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Foreword

A United Nations Interregional Semimar on Industrial Rewarch and Develop-
ment Institutes in Developing Countries was held in Beirut, Lebanon,
December 1964, to seck ways and means of strengthening existing and tuture
industrial rescarch and development mstitutes in developing countries.

In the course of the deliberations, it became apparent that the problem of
management was of paramount importance, since persons with the necessary
experience were generally lacking in developing countrics. As a result of these
discussions, the Centre for Industrial Development - the predecessor of the
United Nations Industrial Development Organization  published a Manual on
the Management of Industrial Rescarch Institutes in Developing Countries! to provide
practical guidelines not only for managers and others working in these mstitutes
but also for cxecutives and policy-makers connected with the planning and
conduct of industrial rescarch in government departments and in private indusrial
cnterpriscs.

Subscquently, UNIDO organized an Intcrregional Workshop of Managers
of Industrial Rescarch Institutes in Devcloping Countrics, which was held
Athens in July 1967 and was attended by nincteen participants holding  high
managerial positions in industrial rescarch imstitutes and by a pancl of cight
international experts. The discussion dealt with general principles which shoukd
govern the adminuration and functioning of rescarch institutes: in illustration,
typical institutes in developed and developing countrics wetc discussed in caw
studics.

The discussions made clear the necd for publications that could be of practical
assistance to industrial rescarch institutos in improving the quality of their work.
The aim of this publication is to give such help in two important tickd, nancly :

The schection and evaluation of rescarch projects;

Financial administration.

The wise selection of rescarch projects and their proper cvaluation at pre-
detcrmined stages not only enhance the professional reputation of the institwc
but abso have financial implications, since 5o much time is spent on projects and
they constitutc a major source of the institute’s incomc. It was therefore impossible
to avoid some duplication between the two parts without which the treatment
of cither subject would have been incomplete.

Background reports prepared on these subjects for the Athens workshop
by Mr. Lawrence D. Baw and Mr. Robert Adams have scrved as the basis for
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Part 1 consists of six chapters and covers the selection and evaluation of
rescarch projects.

Chapter | deals with the criteria for selecting projects. These criteria may be
of a general nature, such as national development policy and general institute
policy, having regard to its capabilitics; or of a specific nature, such as the tech-
nical, engincering, marketing, economic or managerial feasibility of the project.
Chapter 2 contains a classification of the institutc’s short-term activities, such as
information scrvices, testing and quality control, technical services and standardi-
zation; of its smallscale activitics, such as cxploratory and applicd rescarch,
product and process development, product cvaluation and by-product and
waste utilization: and of its intermediate-scale projects, such as engincering
development and pilot plant. It also contains a classification of evaluation pro-
grammes into engineering and market cvaluations, feasibility studics for new
ventures and surveys of natural resources at a regional or national level.
Chapter 3 describes how to organize the institute’s activiiies by means of a system
of projects and illustrates this by an cxample of a rescarch project proposal to
develop natural tannins. Chapter 4 details the mechanisms for project evaluation
and shows the advantages of using special staff groups for this purpose and also
of cvaluating projects with clients. Chapter § cnumerates the major stages of
cvaluation and describes cach of the steps in the cvaluation and confirmation
siages. Chapter 6 explains how to organize a multi-discipline team to deal with
projects and the advantages of the system. The principles are illustrated by an
example of a multi-discipline team working on the project to develop natural
tannins which gives estimates of the different categories of personnel required.

Part 11, on Financial Administration, consists of four chapters. It is entirely
devoted to financial questions related to the institute, from the early stages of
feasibility studics to methods of drawing up contracts and their financial impli-
cations.

Chaprer 7 deals with forccasting the institute’s initial size and growth rate
and with the financial aspects of initial and long-term planning. The sources
of fimancing arc discussed, including government subsidy, potential income
from rescarch and service contracts and the possibility of external assistance.

Chapter 8 discusses the details of capital and operating costs, including mect-
ing the need for technical assistance either from international or bilateral aid
programmes or by dircctly contracting for the services of an already established
industrial rescarch instituee.

Chapter 9 describes all the clements of project accounting systems, including
the allocation of staff time and overheads. Chapter 10 deals with the financial
side of the main work of the institute -the organization of research programmes
for submission to clients, how to cos* them and the provisions customarily
included in contracts.

Three annexes following Part 11 illustrate points mentioned in the various
chapters. Aamex 1 shows a specimen accounting system that a rescarch institute
can usc. Ammexes 2 and 3 consist respectively of “An outline for a research
project proposal”, and “A form of agreement between an industrial rescarch
institutc and a client firm sponsoring a research project”.
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An industrial research institutc may be defined as a techmmcal organization
established to make direc: contributions to industrial deveiopment in the private
and public sectors. This definition distinguishes it from research institutions that
conduct investigations to cxtend knowledge without having any responsibilicy
for aiding directly in its practical applications.

When an industrial rescarch institute is established in a developing country,
the assumption is usually made that its services will be quickly utilized by industry
and government agencies and that it will therefore soon become an important
factor in stimulating industrial development. The history of industrial rescarch
institutes, however, does not bear out these assumptions, even in highly developed
countrics. A gestation period is necessary for the institute to determine and to
supply the scrvices required by the country’s industrial complex and to acquire
the nccessary competence and recognition. It must inspire confidence among
managers in its ability to render practical assistance so that all types of industrial
groups will submit their problems. It will find that this confidence is best gener-
ated by disseminating information about successful projects it has carried out.
It will inevitably find it difficult to reach smaller enterprises, which often do not
know how to use technical help, and nay indeed, be w.aware of their need for it.

Only by selecting and completing practical prcjects that are then imple-
mented by industry will the institute justify the original assumption of its value
for industrial development. The director should have good judgement and be
versatile and flexible. He must determine which activities will be of benchit to
industry in his country. He must recruit comperent personnel and lead them to
employ theix skills for useful objectives. He must establish procedures for sclecting
and managing projects that will attract and keep the interest of industry and
government agencies. He must develop relationships with business organizations
that will make it casier to translatc new technical information into practical
industrial progress.

