 

The profitabi lity of a multi - product concern depends on the 

continued demand, at reasonable prices, for all of the 

jointly produced products . Furthermore, if the process is 

capital- intensive (as is frequen tly the case) the minimum 

demand for every product must be above a certain l evel if 

large- scale losses are to be avo ided. T.E. CORRIGAN and 

M.J. DEAN (op . cit., p . 152) maintain that mos t chemi cal 

processes operating at below 60% o f design capacity do so 

at a loss. As a result a s ingle joint process is vulner

able on as many fronts as the number o f products , t o pro

duct obsolescence. 

Product obsoles cence can be described as a relative ly 

rapid decline in demand for a product owing to the avail

ability of a cheaper or superior product made poss ible by 

technological innovation. Competition to a joint product 

may come from the same prod~ct produced more effici ently 

by means of an improved process. Alterna tively it may 

come from an entirely different product wi th s imilar or 

superior properties which can be marketed at a more com

petitive price. 
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Competition from the latter type of "replacement" product 

may not be as serious as that from the same but cheaper 

product, This is owing to the fact that it may replace 

the existing product in certain but not all app l ica t i ons. 

Moreover, the possibility ex is ts tha t by adjus t ing the 

price of the existing product it ca compete in other 

markets where it is not threatened by the replacement 

product. 

Although forewarned is forearmed , even if technological 

advances resulting in increasing competi t ion are predi ct ed , 

there are not many courses of action open to the joint 

product manufacturer. If a new process is i nvo lved, he 

has little option but to reduce price or to replace equ i p

ment. If a new product is i nvolved, he can inunedia t e ly 

launch a research and development progranune aimed at being 

the f i rst in the field. Alternatively he can wa tch the 

situation and hope to get in ahead of any rivals when the 

product form and its manufactur i ng process become avail

able, 

Where a single -li ne product manu facturer can replace e quip 

ment or adapt it for productio o f ano ther product in the 

face of the t ype of competition result i n g from technolo gi

cal i nnovation , the j oin t product manufa ctur er can not . 

In his case the product challenged is one o f a series pro

duced by the same equipment. Compe tition o f t hi s nature 

can, of course , come from an improved j o i n t process which 

results in a similar product spect ru~. I f this is pr edicted , 

the existing manufacturer can cons ider r ep lacing equi pmen t 

as and when it becomes available, to meet any competition 

on an equal footing . 

It can be seen that technological i nnovations i n the fie l d 

of single- line products and process es which can render one 
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or more existing joint products obsolete, are an ever

present threat to multi-product profitabi lity. This fact 

serves to emphasise the importance of technological fore

casting with respect to ven ture analysis on plant expan

sions and additions. 

5 . 1.2 APPLICATION REDUNDANCY DUE 
TO TECHNOLOGICAL INNOVATION 

A factor which can affect the demand for a j o i n tly produced 

product is the redundancy, owing to technological advance, 

of its major application. If forecast, however, the joint 

manufacturer can research alternat ive markets and applica

tions for the product concerned. 

The petroleum refining companies are doubt less keeping a 

watchful eye on devel pments i n the field of electrically 

driven vehic les, especially in the light of the outcry 

against air pollut ion . Polyvinyl chloride (PVC) is pr -

duced from t wo pr imarily jointly produced products : 

ethylene and chlorine. This material will sooner or 

later face redundancy owin g to its biological undegrada

bility and the fact that when burned on municipa l r ubbish 

dumps it gives off poisonous fumes. 

The impli cations of application redundancy considerations 

are that technol gi cal forecast ing is required i n a large 

number of fields. Predictions covering not only the 

challenge of new products and processes to those of the 

enterprise itself, b~t also those o f its maj or customers, 

are required. 

5.1.3 NEW APPLICATIONS FOR JOINT PRODUCTS 

The inverse of joint produc t redundancy, namely the creation 
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of new applications for joint products, is of equal impor

tance to the multi-product manufacturer. New uses open 

up new markets, which, even if they are not more profit

able, increase the marketing alternatives and decrease 

product vulnerability with respect to obsolescence and 

application redundancy. In many cases the increased 

demand will result in an increase in product price, im

proving the profitability of the joint process. Although 

it may not be possible to increase the output of the pro

duct concerned to exploit greater demand without producing 

more of the remaining joint products, the overall pro

gramme may be optimised at a higher profit level. 

Forecasted additional uses for one or more jointly produced 

products is an important consideration in the planning of 

plant expansion. New applications may call for products 

of a different purity or blend composition to those being 

currently produced. These factors have a bearing on 

decision-making in connection with the planning and design 

of work-up facilities. 

Long-term contracts are sometimes negotiated to secure a 

steady market for a lower priced joint product. Technolo

gical forecasts concerning new applications for these pro

ducts should be taken i n to account when deciding on the 

terms of such contracts. 

5.1.4 TECHNOLOGICAL .ADVANCE AND THE JOINT PROCESS 

Whether it be a synthesis/separation or purely ext ractive 

operation, the join t process itself may be affected in a 

number of ways by technological advances and innovations. 

The maximisation of returns with respect to a joint process 

concerns the maximisation of the higher value products at 

the expense of those having a lower value at separation. 
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In a synthesis process, such as those encountered in the 

chemical industry, new unit processes with yield ratios 

favouring higher value products may become available. In 

such cases new plants may be installed to supplement or 

replace existing joint process units, with a consequent 

increase in revenue. 

The technological advance may be in the field of process 

materials or operating techniques which do not involve 

entirely new plants or extensive capital outlay. Such 

innovations may come in the form of improved catalysts 

which increase conversion efficiency or have increased 

selectivity with respect to higher value products. New 

materials may enable operating pressures and temperatures 

to be optimised with respect to yield ratio or conversion 

efficiency. 

Improved separation techniques can have applications in 

both synthesis/separation and purely separation joint 

processes. In the case where imperfect separation results 

in higher value products being lost to lower value pro

ducts , improved techniques or equipment will favourably 

influence the yield ratio . In other cases usage or 

throughput will be improved. 

The instances cited above are examples of how improved 

technology may be applied to increase joint process pro

fitability. In some cases the profit-limiting constraint 

connnon to all joint proce~~es, namely restricted product 

mix at separation, may be relaxed to an extent. 

THE IMPORTANCE 
FORECASTING IN 

OF TECHNOLOGIC.i\L 
JOINT PRODUCT INDUSTRIES 

Many of the industries most influenced by recent technological 
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advances are based on joint processes. They therefore operate in 

fields where the rate of technological change has been the great

est t:o date. These fields include transport (petroleum refining), 

synthetic polymers (petrochemical), energy generation (uranium/ 

gold mining, petroleum), processed foods (meat packaging) and 

medicine (chemical). There is little to indicate that the pro

gress in these fields will slow down. 

By taking predicted tec_hnological innovations into consideration 

in long range plans, the manufacturing management is in a better 

position to exploit new opportunities or to hedge against obso

lescence. Its capital intensity and inflexibility with respect 

to product mix renders this type of forecasting even more impor

tant in planning and decision-making in large joint -product 

industries. 

Preparing technological forecasts, particularly by the delphi 

method where a number of expert predictions are progrannned, 

stimulates creative thinking. (Vide H.W. NORTH and D.L. 

PYKE, "Probes of the techno logical future," Harvard Business 

Review, May-June, 1969 , pp.69 et . seq). The resultant predic

tions give direction to restarch and development programmes, 

6 SUMMARY 

The optimisation of managerial decis ion-mak i ng in a joint product manu

facturing enterprise is dependen t on the avai lability of accurate and 

reliable environmental forecast~. In general the joint product con

cern is more vulnerable profit -wise with respect to environmental 

changes than its single-line manufacturing equivalent. 

Where large-scale capital - intensive joint processes are involved, the 

use of advanced forecasting procedures may be justified. Statistical 

models were shown to be superior to, as well as more feasible than 

econometric models for the purposes of joint product demand forecas ting. 
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Technological forecasting is an important aspect of long-term planning 

and demand forecasting. A number of the industries in which the rate 

of technological advance has been the most rapid in recent years, are 

primarily joint product producers or consumers. The factors of large

scale, capital intensity, and inflexible product mix render this type 

of environmental forecasting a necessity in many joint product concerns. 
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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 connnonly 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 

progrannning 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 manuJacturing 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 vol4me conditions. (Vide J.C.M. VAN 

NIEKERK, op. cit., p.157-165). I£ 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. 
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Where the final product mix is variable even to a small degree, the 

break-even system as described becomes i nvalid for optimisation pur

poses, and alternative systems are necessary. J.M. HENDERSON and 

R.E. QUANDT,("Microeconcimic theory: a mathematical approach, " McGraw

Hill Co., New York, 1958, pp.67 - 75) have developed a procedure whereby 

the optimum inputs and outputs for a joint product manufacturing system 

may be calculated. Although this system is ~heoretically valid and 

is generally applicable in principle; where more than five constrain ts 

are involved, it becomes extremely complex and unwieldy . Computer op

timisation techniques are the alternative, and aspects thereof are 

discussed. 

2.1 LINEAR PROGRAMMING: THE SIMPLEX METHOD 

Within recent years there has been a remarkable increase in the 

use of operational research techniques as aids to managerial 

decision-making . Linear progranuning is perhaps the best known 

of these techniques and has found widespread commercial, indus 

trial and military application. It may be defined as a method 

of maximising or minimising a linear function subject to a number 

of restraints stated in the form of linear inequalities. (Vide 

D. WHITE, W. DONALDSON and N. LAWRIE, "Operational research 

techniques," Vol. I, Business Books Ltd., London, 1969 , p.14). 

The simplex method, attributed to G. DANZIG (vide A. CHARNES, 

W.W. COOPER and A. HENDERSON, "An introduction to linear 

programming," Chapman and Hall, London, 1954, p.2) is an exten

sion of this optimisation technique in which the inequalities 

are transformed i nto equalities by the introduction o f non

negative "slack" varia,~les . It is essentially a "short - cut" 

method of solving line~r programmin g problems; the mathematical 

routines for equalities being simpler than those for inequali 

ties. In essence it involves the optimisation of an objective 

function subject to certain constraints. The optimisation of 

joint product blending i~ discussed as an illustration of how 
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PRODUCT BLENDING 

A wide variety of joint products is sold in the form of blends. 

Some examples are as follows: 

(a) Gasoline. (Frequently a grade of gasoline is a blend o f 

six or more jointly produced components). 

(b) Liquified petroleum gases. 

(c) Solvents. 

(d) Creosotes and bitumen . 

(e) Processed meats such as polony, etc. 

Such blends are usually formulated t o meet predetermined specifi 

cations, conforming either to customer, legal or general indus

trial requirements . Components may comprise products from more 

than one joint process and may ,include single- line or purchased 

materials. 

Depending on the circumstances, the ~pecifications may permit a 

number of alternative product combinations. As the sales values 

of th~ various blends may differ substantially, the optimisation 

of blend formulation~ and quantities is vital to revenue maximi

sation. 

The routines involved i n the optimisation of blending where the 

component availabil i ty i ~ fixed, but a range of formulations can 
' 

be used, are discussed. 
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2.2.1 THE OBJECTIVE FUNCTION 

If variable costs could be di rectly as sociated with each 

blending component, and t he quantity o f each component 

produced was contro l l able; the ob ject ive function would 

be total revenue less total variable cost . 

If the components are jointly produced, the relat ive com

ponent quantities are fixed within cer t ain limi ts. The 

actual quantities available for blendi ng -will be de t ermined 

by considerations with respect to the non - blended as well 

as blended products of all the joint processes involved. 

Total a llocated variable costs for the blending components 

can not be used for optimisation purposes. The ob j ective 

function for single- l ine products stated above can there 

fore no t be used where one or more o f the components is 

jointly produced . 

In practice it can frequently be assumed that all joint 

pro~uct blendi ng componen t cos ts can be regarded as bei ng 

fixed. This · can be defended on the grounds that at the 

bl ending stage the products have a l ready been produced and 

would have incurred the same cos t whether so ld a s such or 

in blended form. 

In the light o f the above, one of the following two objec

tive functions shou l d be us ed , depending on c i rcums t ances : 

(a) To t a l revenue for a l l blends ; 

(b) To ta l revenue f or al l bl ends les s the sum o f a l l 

variable cos ts whi ch can· be directly particularized 

to the bl ending process es. 
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(a) is used when all components are jointly produced and 

none incurs variable cost specifically in order for it to 

be able to be blended; and the variable cost of blending 

is nominal. 

(b) is used where one or more single-line or purchased com

ponents are used; or where one or more j o i n tly produced 

components incur variable cost in order to be able to be 

blended; or where the variable cost of the blendi ng pro 

cess itself (exclusive of direct material costs) is more 

than nominal. 

Revenue for each blend in both of the above cases i s the 

number of units produced multip lied by the standard unit 

realisable market value. 

2.2.2 CONSTRAINTS 

The operating constraints subject t o which the objective 

function is maximised include the fo llowing: 

(a) The unit realisable value o f each blend. 

(b) The minimum and maximum quantity of each component 

in ea ch blend which will res ult in an on-specifi 

cation product. 

(c) Quantities o f components available for blending; 

and unit variable cos ts where appl i cable. 

(d) Minimum or maximum limits applying to the sale of 

any blend . (These may apply in cases where fixed 

contracts have been entered intq .) 
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The above are the constraints usually applying to joint 

product blending. Others such as variable cost of blend

ing, selling price~volume functions and inventory situation 

constraints may be included, provided that they can be ex

pressed as linear functions . 

2.2.3 SOLUTION BY THE SIMPLEX METHOD 

The solution to the blending problem is derived from the 

simplex tableau reflecting the value of the object func

tion; slack variables used, etc., for each permutation 

possible within the constraints set. The optimal solu

tion is the quantity and formulation o f each blend, which 

together will earn maximum returns. 

Owing to the nature of the constraints, the optimal solu

tion to a joint product blending .problem may include un

used quantities of one or more components. The income 

from these products, which require to be sold as such, 

is not included in the blend revenue. 

Master simplex linear programmes are readily available as 

standard data processing software. Additional decision

making information which can be obtained from a simpl ex 

programme includes so - called "shadow prices " and "critical 

costs." Both are misnomers to a degree, but are nonethe

less useful. The shadow price in a maximisation routine 

is the extent to which the optimum revenue would be reduced 

if one unit of the component to which it applies is un 

available. It is therefore a useful guide to pricing of 

purchased materials. The critical cost is the shadow 

price plus marginal cost per unit of the component. 

This provides valuable information on which selling 

prices of components as such may be based. 
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THE 

One of the obvious limitations of linear programming as an 

optimisation technique is that either the objective func

tion or one or more of the constraints may be non-linear. 

With respect to the revenue variable, unless all the demand 

curves are linear, the price/volume relationship cannot 

be taken into consideration directly. 

Specification constraints may also be non-linear. In the 

optimisation of gasoline blending, the constraints include 

specified octane ratings . The octane number can be effec

tively increased by means o f the addition o f purchased com

pounds such as tetra-methyl and tetra-ethy l lead. These 

are expensive and the i r optimum use for this purpose i s 

a relevant consideration. However, the relationship be

tween octane increase and the quantity of lead added i s 

closer to logarithmic than linear, and varies from blend 

to blend. 

It may be possibl e to overcome the problem of isolated 

non- linear constraints without excessive loss of flexibi

lity by means of suitable prograrrnning techniques. One 

such technique which can be used to effect when t he demand 

curve is non- linear, is described by A. CHARNES, 

W.W. COOPER and A. HENDERSON ( p . cit., pp.19, 20 ). It 

consists of subdivi ding a blend constraint into several 

segments, the demand for each of which is assumed to be 

linear within defined limits. Thes e segment blends are 

in effect alternatives depending on the sales volume. 

Should the optimal solution involve less than maximum 

demand for the blend in question , the relevant segmental 

blend with its corresponding linear pr i ce relationship 

will become effective. (Vide "Linear programming mark 3: 
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1900 series," Monograph, International Computers Limited, 

Technical Publications Servict , London , 1969 , p.43). 

