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THE CHEMICAL PLANT

CONTRACTOR

AND THE MANUFACTURER

How contractor and manufacturer can successfully work together and

PART 1

by M. DAVIDMANN, B.Sc.

HE relationships between the chemical plant contractor
and his customer, the chemical manufacturer, at first
sight appear to be complex. In one case the contractor may
offer advice, in another a complete chemical plant embracing
a number of unit operations and services. He may carry
out work on a manufacturer’s process, from the initial idea,
through process research, to the handing over of the pro-
duction unit, or he may be concerned with site erection
only. He may operate or maintain the plant he has built,
or both, and be paid for his efforts in a number of ways.
The contractor fabricates plant items in his works and
the manufacturer produces and sells the products of the
completed plant. In between lies the provision of chemical
plants, and it is in this field that the activity of contractor
and manufacturer overlaps.

A “chemical plant” is a production unit which converts
one or more raw materials to one or more marketable
products. The marketable product from one chemical plant
may be the raw material for the next. Chemical plants are
built up from “unit chemical plants”. A unit chemical plant
is one in which a unit operation is carried out, so that chemi-
cal plants consist of one or more unit chemical plants. For
convenience we here refer to “plants” and “unit plants”.

The difference between one plant and another lies not in
the pipes and shells, but in what takes place inside them
and how it takes place. It thus lies in the types and sequence
of unit plants used, and the operating conditions,

It follows that we can distinguish between plant con-
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an analysis of activity between ‘“‘work units” is made

structors and plant contractors, Of the functions listed in
Fig. 1, the plant constructor is concerned solely with
functions such as mechanical design, fabrication, buying
and site erection, whilst the plant contractor includes in
his work chemical engineering design and commissioning.

No distinction is drawn here between manufacturers and
those Government work units which are concerned with
the provision and/or use of plants in general. The same
arguments apply to both.

What is said here to apply between manufacturer and
contractor in general applies equally well between con-
tractor and sub-contractor.

Types of Contract

When the contractor offers unit plants or plants, based
on a process which he owns or on one which is generally
available and of which he has experience, he quotes a firm
price. His responsibilities can be and are defined with respect
to operation and performance. For the larger projects, the
so-called “turnkey” projects, the unsuccessful contractors
may expect! some recompense for quoting, or else decline
to quote at all. The extent of the customer’s capital expendi-
ture and of the work required from the contractor is known
in advance. Whether or not a price variation clause is
included depends on the customer’s requirements and on
policy recommended by the contractor’s trade association.
The customer may be a manufacturer or another contractor.
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Fig. 1, Division of work.
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The contractor may also enter into a contract with a
manufacturer when the extent of work required is not
known. Here the manufacturer, in addition to paying for
the cost of the work, also pays a fee. It is this type of con-
tract which is used when the contractor assists the manu-
facturer by designing a plant for a new process which
belongs to the manufacturer. It involves closer supervision
by the manufacturer of the contractor’s work. The fee is
paid for the contractor’s services and experience and thus
includes his profit. Whether the fee is a fixed sum or a per-
centage of the cost depends on the degree to which the
extent of work required from the contractor is known at
the time the contract is prepared. A contractor who assists
a manufacturer with design work on a new process up to
the point where an estimate can be given, having been
paid a fee for this work, may expect* to be given the contract
on a negotiated basis, without competition, should the manu-
facturer decide to install such a plant, and may expect a
further fee in the event of the manufacturer deciding not to
proceed with the process.

Demand for Plants

A market exists for a new chemical product, the market
for an existing chemical expands or a new market is found,
or present methods of production are obsolete. As a result,
the potential or present manufacturer requires new produc-
tion facilities, that is, plants.? These may be provided solely
by the manufacturer’s engineering organisation, by an
independent contractor, or by the manufacturer’s engineer-
ing organisation assisted by contractors. Sub-contractors
provide unit plants and plants to contractors, and also to
the manufacturer’s engineering organisation.
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Fig. 2, Field of activity.