Institutes in developing countrics should sclect worth-while projects in
order to employ their limited number of technical personnel to the best advantage.
These projects should be managed so that they will have the optimum techno-
logical and cconomic impact. Otherwise, the resources and entreprencurial spirit
of the country will not be employed at the level most effective for socio-cconomic
development.

Unfortunately, there are no good yardsticks to measure the efticiency of
industrial research programmes, cven those carried out by individual enterprises.
In the case of an industrial research institute, however, onc good criterion is
whether industry and government agencies take an active interest in its services.
This will be evident from the extent to which its services are being utilized 1. c.
from its income from private and public organizations. If the industrial com-
munity gains confidence in the institute’s ability to solve practical problems and
undertake successful assignments, the institute will receive more money to under-
take specific investigations. An increasing income is the main test of success for
any industrial research institutc.

Realistic and consistent planning should be the keyword for the financial
administration of a research institute from the date of its establishment. Most
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of the running costs will be for staff salarics. A closc watch should be kept on
this item through project accounting. Although it is inevitable that the institutc
should be heavily subsidized in its carly years, it should attempt to earn an in-
come from its activities as soon as possible. The only way in which it can do
this is by making good use of its specialist staff.
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Chapter 1

CRITERIA FOR SELECTING
AND EVALUATING PROJECTS

The management of an industrial rescarch institute needs certain guidelines as
to the type of projects it should handle bearing in mind its capacity to conduct
* them successfully and their industrial value. This is particularly true the
formative years when it has little experience to go by. The criteria discussed
below are useful for selecting projects and for making interim: evaluations of
them.

ESSENTIAL STEPS IN EVALUATION

A project system (discussed in detail in a later section) has been found by
most industrial rescarch organizations to be an effective method for allocating
the time of the technical staff to various activitics. It is axiomatic that this allo-
cation should reflect estimates of the relative importance of individual projects
and different services.

A project should be organized by drawing up a writeen outline stating the
objective, the technical and cconomic justitication for the work, a summarized
work programme, an estimate of the amount of man-hours required to reach
the objective and a target date for completion.

Before such a project outline can be prepared, however, a prelimimary
study or exploration is necessary in order to estimate the potential value and the
amount of work involved. Most organizations find it advisable to limit the
offort devoted to preliminary work on a given subject. This can be done by
establishing a rule about the maximum number of man-hours to be expended
before a project outline is submitted. Experience in many organizations indicates
that two to four man-weeks is a reasonable limit, with provision for an ¢xtension
in promising cascs. Between 10 and 15 per cent of the total ime of the entire
organization may be devoted at first to exploratory activitics, although sub-
sequently this may prove to be too much. As the staff becomes more skilled in
the techniques required for preliminary cvaluation, the average time spent on
exploratory work for an individual project will be reduced.

The reason for sctting a limit on the amount of exploratory work on a
given concept is that such investigations tend to become diffused. People always
think of new ideas that are attractive from the scientific or technical point of
view; unless an objective has been defined, so that the work can be considered
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+ INDUSTRIAL RESEARCH INSTITUTES

in terms of a practical goal, the rescarchers” interest may be diverted to other
aspects that are not pertinent to the immediate subject. The tact that a project
outline has to be prepared as soon as possible helps to focus attention on the major
points that have to be scttled to justify further work.

Experience also shows the wisdom ot dividing a4 major undertakimg mto
wuccessive phases or stages, cach of which is the subject of a separate project out-
line. Such subdivision improves the reliability of estimates of the usctulness of
the work and the man-hours required before a new stage 1s begun. The stages
serve as good checkpoints at which the project may be comprchensively re-
cevaluated to determine its validity before additional work is authorized. It then
becomes possible at later stages to make more accurate evaluations, which re-
quire carcful analysis because they involve greater technical effort and expenwe
than carlicr, smaller-scale phases.

To administer a project system, an analysis 1 required of the total amount
of time spent on different lines of work by all members of the technical staff.
The usual practice is for cach staff member to submit a time card on a regular
basis, for example, at weeckly intervals, showing the number of working hours
he has spent on individual projects and other activities (for further details, sec
chapter 3 under *“Control of short-term activities” and "Control of overhead
activities ). The expenditure of time 1 often converted into tinancial cquivalents
for convenience of budgetary control. The cost of profesional time normally
includes part or all the overhead charges on a pro rata basis.

At longer intervals, tor cxample, monthly, or quarterly for longer-term
projects, the technical progress made should be reviewed in relation to the target
data for completion and the budget for professional timie. Such reviews should
include 2 written summary of results achieved to date and of plans for tuture
work to attain the objective,

Admiteedly, 1t s Jdifficult to cstimate how much technical cffort will be
required to complete an investigation. Hence the admimistration of project
costs must be understanding and sympathetic, or the morake of the orgarazation
will suffer. Progress reviews must take into account the uncertantics inherent
in the original estimates and should provide for adjustment of budgcts, time
schedules and costs. Adjustments are usually not so scriously questioned in the
casc of in-housce projects, because additional work and cxpense can be com-
pensated by curtailing the time available for other internal activitics. When
it comes to sponsorcd projects, however, faulty estimates make 1t difficult to
recover the full costs from clients. It is usually not considered good practice to
return to them for higher fees or extensions of target dates: the institute is there-
fore obliged to absorb the over-run in expense and to increase the allocation
of man-hours in order to maintain the schedule, to the detriment of in-hous
activitics. The situation is often duc to a broadening of the scope of the work,
which should have been covered by carlier discussion with the client to obtain
his agreement to the revision of the budget or time schedule.

In general, technical personnel resist the introduction of a system for keeping
track of how they use their time. The plea is usually made that the estimates of
time required to reach a defined objective are mearingless because it 15 not
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possible to foresce 1 advance the course which the mvestigation will have to
takc. This may be truc of basic research, but practice in estimating e requare-
ments for applicd rescarch projects makes the forecasts more realivie as the
oeganization acquires skill n outlining the steps and amount ot work requred
0 reach a definite goal. The system must, however, be operated with
flexibihty.

In spate of the difficultics of making cstimates of the mun-hours required
to complete a project, ths scheme 112 practical device for controlhng the Joploy-
ment of skills of the organization m terms of its over-all objeetives. As wwh,
it has become very widely wsed. Few, if any, of the industrial v warch msntutes
that have adoperd it, have found it not suited to ther managenal requerements.