In this way a series of linear functions approximating to 

the demand curve enables non-linear price/volume relation

ships to be incorporated into the solution tableau. It is 

possible to optimise gasoline blending with respect to lead 

addition in a similar manner (Vide · 11Linear programming 

gasoline blending," Monograph, I nternat i onal Business 

Machines Inc., New York, 1965, pp.~.9- 23). 

Another limitation of the simplex programme for blending 

and product mix optimisation , is the sheer size of the 

matrix when a number of constraints are lnvolved. '~Vide 

A. BATTERSBY, "Mathematics in management," Penguin Books 

Ltd., London, 1966, pp.127, 128). Work done by A.R. CATCE

POLE (Operational Research Quarterly, Vol. 13, No. 2, 

1962, pp.163 et. seq . ) in connection with the optimisa

tion of product scheduling and blending in a petroleum 

refining complex, showed matrix size to be a pc)blem. 

This problem is a function of the processing equipment 

available and as a result o f developments in the field 

of computer hardware a.nd software, this limitation is 

practical rather than theoretical . 

2. 2. 5 THE LIMITED VALUE OF THE OPTIMAL sc,uTTION 

The constraints usually qpplicable in blending optimisa

tion listed above includ~ quantities of components 

available for blending. These were assumed t J be fixed 

for jointly produced components . This assumpt :bn limi.ts 

the value of the optimal solution. 
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These quantities are in fact dependent on planning and 

schedul ing manageria l decis i ons . The blending solution 

will be sub-optimal unless t he remainder o f the -system 

is considered . This aspect will be dis cussed in more 

detail later in this study. 

Use of optimisation techniques for isolated blending pro

blems within the joint product manufacturin g system is 

only relevant where the revenue accruing from the blends 

is a small proportion of the t otal reve ue. A model 

which can be used t o simulate the system as a whole is 

discussed . 

3 MODELS AND SIMULATION 

D. GLASSER and P.L. SILVER TON, ( "Process s imulation and optimisation 

for middle management and senior technical staff , " Unpublished notes 

for a short course and workshop; University o f Witwatersrand, Johan

nesburg, 1969, p . 52) define simulation broad l y as foll ows : 

11 the representation of the full behaviour 
of a pr o t otype system s uch as a chemi cal 
plant, by s ome mode l." 

The mathematical model is a s eries o f relationships expressed as mathe

matical statements which represent an operating system. This type o f 

model can therefore be used t o dup lica te, or simula te, the beha viour 

under varying conditions o f the system it represen t s. 

M.H. SPENCER and L. SIEGLEMAN, (op . cit., p .531 ) state that : 

" If one can segr egate a gi ven sys tem i n to a 
set of definable e l ements f or which operating 
rules are ava ilable, then t he system can be 
simulated on a compu t er. " 
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Although the validity of this statement can not be refuted, the avail 

ability of satisfactory "operating rules" imposes a restraint in the 

case of many systems and limits the appli ca tion o f s i mu l at ion and 

modelling techniques . 

The parameters incorporated in most models used i n s imulation are 

determined from experimental and historical measurements. The a ccu

racy and validity over the full range of condit ions of such measure

ments are therefore important and often restr i ctive conside r ations. 

See A. 32, TABLE ~ I,X-; 1 

The above table reflects the prerequisites for sys tem simulat ion. 

3 . 1 MANUFACTURING SYSTEM MODELS 

Although computer models have f ound wi despread application in 

the solution of aspects of mult i - process manufacturing indus t ries, 

their use in the overal l opt i misation of the production s ystem 

appears to have met wi th more limi ted success . (Vide 

R.F. TUCKETT, " Combined cost and linear progr amming mode ls ," 

Operational Research Quarter ly , Vol. 20 , No . 2 , June , 1969 , 

p.224) . This is probably due t o t he complexity of compiling 

the overall model . Fur t hermore, the overall model i s spec i f i

cally tailored for one par ticular app lication. On t he other 

hand , transport, blending or inven t ory mode l s have widesprea d 

applications and have therefore meri ted propor tionately greater 

attention from both computer and s oftware vendor s. 

It must be not ed that j oint products are techni cally inter

dependent and the j oint product manufacturing system mus t be 

considered as a who le for opt i misation purposes , 

Manufacturing system models can be divi ded i nto two main cate

gories which R.C. McCURDY (op . cit . , p .20) terms planning 
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models and control models. 

3.2 PLANNING MODELS 

Planning models cover a time span of at least one month and pos

sibly up to several years. The model represents "average" or, 

more appropriately, standard operation of the system for the 

planning period. As such it ignores day-to - day upsets which 

may occur. It provides strategic guidelines for production 

planning and can be used for simulating the results of decisions 

concerning production variables, debottlenecking, raw material 

quality, etc. It is in effect a basic managerial decision

making model, the setting up of which for a joint product 

manufacturing system is discussed later in this chapter. 

It is theoretically possible to extend the planning model to in

corporate inventory and distribution variables, and, conceivably, 

demand forecasting. 

3.3 CONTROL MODELS 

Control models are used to optimise the day-to- day operation of 

the process. They make use of dynamic modelling techniques and 

as such, can scan a number of measurements and convert them into 

signals relating to changes in key plant variables. 

Combinations of planning and control models designed to cover 

all major aspects of manufacturing have been developed and are 

in use in various parts of the world. International Computers 

Limited (UK) (ICL) has designed the so-called PROMPT system -

Production, Reviewing, Organisation and Monitoring o f Performance 

Techniques. It has four main parts; order analysis, stock 

management, factory planning and control and purchase control. 

Together these make up an integrated production contro l system, 
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while it is possible to operate each independently or in conjunction 

with one or two others. 

Th~ development of the PROMPT series of models is reported to 

have cost ICL . some Rl million. (Vide D. CAMINER, " Controlling 

the factory," in Annual Review of Management Techniques, op. cit., 

p.45). It is being used by several large manufacturing concerns 

and could prove to be the forerunner of total computer control. 

A MANAGERIAL 
MODEL FOR A 
SYSTEM 

PLANNING AND 
MULTI-PROCESS 

DECISION-MAKING 
JOINT PRODUCT 

OPTIMISATION 
MANUFACTURING 

The following is a description in general, non-mathematicl terms, of 

how a model for the maximisation of returns for a given joint product 

manufacturing system can be compiled. The method is applicable to 

the modelling of systems comprising a number of joint and work-up 

processes. The model caters for situations where some of the jointly 

produced products are sold in blend form or as by- products. Buying 

in or selling of intermediates are taken into consideration. 

4.1 ASSUMPTIONS 

The following assumptions are made concerning the nature of the 

system: 

(a) The enterprise is capital - intensive. 

(b) An establisheq market exists for each product in either 

its final or " intermediate" form . 

(c) The product ranges o f the joint processes are fixed in that 

there is no choice as to which products are produced at 

separation. 
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(d) All labour and overhead costs are fixed. 

(e) Returns are positive . 

(f) The demand curve for each product is horizontal i n the 

feasible output range; and constant over the period under 

consideration. 

It can be s een that the above assumptions coincide to a large 

extent with actual conditions prevalent in joint product manu 

facturing industries. 

4.2 THE OBJECTIVE FUNCTION 

Optimisation of manufacturing activities invol ves the maximisa

tion of returns. The objective function to be maximised is the 

difference between revenue and cost. If returns are pos i tive, 

fixed costs do not affect the optimisation routine, and can be 

ignored for the purposes o f this exercise . 

Total revenue is the number o f uni t s of each product so l d mul 

tiplied by its selling price . In terms o f the assumptions made, 

production is equivalent to sales . Once demand characteris tics 

have been forecast, standard realisable values can be established. 

Accordingly, revenue is equi va l ent to production of ea ch produc t 

multiplied by standard realisable value in each case. 

Total variable cos ~ is equiva en t to the sum of raw and process 

material costs which vary directly with the volumes o f the 

product streams concerned. 

In terms of the above the objective function is stated as: 

Total manufacturing revenue less t o tal variable 

material cost. 
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4.3 THE MAS BALANCE 

If fixed costs are ignored, for optimisation purposes the direct 

cost flow pattern for the joi~t produc t system will coinci de 

with the mass balance. This is t he case if material costs only 

are considered. Plus-usage is apportioned among remaining 

units. It is important t o note that only the cost flow pattern 

and not the quantitative cost flows coincide with the mass 

balance. Inability to trace the causal relationship at spl i t

off prevents the particularization of joint cost qua::i tities to 

individual post-separation streams, but does no t have any bear

ing on the cost flow pattern. 

The mass balance can consequently be used as the bas is for the 

input -output constraints. To be effecti ve i n this respect the 

mass balance should reflect each material stream in the system 

with all quantity relationships expressed in mass units or mass

mass rat ios . 

4.4 CONSTRAINTS 

The constrain ts subject to whi ch the objective function is maxi

mised can be classed as either materia l or cos t/value constraints. 

They may be equali t ies or inequalities. Not all the constrai nts 

listed below may be applicable, and /or o thers may be necessary . 

The set of constraints represents the framework o f the model and 

will be differen for different systems . The following are 

considered to be applicab le i rc mos t cas es. 

4.4.1 MATERIAL INPur-ouTPUT CONSTRAINT 

The material input -output constraints are derived from 

the mass ba l ance. All units are masg units and ratios 

are expressed as mass t o mass. 
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(a) The usage ratio for each process; i.e., the quanti

tative relationships between the sum of the product 

outputs and the sum of direct material inputs. 

(b) The quantitative relationship between the usage ratio 

and the sum of the direct material inputs. (It may 

be that usage is lower at very high and/or very low 

throughput.) 

(c) The yield of every product for each process; i.e., 

the quantitative relationship between the output 

of each product and the sum of the inputs for each 

process. 

(d) If • (c) above is a limited function of an operating 

parameter; the limits between which it is variable. 

(e) The relationship between (c) and the input composi

tion for each process. 

(f) Maximum and minimum throughput limits for each 

process. 

(g) Maximum and minimum sales limits for each saleable 

product. 

(h) Permissible blending permutations. 

(i) Maxi~µm and minimum limits on raw material and bought

in intermediate material availability. 

(j) The quantity of process materials (catalysts, utili 

ties, etc.,) consumed per unit of throughput for 

each process. 
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4.4.2 COST AND REALISABLE VALUE CONSTRAINTS 

The constraints listed below are obtained by means of the 

particularization process in the case of costs. Standard 

realisable values are used. All costs and values are ex-

pressed per mass unit of the material or product concerned. 

Process material costs such as those of catalysts and 

utilities are expressed per mass unit of throughput of 

the process concerned, in accordance with partial parti

cularization via the causal relationship. Electricity is 

classed as a process material where the cost thereof 

varies with throughput. 

(a) The cost of each raw material per unit of input of 

that material to the relevant process(es). 

(b) The cost of each purchased intermediate per unit of 

input of that intermediate to the relevant process(es). 

(c) The cost of each process material per unit of through

put for the relevant process(es). 

(d) The realisable value of each saleable product. 

(e) The "negative cost" accruing from sales of by-products 

of any process. 

4.4.3 THE CONSTRAINTS DISCUSSED 

Although the above +ists of constraints are not claimed to 

be comprehensive, each is valid in that a change in any 

one of them will result in a change in returns. The model 

is designed to reflect the quantitative effect, in terms 

of returns, of any change. The accuracy of the reflected 
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effect will depend on the correlation between the values 

and relationships making up the constraints; and what 

happens in reality. 

Maximisation of returns can be seen as an 
exercise involving the causal relationships 
between revenue and sacrifice factors. 

The constraints can obviously be criticised on the grounds 

that demand curves are not horizontal and unit material 

purchase prices vary with volume . While this is true, 

sight should not be lost of practical considerations 

in this respect. By expanding the model these relation

ships could be taken into con sideration. However, these 

relationships will be no more accurate than the forecasted 

average unit purchase prices or demands over the period. 

The cost and realisable value constraints can be readily 

updated in the light of actual circumstances. For the 

given system~ optimisation subject to prevailing circum

stances is a main objective. In practice, i ndustrial unit 

costs and realisable prices do not vary overnight. They 

more often move in stepwise jumps and usually with fair 

warning. Managemen t requires to optimise under new con

ditions by substituting new values into fixed relation

ships . Incorporation of uni t cos t/volume and forecasted 

demand/price relationships may tend to defeat the objec

tive in this respect. 

Perhaps the most important aspec t with regard to the cost 

constraints is that they must incorporate variable costs 

which are meaningful in a technical-economi c sense. 

Unless sound particularization of variable 
costs is practised, the joint product manu-



facturing system cannot be optimised. If 
costs which do no t conform to the normative 
concept are included in any constraints, 
the optimal solution will be fictitious; 
regardless of the fact that the sum of the 
apportioned " costs" is technical l y cor r ect. 
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Two aspects of the constraints listed must be clarified. 

The first concerns the use o f standard realisable values. 

This was defined earlier in this study as the revenue 

accruing from the sale of the optimum quantity using 

optimum marketing strategy. As the quantity of at least 

some of the joint products in the optimal solution will 

be a function of the value constraint, the reasoning is 

circular. Where justifiable, a regress i onal analysis rou

tine can be built into the model if this factor is 

relevant. 

The second aspect concerns the "negative cost" of by

products as a constraint. Although critical of the 

method, some Anglo - Saxon authors sate that i ncome from 

by-products can be accumulated as "o ther i ncome" and 

credited to a separate profit and l oss account. (Vide 

R. I. DICKEY, op. cit., pp.13.2O , 13. 21 ). That this 

practice is unsound i s obvious. Fai l ure to consider the 

realisable value o f a by~product o f a process as a "nega

tive cos t " variable for that proces s will result in sub

optimisation . 

4.5 THE USE OF STANDARD ' N 
THE OPTIMISATION MODEL 

The objective of the model is to provide planning, decision

making and control i n formation. The constraints should therefore 

reflect future condit i ons, be it the long- term or innnediate 

future. Predetermined standards should be used i n this respect. 
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The fact that the model will provide an optimal solution in no 

way infers that optimum or theoretically possible standards 

should be incorporated. The so l ution wil l only be as real i stic 

as the standards used in the constraints . Prevai ling and anti

cipated performance , usa ges, yields, cos ts and realisable values; 

based on experience and careful judgement must be incorporated. 

The standards used in the constraints can and should be regularly 

reviewed and updated in the light o f actual circums tances. 

A major advantage associated wi th the incorpora ion of tandards 

as constraints in the optimisation model is that it extensively 

facilitates material e fficiency contr~l . If s tandard yields and 

realisable values are used, the yield/ value variances for each 

product can be readily determined . ese variances reflect de-

viations from optimum performance wi h respect to conversion 

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

whole taken into consideration. Thei r vale as managerial control 

information cannot be overestimat d , particularly where a degree 

of flexibility exists as regards the final product mi _. 

4.6 PROCESSING THE MODEL 

If all the constraints are linear the optimisat ion model can be 

compi l ed as a standard simple ma rix . However , a review o f the 

constraints lis ted above wil l reveal several oft em to involve 

non-linear relationships. 

I 

Where only minor variations between narrow limits are involved, 

a non-linear relationshi p may be regarded as being fixed with 

little or no effect on the f inal solution . This applies parti

cularly where uncontro llable factors are involved. The rela

tionship between the usage ratio and the sum of the inputs can , 

for example, be regarded a~ being f ixed in many instances with

out it affectin g the solution . 
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Other non-linear constraints may be " linearised" using progrannning 

techniques such as those described for the .demand curves in the 

blending optimisation problem. These techniques could well be 

applied in cases of progressive or digressive costs (sacrifices). 
I 

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

In the case of some constraints, the relat ionship may not be a 

continuous function but a series o f steps. For examp l e, catalyst 

P might produce two joint products , A and B, i n a ratio of 

3A:2B while catalyst Q results in a yield o f 2A: 3B. This type 

of constraint may be included in a l i near progrannne by regarding 

the input stream as bein g composed o f 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. In the 

optimisation process one or other of the "blends" wi ll be selected 

depending on the profi tabi lity cons i deration . I n this way the 

yield ratio can be re l ated t o catalyst cost. Relationships be

tween alternative raw mater i als and y i e l d ra t i os may be treated 

in the same way. 