Relationship between Contractor and

Manufacturer

A fundamental relationship exists between manufacturer
and contractor. The manufacturer’s task is to produce and
the contractor is the specialist who provides him with' the
plant for doing this. The manufacturer exercises his choice,
as regards type, form and quality of product, size of pro-
duction unit, process and contractor and is responsible for
the consequences. The contractor offers a specialist service
and prescribes.

The fundamental relationship between them is functional
and this is illustrated by the usual penalty clauses. The
contractor may lose part or all of his profit, without neces-
sarily suffering direct loss even when having to make good
the defects, should the plant he has supplied not perform
in accordance with his guarantee. The manufacturer,
responsible for the consequences of his choice, bears the
resulting losses such as those caused by loss of production
due to initial malfunctioning or through a delayed start-up.

A similar functional relationship exists between the
manufacturer’s producing and engineering organisations,
as well as between contractors and sub-contractors.

Division of Work

A number of authors have given examples of the division
of work between manufacturer and contractor, As seen
from Fig. 1, both the manufacturer and the contractor may
provide complete plants, each carrying through the work
from process research to the commissioned and operating
production plant. They either do this work entirely on their
own or it may be divided in varying ways between them.
Contractors have been known! to carry out under contract
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the operation and maintenance of the plants they have
designed and installed. The diagonal line in Fig. 1 defines
the division of work between them for the cases illustrated.

The contractor provides unit plants and plants, based on
his own or on generally available processes or based on
processes for which he has taken out a licence. It is the
contractor who is in general concerned with research into
design methods and design data.

It is seen from Fig. 2 that the manufacturer may provide
the plant himself, or sub-contract work to constructors, or
use contractors. The contractor may sub-contract work to
constructors but, in general, does not do this.

Activity

The actions which take place between contractor and
manufacturer can be recorded as shown by Fig. 3. The
vertical lines represent the work units concerned, an action
is recorded as a horizontal line, the disc indicating the work
unit which carries out the action. An arrow indicates the
direction in which the action takes place. Each action is
identified by a reference number or letter, thus:

1. Defining requirements, e.g., sending inquiry.

2. Prescribing, e.g., sending quotation with performance

guarantee.

3. Deciding, e.g., sending order.

4. Commissioning.

A. Proving, e.g., carrying out of guarantee test.

Fig. 3 shows the normal contracting activity, for an
established process. Fig. 3 (a) shows the activity between
contractor and manufacturer, Fig. 3 (b) that between a
manufacturer’s engineering and production departments.
As regards contractor and manufacturer, the activity is not
affected by whose process it is, the difference lying in the
amount of information contained in the inquiry to the con-
tractor rather than in the activity. In case 3B, however, the
process belongs to the manufacturer. In case 3A process
data are disclosed by one organisation to another; in case
3B this does not matter as both work units are part of the
same organisation. Action in case 3B would be by agree-
ment between the two work units rather than following a
decision made by one or the other, and thus it may be
difficult to assign responsibility. Basically, the activity for
cases 3A and 3B is the same, the manufacturer’s engineer-
ing department being a contracting organisation, that is, a
contractor. In each case it is assumed that the contractor
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has to carry out a guarantee test so as to prove the per-
formance of the plant to his customer.

Fig. 4 shows normal sub-contracting activity for estab-
lished processes. Activity between sub-contractor and con-
tractor is the same as that between contractor and manu-
facturer. The sub-contractor, however, deals with only part
of the complete process or plant, and there is now exchange
of process and design information between two contractors
who are potential competitors. The same would seem to
apply, although perhaps not obviously so, to the activity
between the contractor and the manufacturer’s engineering
department.

Activity between contractor and the engineering depart-
ment is similar to that between the engineering and produc-
tion departments. There is then no difference in sub-contract-
ing activity between cases 4A and 4B and the function of
the engineering department is again that of plant contract-
ing, but the manufacturer has kept confidential within his
own organisation a considerable amount of process and
design data.