GeNERAL CRITEMA FOR EVALUATION

National development pohicies

Maiy countrics have alrcady adopted or arc formulatmg grneral plane for
industrial development. These phams usually include the genetal objectivesof e xpand-
ﬂ&tmmwmmdadncwm:m,dcwm
WWJMM&MmemMMs
and g ncw raw matcriah and of improving the foreign exchange
position both by reducing imports through swbstitution and by promotmy
cxports.

Subsequendly, more detailed criteria and legal norms for cvaluating new
undertakings conie into force. In some countries, the government favours a
Mcmdcmdmthctypcofmwmrblmmww which it is

to authorize and requires cxsemsive justification before it will give
spproval. In others, the Governmemt concerns itsclf chicly with the mira-
structure and certain sectors of industry that arc important to the natonal welfare
ot require capital outlays beyond the abslity of privaw sources to provide. Under
this method of operation, the Government may keave 1o private entreprencurs
the initiative for cstablishing other new undertakings. It may provide incentives
such 28 tax concessions, special terms for fimancing, protective tanffs, or favourable
regulations for importing cquipment of raw matcrials in order 10 cncousage
investment in preferred sectors of industry. In such cases lists are often peepared
of industrics favoured by the Government, clawifying them, for example, mto
those of high and secondary prionty.

Tbgmﬁyappﬁcdmhmymhcwﬁkm:omchfuﬁm
mr&«myofcmmmhfmcumﬁc,:htgtiammsmed
hkawmm%aitmwdwdmmhrm&a
&mmdyamwyjchhcwmm&bmmm-
dustrics. On the other hand, the products of wch catcrprises may be cuentual
m&demwaﬁvah‘cmM




f INDUSTRIAL RESEARCH INSTITUTES

An orderly plan for navonal development, cven though it may be formulated
i gencral terms, is therefore of help in establishing prioritics for rescarch projects.
The industrial research institute can encoutage the working out of development
pohicy by requesting more detailed guidance from the national planning agency
to aserst it in cvahnating the importance of both in-house and sponsored progects.
If ot frames these requests in terms of techno-cconomic criteria, it can Create
patterns of analyws that help to clarify the Government's objectives.

Institwee policy

National pohcics become mwaningful as criteria when they have been shaped
byastndyofspecifxtcscm;iath:nm way, the growth plans of an industrial
rescatch imstitute reflect the experience of the organization in identifying promising
arcas for industrial development.

When an institute is first founded, it has the broad general policy of en-
couraging, cconomic development by offering technical assistance to industrial
and gOvernment enterpriscs. After operations begin, the practical problem arises
of how to carry out this mission. For example, which sectors of industry does
the Government wish to cncourage! In which of these sectors will the private
and public cnterprises be most likely to recognize the nced for technological
improvement? In gencral, the science-based industries (for cxample, chemicals,
clectronics and pharmaceuticals) are more inclined to be receptive than thosc
relying heavily on traditional know-how and experience.

The institute’s policy must be shaped through cxperience in dealing with
privatc and public organizations. The Board of Directors sometimes takes an
active part in drawing up the work programm, but it often relies on the director
and his staff 1o provide information on which it can basc decisions as to the
gencral lines of activity that will be cffective in assisting industrial development. .

The data required to formulate policy can be obtained by making a systematic
market rescarch to determine those sectors cf industry that are not only likely
to grow but that abso necd, and have a receptive climate for, new technology.
Various methods of establishing contacts with managements have to be tried.
:cru&u must be made of the services that will be most useful to the largest number

clients.

Institste capabilities

The reputation of an industrial rescarch institute depends upon its ability
eomyo\umcmufdprojem;mimpommcriwionfouhcacccpunceof
new assignments is, therefore, an objective asscssment of the competence of the
institute to handle them. Unfortunately, the news of failures is likely to travel
faster than reports of successes. When sponsored projects show unfavourable
trends, it is recommended practice to cancel them at an carly datc, if necessary,
to refund the fees paid rather than to leave dissatisfied clients.

The institute should refrain from making over-optimistic forecasts about
results. It should not accept assignments unless it is confident that its staff is
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competent to conduct and evaluate the invesiigations and that 1t has the equip-
ment necessary to carry out the work; it may be able to supplement its own
skills by establishing co-operative arrangements with other more speciahized or
experienced rescarch organizations. s estinates of expemne and target dates
dould be realistic. I it cannot undertake the more advanced stages of 2 project
that are necessary for its commercal appheation, the nstitute should inform the
client to this cffect. It should not make managerial decisions for the chent except
in the rare cases when it also has responsibility for implementing the decisions.

SPECIFIC CRITERIA FOR EVALUATION

The feasibility of an industrial rescarch project has to be judged from svetal
points of vicw: technical, enginecring, marketing, cconomic and managerial.
Before a project is accepted from a sponsor or authorized for in-house work,
it should be given preliminary scrutiny from these five aspects. The institute’s
technical staff are usually competent to decide on technical feasibility. They may
and ofien do have the qualitications to make judgements on engineering, markct-
ing and cconomic feasibility; but, it possible, they should get tic client’s personnel
to agree with their evaluations. Decisions as to managerial feasibility must rest
with the clicnt, who can alone determine whether he intends to implement a
project on a commercial scale or use his resources in some other way. He should
be made aware of the risks involved and skills required.

Technical feasibility

Technical evaluation is concerned with the suitability of processes and
products. It involves such points as availability and cost of raw materials, feasi-
bility of manufacturing steps and cquipment and product characteristics within
the range felt to be suitable for the market. This type of evaluation is usually
made by an experienced technologist familiar with the industry to which the
project relates.

Engineering feasibility

Engincering feasibility studics are made by engincers, often called process
engincers, who consider such matters as types and availability of equipment,
flow of materials through the operation, process control procedures, wastes,
by-products and hazards. They make cstimates of the cost of purchasing and
operating plant and equipment including overheads. They prepare drawings of
plant layout and specifications for cquipment, materials-handling devices,
construction materials and instrumentation for process control. They estimate
minimum cconomic plant size when this is a pertinent consideration. They
prepare drafts of manuals dealing with plant operation and process control.
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Marketing feasibility

Markcting feasibility is usually called market rescarch. “Marketing” is
uscd here in the broad sense of consumption capacity and would include, for
cxample, a survey to estimate the demand for fertilizers in order to mect a
national target of greater agricultural production. A market study deals with
the volume of demand, suitable price structure and requirements of distribution
channcls, including packaging. It also includes an cvaluation of present and
potential competition and should provide cstimates of marketing costs such as
cxpenses for direct sales, advertising and promotion.