In theory most non-linea r functions may be broken down into a 

series of steps or poi nt s and buil t into the linear progrannne as 

"alternatives" i n the way descri bed . I n practice, however, thi s 

can complicate the pro grannne t o @n unacceptabl e degree. In 

cases where linearisat i on is impracticable , i t may be feasible 

to employ non- linear programming techniques , such as hill 

climbing with penalty funct ions or geometric progrannning. Both 

of these are descr i bed by D. G~ASSER and P. L. SILVERSTON (op. 

cit., p.0.84 et. s eq . ). 

These techniques can be used direc tly in op t i misa t i on models, 

but suffer from the seri ous disadvantage tha t a somewhat limited 

number of constraints and variables can be handled. Curr ently 

avaiable linear pro grammi ng r outines can optimise between ten 

and a hundred t i mes as many variables as hil l - c l i mbing. 
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G. G. STEPHENSON ("A hierarchy of · models for planning in a division 

of ICI," Operational Research Quarterly, Vol. 21, No. 2, June, 

1970, p.231) states the following: 

"Thus at present LP (Linear Programming) 
is the only way of handling large problems, 
and so has to be used for modelling large 
complexes of plants." 

It is, however, possible to use a non-linear model to define the 

feasible alternatives in the region of the optimal solutio~. 

These can then be incorporated in the linear programme, -.hich 

will then select the optimum alternative in respect of the sys

tem as a whole. 

Whether or not all the constraints in a joint product model will 

be linear or can be "linearised" is an open .question. P.V. YOULE 

(op. cit., p.78) mentions that all relationships between product 

yields and plant variables in the petrochemical complex which was 

modelled were U,near. R.F. TUCKETT (op. cit., p.233) describes 

how multi-process product mi~ decisions were optimised using a 

linear programming model. 

In the light of the above ~nd the fact that variable costs only 

are incorporated, it can be assumed that the model described can 

be processed as a linear programme i n 'the majority of cases. 

4.7 USING THE MODEL FOR PLANNING 
AND DECISION-MAKING 

For the model described, the optimal solution will, in the first 

place, supply the following information directly: 

For maximum returns subject to the ~iven constraints: 

(a) The output of each saleable product .and/or blend. 



(b) The route by which these products are manufactured as 

indicated by the quantitative flow data. 
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(c) The qualitative and quantitative ~aw material consumption. 

(d) The quantities of .purchased intermediates. 

(e) The quantitative and qualitative process material con

sumption. 

(f) The blend compositions. 

(g) The total standard realisable value less the total stan~ 

dard variable cost. 

This information can be used directly for production decision

making with respect to throughput, product mix, blending formu

lations, raw and process material quality, quantity of purchased 

intermediates, etc. Its value as such can not be overestimated. 

Furtherm9re, the model may be used to simulate the results of 

other types of managerial decisions. The International Business 

Machines Inc., (USA) linear progrannning system solution-reports 

contain a column entitled "solution activity" and a so-called 

"DO.D/J report" (Vide "Linear progrannning: system/360 - program 

description manual," Monograph, International Business Machines 

Inc., New York, 1969, p.22 et. seq.). These list information on 

all activities which are solved at the bound; i.e. at the 

maximum or minimum limit of the relevant constraint. 

The value of this data as managerial decision-making information 

is significant. It is assumed, for example, that the optimum 

output of product A is solved ~t the upper limit of the through-
' put constraint relating to the process in which it is worked up. 

This means th~t if the capacity of the work-up process is 
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increased, an increase in overali profit will result. The model 

may now be operated on by ·relaxing the constraint by an incremen

tal amount. The increase in revenue less marginal cost under the 

relaxed constraint can then be compared with the outlay involved 

in increasing the process capacity. 

Similarly the effect on profitability of decisions involving 
' 

changes in various constraints can be "tested" prior to their 

execution. Conceivably, unit process capacities could be thus 

optimised until the only activities solved at the bound were those 

relating to exogenous factors such as raw material availability 

and product demand limits. 

5 THE FEASIBILITY OF THE JOINT PRODUCT 
MANUFACTURING OPTIMISATION MODEL 

5.1 CONCEPTUAL ASPECTS 

Broadly speaking, returns for a given manufacturing system are 

total revenues less total costs. If all variable cost-incurring 

_activities are related to realisable market value on a causal 

basis, and relevant technical considerations are taken into 

account; the set of resultant inequalities and relationships 

can be optimised with respect to returns using known 1I14thema

tical routines. 

The model is thus conceptually feasible. 

5.2 PRACTICAL CONSIDERATIONS 

The feasibility of the system may be limited by one or more of 

the following .practical considerations: 

(a) The validity of the optimal solution is dependent on the 

availability of the necessary cost and technical information 
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comprising the constraints. The particularization process 

will in principle provide the necessary cost data, even if 

the costing system becomes more expensive to develop and 

maintain. 

Accumulation of the technical data necessary may involve a 

large amount of careful observation, record analysis and 

possibly electronic data logging. The more complex the 

manufacturing system and the greater the number of products, 

the greater are the returns on optimisation. These same 

factors are those which make accumulation of the technical 

data more difficult and hence more expensive. 

The Esso refine~y model outlined by G. OWEN (op. cit., 

p.15) is reported to have cost £30,000 to develop. It is 

described as a "mathematical model for long range corpo 

rate analysis" and appears to be a combination input/output 

and econometric model. Although grossly dissimilar in 

application, the costs involved may serve as a guide. Some

what pragmatically, considering the nature of this model, 

OWEN states that "the pay -off is hard to quantify." 

A rough guide to the return on investment on the model des 

cribed would .be to assume all costs to be fixed and "optimise" 

revenue only for a past period, using sales records as the 

so~·ce of price data. Technical constraints based on maxi

mum throughput for each process individually, subject to 

overall feasibility considerations can be built in. Compa

rison between actual and "optimum" revenue for the period can 

give an indication of the order of the benefits which can be 

expected if the product mix is_ optimised. 

If by using the optimisation model, a company with sales ex

ceeding R50 million gains 2% in nett value of production, it 

benefits profit -wise by Rl million plus. 
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Nevertheless, the feasibility of the model may be limited by 

the difficulty and expense of compilation. 

(b) Where a large number o f constra i nts are involved, access to 

a high capacity computer is prerequisite. Computers are 

built which can process a very high number of constraints, 

but access to them, especially in South Africa, is limited. 

(c) Particularly if several of the constraints involved cannot 

be linearised, specialist progrannning techniques are required. 

Compiling the model r equires a specialist team with extensive 

costing, engineering and data processing skills; as well as 

an intimate knowledge of the manufacturing system and the 

various markets. Such personnel are few and far between. 

5.3 RESEARCH RESULTS 

An extensive survey of literature on the subject revealed a number 

of references to manufacturing opti misation using mathematical 

models. The work done by R.F. TUCKETT (op. cit.) on combined 

cost and linear progrannnin g models is considered to be the most 

noteworth)l'I>~ 

TUCKETT's research is of value in multiple process and multiple 

product plants , but i s not applicabl e t o j oint product manufac

turing systems. His model takes by~products into consideration, 

but relies on cost allocation in this respect. (Op. cit., p.230), 

"It is also necessary to have some conventions 
about the cos ts assigned to recovery and other 
by-products. This is because no more than n· 
unknowns can be so\ved uniquely in any n inde
pendent equations. Hence if the unknown at each 
cost centre is the cost of the main product, a 
value must be assigned to the by-products." 
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A number of references to the use of so-called "LP-models" in the 

petroleum refining industry appear . Many of these involve only 

the optimisation of revenue for a given input of crude oil. (Vide 

R. I. TRICKER, "The accountant in management," B. T. Bats ford Ltd.,. 

London, 1967, p.3O2). Use o f such models should not necessarily 

be rejected on the grounds that var i able joint and work- up costs 

are not taken into consideration. 

The petroleum-refining industry is capital~intensive to the point 

where variable costs may be as low as 20% of the total cost. Of 

this percentage the major portion is the raw material cost. As 

variable quantitative crude oil cost does not affect the product 

mix (or "slate," as it is termed in the industry), these LP 

revenue models can provide useful planning information. 

Non-incorporation of cos ts in such programmes may be due to one 

or more of the f o llowing reasons: 

(a) Non-linearity of cost functions. 

(b) Lack of available computer capacity required to process the 

much larger model. 

(c) Absence of a cost particul arization system • . 

(d) Failure to appreciate the significance of the variable 

cost/product mix/profit r elationship. 

Of the above, (a) anq (b) are justifiable; (c) and (d) are not, 

An enterprise using a cos ting system based on traditional Anglo

Saxon cost concepts and artificial joint cost allocation bases, 

will require a paral l el normative system in order to incorporate 

cost constraints in the model. Furthermore many cost systems 

based on non-normative precepts do not provide enough cost infor

mation to enab;e accurate evaluation of the superiority of the 
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particularized cost/realisable value model. 

A number of joint product enterprises do use models incorporating 

the major variable cost streams. (Vide J,S. ARONOFSKY, "Linear 

progrannning models for business systems," in Chemical Engineering 

Progress, Vol. 64, No. 4, April, 1968, pp.87-92). In South 

Africa such a model is effectively used for certain types of 

decision-making by National Chemical Products Limited at their 

Germiston chemical manufacturing works. This model is indepen

dent of the factory costing system and is used primarily to pro

cess information pertaining to specific proposals. 

Details of the costing aspects of integrated simulation models 

for joint product manufacturing systems could not be found in 

the literature. Consequently, in the course of developing the 

model described in this chapter, prototypes based on simplified 

mass balances were constructed. These pilot models were used to 

test the feasibility of various premises, and in particular the 

prerequisite feature of non-dependence on allocated joint costs. 

An optimisation model of the type described is discussed as a 

case study in the following chapter. 

6 CONCLUSIONS 

The following represent the main conclusions arrived at in connection 

with the use of computer models for planning and decision-making for 

a joint product manufacturing system: 

(a) As joint products are technically interdependent; for returns

maximisation purposes, the entire joint product manufacturing 

system must be considered as a whole. 

(b) Qnless all the variable costs included as constraints in an 

optimisation model conform to normative cost concepts, the 
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the solution will be fictitious. Sound particularization of all 

variable costs is consequently essential. 

(c) A conceptually feasible overall optimisa tion model can be con

structed for a joint product manufacturing system. Cost con

straints are determinable by the particularization process, but 

the accumulation of the necessary technical data may prove to be 

onerous in practice. 

(d) Compiling an optimisation model for a complex j oint product ma

nufacturing system requires a skilled optimisati on team and a 

high capacity computer. 

In the following chapter the setting- up and use of a managerial planning 

and decision-making optimisation model for a j oint product manufacturing 

system is examined. 



CHAPTER X 

A PARTICULARIZED COST/ REALISABLE VALUE OPTIMI ATION 
MODEL FOR A JOI NT RODUCT MANUFACTURI NG SY TEM 

1 INTRODUCTION 
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In this chapter a managerial optimisation model for a hypothe t ical 

joint product manufacturing system is discuss ed. The model was 

developed in accordance with normative cost par ticularization prin~ 

ciples, and is thus termed a "particular i zed cost/realisable value 

optimisation model. " I t is shown t o constitute an effective mana

gerial planning, control and decision-makin g i n formation system. 

In effect, use of the model permits the solution of those particular 

decision-making problems as sociated with j oi n t product manufacturing, 

thus extensively facilitatin g the maximi sation of returns. 

The procedures whereby the model is compl i led are detailed, and it 

is subsequently used t o s imulate the effect on returns of certain 

decisions . 

2 THE JOINT PRODUCT MANUFACTURING TEM 

The manufactur i ng system for which the mode l has been developed i n

volves a serie of chemi ca l processes in whi ch a set of r aw materials 

is converted into a r ange of saleabl e prod cts. 

See A. 11, FIGURE X. l 

A. 33 , TABLE X. l 

The above figure is a flow di agram of t he sys tem, as pects of which 

are discussed. TABLE X.l i s the key t o the abbreviations used in 

the flow diagram. 
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2.1 RAW MATERIALS 

Two grades of what is essentially the same t ype o f raw material 

may be used. The grades can be used in any proport ions, but 

each yields a somewhat different quantitative product mix for 

the joint process. The materials are pur chased on a fixed price 

long-term contract basis, and the purchase prices of the two 

grades are different. 

2.2 PURCHASED INTERMEDIATE MATERIAL 

Material equivalent to one of the products of the initial joint 

process may be purchased. Facilities exist f or the storage of 

this material, which can be blended into the feedstock for the 

relevant work-up process. 

2.3 THE JOINT PROCES 

The joint process is essentially an extractive process and con

sists of four unit operations performed sequentially on a con

tinuous basis . These are : 

(a) Blendi n g o f raw material grades on a weight basis. 

(b) Filtration. 

(c) Primary distillation . 

(d) Fractional distillation. 

In the primary distillation opera i on any water present in the 

raw material blend is obtained as a bo ttom product and run to 

waste. The overhead product is fed to a fractionating plant , 

where three joint products are obtained. 



2.4 THE PRODUCT MIX 

The products of the joint process are designated FLOW 1, 

FLOW 2 and FLOW 3. 

See A. 11, FIGURE X.l 

Raw material I yields a product mix comprising 

FLOW 1 25% 

FLOW 2 30% 

FLOW 3 45% 

Raw material II yields a product mix comprising 

FLOW 1 30% 

FLOW 2 33% 

FLOW 3 37% 
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The final product mix of the joint product manufacturing system 

is dependent on the following: 

(a) The ratio of raw material 1 to raw material 2 in the 

feed to the joint process. 

(b) The blending formulations. 

Of the above, (a) is infinitely variable, while (b) is variable 

within certain limits. The final product mix is seen to be con

trollable to a limited extent. 

Each of the seven final products _manufactured in the base case 

has a different realisable value. Consequently decision-making 

with respect to the factors affecting the final product mix has 

an important bearing on the profitability of the system. 



2.5 WORK-UP PROCESSES 

Each joint product is worked up by means of separate work-up 

facilities. The processes involved are: 

(a) A "dewatering" process to remove the small percentage of 

water which is carried over in the primary distillation 

operation and that comes through with the bottom product 

in the fractional distillation unit. This process con

sumes a chemical drying agent. 

(b) A pressure oxidation process using oxygen as a process 

material. 
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(c) An extraction process in which a by-product is recovered. 

Purchased intermediate material equivalent to the joint product 

worked up in the process described under (a) above, contains a 

small proportion of water, and is consequently blended into the 

feed to this process. 

2.6 SALEABLE PRODUCTS 

The by-product is sold as such without further work-up. The 

remaining three worked-up products may be sold as such or in 

the form of blends. These blends are "specification blends," 

and their composition is determined according to their proper

ties and not directly by component proportions. A range of 

blend formulations meet the respective specifications. 

2. 7 ASSUMPTIONS 

The following assumptions are made concerning the manufacturing 

system and its products for the duration of the period under 

consideration: 
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(a) The quantitative product mix for the joint process is fixed 

for a given qualitative input. 

(b) All labour and overhead costs are fixed . 

(c) Returns are positive. 

(d) An established market exists for each final product. 

(e) The demand curve for each product is horizontal in the 
-

feasible output range, and constan t over the period under 

consideration . 

3 COMPILING THE MODEL 

3.1 THE OBJECTIVE FUNCTION 

In the light of the above assumptions, the objective function 

is : 

Total manufacturing revenue less total 
variable material costs. 

3.2 THE CONSTRAINTS 

The constraints discussed below are those applying to what are 

termed base conditions. The optimal s olution under these con

ditions will serve as a comparison basis for decision-result 

simulation discussed later in this chapter. It will be seen 

that all the constraints have been expressed as linear equali

ties or inequalities. 

3.2.1 MATERIAL INPUT- OUTPUT CONSTRAINTS 

See A.34, TABLE X.2 
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The above table lists the material input-output con

straints for the relevant material flows shown in the 

flow diagram (FIGURE X.l). This table, read in con

junction with the flow diagram , constitutes what is in 

effect the mass balance for the system under base condi

tions. 