However, the manufacturer’s engineering department has
now accepted some responsibility as regards the contractor
to whom part of its work is sub-contracted. It has to state
requirements and select a suitable sub-contractor, and to
that extent it is now vulnerable. Having to make decisions,
it may be blamed for consequences which, as likely as not,
may have been caused in the first place by divided responsi-
bility within the manufacturer’s organisation. It is again
the plant supplier who proves to his customer that his
guarantee has been maintained.

The larger manufacturing organisation further sub-
divides its work, as illustrated by Fig. 5, again for established
processes. The manufacturer’s organisation may now con-
sist of two associated companies, one of which provides
the plants, while the other operates them. The producing
company, in addition, has now its own technical department
to give technical advice to the production department.
Again, the contracting activity is the same as that found
before and the same comments apply. In addition, responsi-
bility is now likely to be divided threefold as shown, and
the technical department may be interposed between the
production department and the associated engineering
company. Decisions are likely to be made by committee
meeting and, as responsibility is divided, difficulties are
likely to occur; they will occur repeatedly because they
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are more likely to be explained away instead of their cause
being established and the lesson learned, Process informa-
tion is thus kept confidential and restricted to within the
manufacturer’s organisation at some considerable cost.

The manufacturer’s associated engineering organisation,
no matter whether this is an engineering department or an
engineering company, has no competition to meet. On the
other hand, the manufacturer who discloses his process
data to independent contractors has to disclose them to at
least two of them, should he require competitive tenders,
thus increasing the chances of these data being disclosed to
others to his disadvantage.

Analysis of Activity

The activity between a number of related work units
has been illustrated and analysed previously.! Here we are
concerned with analysing the activity between a number of
work units in a functional relationship to each other. Con-
sidering two work units at a time, we can build up a picture
of how contractor and manufacturer actually work, and
how together they should work.

Functional relationships between executives in different
work units have also been previously defined.! Of two
executives in a functional relationship, one is the
“responsible” executive, the other is the “prescribing”
executive. Each executive is responsible to his own executive
superior, and to no one else. The “responsible” executive
is responsible also for obtaining specialist advice, for
accepting or rejecting it, and for reporting useful results
back to the specialist, The “prescribing’’ executive carries
responsibility for giving specialist advice, that is, for
prescribing, and for the quality of his prescription.

The advisory functional relationship between two execu-
tives in different work units is thus characterised by the
following sequence of actions:

(a) Defining requirements. Request for service, from

responsible executive to prescribing executive.

(b) Prescribing. Advice from prescribing executive to

responsible executive,

(¢) Deciding. Responsible executive accepts or rejects

prescription.

(d) Reporting useful results. From responsible executive

to prescribing executive,

The division of work and the functional relationships
between work units carrying out design and research work

were analysed and defined in reference 8. The contractor’s
technical department is responsible for design work. It is
assisted in this work by the research department which
prescribes. The research department is responsible for
research work on new processes and here it is the technical
department which prescribes.

These functional relationships between the contractor’s
research and technical departments are illustrated by Fig. 6,
on the basis of the actions which occur. Vertical lines
indicate the work units and horizontal lines represent
actions. To indicate that the actions occur between two work
units in a functional relationship, the “responsible” work
unit is indicated by a thick vertical line. The direction in
which the action takes place is also shown.

Further actions enter into a functional relationship when
an order is placed, the “prescribing” executive guaranteeing
his prescription. In the course of comparing actual with
predicted results, he then has to ensure that actual results
are equal to, or better than, predicted results, as he is
responsible to his own executive superior for the guarantee
he has given, Further, the “responsible” executive may wish
to prove to the “prescribing” executive, by carrying out a
guarantee test, that the guarantee has not been maintained.

Each of the two executives in a functional relationship
is responsible also for the quality of his work to his own
executive superior. Therefore, each is responsible for com-
paring predicted with actual results and for correlating the
conclusions so as to improve the quality of his work. The
“responsible” executive, who has predicted requirements,
has to find out the extent to which his prediction, and his
decision to accept one prescription rather than another,
satisfies actual requirements. The *‘prescribing” executive,
whose prescription has been accepted, has to find out how
actual results compare with predicted resalts

In addition, the “responsible” executive exercises his
choice, accepting or rejecting the prescription; for example,
choosing between competing contractors, being fully
responsible to his own executive superior for the conse-
quences of his decision.