Comprehensive cconomic feasibility review

Aficr the process engineers and market rescarch specialists have prepared
their estimates, it is necessary to make an economic analysis of the whole project
in order to prepare the data for entreprencurial decision. Such an analysis may be
carricd out by joint efforts of the process engincering and market research groups,
or it may be done by a scparate group working closely with them. In cither case,
a sum for working capital is included in the estimate of the total investment
required for the project. The rate of return on sales and investment and the cash
flow arc projected. The study may include the method of fiancing and the
offect on the national cconomy. The report thus constitutes a summary of the
financial results that may be expected from the commercial application of the

project.
Managerial feasibility

As was stated carlicr, the management of the private or public enterprisc
sponsoring the project must make the final decision regarding its commercial
application. On the basis of the information provided on technical engincering,
marketing and economic feasibility, the advantages of a commercial operation
must be weighed against alternative uses of resources. For, cven if it is assumed
that the feasibility studies are all favourable, there still remain questions that
can be answered only by the management of an cnterprisc or a government
agency. Is the undertaking in line with cxisting policy and plans for future growth:
If it is not, is it still so attractive that it warrants revision of these general objec-
tivest If 5o, the particular project should then be compared with other possibilitics
that can be considered if the criteria are revised. Does the organization possess
adequate managerial talent to launch the new venture successfully? If it should
later expand in scope, would it force the enterprisc into new raw matcrial commit-
ments, types of processing or marketing areas beyond its capacity? If the manage-
ment has already worked out systematic criteria on which to base policy decisions,
these questions should have been raised at earlicr stages so that work on doubtful
projects can be cut short. It is advisable that the institute’s contract with the
client make provision for such re-evaluation at major stages of the project.
Nevertheless, before the final decision is reached, the proposed commercial
application should be reviewed once more in its entirety to make sure that it
conforms to the enterprise’s broad objectives for expansion and growth.




Chapter 2

CLASSIFICATION OF ACTIVITIES

TYPICAL PATTERN OF DEVELOPMENT

Initially, industrial rescarch institutes arc usually staffed to handle only a limited
range of problems and services, chicfly in technology. Some institutes arc con-
cerned with the science of management, but they are not generally called “in-
dustrial rescarch institutes”. Instead they are more likely to be described as
“management development” organizations. However, rescarch institutes may
establish divisions to handle problems of cconomics and management as the
need for these services becomes apparent.

In developing countries, the gencral pattern followed n establishing in-
dustrial rescarch institutes is to assemble a staff of individuals whose academic
training usually includes chemistry and other branches of physical and applied
sciences and engineering. Some of the personnel will have had experience in
certain branches of technology, and other staff members may be given the opp-
ortunity to take advanced training in various industrial ficlds in more highiy
developed countries. The assumption is that the projects will, in general, be of
longer-range character, and personnel are selected largely on the basis of their
training for this type of work. In addition, the institute assembles a library with
a small staff to provide an information service and scts up an analytical and testing
section to assist rescarch projects, act as a quality control service and carry out
special assignments from government agencies and private enterprises.

As the institute grows, it is likely to expand its range of activitics. Usually
one of the first additions is an engineering group to carry laboratory work to a
pilot-plant scale and conduct enginecring analyses to determine the feasibility
of large-scale manufacture. Such groups are often in great demand to conduct
projects for industrial enterprises and government agencics.

The institute then begins to receive requests for comprehensive cconomic
cvaluations and may need to carry out market research. Groups making economic
evaluations consist principally of cconomists, development engineers and “pro-
cess engincers”, who are likely to have received more training in business econo-
mics than those whose education has been chiefly scientific.

About the same time, there is likely to be a demand for advisory services
to assist industry or govemment establishments on short-range applied problems.
The more experienced staff members often do ¢his in their respective arcas of
competence on a part-time basis. Their activities may be supplemented by
expatriate technologists who provide constructive help and epjoy considerable

9
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prostige because of their extensive experience. They can give valuable practical
training to their local counterparts, i they work closely with them. Inchination
towards short-range technical service 15 a matter of personal preference. Many
sience-oriented individuals do not like such assignments and prefer to stay in
longer-range projects; others, with 4 more practical bent, prefer direct contacts
with industry. The United Nations Industrial - Development - Orgamization
(UNIDO) has provided interational cxperts to assist a number of industrial
rescarch institutes m developing countries with programmes to provide technical
WIVICUS.

Such additional technical activities often grow very rapidly. This 18 parti-
cularly true if the montute wishes to obtain at least some of its income from spon-
sorcd projects; in developing countries, clients are more likely to be mterested
in projects that lead to rapid commercial applications than n the clawical type
of product and process development for which the institute was otten founded
in the fint place. The reason for this is that time is saved by acquinng cxisting
technology and know-how from some source, rather than by obtaining it
through rescarch and development.

Speedy industrial growth scems particularly dewrable in developing countries.
Henee, if a new operation can be put into cffect by vang foragn technology,
this course is likely 1o be adopted. The important point that the country will
need improved technology in the future or technology better adapted to 1ty
requircments is often overlooked. When an up-to-date plant has been mstalicd
and the local operating pessonncd have been trained, 1t i often assumed that the
technology will remam stanc for the life of the plant. Sooner or later, how-
ever, improved technology will have to be discovered to handle different raw
matcrials, to satisfy changing patterns of consumption, of to meet altered cconomac
patterns. This new technology to meet local conditions cannot be camly and
rapidly obtained. The enterprise must provide it through 1ts own saff, outwde
consultants or turn to the institute with its pool of diverafied talents.

Various categorics of activities are discussed i the followmg pages:
SHORT-TERM ACTIVITIES

Information service

Digests of technical information are of value t0 industrial managers. lnst:tuees
regularly publish technical summarics or abstracts of important papers. Thes
activity has the advantage of creating goodwill and contacts among those on
the distribution lists and is 2 way of drawing attention to the work of the institute.
To reach smaller companics most effectively, special publications arc meeded,
relating to particular ficlds and written from a very practical pot of view;
some industrial associations may be willing to sharc the cost of such publications.