3.2.2 COST AND REALISABLE VALUE CONSTRAINTS 

See A,35, TABLE X,3 

The above table reflects standard unit costs and realis

able market value constraints. 

Two direct cost factors are applicable in addition to 

the standard raw material purchase prices: 

(a) DC 1; the cost of the oxygen consumed in the 

pressure oxidation process. The cost of this 

direct material is 26c/unit with 6 units being 

consumed for every 100 un i ts o f FLOW 22 pro

cessed in this work-up plant. The mass balance 

over the process takes the mass added by addition 

of this material in t o consideration. 

(b) DC 2; the cost o f trace quan tities of inhibitor 

which it is necessary t o add to FLOW 10 in order 

to render it suitable as a blending component. 

The cost of this material i s equal to 2c per 

100 units of FLOW 10 treated. The quantity 

of the inhibi tor added is so small i n relation 

to FLOW 10 that the mas s added is negligible. 

3.3 THE BASIC MATRIX 

See A36, A37 and A38; TABLE X. 4 
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The above table reflects the basic relationships comprising the 

framework of the model . "R, 11 "INP" and "OBI" are programming 

codes . (Vide "ALPS I: a Burroughs ALGOL linear programming 

system," Monograph, Burroughs Corporation, Detroit, 1967) . Other 

abbreviations used in the programme are reflected in TABLE X. l . 

3.4 PROCESSING THE MODEL 

The objective function and all constraints being linear, the model 

could be processed by means of a standard simplex linear programme. 

A Burroughs ALPS L (ALGOL) linear programming system was used 

and the model was processed on a Burroughs series B5500 computer . 

The matrix was stored on random access disc files, which enabled 

any constraint to be changed individually in a simple operation. 

This system can handle matrices having up to 1022 rows and 1022 

columns, 16,350 non- zero matrix entries and 31,682 non- zero 

transformations . The ALPS solution technique involves a re

vised simplex method with the product form of the inverse . 

3 . 5 THE OPTIMAL SOLUTION FOR BASE CONDITIONS 

See A. 39, TABLE X. 5 

The above table shows the optimal solution for base conditions . 

It lists the quantity of each input and output stream including 

where the quantity is zero. The value of the objective function 

at optimum is R2,503 . 77/operating day . 

The optimal solution in effect depicts the quantitative material 

flow pattern for the system at which maximum returns will be 

earned . Subject to the limiting constraints, any deviation 

from the flows given in the solution will result in diminished 

returns . Thus for any other raw material input, blend compo 

sition, quantity of purchased intermediate, product sales levels, 

etc . , returns will be less . 
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The model can be effectively used to simulate the results of managerial 

decisions as well as provide planning information in the event of a 

change in environmental conditions . This is illustrated by the follow

ing cases, which serve as examples of the decision~making uses to which 

the model may be put . 

In practice the model is completely versatile and once the basic matrix 

has been compiled and stored, any alternative situation may be simulated 

quickly and simply by revising the particular constraints involved . 

4.1 CASE 
OF A 

ONE: INCREASING 
WORK- UP PROCESS 

THE EFFICIENCY 

4 . 1 . 1 THE ALTERNATIVE 

The company's development engineer has calculated that 

by increasing the pressure in the oxidation work- up 

process (process b), the efficiency will be boosted by 

6% to 96%. An additional compressor is required at an 

installed cost of R58,000 . The company criterion for 

economic evaluation of modifications such as this is a 

maximum payback period of two years at 300 full operating 

days per year . 

Should the compressor be installed? 

4 . 1 . 2 EVALUATION USING THE MODEL 

See A. 40, TABLE X.6 

The above table reflects the optimal solution under the 

new constraint condition of FLOW 6 equal to 96% of 

FLOW 22, Revenue less variable cost for the entire 

system is increased by R99 . 53 per operating day . 

(R2,603 . 30 less R2,503 . 77) . Assuming that fixed costs 

are negligibly affected by the modification, the payback 

period is 583 operating days . 
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In terms of the stated criterion, the compressor should 

be installed. 

4.1.3 COMMENTS ON THE SOLUTION 

CASE 
WITH 

Considering only the information given in TABLES X.4 

and X.5 it is possible to come to an erroneous decision 

by the following reasoning . 

Flow 6 can be sold as such as Product 3 or as a blend. 

Sales of Blend A and Product 3 a re at maximum, and 

additional sales of Blend B cannot exceed 134 units/day. 

It would appear on inspection that the addit ional quan

tity of Flow 6, namely 400 units/day would have to be 

sold as 134 units/day of Blend Bat 24c/unit and 

266 units/day of Blend Cat 23c/unit. 

This amounts t o an additional nett income of R93.34 per 

operating day, compared with R99.53 obtained using the 

model to determine the optimum product mix. 

The payback per iod on inspection is 621 operating days; 

and the outlay is not warranted in terms of t he stated 

criter ion. 

TWO: SETTING MINIMUM PRICES IN CONNECTION 
A BID TO PURCHA E AN INTERMEDIATE 

This case illustrates the manner in whi ch the model can be used 

for price- setting under optimum conditi ns. 

4.2.1 THE ALTERNATIVE 

The company receives an enquiry from an existing customer 

wishing to purchase 600 uni ts / day o f a joint intermediate; 

namely PR5, on the fl ow diagram (FIGURE X.1). 
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What is the " floor price" o f product 5; i.e., the price 

below which returns will be adver s e ly affected , even if 

the s ystem is optimised under t he new product mix con

ditions ? 

4.2.2 EVALUATION USING THE MODEL 

The solution can be obtained by us i ng t he mode l t o simu

late the opt imum flow pa ttern under t he alternat i ve con

straint condition of PR5 equa l to 00 uni ts ; at 

various prices. Initi al ly, the matri x is operated on to 

render constraint Rl O equal t o 600 . 

Various uni t pri ces for this product are now s ubsti t ut ed 

in the matrix. The pri ce a t whi ch the obj ec tive funct ion 

under the new conditions approxi ma tes t o t ha t obtained 

for the base case wil l be the f l oor pr i ce. 

The value o f the objective f unction pricing PR5 at 

20c/unit was found t o be R2 ,SN -. 31. 

See A.41, TABLE X,7 

The above table r efl ects t he optimal solut i on fo r t his 

condit i on . 

Substiuting au i t price o f 19 , t he object i ve funct ion · 

was R2 ,498 . 31. 

See A.42 , TABLE X.8 

Comparing the above values with R2 ,503 . 77 f or the bas e 

case, the floor price fo~ the pr oduct is seen t o be 

fractionally l ower than 20c /unit . Be l ow t his pri ce , 

the tentative product should be worked up and not s ol d. 
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4.2.3 COMMENTS ON THE SOLUTION 

The case serves to emphasise the usefulness of the model 

for pricing purposes. 

Alternative realisable values for Product 5 are 26c/unit 

as Blend A, 25c/unit Product 3 and 24c/unit as Blend E. 

tunder base conditions Flow 16 is zero; i.e. it is less 

profitable to sell the product as Blend C). 

• 

The sum of the direct and particularized indirect costs 

saved by not working up this product in the oxidation 

process is 2.26c/unit. Subtracting this amount from the 

unit realisable value of the cheapest alternative form 

in which the worked-up product may be sold, namely 24c, 

an erroneous floor price of 2L74c/unit is obtained • 

The fallacy of attempting to price the intermediate 

joint product in this case by subtracting unit variable 

work-up costs from the lowest alternative realisable 

value is aptly demonstrated. 

The technical interdependency of the joint products 

renders it necessary to consider the system as a whole 

for decision-making purposes. Where a complex network 

of product streams is involved, the model provides in

valuable pricing information which would otherwise be 

extremely difficult, if not impossiole to obtain accu

rately and at short notice. 

CASE THREE :. EVALUATING A PROPOSAL 
SALES OF A PRODUCT ARE INCREASED 
ADDITIONAL UNIT SELLING COST. 

WHEREBY 
AT . 
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4.3.l THE ALTERNATIVE 

The sales ma~ager is well aware of the principle that the 

joint product mix should be maximised i n favour of high

value products. The market for the most expensive pro

duct , PROD 2 , i s, however, limited. By expanding the 

area in which this product is sold, the sales manager 

has calculated that he can increase sales by 400 units/ 

day to 2,900 units/day. 

Transport costs for the new area are such that the 

average additional cost for a l l units of the product 

sold is 0.9c / unit. 

Should the sales volume of Blend C be increased under 

these conditions? 

4.3.2 EVALUATION USING THE MODEL 

See A. 43, TABLE X.9 

The above table reflects the optimal :solution und€r the 

following changed constraint conditions : 

(a) The maximum limit on the sales of PROD 2 is 

raised from 2,500 to 2,900 units/day . 

(b) The standard realisable value o f the product is 

reduced by 0.9c/unit to compensate for the -addi

tional transport cost. 

Compared with base conditions , decreased returns are earned 

under the new conditions. The decrease is R2,503. 78 less 

R2,490 .25, i.e. Rl3.53 / day. This amounts to a reduction 

in returns of R4,059/operating year. 
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Under these conditions the proposal should not be adopted. 

4. 3. 3 COMMENTS ON THE SOLUTION 

If a single-line product was i nvolved, the advisability 

of increasing sales at additional selli ng cost could be 

determined by simple arithmetic. Selling 2,900 units at 

27.lc/unit will earn R258 more per operating year than 

selling 2,500 units at 28.0c/unit. 

In this case, however, the product is one o f a set of 

joint products and bein g technically i n terdependent , it 

cannot be considered in isolation . The model shows that 

the optimum final product mix would be adversely affected 

if sales were increased under these conditions, and re 

turns would be substantially decreased. 

CASE FOUR : EVALUATING THE EFFECT 
OF PROCESSING RAW MATERIAL I AT 
PURCHASE PRICE 

4, 4.1 THE ALTERNATIVE 

ON RETURNS 
A DECREASED 

In all the cases considered so far the optimal solution 

has shown that the less favourable joint product mix ob

tained prec ludes the use of Raw Material I despite its 

lower purchase price. The case is now considered where 

the supplier of this grade of raw material i s prepared 

to drop his price from 3.875 c / unit t o 3.70c/unit. 

It is known that greater quantities o f FLOW 7 are ob

tained us ing Raw Material I. Although the market can 

absorb any additional quanti ties of Product 4, the sales 

manager has estimated that an ini tial advertising cam-

paign will be necessary if more than 1,000 units/day 

extra of this material are to be marketed. This campaign 

will cost Rl0, 000. 



(a) What will be the optimum raw material mix at the 

new price of Raw Material I? 

(b) What will be the optimum final product mix under 

these conditions? 

(c) How will returns be affected over the first 300 

operating days? 

4.4.2 EVALUATION USING THE MODEL 

See A.44, TABLE X.10 
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The above table reflects the optimal. solution under the 

new constrai nt condition where the price of Raw Material 

I is reduced from 3.875c to 3.700c. 

The solution shows that under these conditions Raw 

Material I only should be used if returns are to be 

maximised. The additional excess of revenue over 

variable cost is R34/day. 

During the f i rst 300 operating days the additional income 

will amount to Rl0,200, which will barely cover the ad

vertis ing expenses invo l ved in marketing the additional 

quantity of Product 4 reflected in the optimal solution. 

4.4.3 COMMENTS ON THE OPTIMAL SOLUTION 

The .adverse effect on the joint product mix of using Raw 

Material I accounts for the fact that although R39 less 

per day is s pent on the same quantity of raw material, 

the additional profit is only R34 per day. A propor 

tionate decrease in the price of Raw Material II would 

result in an increase in returns of R41 / day or Rl2,238/ 

operating year. 
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This type of situation, where joint product mix is re-

. lated to variable cost, is frequently encountered. The 

model is shown to be aptly suited to this type of opti

misation exercise , and can provide valuable decision

making information . 

THE MODEL 
CONTROL AND 

AS A SOURCE OF 
DECISION-MAKING 

PLANNING , 
INFORMATION 

Besides the uses described to which the model may be put, it provides 

valuable information in many other respects. Aspects of the various 

uses of the model as a source of planning, control and decision-making 

information are discussed. 

5.1 PLANNING ASPECTS 

5.1.1 RESOURCE ALLOCATION 

Once forecasts have been made o f the demands for each 

saleable product and the unit variable cost of each raw 

and process material for a forthcoming period, these may 

be incorporated as constraints in the model. The opti

mal solution will reflect the quantitative flow pattern 

at which maximum returns will be earned under these con

ditions. 

The optimum resource allocation p l an is obtained directly 

in this way. The model can be readily updated in the 

light of actual conditions , enabling revised plans to be 

compiled at short notice. 

5.1.2 BUDGETING 

Where unit material costs do not vary with volume; the 

quantities and therefore total cost of these materials, 

are given directly in the optimal solution. If one or 
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more unit material costs vary with vo lume , constraints 

which have not been i ncluded in the model described, may 

be neces sary . As such variable uni t cos ts usually change 

in a stepwis e fashion, t hese functions ar e readily 

linearised. 

Total revenue for the period is easily computed from 

the optimal solution . This i nf ormation fac i l i tates cash 

budgeting. 

5.1.3 SALES PLANNING 

The comple t e solu tions obtained us ing mos t standard sim

plex programmes reflect thos e constraints solved at the 

bound, and gi ve an indi cation o f the effect t hereo f on 

the objecti ve functi on . Where such constr a int s are 

sales volumes, selling emphasis is indicated . I n thi s 

way the mode l pr ovides information which enab l es more 

effective use to be made of marke ting resources. 

The usefulness o f the mode l wi th respect t o the evaluation 

of purchase bi ds and price proposals has a l ready been dis

cussed . Dis counts for bulk purchases and con tract prices 

can be accurate ly evaluated usin g t he mode l . 

5.2 CONTROL ASPECTS 

Actual manufactur ing per f ormance is neither comple t ely predictable 

nor completely contr ollable . Depending on the degree o f realism 

associated with the input -output standards in t he constraints , 

actual performance will rare ly coi ncide exactly with the optimal 

solution. 

The optimal so lut ion should be seen as a targe t with r espect to 

controllable variables such a s pr oduc t mix , blending formu lations 

and the material flow pa t t ern in general. The model provides 



241 

important control information in this respect. Once the optimal 

solution has been obtained, it is possible to use a normal stan

dard costing system to full effect. 

It will be seen that the standard yield and the standard realis

able market value for every product and process have been built 

into the model. It consequent ly serves as a valuable source of 

control information regarding the material efficiency of the 

joint process. 

5,3 DECISION-MAKING ASPECTS 

With respect to decision-making, the primary advantage of the 

model is that it enables simulation o f the effect of each alter

native course of action on the objecti ve function. It relates 

changes in cost-incurring factors to returns on a causal basis. 

Decision-making using the model can be broken down into three 

phases: 

(a) The creative phase : 

This invo l ves setting up and specifying the details of 

each feasible a l ternative course of act ion . 

(b) The evaluat ion phase : 

Pro__grannning the model under the ec of constraints applic 

able for each of the above alternatives. 

(c) The selection phase : 

This involves the selection o f the optimal course of action 

from the alternatives in the light o f the simulated results; 

known factors which the model doe not consider, and the 
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intuitive judgement of the manager. 

Several of the fields in which the model can be used for manage

rial decision-making purposes are listed. 

5.3.l PURCHASING DECISIONS 

(a) Setting tender prices for bought-in intermediates. 

(b) Evaluation of alternative or substitute materials. 

(c) Setting target prices for negotiation purposes. 

(d) Deciding on terms proposals for purchasing contracts. 

5.3.2 DEBOTTLENECKING DECISIONS 

The model will pinpoint those input-output constraints 

which are limiting returns, and to what extent the latter 

are affected thereby. It may be that a small outlay may 

ease a critical restriction and yield a high return. The 

model not only indicates such bottlenecks but enables the 

results of their elimination to be simulated. 

The bottleneck may not be affecting total throughput but 

only the final product mix. In this case it may well go 

unnoticed until indicated in the optimal solution. 