Allowing for these additional actions, the contractual
functional relationship between the two executives is then
characterised by this sequence of actions:

(1) Defining requirements. Responsible executive requests
a service from prescribing executive, defining his
requirements.

(2) Prescribing. Prescribing executive gives advice to
responsible executive, guaranteeing results,

(3) Deciding. Responsible executive accepts or rejects
the prescribing executive’s prescription.

(4) Comparing with prescription. Prescribing executive
compares actual against predicted results and ensures
that his guarantee is maintained.

(5) Comparing with requirements. Responsible executive
compares the extent to which actual requirements are
satisfied as a result of his prediction of requirements
and of his decision.

(6) Proving. Responsible executive proves to the pre-
scribing executive that the guarantee has not been
maintained.

(7) Reporting useful results. Responsible executive reports
to prescribing executive any results which may be of
use to the prescribing executive.

This sequence of actions is the complete sequence, but
not all the actions need occur in any particular case. For
example, action 6 should occur only when it is thought
unlikely that the guarantee will be maintained or when
it has not been maintained.

We refer to work units as being “responsible” and as
“prescribing”. It is individuals who are “responsible” and
who “prescribe”. When reference is made to work units as
“responsible” or as “prescribing”, this is merely a con-



venient way of referring to an executive in a work unit. For
example, the statement “technical department is responsible”
is a shortened version of “in the functional relationship
between an executive in the technical department and an
executive in the other work unit, it is the executive in the
technical department who is the ‘responsible’ executive’.

Fig. 7 illustrates the complete sequence of actions, as it
ought to take place, for a contract between contractor and
manufacturer. The work unit which carries out the action
is indicated, for each action, by the disc.

The contractor “prescribes”, gives a performance guaran-
tee, and an order is placed. Within the contracting
organisation there should then be executives responsible to
their executive superiors for giving prescriptions to the
manufacturer, and for the quality of the prescriptions. In
so far as this analysis is concerned, these executives would
then be responsible to their executive superiors for the
design of the plant, for giving the performance guarantee,
and for ensuring that this is maintained, as illustrated on
Fig. 7 by actions 2 and 4.

The manufacturer is “responsible”. There should then
be executives within the manufacturing organisation who
are responsible, to their executive superiors, for obtaining
specialist advice while stating their requirements (action 1);
for accepting or rejecting this while being fully responsible
for their decision (action 3); and for reporting useful results
to the contractor (action 7). Such executives should similarly
be responsible for determining the extent to which actions
1 and 3 have satisfied the organisation’s requirements (action
5). They should also be responsible for proving to the con-
tractor, should the need arise, that the guarantee has not
been maintained.

There are thus two types of functional relationship. In
the first, the expert advises, to the best of his ability, and
an example of this is illustrated by Fig. 6. In the second
the expert prescribes, guarantees results, the prescription
is accepted and an order is placed for the service, an example
of this being illustrated by Fig. 7. These two types of func-
tional relationship are the basic building blocks from which
we can assemble the various ways in which plants can be
provided, responsibility being clearly defined at each step,
so that the work is done without duplication of effort and
without division of responsibility. We can then compare
the chain of activity with that occurring in practice.

Fig. 8 shows the actions which take place when the two
types of functional relationship combine in particular cases.
Fig. 8 (a) illustrates the manufacturer’s internal organisa-
tion when it consists of associated engineering and producing
companies. It is, however, appreciated that the technical
department’s function is that of advising the production
department, who are thus “responsible”. Let us assume that
the technical department advises on overall process
economics. The production department receives the technical
department’s advice and makes its decision; then the asso-
ciated engineering company is asked to provide the plant.
Should the production department also ask the technical
department to assist in comparing competitive tenders, then
the activity would be as illustrated in Fig. 8 (b), which gives
the general case irrespective of whether the contractor is
tied or independent. Fig. 8 (c) illustrates the activity when
contracting and sub-contracting, and again this applies
irrespective of whether the contractor is independent or tied.
The contractor bears a similar responsibility to the sub-
contractor as the manufacturer does to the contractor.