In addition, the institute usually offers to provide mformation on specifc
problems from its library or its specialized personnel. The imformation scrvace
is normally an overhcad expense of the institute. It is a valuable promotional
activity that often leads to spomsored projects. Occasionally an ssmgnment »
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reccived that requires an extensive study; a charge may then be made to recover
part of the cxpense.

Analysis, testing and quality control

The testing section of an institite 18 a valuable service to local manufactunng
cstablishments, a great many of which cannot carry out such work themselves.
Part or all of the costs may b recovered by appropriate fees; charges for the
srvice arc a wise sateguard against requests tor analyses that are not justibied.
Where possible, the institute should encourage chents o submit umples i a
form suttable for standard testing: otherwise, the laboratory st will have to
work out a special procedure to mect the case, and 1t may be difficult for the
nstitute to charge for the extra tme mvolved.

It 1 somctimes possble to cstablish a regular system of quahty control for

by the Government, industrial associations ot individual establishments.
The volume of such work obviowusly justities making a charge for the scrvice.
Regular standard sests of this sort that make efficient ine of staff and cquipment
reduce the average cost of analyscs.

Analyws and quahty comtrol m the past dud not ooy high prodesonal
prestige becarne the work was routine and was performed chicfly by nom-
professional persomncl. Ay more advanced techniques have been developed,
much moec attractive to weli-tramed scienties.

Technwal seresces

Often called *“troubleshooting”, technical services deal with 2 wide range of
practical problems cncountered in munufactunng. They may mvolve recom-
mendations on wlecting or handhing raw  materaks, controlling operations,
adjusting cquipment, training and supervising operatives, storing and packaging

or dealing with complaints or mquines from customers.

I is difficult to develop a sysem of charges that will cover the expems,
although, when the problem requires sveral days o solve, a charge on 2 con-
mcwrrcd basis may be made. Troublcshooting 1s, however, a very valuable
scrvice t0 industry and onc that broadens the expersence of the saff. It is the
policy of many imstitutes to devote a faie percentage of ther domestic budgets
to this acuvity. Techmical services create goodwill and help to reveal more im-
portant problems, which may ripen 0 sponsored or in-house progects.

Standordi zation

Standardization is 2 valuable service carmicd out by some industrial rescaech
mtitutes cither by checking amples againwt specifications, working out techawcal
for such checks, or cven conducting the cntire procedute of sclecting,
establnhing and publishing specifications and asisting mdustry to attun them.
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It is often subsidized by government agencies or industrial associations, and the
cost of evaluating individual samples may be charged to those submitting them.

Standardization is important for government purchasing operations, for
upgrading the technical quality of an industry and for producing goods of
acceptable cxport quality. In a number of countrics standardization is the res-
ponsibility of an independent organization. In such cases, staff members of the
institute serve on the technical committees set up to formulate national standards,
and the institute can undertakc many technical investigations for the National
Standardization Institution.

MEDIUM=TERM ACTIVITIES

Exploratory researches

Exploratory researches arc often required to determine the technical para-
meters of a concept for a new product, process, or use for a raw material. They
provide information upon which it is possible to base an ordered plan for a
project to reach a defined objective. To make the best usc of technical skills, the
peoject outlined should be drawn up as soon as sufficient information is available;

wise, man-hours may be wasted. As stated in chapter 1, many industrial
rescarch institutes find it advant:geous to set a limit on the amount of time
expended on a given idea before a project outline is prepared.

LONG-TERM ACTIVITIES

Product cvaluation

Product cvaluation is usually conducted by specialists, often from the analyt-
ical section, who are skilled in the development and application of test procedures,
inclading those of the analytical type but also some which simulate performance
under conditions of use. The work involves systematic study of the proposed
product and critical comparison with competitive products, including pricc.

In addition, fickd tests need to be carried out. For industrial products, these
are waally small-scale tests in the plants of potential industrial customers. For
products sold to the general public, consumer-testing procedurcs are used. These
mvestigatioms will cither confirm the preliminary product specifications of

Applicd rescarch

plotatory work, the investigation is undertaken to confirm that known raw
that could be readily wiilised. This work may be carried out by scientists of
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technologists; in larger organizations, it is often assigned to an applicd research
scction.

Product development

Product development, carried out by technologists who have specialized
in the products manufactured or used by a particular scctor of industry, is re-
quired to refine the definition of uscful products reached through applicd rescarch,
to cxplore systematically the merits of various modifications or formulations
and sclect the most promising, to ¢ * ‘op mcthods of testing their relative
efficiency, to set prcliminary product ., cifications, to confirm the preferred
forms of available raw materials, and to demonstrate the proposed method of
production.

Process development

Process development, which may partly overlap the product development
project, is conducted to evaluate the proposed sequence of operations in terms
of manufacturing practicability. It is best carried out by technologists with
experience in the type of manufacture concerned. Its object is to prepare a
prcliminary process definition in which raw material specifications are s,
cquipment and optimum operating conditions for cach major step arc described,
process and quality control procedures are proposed and preliminary cstimates
of plant investment are prepared. The scheme of operations is usually shown
in a process flow diagram. Finally, the preferred process is carricd out on a
large laboratory or pre-pilot scale to produce sufficient quantitics of the product
for critical evaluation.

By-product and waste tilization

Studics on by-product and waste utilization may be carried out to make
manufacturing operations more cconomical or to abatc nuisanccs. The investiga-
tions may requirc the cntire sequence of stages described previously in this
section or they may begin with product and process development. Special
attention should be paid to the future volume and composition of the waste or
by-product in the light of possible changes in raw material or process.