5.3.3 CAPITAL EXPENDITURE DECISIONS 

The return on capital expenditure proposals which in any 

way affect the output of any product can be evaluated 

using the model. 
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6 CONCLUSIONS 

The following are conclusions arrived at in respect o f the particula~ 

rized cost/realisable value optimisation model : 

(a) Use of the mode l permits the sol ution o f those particular mana

gerial problems a ssociated with joint product manufacturing , 

such as resource allocation , pricing product mix optimisation 
' 

and material efficiency control. 

(b) The model can be used t o simu late the effect on re turns of any 

decision affecting any cost or revenue factor. It thus provides 

valuable decision~maki ng information in a number of cases where 

the results obtained using alternative systems based on allo

cated joint cos ts would be invalid or mi sleading. 

(c) Under the complex flow pa ttern conditions encountered in many 

joint product industries, the mode l consti tutes an important 

source of managerial i nformation. 



PART FOUR 

CONCLUSION AND SUMMARIES 
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CONCLUSION TO THE STUDY 

This study represents an objective approach to joint product manufac

t ur ing management . 

The technological nature of the joint process is such that no causal 

relationship can be traced between any individual product and a defin

able proportion of the joint manufacturing costs involved. The cost 

pr i ce of a jointly produced product is consequently indeterminable on 

a no rmative basis. Furthermore, although technically interrelated with 

respect to cost, quanti ty and in some cases, quality; joint products 

may each be entire ly independent with respect to demand . 

These factors give rise to managerial problems in respect of the maxi

misation of returns which are not encountered in other types of manu

facturing. Approaches to these problems based on documented Anglo

Saxon cos t concepts and procedures were shown to be largely ineffective. 

In PART ONE the basic nature of the joint process was precisely de-

fined. In the light of this definition and its practical implications, 

the underlying causes of the particular managerial problems associated 

with joint product manufacturing were examined and analysed . 

In PART TWO o f the study the principles of joint product costing were 

discussed in the light of the technical-economic concept of cost and 

normative cost particularization theory. Documented allocation methods 

were examined and it was shown that none of these was generally accep 

table or universally applicable with significant results . 

A s pec ialised process costing system in which prior and post sp1it - off 

cos ts are accumulated separately, was developed . This system conforms to 

normative cost part icularization principles and was shown to provide 

valuable cost control information. By incorporating standard yields and 

realisable values in this system, yield- value variances can be computed 

whi ch enable effective measurement of the material efficiency of the 

joint process . 
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In PART THREE of the study, pricing and demand forecastin g procedures for 

joint products, and the overall economic optimisation of joint product 

manufacturing systems were examined. The two final chapters deal with 

the use of computer optimisation models for planning and decision- making 

purposes . 

A particularized cost/realisable value optimisation model for a joint 

product manufacturin g system was developed. This model is based on 

normative costing principles and relates variable cost-incurring and 

market factors to tota l revenue for the system as a whole. Subject to 

t he ava i lability o f the necessary constraint data, it can be used to 

establ i sh the optimum material flow pattern for a complex manufacturing 

s ys tem under various condi tions; and to simulate the effect on returns 

of mana gerial decisions . 

The model constitutes an important source of managerial information in 

a number of respects . It is particularly useful for resource allocation 

planning, pricing and materi al efficiency control purposes . 

Joint product manufactur i ng plays an important industrial, economic and 

s t r ate gi c r ole in the Republic of South Africa. This thesis is presented 

in t he hope that i t wi l l contribute in some way to the more effective 

exploitation o f our natural resources . 



247 

OPSOMMING 

Daar word van medeprodukte gepraat sodra twee of meer ruweg-gelykwaardige 

produkte gelyktydig in 'n gesamentlike proses van diesel.fil,.ru -materiale 

verva ardig word , Gedurende die- afgelope twintig jaar het die vervaardig

ing van hierdie tipe produkte besondere ontwikkeling ondergaan. Dit 

geld veral vir petroleum en petrochemiese produkte, wat hoofsaaklik as 

medeprodukte vervaardig word, 

Die tegniese onderlinge afhanklikheid van medeprodukte lei daartoe dat 

sekere van die bestuursinligtingstelsels en -tegnieke wat uiters behulp

saam is by besluitneming en kontrole by die vervaardiging van antler 

produksoorte, onvolwaardig is waar gesamentlike produksie betrokke is. 

Die oogmerk met hierdie verhandeling is innners om die besondere bestuurs

probleme verbonde aan kosprysberekening en maksimering van winsgewend

heid wat betref die vervaardiging van medeprodukte, te ontleed; en 

stelsels en tegnieke te ondersoek wat tot die oplossing van die probleme 

kan lei . 

. In HOOFSTUK I word die basiese aard en omvang van die gesamentlike 

proses gedefinieer . Die verskeie nywerhede-waarin hierdie tipe proses 

voorkom, word genoem , 

HOOFSTUK II handel oor ontwikkelinge in medeproduk-vervaardiging. 

Klem word gele op die uitgebreide ontwikkeling van die petroleum

r a ffinerings - en petrochemiese bedryf wat in Suid-Afrika, sowel as in 

die buiteland, plaasvind. Die ingewikkelde aqrd van die gesamentlike 

prosesse komplekse - wat die maksimering van winsgewendheid bemoeilik 

- word beklemtoon. 

In HOOFSTUK I II word saaklike aspekte van bestuurswese oor die 

algemeen bespreek, waarna bestuursprobleme verbonde aan gemeenskaplike 

produksie ontleed word . 
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Die verbesondering van gemeenskaplike koste word in die lig van die 

tegnies-ekonorniese kostebegrip, in HOOFSTUK IV ondersoek , Daar word 

tot die gevolgtrekking gekom dat dit onrnoontlik is om die kosprys van 

'n afgesonderde rnedeproduk op 'n normatiewe basis te bepaal . 

HOOFSTUK V bestaan uit 'n kritiese ondersoek van verskeie gedokurnen

teerde rnetodes wat gebruik word om gerneenskaplike koste aan medeprodukte 

toe te deel . Daar word gestel dat, terwyl van hierdie rnetodes toepas

lik is by die verbesondering van saamgevoegde koste, toedeling van 

gerneenskaplike koste volgens die wyses tot rnisleidende resultate kan 

lei . 

HOOFSTUK VI handel oor die ontwikkeling van 'n kostestelsel vir 'n 

rnedeproduk- vervaardigingsisteern. Aandag word gespits op die gebruik 

van sekere rnateriaalstandaarde wat effektiewe beheer van die doeltref

fendheid van die gesarnentlike proses kan bewerkstellig . 

Prysbeleid en verkoopprysbepaling vir rnedeprodukte word in HOOFSTUK VII 

bespreek. 

I n HOOFSTUK VIII word sekere gevorderde berarningstelsels behandel . 

HOOFSTUK IX handel oor die gebruik van rekenkundige sirnulasiernodelle 

as beplannings - en besluitnemingsmedia vir medeproduk- vervaardiging

stels els. Prosedures vir die samestelling van 'n optimiseringsrnodel 

vir so'n stelsel, wat op gesonde kosteverbesonderingsbeginsels gebaseer 

word, word ontwikkel . 

In HOOFSTUK X word besonderhede oor 'n verbesonderde koste/realiseer

bare waarde optirniseringsmodel, vir 'n medeproduk- vervaardigingstelsel, 

verstrek . Afhangende va~ die beskikbaarheid van die nodige tegniese-

en kostedata, is die model 'n belangrike bron van waardevolle bestuurs

inligting . 
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ZUSAMMENFASSUNG 

Kuppelprodukte entstehen, wenn gleichzeitig aus den gleichen Rohstoffen 

in dem gleichen Verfahren zwei oder mehr Produkte von ~hnlichem Wert 

erzeugt werden. 

W~hrend der l etzten 20 Jahre hat die Herstellung von dieser Art Erzeug

nisse aus gedehnte Entwicklung erfahren, besonders im Hinblick auf Petro

leum und Petroleumchemikal i en, die priIIll:{r in Kuppelprozessen erzeugt 

werden . 

Die technische Verwandts chaft zwischen Kuppelprodukten hat zur Folge, dasz 

gewisse BetriebsfUhrungs - I n formationssysteme, welche die Uberwachung und 

Entscheidung in anderen Produktionstypen wirksam unterstUtzen konnen, 

nicht ausreichend sind, woes sich um Kuppelprodukte handelt . 

Der Zweck di eser Studie ist der, die besonderen BetriebsfUhrungsprobleme, 

die sich auf Kos tenberechnun gen beziehen und das Maximum an Wirtschaft

lichkeit bei Kuppelprodukten bewirken sollen, zu analysieren und Systeme 

und Verfahren zu untersuchen, die zur Erreichung der optimalen Losung 

di es er Probleme beitragen konnen. 

In KAPITEL I wird die Grundlage des Kuppelprozesses definiert . Die 

verschiedenen Industriezweige, wo diese Art von Prozessen vorkommen, 

werden erw~hnt . 

KAPITEL II behandelt Entwi cklungen in der Erzeugung von Kuppelprodukten. 

Die ausgedehnte Entwicklun g der Petroleumraffinerie- und petroleum

chemischen Industr i e , sowohl in SUd- Afrika wie auch im Ausland, wird 

betont . Die komplexe Art vieler Kuppelprozesse, ein Faktor, der die 

Erzielung maximaler Profite kompliziert, wird betont . 
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In KAPITEL III werden wesentliche FUhrungsgesichtspunkte im allgemeinen 

diskutiert, worauf FUhrungsprobleme, die sich im besonderen auf die 

Herstellung von Kuppelprodukten beziehen, analysiert werden . 

Die Aufgliederung von gekoppelten Kosten, im Lichte des technisch

okonomischen Begriffs von Kosten, wird in KAPITEL IV untersucht . 

Es wird gefolgert, dasz es unmoglich ist, den Selbstkostenpreis eines 

einzelnen Kuppelproduktes auf einer genormten Grundlage zu bestimmen. 

KAPITEL V besteht aus einer kritischen PrUfung verschiedener ver~ffent

lichter Methoden, die gewohnlich benutzt werden, um gekoppelte Kosten 

den Produkten zuzuordnen . Es wird festgestellt, dasz, w~hrend diese 

Methoden fUr die Zuordnung von Gemeinkosten m~glich sind, die Zuordnung 

von gekoppelten Kosten nach diesen Methoden zu irrefUhrenden Ergebnissen 

fUhren kann . 

KAPITEL VI besch~ftigt sich mit der Entwicklung eines Kostenberechnungs

systems fur die Herstellung von Kuppelprodukten. Es wird auf den Gebrauch 

gewisser Materialnormen aufmerksam gemacht, die eine Kontrolle der Nutz

leistung des Kuppelprozesses moglich machen . 

Preisberechnungspolitik und - verfahren fUr Kuppelprodukte werden in 

KAPITEL VII diskutiert . 

In KAPITEL VIII werden gewisse moderne Voraussch~tzungsverfahren 

unters ucht . 

KAPITEL IX besch~ftigt sich mit dem Gebrauch von Komputer - Ersatzmodellen 

als Planungs- und Entscheidungshilfsmitteln fUr Kuppelprodukt

Herstellungssysteme . Verfahren zur Zusannnenstellung eines -Optimations

modelles fUr ein solches System, das auf gesunden Kostenaufgliederungs

prinzipien beruht, werden entwickelt . 
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In KAPITEL X wird ein Optimationsmodell aufgegliederte Kosten/erziel 

barer Wert fUr ein Kuppelprodukt - Herstellungssystem im einzelnen zusammen

gestellt . Vorbehaltlich der VerfUgbarkeit der n~tigen technischen und 

Kostendaten, ist dieses Modell eine wichtige Quelle fUr wertvolle 

BetriebsfUhrungsinformation . 
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FIGURE VII.2 
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FIGURE VII.3 
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TABLE I . l 

INDUSTRIES IN WHICH JOINT PROCESSES 
ARE PREVALENT 

Industry 

Flour milling 

Meat packing 

Cotton ginning 

Fishing 

Cottonseed 
process ing 

Diary products 

Copper mining 

Sawmill operation 

Petroleum 
refining 

Gold mining 

Soap making 

Coke manufacturing 

Manufactured gas 

Jointly Produced Products 

Patent flour, clear flour, middlings, 
bran, wheat germ 

Meat hides, fertilizer, shortening, 
hair, etc. 

Cotton fibre, cotton seed . 

Fresh fish, canned fish, fish meal, 
fish oil, fertitizer. 

Cottonseed oil, meal, hulls and 
linters . 

Cream, skim milk, butter, ice cream, 
etc. 

Copper, gold, silver, etc . 

Grades of lumber, slabs, sawdust . 

Naphtha, gasoline, kerosene, diesel 
and fuel oils, paraffin, tar, etc . 

Gold, silver, copper, etc . 

Soap, glycerine. 

Coke, ammonia, coal tar, gas, 
benzol, etc. 

Gas, coke, ammonia, coal tar and 
sulphur compounds : 

SOURCE: L.L. VANCE, (op . cit., p . 325) . 

A.12 



TABLE II. l 

FREE WORLD PETROLEUM REFINING 
CAPACITY : 1940- 1968 

YEAR 

1940 

1950 

1955 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

A.13 

CAPACITY IN MILLIONS 
OF SHORT TONS 

329.5 

525 . 2 

757.5 

1,061.6 

1,045.8 

1,105.1 

1,175 . 1 

1,219.7 

1,319.9 

1,438.2 

1,536 . 2 

1,617.6 

1,747.1 

1,926.8 

SOURCE: INTERNATIONAL PETROLEUM ENCYCLOPAEDIA (op . cit., p . 271). 



TABLE 11. 2 

PETROLEUM..__REF'INING CAPACITY AND PETROLEUM PRODUCT 
CO S !MPTION IN SOUTH AFRICA: 1940 TO 1971 

-
RBF'I NERY CONSUMPTION OF 

YEAR CAPACITY PETROLEUM PRODUCTS 

1940 0.1 

1945 0 . 1 

1950 0. 1 

1955 0. 8 

1960 1.2 

1961 1. 3 

1962 1.5 

1963 1.6 

1964 4 . 9 

1965 5 . 2 

1966 5 . 5 

1967 7.6 

1968 8 .2 

1969 8 . 9 

1970 8 . 9 

1971>'<- 11.4 

(MILLIONS OF SHORT TONS) 

,., ESTIMATED 

1.5 

1.5 

2.4 

3.2 

4 . 0 

3.9 

4 . 1 

5.0 

6.5 

6.4 

6.3 

7.3 

11.1 

12 .0 

-
-

A.14 

OURCE : INTE ATIONAL PETROLEUM ENCYCLOPEDIA, 1970, The Petroleum 

ublishing mpany, Tulsa, 1969. 



TABLE II. 3 

TYP ICAL RANGE OF : IELDS F A PETROLEUM 
REFINERY PROCESSING MIDDLE EAST CRUDE 

YIELD % 

PROGRAMME 
MAXIMISING GASOLINE KERCJSINE DIESEL OIL 

LPG 2 2 2 

PREM. & REG . 
GASOLINE 27 15 23 

KEROSINE/ JET 
FUEL 0 21 0 

DIESEL OIL 22 13 29 

FUEL OIL 43 43 40 

LOSS 6 6 6 

A.15 

WT . 

LPG & FEUL OIL NORMAL 

4 2 

18 21 

12 13 

10 15 

50 43 

6 6 

SOURCE : S. VAN DER BAAN, in "Modern petroleum technology," Institute 

of Petro l eum, London, 1962 . 



TABLE II . 4 

PETROLEUM COMPANIES LISTED AMONG THE 
TWENTY LARGEST INDUSTRIAL CORPORATIONS 
IN THE FREE WORLD (1969) 

SALES ASSETS 
COMPANY $ MILLION $ MILLION 

STANDARD OIL (NJ) 14,930 17,538 

ROYAL DUTCH SHELL 9,738 15,409 

MOBIL OIL 6,621 7,163 

GULF OIL 4,953 8,105 

STANDARD OIL (CALIF ' 3,825 6,145 

SHELL OIL 3,537 4,356 

TANDARD OIL (IND) 3,469 5,151 

BRITISH PETROLEUM 3 ,424 5,874 

INVESTED 
CAPITAL 

$ MILLION 

10,093 

8,392 

4,309 

5,040 

4,428 

2,668 

3,213 

3,088 

OURCE: From FORTUNE, May, 1970, and August, 1970 . 