To show the more complex chains of activity, simplifica-
tion is necessary. In each case we are considering one
specific function, and the work unit which is responsible for
carrying it out is shown by a square. Supplying and advising
work units are shown by circles. They, in turn, may need
supplies or advice from other work units and these units
are also indicated by circles. Contractual and advisory

relationships are represented by continuous and broken
lines respectively. The work unit which is “responsible” is
marked by the usual disc in each functional relationship.

Just a few of these chains of activity are shown in Fig. 9.
Of these, Fig. 9 (a) shows the contractual functional relation-
ship between manufacturer and contractor and Fig. 9 (b)
the advisory functional relationship between a design group
and a research work unit, when the design group requires
research work to be carried out on basic design data and
design methods. Fig. 9 (¢) illustrates the activity between
a research unit which requires a pilot plant, the contract-
ing unit requiring research work to be carried out on some
aspect of its own work. Fig. 9 (d) illustrates the case where
a work unit such as a manufacturer’s technical department
evaluates process economics. Here both the research and
the contracting units act in an advisory capacity, the
contracting unit, in turn, requiring research work to be
done in connection with the advice it has to give to the
process evaluating work unit. Fig. 9 (e) shows how a
prototype plant may be provided, including sub-contracting,
and Fig. 9 (f) how a contractor may obtain advice from one
manufacturer so as to provide a plant to another.

It is seen that activity is in no way affected by the con-
tractor’s independence or of dependence upon a particular
manufacturing organisation, It is also seen (Fig. 9 (d)) that
the contractor may be providing to a manufacturer advice
only, in the form of quotations. To summarise :

(1) The contractor’s customer has to test the extent to
which his requirements have been met. To a consider-
able extent this is now being done by the contractor.

(2) The contractor’s customer has to prove that a
guarantee has not been maintained. It would appear
that in general it is the contractor who is being asked
to prove that it has been maintained.

(3) In the contractual functional relationship between
contractor and sub-contractor, it is the contractor who
is “responsible”. When quoting to his customer, the
contractor must then accept the consequences of
his decision to choose one sub-contractor rather than
another. It is thus up to the contractor to ensure that
his sub-contractor offers a guarantee equal to, or bet-
ter than, that given by the contractor to his customer.

(4) The manufacturer’s associated engineering organisa-
tion, no matter whether it is an engineering depart-
ment or an engineering company, is a contractor and
thus a potential competitor of the independent con-
tractor, Any process or design information disclosed
by an independent to a tied contractor is likely to be
used by the tied contractor to the disadvantage of the
independent contractor. This would also seem to apply
between contractor and sub-contractor.

(5) Some contractors are tied to one particular manufac-
turing organisation; others are independent.

(6) The independent contractor has to sell the plants he
provides in competition with other contractors. The
tied contractor meets no such competition and his
manufacturing organisation may have organised its
work in such a way that plants are unlikely to be
provided effectively for this reason alone.

(7) The tied contractor’s purpose is not to provide plants
effectively, but to prevent process information from
leaving the parent manufacturing organisation.

(8) The customer does not report useful results to the
contractor. The tied contractor clearly will not pass
useful results to a sub-contractor. There is thus a
decided lack of communication and this would indi-
cate conflict, the indications being that it is caused
by disclosure of process and design information.

(9) Two relationships exist between manufacturer and
contractor, dependent on whether or not an order is

placed. The first is contractual; the second, advisory.
To be continued
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PART II'

discussed by the author

by M. DAVIDMANN, B.Sc.