Engineering development

Studics on cngincering development arc carried out to verify the resules
of procews development work. They requirc rigorous analysis of the suitability
of the process for scaling up to a commercial operation. They involve complete
process design, final specifications for equipment and auxibiarics, and firm
estimates of operating costs and plant investment. Frequently they also include
the preparation of drafts of operating manuals. They may require cstablishmen
of criteria for selecting ncw plant sites and specifications for ncw builds
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They provide data on operating costs for manageral deassons. Enginecring
assistance of this type may be required throughout the design, crection and
initial operation of commercial plants.

ot plants

Pilot plants are semi-commerend swale prototypes of large plants. Although
they arc exprnsive to install, they should be wed. if necewary, to confirm the
information from process development studics. Where feauble, however, only
part of the entire process should be prloted asan cconomy measure. Pilot plants
are nearly always below mmimum cconomic wze and are therefore alo expensive
to operate 3 anall prodiction umits imlew the products can mitally command
premuum prices. In developing countnes, priot plants often provide an effective
mcans of training operatives from individual ewtablishments in new or improved

techmiques.

EVALUATION PROGRAMNMES

Esagrceving/ccommm cvalnation«

Engncermg/cconomic cvaluations arc simular to the engmueerng develop-
ment work dexcribed previowly as onc of the stages in developing products and
proceses. It is liseed agam in this section because industrial research institutes
are somctimes asked 10 carry it out for chents. In such cases, the information
available may not be as complete as it would have been if it had been collected
syssematically withm the instituee. Such evaluatioms, therefore, all for careful
scrutiny to determine whether the basic facts are available on which to base a
judgement. Some gaps may be fillked by mterpolation from other data. On the
other hand, there may be deficiencics that can be supplied only by experimental

work.

Mavket evaluations

Market evalustiom may b requested by chonts when an industrial rescaech
institute 1 competent to undertake them. They may be conducted by susveys of
potential customers through questionnaires and personal imterviews or they may
tequire submission of samples to mdustnal wers or carcfully selected comumer
markcting feaubility. Thes service mcludes wich activities as statistical analyses
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to carry them out successfully, it should have personnel adequately qualificd
in all these subjects. Such investigations arc best conducted as a team cffore
because the skills from different disciplines benefit from cross fertilization.

Surveys of natrzal resources

Surveys of natural resources, including raw material surveys, are of impor-
tance to cconomic development in countries lacking accurate information on
the extent and quality of their resources. Industrial rescarch institutes may be
asked to conduct such studics, which require breadth of experience in technology
and cconomics on the part of the staff.

Regional and uational development studies

Regional and national development studies are comprehentive reviews to
determine how well the natural and human resources are suited to various new

industrial operations. Industrial rescarch institutes have often carried out surveys
of this type.







Chapter )

PROJECT SYSTEMS

ADVAN TAGES O ADMINISTRATION BY PROMEC T

Moy industrial rescarch orgamzations m developed commtries, both ool
and those m ndwvidual enterprises, have adopted the managernl deviee o
subdividing thair operations mto projects for the purpos of detiming objecaves
and allocating taff to dividual hines of work. Progects provide a framewirk
for analysing the programme m terms of general plans and obyectives. Although
wome orgamzations operate swccewfully w ithout the formal procedures dicussed
in this section, the nanagement nint i any cne uwe thew principles i gy
work to the staff.

This system of admimistration nay suffer from two w caknewes. i, progeets
may be selected chrefly from the view pome of technical interest and feavibebiny,
without an adequate cvaluation of therr engmecring, markcting, cconomc and
entreprencurial justification. Scecond, cven though exomates of the man-hours
and the timetable are included m the project outhne, the rate of progrew may
not be adequatcly reviewed by the management i rehanon to the cost: henee
the work may be allowed to contmuce without carctul re-cxamimation i ternn
of its ultimate value as agamst the total man-hours required.

For cfticient administration, some form of accommntmy tor oxpenditure of
time, preferably on an hourly baws, v cwential This will ot show nme spomt
on activities other than formal projects inlews the salf s ime cards mention
these other categonics. The management of projects may be cxecllont, but the
total amount of effort avalable for them may be rediced by Laxness in examming
the other ways in which the staff spend therr e, In many orgamzations, there-
fore. account numbers are st up for tme charges for miscellincow te hencal
activitics and overhead activines. For practical reasoms, the number o anh
accounts, which ate discussed 1 more detail m chapter 9, should e bepe to
mmimum. A specimen saft e card 1 given in cxampl 6.

The underlying purpose of accounting for time mn profosssonal ongamzations
should be clearly understood. It v 2 managenal system o cnable the executive
waff to dircct the institute’s effort into the mow comtructiv e channch. 1o v a
procedure that should be accepeed by safl members ay helptul i increasing ther
cfficrency, and 1t shoubd never be regarded o a dnaiphinary measure for contr shng
attendance during sopulated working bours. Attendaice 1o ords should be kope
by somc other appropriaie mcams, and the iwo should be handled wparatly.
Second, if the system 18 1o be recogmzed as 2 managenal tool, 1t must be apphed

i
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as such and used to compare cxpenditure of effort against projected value of
results.

Finally, a project system has great value as an on-the-job training in man-
agerial principles for all staf members. it has been pointed out that the cssence
of successtul administration is to train the other members of the organization
to be good managers in their own functions. Certainly a project system can be
a weful means of training in logical methods of defining objectives and their
importance, of outlining procedures to reach them, of examining the progress
made at intermediate stages during the investigation, and of cvaluating the
results in terms of the goal.

RESEARCH PROJECT PROPOSALS

In describing a rescarch project, it is essential to justify it and define its
objectives and requirements. The following headings arc very frequently used
in project proposals by industrial rescarch institotes and by the technical depart-
ments of private or public enterprises:

Swhject
A short descriptive title is a very uscful way of referring to a specitic project.
The routine usc of titles instead of numbers is reccommended because the latter
do not have significance cxcept for those intimately identified with the work
and have to be explained in discussions with individuals outside this limited
group.

Objectives

The objective of the work should be stated in concisce form, for cxample,
“the development of (a certain type of product) for use (in a defined application)
to permit (greather cfficiency, better quality, lower cost, or utilization of an
available raw material)”. A short statement of purposc helps to keep the attention
of the rescarch wam focused on a definite goal.

Justication

i the activitis of an industrial research institute are to be concentrated
on projects that have practical application, the assumptions aboue their utility
should be carcfully examincd. The analyss must necewarily be less nigorous
for work m the carher stages of rescarch and development. Nevertheless, it is
recommended as general practice that cach project proposal include a statement
cxplaiming why it s consdered incful; the project should be justified in terms
of wchascal, cngmcening, markcting, cconomic and  managerial feasibility.
For im-house projects, special thought should be given to the type of enterprise
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or agency that might make usc of the results, preferably with mention by name
of on¢ or more entrepreneurs with whom the concept has already been discussed
or will be discussed as soon as enough information has been obtained.