A.16 

EMPLOYEES 
THOUSANDS 

145 

173 

76 

60 

47 

40 

48 

68 



TABLE I I. 5 

SALES PER E:MPLOYEE AND PER INVESTED CAPITAL 
FOR THE COMPANIES LISTED AMONG THE 500 
LARGEST U.S. INDUSTRIAL CORPORATIONS 

SALES PER 
EMPLOYEE 

INDUSTRIAL MED IAN g 

PETROLEUM REFINING 83 

MI NING 55 

FOOD , BEVERAGES 46 

TOBACCO 34 

SOAPS , COSMETI CS 32 

METALS (MANU.) 32 

PAPER , WOOD 31 

CHEMICALS 31 

PUBLISHING , PRINTING 29 

MOTORS 28 

PHARMACEUTICALS 26 

GLASS , CEMENT 26 

MACHI NERY 25 

RUBBER 24 

AIRCRAFT 24 

CI ENTI FIC EQUIPMENT 23 

METALS (ENG.) 22 

ELECTRICAL 22 

TEXTI LES 20 

OFFICE EQUI PMENT 19 

APPAREL 16 

ALL I NDUSTRIES 28 

SOURCE : From FORTUNE, May , 1970, pp . 202, 203 . 

A. 17 

SALES PER 
INVESTED CAPITAL 

g 

1.46 

1.18 

3. 91 

1.53 

2 . 63 

1.60 

1. 84 

1. 90 

2.25 

2. 70 

1. 73 

1. 78 

2.27 

2.69 

3.54 

2. 10 

2.75 

2.64 

2 . 66 

2.13 

3 . 30 

2.41 



TABLE II. 6 

PRODUCTION OF PETROCHEMI CALS IN 
THE U A: 1935 - 1966 

TOTAL CHEMICALS TOTAL PETROLEUM 
YEAR PRODUCED CHEMICALS PRODUCED 

1935 8.9 0 .5 

1940 11.2 1.1 

1945 29.0 4.5 

1950 33.5 7.2 

1955 60 . 2 14.4 

19 0 82. 3 24. 7 

1965 129. 3 42.3 

L 1' 1. 1 48.2 

(MI LLIONS OF LONG TONS) 

S CE : A.L. WADDAMS (op. cit ., p.225). 

A.18 

PETROLEUM 
CHEMICALS 

% 

5 

10 

15 

21 

24 

30 

33 

34 



TABLE I I. 7 

CONSUMPT ON OF ETHYLENE IN 
THE U A: 1930-1970 

YEAR 

1930 

1935 

1940 

1945 

1950 

1955 

1960 

1965 

1970>'< 

-;, ESTIMATED 

A.19 

METRIC TONS OF 
ETHYLENE CONSUMED 

14,000 

48,000 

122,000 

320,000 

630,000 

1,040,000 

2,350,000 

4,250 ,000 

5,600, 000 

SOU E: S.A. MILLER , Ed. , "Ethylene and its indus trial derivatives, " 

Ernest Benn Ltd., London, 1969, p.46. 



TABLE II . 8 

ORGANI C CHEMI CALS MANUFACTURED FROM 
ETROLEUM IN WESTERN EUROPE : 1950-196_6 

1950 1955 

UNITED KIN DOM 34 198 

WEST GERMA!.TI 41 110 

NETHERLANDS 3 26 

FRANCE 37 

ITALY 26 

BELGIUM 

DENMARK 

AUSTRIA 

SPAN 

SWEDEN 

A.20 

1960 1964 1966 

567 992 1 ,050 

504 1 ,332 1,644 

90 320 548 

230 612 661 

243 879 947 

24 80 n.a. 

4 18 n.a. 

12 n .a. 

6 30 n.a. 

39 54 

(Thousands of metric tons carbon content) 

SOURCE : A.L. WADDAMS (op. ci t., p .226 ). 



TABLE II. 9 

TYPICAL YIELDS OF BAS C PETROCHEMICALS 
AND OTHER GASES FROM CATALYTIC CRACK

NG OF GAS OIL . 

PRO UCT 

HYDROGEN 

METHANE 

ETHYLENE 

ETHANE 

PROPY ENE 

PROPANE 

BUTYLENES 

BUTANES 

TOTAL GAS YIELD 

SOURCE: A. L. WADDAMS (op. cit., p .20). 

A.21 

WT . % 

0.1 

1.3 . 
0.6 

1.9 

2. 7 

2.3 

4.0 

3.6 

16.5 



TABLE II. 10 

/ 

TYPI CAL YIELDS OF BASIC PETROCHEMICALS AND 
OTHER GASES, OBTAINED BY MEANS OF THE 
PYROLYSI S OF PROPANE 

PRODUCT VOL. % 

HY ROGEN 16.1 

METHANE 30.8 

ACETYLENE 0.3 

ETHYLENE 24.0 

ETHANE 3.9 

PROPYLENE 11.1 

PROPANE 11.3 

C4+ 2.5 

SOURCE: A. L. WADDAMS (op. cit., p.22). 

A.22 



TABLE II.11 

TYPICAL YIELDS OF PETROCHEMICALS AND 
OTHER PRODUCT PRODUCED JOINTLY BY 
MEANS OF NAPHTHA CRACKING 

PRODUCT 

ETHYLENE 

PROPYLENE 

c
4 

PRODUCTS 

FUEL GAS 

GASOLINE 

FUEL OIL 

LOSS 

SOURCE : A.L. WADDAMS (op. cit. , p.31) 

YIELD % 

24 

17 

10 

19 

25 

3 

2 

(Also see S.A. MILLER, op. cit., p.129). 

A. 23 



TABLE 11.12 

PRODUCT YIELDS OBTAINED BY THE PARTIAL 
REFINING OF CRUDE PETROLEUM 

PRODUCT YIELD % WT. 

HEAVY FUEL OIL 55 

CRACKER FEEDSTOCK 30 

DIESEL OIL 10 

C4/ C5 FRACTION 5 

A.24 

ESTIMATED 
REALISABLE VALUE 

+ - 10c 

9c 

15c 

CONSUMED INTERNALLY 



TABLE V.1 

J OINT C ST ALLOCATION BY THE 
AVERA E UNI T COST METHOD 

DETERMINATI ON O THE AVERAGE UNIT COST 

Quantity in 
Cubic Meters 

RAW MATERI AL : 680 

PRODUCTS: 

GRADE A (1 m. lengths) 66 

GRADE B (2 m. lengt hs ) 180 

GRADE C (3 m. lengths ) 210 

GRADE D (4 m. l en gths) 80 

GRADE E (5 m. lengths) 120 

TOTAL 656 

O·F UTS 20 

LOSSES 4 

TOTAL 680 

TOTAL COST 

LE NCOME FROM OFFCUTS 

R 

8 , 968.90 

309. 70 

NETT JO T PRODUCT COST 8,659.20 

AVERAGE UNIT COST 

A.25 

Percentage 

-

10.0 

27 .4 

32.0 

12.3 

18.3 

100 .0 

-
-
-

Rl3.20 /CUBIC METER 



TABLE V.2 

JOINT COT ALLOCATIO BY THE AVERAGE 
UNIT COST METHOD 

ALLOCATED GRADE COSTS 

Grade Quantity Percentage Cost 
(Cub. Meters) (%) (R) 

A 66 10.0 871. 20 

B 180 27 .4 2,376.00 

C 210 32.0 2 ,772. 00 

D 80 12.3 1 ,056;00 

E 120 18.3 1,584 .00 

Total 656 100. 0 8,659 .20 

TOTAL REVENUE LESS TOTAL COST ••• R508 . 80 

A.26 

Unit Selling Revenue 
Price (R) (R) 

11.00 726. 00 

13.00 2,340.00 

14.20 2,982.00 

15.00 1,200. 00 

16.00 1 ,920 .00 

- 9,168. 00 



TABLE V.3 

JOINT COST ALLOCATION BY THE 
WEIGHTED AVERAGE METHOD 

QUANTITY AND COST OF PRODUCTION 

TOTAL MANUFACTURING COST •.• R28,590 

Quantity Yield Mats Packaging 
Grade (Kg.) (%) Added Cost 

(R) (R) 

Technical 15,000 32.6 - 750 

Cosmetic A 11,000 23.9 990 770 

Cosmetic B 12,000 26.1 1,440 840 

Superfine 8 ,000 17 .4 800 

rrotal 46,000 100.0 2,430 3,160 

AVERAGE UNIT COST R0.621521/Kg. 

A.27 

Weighting Composite 
Ratio Factor 

% 

0,8849 28.8477 

1.0619 25.3794 

1.1102 28.9762 

0.9654 16.7979 

100.0000 



TABLE V.4 

JOINT COST ALLOCATION BY THE 
WE I GHTED AVERAGE METHOD 

EQUIVALENT UNITS AND ALLOCATED COST 

Composite Quantity Equivalent 

Grade Factor Produced Units 
(%) (Kg ) 

Technical 28.8477 15,000 13,269 

Cosmetic A 25.3794 11,000 11,673 

Cosmeti c B 28.9762 12,000 13,329 

Superfine 16.7979 8 , 000 7,729 

Total 100 .0000 46,000 46,000 

A.28 

Allocated Packed 
Cost Unit 
(R) Cost 

(R/Kg) 

8 ,250 0.55 

7,260 0.66 

8,280 0.69 

4,800 0.60 

28 , 590 -



- A. 29 

TABLE V.5 

JANKOWSKI'S BAS I C CASE COMPUTATION OF 
JOINT COSTS IN THE FRUIT PACKING INDUSTRY 

YELLOW CLING PEACHES 
(A) QUANTITATIVE CASES 

ACTUAL CASES, BASIC 
CASES PACKED CASE SIZE FACTOR 2~ SIZE 

100 48/8 oz. 0.60 60 

170 24/ 303 .57 97 

370 24/2~ 1.00 370 

360 6/10 .91 327 -
1,000 854 

(B) QUALITATIVE CASES 

CASES, BAS I C CASES , BASIC 
2~ SIZE GRADE FACTOR 2\ STD. GRADE 

50 FANCY 1.30 65 

460 CHOICE 1.15 529 

270 TANDARD 1.00 270 

74 PIE .50 37 - -
854 901 

SOURCE: R.-. DICKEY (op. cit,, p.13.11) 



TABLE V.6 

JOINT COST ALLOCATION BY 
THE BASE UNIT S STEM 

RAW MATERIAL COST 

PROCESS I G COSTS .••.• ••.••.• • •.••.•. .. . .. 

LESS INCOME FROM SALE OF SLACK WAX 
@ lOc/1 .. .......................... . 

NETT JOINT PRODUCT COST 

R 

3,000 

6, 500 

9,500 

300 

9,200 

A.30 

Quantity Specific Base Allocated Unit Cost 
Grade ( 1) Gravity Units Joint Cost (R/1) 

(Kg ) ( R) 

L/MED, MVIP 23 ,000 0. 8875 20,413 2 , 110 o. 09173 

L/MED . H I 30,000 0. 9120 27,360 2,828 0.09425 

HEAVY MVIP 18 ,000 0 .9321 16,778 1,734 0.09633 

HEAVY HVI 2 ,000 0.9410 24,466 2 ,528 0.09725 

SLACK WAX 3 ,000 - - - -
TOTAL 100 ,000 - 89 ,017 9 ,200 -



TABLE V. 7 

TOTAL JO INT COST : R36,900/DAY 

UNIT REALISABLE PERCENTAGE ALLOCATED UNI T 
YIELD VALUE REALISABLE TOTAL JOINT COST 

PRODUCT GALLS/DAY c/ gall. VALUE (R) REAL. VALUE COSTS c / gall. 

MED. OCT . 
GASOLINE 173,350 9.75 16 ,088 38.4 14,170 8.08 

HIGH OCT. 
GASOLINE 83 ,370 12.0 10,004 23 .9 8 ,819 10.58 

BENZENE 25,914 22.0 5,701 13. 6 5 ,018 19.36 

TUOLENE 36,750 19.19 7,052 16.8 6,199 16 .87 

L.P.G. 27,930 11. 00 3,072 7.3 2,694 9. 65 

FUEL GAS 0'< = 696 ~ -
HYDROGEN>'< 723m. c.ft. -
TOTAL 41,917 100 36,900 -- -

.,.,CONSUMED INTERNALLY 

JOINT COST ALLOCATION BY THE REALISABLE VALUE METHOD 



TABLE IX.l 

SUMMARY OF 
A PROCESS 

PREREQUISITES 
SIMULATION 

FOR 

1 Must have realistic and worthwhile objectives. 

2 Access t o a computer of reasonable size. 

3 Must be pos s ible to model all process units. 

4 Suitable data must be available for models. 

5 Some computational and programming experience 
is necessary. 

6 Well co-ordinated team effort usually required. 

7 Operating data required for verification of 
s i mulation. 

8 Preliminary simulation using simple models often 
useful to establish accuracy level and programming 
requ i rements. 

SOURCE: D. GLASSER and P. L. SILVERSTON (op. cit., p. S.2O) . 

A.32 



TABLE X.1 

PARTICULARIZED COST/REALISABLE VALUE MODEL 

KEY TO ABBREVIATIONS USED IN FIGURE X.1 
AND THE PRINT-OUT OF THE MATRIX AND SOLUTIONS 

ABBREVIATIONS 

RAW 

RES 

WW 

OH 

PMAT 

PR/PROD 

BYPROD 

PIC 

BL 

DC 

FUNCT 

R,H.S. 

ITER 

MEANING 

RAW MATERIAL 

RESIDUE 

WASTE WATER 

OVERHEAD PRODUCT 

PURCHASED INTERMEDIATE 
MATERIAL 

PRODUCT 

BY-PRODUCT 

PARTICULAR INDIRECT COST 

BLEND 

DIRECT COST 

FUNCTION 

RIGHT HAND SIDE 

ITERATION 

A.33 



A.34 

TABLE X. 2 

PARTICULARI ZED COST/REALI SABLE VALUE MODEL 

MATERIAL INPUT- OUTPUT CONSTRAINTS 
FOR BASE CONDI TIONS 

STREAM ADDRESS IN THE MATRIX 

RES R42 

WWl R2 

OH I p 

FLOWl R7 

FLOW2. R8 

FLOW3 R9 

PMAT R33 

WW2 R6 

PR5 RlO 

BYPROD Rl3 

FLOWS Rl4 

FLOW6 Rl 5 

FLOW7 Rl6 

PROD2 R32 

PORD3 R31 

FLOW14 R29 

FLOW17 R28 

FLOW18 R25 

FLDW1 9 R34 

BLA R35 

BLB R26 

CONSTRAINT FUNCTION 

= 0,01 (RAWl + RAW2) 

= 0.09 (RAWl + RAW2) 

~ 20,000 UNITS/DAY 

= 0.2275(RAW1) + 0.273(RAW2) 

= 0,273(RAW1) + 0,3003(RAW2) . 
= 0,4095(RAW1) + 0.3367 (RAW2) 

~ 3,000 UNITS/DAY 

= 0.02(FLOW4) 

= 0.000 

= 0.06(FLOW1) 

= 0.86(FLOW1) 

= 0 . 90(FLOW22 ) 

= 0.95(FLOW4) 

f 2500 UNITS/DAY 

~ 4000 UNITS/DAY 

l: 0, 35 (BLA) 

€: 0,20(BLA) 

~ 0. 65(BLC) 

~ 0.30(BLB) 

!o 2500 UNITS/DAY 

~ 3000 UNITS/DAY 



TABLE X. 3 

PARTICULARI ZED COST/REALI ABLE VALUE MODEL 

COST M D VALUE CO STRAINTS FOR BASE CONDITIO S 

ADDRE.., IN 
STREAM THE MATRIX CONSTRAINT FUNCTION 

RAW 1 OBl = 3,875c/UNIT 

RAW 2 OBl = 4.065c/UNIT 

WW 1 OBl = 1.0 c/UNIT 

WW 2 OBl = 1.0 c/UNIT 

PI C 1 R36 = 0.21 (RAW 1 + RAW 2)c 

PIC 2 R37 = 1.5 (RAW 1 + RAW 2)c 

PIC 3 R38 = 2.5 (OH)c 

PIC 4 R39 = o. 7 (FLOW l)c 

PIC 5 R40 = 1.2 (FLOW 22)c 

PI C 6 RS = 1.0 (0.02 FLOW 4)c 

DC 1 Rl2 = 21.0 (0 . 06 FLOW 22)c 

DC 2 R41,R19 = 2.0 (FLOW 10) c~2 (FLOW 17)c 

BYPROD OBl = -30c/UNIT 

PROD 2 OBl = - 28c/UNIT 

PROD 3 OBl = -25c /UNIT 

PROD 4 OBl = -20c/UNIT 

PR 5 OBl = -20c/UNIT 

.BLA OBl = -26c /UNIT 

BLB OBl = -24c/UNIT 

BLC OBl = - 23c/UNIT 

NOTE: A minus sign(-) in the constraint funct ion denotes 

"negative cos t," i.e. revenue. 