Commissioning, Testing, Proving

Y commissioning is meant work carried out by the

contractor’s staff in putting the plant into operation,
in ensuring that teething troubles are kept to a minimum
and in overcoming them. Testing refers to tests carried out
by the manufacturer’s staff to show that the plant meets
the manufacturer’s requirements. A guarantee test, at times
misleadingly called acceptance test, is carried out when
the manufacturer suspects that the contractor is not capable
of maintaining his guarantee, or that he has failed to do
s0, and this we call “proving”.

When giving a performance guarantee, the contractor
tells the manufacturer what the plant will do and under
what circumstances it will do this. The contractor, in the
course of commissioning, ensures that the plant operates
properly, and satisfies himself that performance is as
expected, or better. If performance is worse than expected
and does not fulfil the guarantee, a policy decision is made
by the contractor; namely, whether corrective action should
be taken before the plant is handed over, or whether the
manufacturer be asked to accept the plant subject to
corrective action before a specified later date. Also the
manufacturer may be asked to accept the plant as it stands,
the short-comings being pointed out to him. Which of these
alternatives is chosen depends not only on the extent of
corrective action required but also on how important it
is to the manufacturer to start production immediately.
The policy decision with subsequent formal approach to
the manufacturer is therefore made only after preliminary
informal discussions between contractor and manufacturer.

Once the plant has been commissioned and handed over
as an operating unit, we may take it, at least as far as
the United Kingdom is concerned, that its performance is
as guaranteed by the contractor, unless this be proved
otherwise by the manufacturer.

The manufacturer cannot start production without
operating the plant. Hence as soon as the plant is handed
over to the manufacturer, as an operating unit, the plant
should be deemed accepted, even should the manufacturer
decide not to use the plant until some later date.

Sub-contractors may dispatch a prefabricated unit plant
which the contractor mounts on prepared foundations and
to which he connects the various process streams and
services. As contractors and sub-contractors, during com-

* Part 1 was published in the April issue, p. 264.
1 60 Drayton Gardens, Winchmore Hill, London, N.21.

THE CHEMICAL PLANT CONTRACTOR
AND THE MANUFACTURER

Commissioning, testing and proving of plant and its operation are

missioning, prove to themselves that their guarantee has
been maintained, their executives are at liberty to decide in
any particular case that for the standard plant supplied no
check on performance is required. In the case of the sub-
contractor’s prefabricated unit plant, for example, this
implies that it may be deemed accepted on delivery to
site. However, the manufacturer or contractor may prove,
within a reasonable time from the plant having been
handed over or delivered, that the contractor or sub-
contractor, respectively, has not maintained his guarantee.
This period is usually limited to six months or one year and
it is during this period that contractors and sub-contractors
generally supply, free of charge, replacement parts proved
defective because of faulty workmanship or faulty materials.

It is the manufacturer who tests the plant to find out
whether it meets his requirements. The initial process defini-
tion given to the contractor may have been inadequate and
certain aspects of the process may not have been appre-
ciated earlier on. Hence the manufacturer tests the plant
and determines subsequent policy. He may decide to have
the plant modified at his expense, to use it as it stands, or
to carry out a guarantee test. The manufacturer arranges,
and pays for, the supply and disposal of the necessary
materials and services, in the quantities and at the rates and
purities he requires. These need not be related to the con-
tractor’s guarantee, as it is the plant’s ability to meet actual
requirements that is being tested. For example, the manu-
facturer may now wish to operate at half the design out-
put, or he may now wish to vary the purity of the product,
or to determine the range of output and product purity over
which the plant can be operated most economically. One
of the contractor’s executives would in general be present,
at least during the early stages, to advise the manufacturer
how he can best achieve his requirements, for example,
by various changes in operating techniques. It is further
possible that the manufacturer may consider, as a result
of his testing, that the contractor has not met his guarantee.
A further test, namely a guarantee test, would then have
to be carried out, probably dislocating production and
duplicating a test run. This is another reason for testmg
while one of the contractor’s executives is present, since
he can assist in locating any difficulty.

As regards testing, the contractor provides a service to
the manufacturer and he therefore has to be paid for this
work.

A guarantee test is carried out by the manufacturer to
prove to the contractor, who is represented, that he has