In addition, the project’s potential value to the economy in terms of the
Government’s industrial development policy must be estimated.

Proposed programme

A swmary of the plan {or atacking the problem should be given. The
need for information or assistance from other groups or organizations should
be forescen and planned from the inception of the project.

Personnel requirements

An cstimate should be made of the number and categorics of individual
staff members needed to carry out the investigation and the man-hours involved.

Cost Qf project

The total cost of professional time and other major items of expense, in-
cluding new equipment, should be cstimated.

Future extension of the work

The project proposal should cover the major stages of the work, and the
additional stages required to make it suitable for commercial application should
be stated. The advice of other sections of the institute responsible for the later
stages should be obtained on this subject as carly as possible.

Assignment of responsibility

The name of the staff member responsible for directing the project should
be stated together with the names of those who will assist him or work under him.

OUTLINE OF A SPECIMEN RESEARCH PROJECT PROPUSAL

Annex 2 to this publication gives a form of rescarch project proposal, iseful
' and for submission to clicnts.
Example 1 illustrates a combined process and product development stage
to provide a commercial source of tanning agents fiom local raw materiaks.
Preliminary investigations have revealed that suitable raw materials arc available,
that existing technology can be adapted; there is belicved to be adequate justi-
fication from the viewpoint of cconomic and managerial feasibility, and the
project is in linc with the national development policy.
The statements may appear to be more positive than would be possible for
many in-house projects of industrial rescarch institutes. If such institutes arc to

for
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make the practical contributions to industrial devclopment that are expected
of them, however, the directors would do well to insist that all concepts proposed
for rescarch be subjected 1o this type of scrutiny.

This project proposal is for internal administration. The information on
which it is based would be used to prepare the termis of the contract or agree-
ment with the client. Further information about costing a project will be found
in Part II, chapter 10.

CONTROL OF SHORT-TERM ACTIVITIES BY COLLECTIVE PROJECT

The management of an industrial rescarch institute often does not realize
how much of the technical staff’s time is expended on miscellancous activities
made up of numcrous short assignments. These include analysis and testing,
technical wrvices, exploratory work and the like. Though they help in improving
industrial operations in the country, a fact which is recognized by the institutc’s
policy, they may comsume much more professional time than was assigned to
them in the programme unlews they are subjected to some kind of managerial
control,

Analysis and testing

For the purpose of managerial control, analysis and testing are assumed to
cover Al the work done in the testing and analytical section; their share of the
total programme s determined by the number of individuals in the section and
the costs amociated with their work. But this does not show the cost of the work
done for other seetions on their projects or for clients who pay a charge covering
a part or the whole of the cost, o for work done as a free public service at the
request of enterpriws and agencics. When analyses are carried out for other
wetioms, the cost is really part of the project costs and should be charged to them.
Avscssment of costs against projects of clients can be much simplificd by establish-
mg a schedule of charges for standard types of analyses.

A control study can be given the title ** Analysis and testing” and the ob-
Joctive may be sated as: to accumulate figures on the total amount of analysis
and testing, with details on how it is being distributed among those requesting
the services.

Mete collection of figures becomes a useless chore for everybody unless
the data are put to wse in a comstructive way. A control chart tabulating the
internal or external requests would help answer questions such as the following:

fa) Is the work done for other sections continuing at a reasonable level:

Has 1t been increasing or decreasingt Do some sections appear to be
using the service too much, while others are not using it alle

(h) Is any trend discemible in the volume of work done for clientst Do

the fees collected bear a reasonable relationship to actual costr Are
there trends in the type of work that indicate the need for different
personnel or facilities?
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(c) Is the volume of requests rcasonable for work done as a free public

service? Should an attempt be made to charge for some of it2 Are there
discernible trends in type of work and source of requests:

From a still broader point of view:

(a) Arc the paying clients or recipients of public scrvices being studied as
possible sources of other types of projects in order to take advantage
of goodwill created:

(b) What is the total number of analyses classified by type and branch of
industry? Does this number appear to be reasonable in relation to the
total man-hours available in the section:

(¢) How does the cost per analysis compare with hgures that may be
available from other organizations:

(d) Does the work-load show fluctuations that might be smoothed out,
or could part-time temporary assignments to or from other sections
accommodate the trend?

Such information would be very uscful to the management in planning

the over-all strategy and requircments of the testing department.

Technical services

These activitics may similarly be collected under a master project, by using
a control chart of the same general type. The objective might be given as: to
collect data on the amount of work devoted te identifying specific short-term
problcms, interpreting tests and data, and proposing solutions. The control
chart should tabulate the source of cach inquiry, the type of problem, the staff
member who handled it, the total time spent and the cost (preferably including
costs for work by other groups, such as the analytical section), other expenses,
such as for travel, and the fee charged.

CONTROL OF OVERHEAD ACTIVITIES

Ovecrhead activities consume a considerable part of the staff’s time. A good
manager will supervise the time spent in this way, decide how necessary or
valuable any activity may be in relation to the objectives of the institute, cstablish
a policy concerning ovcrhead activities and procedures for regulating them and
finally, exercise control in accordance with these rules.

A few comprehensive studies should be undertaken ro obtain an analysis
of these activities. If, however, the staff member’s time card lists too many cate-
gorics, it will take a long time to fill in and will be difficult to analyse construc-
tively because temporary situations may cause wide fluctuations in the individual
accounts. If it appears desirable to make a detailed analysis of certain catcgories,
this should be done by an ad hoc survey rather than by adding a new category
with its account, which will probably continue through inertia after its man-
agerial importance has lapsed. Responsibility for supervising cach category of
overhecad-time expenditure is retained by the dircctor or allocated to a particular
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member of hes semsor saff. Each category should be defined concrsely m an ex-

manual m such 2 way that cach vaff member will have hetle difhculey

m Jlk\xmg hrs e 1o the diffcrent accounts. (See abo chapter 9 and example 6.)