A. 35 



TABLE X.4 

PARTICULARIZED COST/REALISABLE VALUE MODEL: 

MATRIX FOR BASE CONDITIONS 

See A.36 , A, 37 , A. 38 

on the following pages , 



Ir 
100 D•DAY 100 100 
200 CONTROLS 
300 OUTPUT 
ltJO , , 3 4 4 
500 END 
roo HEADING 

A. JI, 

"l)O SIMULATION MODEL• JO INT PRODUCT MANUFACTURING SYSTE..~ 
710 PARTICULARIZED COST/REALISABLE VALUE MODEL• 
800 END 
900 READ DATA 
1000 CARD 
1100 ROW ID 
1200 4, 0B1, !NP, R2, R3 
1300 5, R4, RS, R6, R7, R8 
1400 5, R9, RlO, Rll, R12, Rl3 
1500 5, R14, R15, R16, Rl7, Rl8 
1600 5, R19, R20, R21, R22, R23 
1700 5, R24, R25,+R26,+R27,+R28 
1800 5,+R29,+R30,+R31,+R32,+R33 
1900 5,+R34,+R35, R36, R37, R38 
1910 4, R39, R40, R41, R42 
2000 END 
2100 CARD 
2200 MATRIX 
2300 RA~l,0B1,3•875 
2500 >R2,-0.09 . 
2600 iR3, l • 0 
2700 ,R7,-0.2275 
2800 , R8, -0 • 2 73 
2900 ,R9,-0.4095 
2910 , R 3 6, -1 • 0 
2920 ,R37,-1.0 
2930 ,R42,-0.0l 
~00 RAW2,0B1,4.Q65 
3200 , R2, -0 • 09 
3300 , R3, 1 • 0 
3400 ,R7,-C.273 
3500 ,RS,-0.3003 
3600 ,R9,-0.3367 
3610 ,R36,-1.Q 
3620 ,R37, -1 • 0 
3630 ,R42,-0.0l 
3640 RES,R42,1•0 
3650 , R3, - 1 • 0 
3700 WWl,OBf,1.0 
3800 ,R2, 1.0 
3900 ,R3,-f .O 
Lt>OO OH,R3,-1.0 
Lt>lO ,R38,-1.0 
4020 i INP, l • 0 
4100 FLOW1,R7, 1.0 
4200 ,R13,-0.06 
4300 ,R14,-0.86 
4310 , R39, - 1 • 0 
4400 FLOW2, R8, 1 • 0 
4500 , R 11, - 1 • 0 
4700 WW2,0B1,1.0 
4800 , R6, - 1 • 0 
4900 , Rl 6, o. 95 



5000 FLOW3, IM, -1. 0 
5140 , R9, 1 • 0 
5200 FLO\.A,R4, 1 • 0 
5300 ,RS,0.02 
5400 , R 6, 0 • 02 
5500 , Rl 6, ..:0.95 
5600 PMAT,OBf,15.0 
5700 ,R4,-1.Q 
5800 ,R33,l•O 
5900 PIC6,0B1, 1.0 
rooo ,R5,-1.0 
6100 PR5,0Bf,-l0•0 
6200 ,Rl0,1.0 
6300 ,Rll,1~0 
6400 F1..L\•J 22,"Rl 1, l•O 
6500 ,IH2,-0.06 
6510 ,R15,-.o.·9 
6520 ,R40,-1~0 
6600 PICl,0B1,0.21 
6700 ,R36, 1.0 
reoo BYPROD,"0B1,-30•0 
(:900 ,R13,1.0 

' 
'l>OO FLO \v5., R 14., 1 • 0 
7100 ,R17,-1.0 
7200 F1..0vl6,R15, l•O 
7300 ,R18,-1.0 
7400 F1..0\l.17,R16, 1•0 
1500 ,Rl9,-l.Q 
7600 PROD2,0B1,-28•0 
7700 ,Rl7,1•0 
~00 ,R32,1~0 
7)00 PROD3,0B1,-25•0 
8000 ,R18,1.Q 
8100 ,R31,1~0 
8200 PROD4,dB1,-2o.o 
6300 1R19,l•O 
8400 FLO W8., R 1 7., 1 • 0 
8500 1R20,-1.o 
8600 FLO\i9,R 18, 1 • 0 
8700 , R21, ~ 1 • 0 
8800 F'I..OWlO,OBl12•0 
8900 ,Rl91l•O 
9000 ,R22,-1.0 
9100 FL0\,.'11,R20,1.0 
9200 1R23,l•O 
9300 Ji1..0W12,'R20, 1 • 0 
9400 "R25, 1.0 
9500 Ji1..0wl31R20, 1.0 
9600 ., R24, 1 • 0 
9700 F1..0\1 14,"R21, 1.0 
9800 ,R23,l•O 
_9900 ,R29,1_-0 



10000 
10100 
10200 
10300 
10400 
10500 
10600 
10610 
10700 
10800 
10900 
11000 
11100 
11200 
11300 
11400 
11500 
11600 
11610 
11700 
11800 
11900 
12000 
12100 
12200 
12400 
12410 
12420 
12430 
12440 
12450 
12460 
12461 
12462 
12463 
12464 
12465 
12466 
12500 
12600 
12700 
12900 
13000 
13100 
13110 
13200 
13300 
13400 
13600 
13700 
13800 
13900 
13901 
13910 
14010 
14100 
14101 

. F1..0w15,R21,1.0 
,R2Ll, l • 0 
F1..0W16,R21, 1.0 
.,R25.,1.o 
F1..0\.Jl 7,-R22, 1.0 
,R23.,1•0 
, R28., 1.-0 
., R41, 1 ;o 
FLO\vl s;R22, 1 • 0 
,R25,1.;o 
,R30,1;0 
FL0\"19,-R22.11.0 
,R24,1•0 
, R34., 1.·o 
BLA,0B1, -2 6• 0 
,R23,-1.0 
, R28., -0;2 
,R29,-0.-35 
,R35,1•0 
BLB,OBf,-24•0 
,R24,-1.0 
, R26, 1 • 0 
,R34.,-Q.3 
BLC,0B1;-23.Q 
,R25,-1.0 
,R30,-0~65 
PIC2,0B1,1•5 
, R37, 1.0 
PIC3,0Bl,2•5 
,R38, 1.0 
PIC4,0Sl,0•7 
,R39,1.0 
PIC5,0B1,1•2 
,R40,1•0 
DCl,OBf,21•0 
, R 12, 1 • 0 
0C2,0Bl,2•0 
, R41, -1 • 0 

FIRST Bl 
!NP 20000•0 
R26 3000.0 
R31 4000.-o 
R32 2500;0 
R33 3000_-0 
R35 2soo.·o 
NEXT BB2 -
!NP 20000.0 
R26 3000.0 
R31 4000.;Q 
R32 2soo.·o 
R33 3000.;o 
R35 2sc.,o.·o 
RlO eoo.o 
EOF 
START PHASE ONE 
0B1 Bl 
COMPUTE 

A. 38 



TABLE X. '.i A. 39 

PARTICULARIZED COST/REALISABLE VALUE MODEL: 
OPTIMAL SOLUTION FOR BASE CONDITIONS 

COMPUTE 

MAXIMUM ERROR ON ROW 3 5•96046@-08. SUM 5.18747@-01 

W\XIMUM ERROR ON COL 3 - 0 • OOOOOIHOO • SUM 0.00000@+00 

ITER OBJECTIVE FUNCT• ENTER• EXIT• . R•H•S• ARTFCLS CDJ # Tfi.C:.:\J 

33 -2.50377573@+05 OBl DC2 R28 Bl 0 0 193 

VARIABLE NAME VALUE LINE COUNT REDUCED COST POS• I N i3AS IS 

RAWl 0.00000000 1 Q.02366800 0 

RAW2 22222 ♦- 22221810 2 0 ♦- 00000000 ,,,i 
RES 222.22222179 3 0 ♦- 00000000 C ., 
Wl 1999 • 99999 632 4 0 ♦- 00000000 ,, 
OH 20000.000000@0 5 0 ♦- 00000000 3 
FL0\11 6066 ♦-66662510 6 0.-00000000 ~) 

FLO\sJ2 6673 ♦- 33329590 7 0 .·00000000 10 
WW2 209 ♦- 64444211 8 0 ♦-00000000 8 
FLOV3 7482 ♦- 22221790 9 0 ♦- 00000000 r, 
FLOW4 10482.22221790 10 0 ♦- 00000000 35 
PMAT 3000 ♦- 00000000 1 1 0 ♦- 00000000 11 
PIC6 209 .-644442 1 l 12 0 ♦- 00000000 '1 
PR5 0 ♦- 00000000 13 0.00000000 12 
FLOW22 6 6 7 3 .-3 3 3 2 9 5 9 0 14 0 ♦- 00000000 13 
PICl 22222.22221810 15 0 ♦- 00000000 38 
BYPROD 363 ♦- 99999644 16 o.·00000000 15 
FLOWS 521

1
7• 33329403 17 0 ♦- 00000000 16 . 

FLOW6 600:5 • 9999 5 640 18 0 ♦- 00000000 17 
FLOW7 9 758 ♦- 9488 7940 19 0 ♦- 00000000 18 
PROD2 25o'o.-oooooooo 20 0 ♦- 00000000 34 
PROD3 400,'0 ♦- 00 0000 0 0 21 0.-00000000 33 
PROD4 7067--04422780 22 0 ♦- 00000000 21 
FLOW8 2717 ♦- 33329403 23 0.-00000000 19 
FLOW9 2od5.·99995631 24 0.-00000000 20 
FLOWlO 2691 ♦- 90465152 25 0 ♦-00000000 32 
FLOWl 1 2000 ♦- 00000186 26 0 ♦-00000000 25 
FLOW12 71 ,7•-33329219 27 0 ♦- 00000000 22 
FLOW13 0 ♦- 00000000 28 -0.-00000001. 0 
FL0W14 0.00000000 29 0.-000·00001 0 
FLOW15 2ooi5 ♦- 99995637 30 0 ♦-00000000 23 
FLOW16 . 0 ♦- 00000000 31 0 ♦-00000001 0 
FLOWl 7 499 ♦- 99999814 32 0 ♦- 00000000 · 30 
FLOW18 1332 ♦- 19039100 33 0 ♦- 00000000 26 
FLOW19 859 ♦- 71426240 34 0 ♦- 00000000 24 
BLA 2500 ♦- 00000000 35 0 ♦- 00000000 37 
BLB 2865 ♦- 71421885 36 0 ♦- 00000000 36 
BLC 2049 ♦- 523 68313 37 0.00000000 27 
PIC2 22222-22221810 38 0 ♦- 00000000 39 
PIC3 20000 ♦- 00000000 39 0.00000000 40 
PIC4 6066•66662510 40 0 ♦- 00000000 41 
PICS 6673 ♦- 33329590 41 0 ♦- 00000000 42 
DCl 400.·39999557 42 0 ♦- 00000000 14 
n~-:> 1100.:00000~111 h"l n.:nnnnnnnn h"'.l 



TABLE X.6 A.4O 

PARTICULARIZED COST/REALISABLE VALVE MODEL: 
OPTIMAL SOLUTION FOR OXIDATIOK PROCESS 
EFFICIENCY OF 96% 

o:)MPUTE 

MAXIMUM ERROR ON ROW 16 -1.19209~-07. SUM 4 • 4 7966@ - 0 7 

MAXIMUM ERROR ON COL 16 o.ooooog+oo. suM 0.00000@+00 

ITER OBJECTIVE FUNCT• ENTER• EXIT• R•H•S• ARTFCLS #DJ ITPA~ 

36 -2-60330373@+05 OBl DC2 R28 Bl 0 0 213 

U'.\RIABLE NAME VALUE LINE :OUNT REDUCED COST POS• IN BASIS 

RAW1 0.00000000 1 0·06438400 .. 0 

RAW2 22222.-22221810 2 0.-00000000 44 
RES 222.22222 179 3 0.-00000000 5 
\1\J 1 1999 .-99999 632 4 o.·00000000 4 
OH 20000 .-00000000 5 0.-00000000 3 
FLOWl 60 66.- 66662510 6 0.-00000000 9 
FLOW2 6673•33329590 7 0.00000000 10 
WvJ2 209 .-64444211 8 0.-00000000 8 
FLO\v3 7482.-22221790 9 0.-00000000 6 
FLOW4 10482.-22221790 10 0.-00000000 35 
PMAT 3000 .-00000000 11 0.-00000000 11 
PIC6 209 .-64444211 12 0.-00000000 7 
PR5 0.-00000000 13 0.-00000000 12 
FLOW22 6673•33329590 14 0.-00000000 13 
PICl 22222.-22221810 15 0.-00000000 38 
BYPROD 363.-99999 644 16 0.-00000000 15 
FLO\i.15 5217.-33329403 17 0.-00000000 16 
FLOW6 640 6·· 3999 5 770 18 0.-00000000 17 
FLOW? 9758.-94887940 19 0 .-,00000000 18 
PROD2 2500.00000000 20 0.-00000000 34 
PROD3 4000.00000000 21 0.-00000000 33 
PROD4 6457•-73001080 22 0 .-00000000 21 
Ji1..0vJ8 2717.-33329403 23 0.-00000000 19 
FLOvJ9 2406.-39995766 24 0.-00000000 20 
Ji1..0W10 3 3 0 1 • 2 1 8 8 68 5 5 25 0.-00000000 36 
FL0'Wl 1 1125.-00000279 26 0.-00000000 25 
FLOW12 1023.-73324645 27 0-.-00000000 26 
FLO\t:13 568 .-600044 73 28 0.-00000000 22 
FLOW14 874--99999907 29 0.-00000000 31 
F1..0vl 15 1531.-39995861 30 0 .-00000000 23 
FLO'Wl 6 0.-00000000 31 .0.-00000000 0 
FLOW! 7 499 .-99999814 32 0.-00000000 30 
FLO'Wl8 1901-21887404 33 0.-00000000 32 
FL0W19 899.-99999665 34 0.-00000000 24 
BLA 2500.-00000000 35 0.-00000000 37 
BLB 3000.-00000000 36 o.·00000001 28 
BLC 2924--95212048 37 0.-00000000 27 
PIC2 22222-22221810 38 0.-00000000 39 
PIC3 20000.-00000000 39 0.-00000000 40 
PIC4 6066.-66662510 40 0.-00000000 41 
PIC5 6673-33329590 41 0.-00000000 42 
DCl 400.39999657 42 0.-00000000 14 
DC2 499;99999514 43 0.-00000000 43 



'J'J\BI.E X.7 A,41 

PARTICULARIZED COST/REALISABLE VALUE MODEL: 
OPTIMAL SOLUTION WITH PRODUCT 5 SOLD AT 
20c PER UNIT 

COMPUTE 

MAXIMUM ERROR ON RO\·i 38 -2•38Lll9G1-07• SUM 9-60194@-07 

.MAXIMUM ERHO D ON COL 38 Q.QQOOOQ+QO. SUM 0.000000+00 

ITER OBJECTIVE FUNCT• ENTEn• EXIT• R•H•S• ARTFCLS CDJ #TRAN 

35 -2•50430715 G+05 OBl BLC RA\1:1 Bl 0 0 193 

VARIABLE :JAME VALUE LINE COUNT REDUCED COST Pas. I i'J BASIS 

RA\i:l 0.00000000 1 o. 02366800 0 
RAvi2 22222 •· 2222 1s 10 2 0 •· 00000000 L!4 
RES 222.-22222179 3 0.-00000000 5 
\.iW 1 1999-99999632 4 0.-0000000 0 4 
OH 20000.-00000000 5 0.-00000000 3 
FLOWl 6066-66662 510 6 0 •· 00000000 9 
FLOW2 6673-33329590 7 0.-00000000 10 
WW2 209.-64444211 8 0.-00000000 8 
FLOW3 7482-22221790 9 0.-00000010 6 
FLOW4 10482-22221790 10 0.-00000000 35 
PMAT 3000.00000000 11 0.-00000000 1 1 
PIC6 209-64444211 12 0.-00000000 7 
PR5 600 •· 00000000 13 0.-00000000 12 
FLOW22 6073-33329590 14 0.-00000000 13 
PICl 22222.22221810 15 0.-00000000 38 
BYPHOD 363 • 999,?9 644 1 6 0.-00000000 15 
FLOWS 521 7; 33329Li03 17 0.-00000000 16 
FLOW6 5465 .·9999 5 72 6 lo 0.-00000000 17 
FLOW7 9 758 • 9Li88 7940 19 0.-00000000 18 
PROD2 2500.-00000000 20 0.-00000000 34 
PROD3 4000.00000000 21 0.-00000000 33 
PROD4 7298.-47279760 22 0.00000000 21 
FL0\•.18 2717-33329403 23 0.-00000000 19 
FL0\•, 9 1465.-99995726 24P 0.-00000000 20 
FLOWlO 2460.-47608173 25 0.-00000000 32 
FLO\H 1 2000.-00000186 26 0.-00000000 25 
FLOW12 717.-33329219 27 0.-00000000 22 
FLOWl 3 0.-00000000 28 0.-00000001 0 
FL0W14 0.-00000000 29 0.-00000001 0 
Fl.OWl 5 1465-99995726 30 0.-00000000 23 
FLOWl 6 0.-00000000 31 0.-·00000001 0 
FLOWl 7 499.-99999 8 14 32 0.-00000000 30 
FLOW18 1332.-19039 100 33 0.-00000000 26 
FLOWl 9 628.-28569258 34 0.-00000000 24 
BLA 2500.00000000 35 0.-00000000 37 
BLB 2094-28564996 36 o .- o o o o·o o o o 36 
BLC 2 0 4 9 • 5 2 3 68 3 1 3 37 0.-00000000 27 
PIC2 22222-22221810 38 0:00000000 39 
PIC3 20000.00000000 39 0.-00000000 40 
PIC4 60 6 6 _- (, (. 6 62 5 1 0 40 0.-00000000 41 
PIGS 607 3 • 33329 590 Ll 1 0.-00000000 42 
DCl 3 64 ; 3 9 9 9 9 6 68 42 0:00000000 14 
DC2 499-99999814 43 0.-00000000 43 



TAil LE X.8 A. l+'l. 

PARTICULARIZED COST/REALISABLE VALUE MODEL: 
OPTIMAL SOLUTION WITH PRODUCT 5 SOLD AT 
19c PER UNIT 

COMPUTE 

ITER OBJECTIVE FUNCT• ENTER• EXIT• R•H•S• ARTFCLS 11DJ #TEP~~ 

33 -2. 498307 l 5tH05 0B1 DC2 R28 B2 0 0 193 

VARIABLE NAME VALUE LINE COUNT REDUCED COST POS• IN BASIS 

RAvll 0.00000000 1 o.02366800 0 
RAW2 22222.-22221810 2 0 .-00000000 44 
RES 222.-22222179 3 0.-00000000 5 
WWl 1999 ;99999 632 4 0.-00000000 4 
OH 20000.00000000 5 0.-00000000 3 
FLOWl 6066.- 66662510 6 0.-00000000 9 
FLO'W2 6673.-33329590 7 0.-00000000 10 
WW2 209 .- 64444211 8 0.-00000000 8 
FL0W3 7482.-22221790 9 0.-00000000 6 
FLOW4 10482.-22221790 10 0.-00000000 35 
PMAT 3000.-00000000 1 1 0.-00000000 11 
PIC6 209.64444211 12 0.-00000000 7 
PR5 600.-00000000 13 0.-00000000 12 
FLOW22 6073.- 33329 590 14 o ·.-00000000 13 
PICl 22222.-22221810 15 0.-00000000 38 
BYPROD 363.-99999 644 16 0.-00000000 15 
FLOWS 5217--33329403 17 0.-00000000 16 
FLO'W6 5465.-99995726 18 0.-00000000 17 
FLOW? 9 758 .-9488 7940 19 0.-00000000 18 
PR0D2 2500.-00000000 20 0.-00000000 34 
PROD3 4000.-00000000 21 0.-00000000 33 
PROD4 7298; 4 72 79 7 60 22 0.-00000000 21 
FLOWS. 2717.-3:)329403 23 0.-00000000 19 
FLO\v9 1465.-99995726 24 0.-00000000 20 
FL0W10 2460• 4 76081 73 25 0.-00000000 32 
FL0Wl l 2000.-0000018 6 26 0 .-00000000 25 
FLOW12 717.-33329219 27 0.-00000000 22 
Fl..Ovl l 3 0.-00000000 28 .-0.-00000001 0 
FL0W14 0.-00000000 29 0.-00000001 0 
FLO\vl 5 1465-99995726 30 0.-00000000 23 
FLOWl 6 0.00000000 31 0.-00000001 0 
FLOWl 7 499.-99999814 32 0.-00000000 30 
FL0W18 1332-19039100 33 0.-00000000 26 
F1.0W19 628--28 5 69258 34 0.-00000000 24 
BL.A 2soo.oooooooo 35 0.-00000000 37 
BLB 2094.-2856499 6 36 0.-00000000 36 
BLC 2049 .- 523 68313 37 0.-00000000 27 
PIC2 22222 .-22221810 38 0.-00000000 39 
PIC3 20000.-00000000 39 0.-00000000 40 
PIC4 6066.- 66662510 40 0.-00000000 41 
PICS 6073.-33329590 41 0 .-00000000 42 
DCl 364.- 39999 668 42 0.-00000000 14 
DC2 499 .-99999814 43 0.-00000000 43 



TAl\1 .1•: X. <) /\. / , j 

PARTlC:U Li\RlZED COST/REALISABLE VALUE MODEL : 
OPTit1/\L SOLUTION WITH ADDITIONAL SALES OF 
A PRODUCT AT INCREASED SELLING COST 

COMPUTE 

MAXIMUM ERROR ON ROW 18 1•33179@-07• SUM 5.50412@-01 

MAXIMUM ERROR ON COL 18 0. 0 0000@+00. SUM 0.00000@+00 

ITER OBJECTIVE FUNCT• ENTER• EXIT• R•H•S• ARTFCLS #DJ #TRAN 

35 -2.58884715 @+05 0B1 BLC R28 Bl 0 0 219 

VARIABLE NAME VALUE LINE COUNT REDUCED COST POS• IN BASIS 

RAWl 0.00000000 1 0-02366800 0 
RAW2 22222.- 2222 18 10 2 0.-00000000 44 
RES 222.-2 2 222179 3 0.-00000000 5 
WWl 1999.99999632 4 0.-00000000 4 
OH 20000.-000000 0 0 5 0.-00000000 3 
FLOWl 60 66.- 66662510 6 0.-00000000 9 
FLOt,;2 6673-33329590 7 0.-00000000 10 
'\tJW2 209.-64444211 8 0.-00000000 8 
FLOW3 7482-22221790 9 0.-00000000 6 
FLOW4 10482--22221 790 10 0.-00000000 35 
PMAT 3000.-00000000 1 1 0.--00000000 1 1 
PIC6 209 _- 64444211 12 0.-00000000 7 
PRS 0.-00000000 13 0.-00000000 12 
FLOW22 6673 ... 33329590 14 0.-00000000 13 
PICl 22222 .-22221810 15 0.-00000000 38 
BYPROD 363-99999644 16 0.-00000000 15 
F1..0\oJ5 5217-33329403 17 0 .-00000000 . 16 
FLOW6 6005.99995640 18 0.-00000000 17 
FLOw7 9 758 .-9488 7940 19 0.-00000000 18 
PROD2 2900.-00000000 20 0.-00000000 34 
PROD3 4000.-00000000 21 0 .-0 0 0 0 0 0 0 0 33 
PROD4 7944.-18714620 22 0.00000000 21 
FLO\v8 2317.-33329403 23 0 .-00000000 19 
FLOW9 2005.-99995 63 7 24 0 .-00000000 20 
FLOWlO 1814--76173317 25 0.-00000000 36 
FLOWl 1 1125.--000002 79 26 0.-00000000 25 
F1..0vl12 0.-00000000 27 0.-00000000 0 
FLOW13 1192--33329124 28 0 .-00000000 22 
FLOW14 874-99999907 29 0.-00000000 31 
FLOW15 907.-66671211 30 0.-00000000 26 
FLOW16 223.-33324522 31 0.-00000000 23 
FLOWl 7 499.-99999 8 14 32 0.-00000000 30 
FLOW18- 414.-76173842 33 0-.-00000000 32 
FLOW19 899.-99999665 34 0.-00000000 24 
BLA 2500.-00000000 35 0.-00000000 37 
BLB 3000 .-00000000 36 -0.-00000001 28 
BLC 638-09498358 37 ·o .-00000000 27 
PIC2 22222-22221810 38 0.--00000000 39 
PIC3 20000.-00000000 39 0.-00000000 40 
PIC4 6066.-66662 510 40 0.-00000000 41 
PICS 6673 ... 33329590 41 0.-00000000 42 
DCl 400--39999657 42 0.-00000000 14 
DC2 499 .-99999814 43 0.-00000000 43 



TABLE X.10 

PARTICULARIZED COST/REALISABLE VALUE MODEL: 
OPTIMAL SOLUTION WITH RAW MATERIAL I 
PURCHASED AT 3.7c PER UNIT 

OJMPUTE 

MAXIMUM EI1ROR Q;-..J ROH 

MAXIMW·l EI1ROR ON COL 

3 5•960LJ6@-08 o 

3 0 • OOOOOCHOO • 

SUM 5• 187LJ7@-07 

su;-1 o. 00000@+00 

A.4<-+ 

ITE11 OBJECTIVE FUNCT- ENTEf:. EXIT· n.H.s. ARTFCLS #DJ #TEA:1 

35 -2-53740506@+05 0 B1 

VARIABLE NAME 

RAWI 
RAW2 
RES 
WWl 
OH 
FLOU 
FLO\·i2 
WW2 
FLOW3 
FLOW4 
PMAT 
PIC6 
PRS 
FLOW22 
PICl 
BYPROD 
FLOWS 
FLOvi 6 
FLOW7 
PROD2 
PROD3 
PROD4 
FLOW8 
FLOW9 
FLOWl 0 
FLO\•: 11 
FLOWl 2 
FLOW13 
FLOW14 
FLO\•il 5 
FLO\•; l 6 
FLOWl 7 
FLO\H 8 
FLO\d9 
BLA 
BLB 
BLC 
PIC2 
PIC3 
PIC4 
PICS 
DCl 

VALUE LINE COU~T 

22222.22 221 8 10 1 
0.00000000 2 

222-2222 2 179 3 
1999.99999 632 4 

20000.00000000 5 
5055-55553472 6 
6066-66662510 7 
24i-99999699 8 

9099-99997910 9 
12099.99997910 10 
3000-00000000 11 

241-99999699 12 
0.00000000 13 

6066-66662510 14 
22222-22241010 15 

303-33333119 16 
4347-77775687 17 
5459.-99995363 18 

11265-09997420 19 
2soo.oooooooo 20 
4000-00000000 2! 

10204-62381820 22 
1847-77775687 23 
1459-99995363 24 
1060-47615597 25 
1847-77775687 26 

0.00000000 27 
0.00000000 28 

152-22224498 29 
1307-77770859 30 

0.00000000 31 
499-99999814 32 

0.00000000 33 
560.-4761578 4 34 

2soo.oooooooo 35 
1868-2538664 3 36 

0.-00000000 37 
22222-22221 8 10 38 
20000.000000 00 39 

5055-55553472 40 
6066-66662510 41 

363.-99 999644 42 

Bl 

REDUCED COST 

0.00000000 
Od5133201 
0.-00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.-00000000 
0.-00000000 
0.-00000000 
0.00000000 
0.-00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.-00000000 
·o .- 00000000 
0.-00000000 
0.-00000000 
0.-00000000 
0.00000000 
0.00000000 
0.-00000000 
0.00000000 
0 •· 00000000 
0.-000000 00 
0.-00000000 
0.00000000 
0 • 0000·0000 
0.00000000 
0.-00000000 
0.00000000 
0.-00000000 
0.00000000 
0.-00000000 
0.-00000000 

0 0 212 

PO S • I .'J BASIS 

44 
0 
5 
4 
3 
9 

10 
8 
6 

35 
11 

7 
12 
13 
38 
15 
16 
1 7 
18 
34 
33 
21 
19 
20 
27 
25 
22 

0 
32 
23 

0 
30 
26 
24 
37 
36 

0 
39 
40 
41 
42 
14 
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POSTULATES 

1 In South Africa jointly produced products account for a significant 

percentage of the gross national product and their manufacture is of 

major industrial, economic and strategic importance. Consequent l y 

the optimal solut i on of the particular managerial problems associated 

with joint product manufacturing is of considerable importance. 

2 Comprehensive empirical definition of the nature of the proces s es 

whereby joint products are produced is essential for the concepts 

"joint products " and " joint costs" to be meaningful . 

3 The prevailing lack of such definition, coupled with the use of 

"different cos ts for different purposes," has resulted in the adop

tion of cost allocation practices which are useful for connnon cost 

proration, being applied to joint costs with what are frequently 

meaningless results. 

4 Any deviation from forecasted demand on which optimum resource allo 

cation has been based tends to result in a greater devia tion from 

maximum returns than otherwise if the products are technically 

interdependent. 

5 Allocated joint cos ts and cost -volume-profit relationships for in

dividua l joint products are unsuitable for certain p l anning and 

decision-making purposes . Alternative managerial information sys 

tems are essentia l if resource allocation to products is to be 

optimised. 

6 Joint produc t pricing is a particularly important and c mplex func

tion. Specialised procedures which do not depend on artifi cial joint 

product cost pr i ces are necessary. 

7 Documented cost- variance analysis procedures f or singl e-line products 

provide insufficien t control information regarding the efficiency 
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with which a joint process is operated. 

8 Optimisation of the joint process with respect to returns is in effect 

an exercise involving the causal relationship between revenue and 

sacrifice factors . Subject to the availability of the necessary con

straint data, an optimisation model incorporating particularized 

cost conforming to normative costing concepts constitutes a powerful 

too l with respect to the maximisation of returns on joint products . 

9 The j oint product manufacturing sequence must be considered as a whole 

for optimisation purposes. 

10 Unless sound part icula rization of indirect costs is practised, the 

joint product manufacturing system cannot be optimised . 

11 Macy cos t systems based on non- normative concepts do not provide 

enough cost information to enable accurate evaluation of the 

s uperiority of the particularized cast/realisable value model . 

12 There is an unfortunate tendency in South Africa to attemp t to 

increa e profits by a dopting Amercian- type high-pressure marke ting 

methods, the cost of which is inevitably borne by the consumer. 

This hort - sighted and inflationary policy is frequently pursued 

while optimisation of production processes is neglected . 

Postulates accompanying the thesis 

"Joint products : a study in cost 

ing and maximiation of returns," 

to be defended during the V va 

Voce examination. 