The vanow categories mio which overhead activites should be subdivided

depena upon the local situation and the judgement of the drector. The followmg
are w0 2 those that many organzanions have found meful :

Administration
Time charges waally hmsted 10 wemor members of the orgamszation.

Pyofessional development

Timx spent on traming courses, atiendance at sechnical mectings, hbeary
work and study of literature to keep imformed abowt techmical and pro-

fessional developments.

Pwblic relations

Hours devoted to mecting visitors, meetings with potential chents to discuss
asignments or preliminary analyws of problems that might be submitsed
and preparation and presentation of technical papers. (Some arpamwu
find it desirable to sct up an account for “project development” or “business

development” to keep track of the time spent on discusions with potential
clients about posible work asignments.}

Hiness and holidays

Records of working days lost for these purposes ate needed 1o give the
management a complete record of how the staff have spent their time.
Somic industrial rescarch organizations use statistical records of such absences
for managerial control to prevent abuse of priviieges and abso to

if need be, for unused annual leave and for overtime work by the xrrruﬂal

staff and the manual workers.




MECHANISMS POR PROJECT EVALUATION

An axom of good management s that an objective and systematic asscsement
of performance should be constantly mamtaincd. The individuals engaged in a
line of work are hkely to be biased because of their direct involvement. Although
they are the oncs most famibiar with the detaik of the progres made mn the n-
vostigation, they cannot, n the case of a rewarch activity, divorce themaelves
from their penomal inchnations and enthusiasm.

An ndustrial rescarch imtitute needs to analyse the results of ity work from
a particularly broad perspective. In carlicr chapters, 1t has been pointed ow
that to cvaluate 2 progect, 1t must be cxamined from the viewpoint of technical,
engincering, marketing, cconomic and managenial feasibility. To be effective,
such an exammation must be made by cxperienced individuals with a speciabized
background and profewsional quabifications. Though a technologist may be
competent to handle problems in some sectors of industry, it is questionable
that he will apply impartially rigorous cniteria in appraising the advantages and
disadvantages of his own tindings, even if he thinks he is being reasonably ob-
jestive. It is 2 sign of professional maturity when he recognizes his limitations
and sccks the advice of the specialises in areas about which he knows Jittle.

DRAWBACKS OF EVALUATIONS BY SENIOR STALF

Evaluation procedures in most industrial rescarch institutes are thercfore
wsually referred up the hicrarchy of the division concerncd. It is assumcd that
cach succesively more senior supervisor will have a broader basis for judgement,
but this is by no mecans necessarily true. The supervisor may have higher rank
and often be more mature, but his opinion may have less validity in a given case
than that of the project worker who is steeped in the technology of a particular
sector of industry. In fact, if the project worker makes out a good case for his
views on a subject with which his supervisor is less familiar, his reccommendations
are likely to be accepted without reservations.

As the cvaluation proceeds to higher levels in the organization, cither through
meetings or reports, the same thing is likcly to happen. Successively, the individuals
concerned are presumably more experienced and have greater maturity, but in
an organization such as an industrial rescarch institute, they are normally better
qualificd in technology than in engincering, marketing, economics or in under-
standing the factors on which an entreprencur is likely to base his decisions.

p
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It s probable therefore that the individuab concerned wall have had less and lew
contact with that sector of industry for which the project hay been developed.

At some stage, engineers, market rescarchers, or cconomic analysts trom
other parts of the orgamization may be called in. This i not hikely to occur unul
a large amount of work has been done and the progect has reached a ental
stage. In a large institute, these cxperts may not even have been aware that the
project was 1 existence. When their opimons are requested, they may have to
base them on hnnted cxammation or they may be requested to make an exhaustive
evaluanon, They may reach the concluvon that the information available
nadequate for thar purposes or cven that a good deal of work necds to be done
m other dircctions.

ADVANTAGE OF USsING STAFF GROUPS FOR EVALUATIONS

Unfortunate cxpenences of this sort have led some directors of industrial
rescarch institutes to establish staff groups to undertake interim evaluations of
the engincening, marketing and economic aspects of technological investigations.
They are used as “devil's advocates” to review projects periodically so that
their findings and recommendations can be acted upon at an carly stage of the
rewarch project.

Thew groups need not be large if they are made up of individuals with
broad cxpenience. For example, a senior engincer with one or two junior
asistants can handle engincering  evaluations for a fairly lirge organization.
One or two individuals experienced in market investigations can take care of
these aspects. Economic cvaluations can be made by the group as a whole,
working as a team. When it is considered desirable to add onc or two cconomic
cvaluators, these are often individuals with an engineering background who
have become qualified in industrial cconomics.

The cost of these evaluators’ time is rightly charged to the project because
they make a real contribution to its success. In organizations using this form of
accounting, the project budget should include funds for such evaluations.

The setvices of cvaluation groups are valued by clients, particularly in develop-
ing countrics. Many industrial or government agencies feel that they need
outside help in the form of independent and technically qualified opinion in
order to determine the feasibility of major undertakings. Not infrequently,
industrial rescarch institutes find that such activities are among the most rapidly
growing sectors of their operations.

EVALUATING IN-HOUSE PROJECTS BY THE TEST OF SPONSORSHIP

The use of staff cvaluation groups can help the institute management in
sclecting and implementing projects supported by its own funds. If their pre-
liminary opinions arc obtained at the end of the exploratory period, when
the project proposal for applied research or product development is being drawn
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up, the objectives and criteria will be more reahistic. If they make more detailed
analyses at subsequent stages, the bikelihood that the project will have practical
value is increased.

In onc important respect, however, internal evaluations by the institute
staft cannot be considered adequate to justity further work. No matter how
attractive the project appears from all other aspects, if no private enterprise or
government agency takes entreprencurial interest in tinancing further activity
and applying the results commercially, continuation of the project s likely to
be unproductive. It is sound practice, therefore, for the institute management
to seck a sponsor as soon as results show that the project has serious commercial
possibilitics. An entreprencurial group may not be willing to participate in the
expensc until further work has been done. However, the discussions will reveal
what further information the entrepreneurs think should be collected. Even
after this has been done, they may finally decline to go ahead with the project;
but with the additional results, if the economic climate for the venture is favour-
able, the institute will be in a better position to seck another sponsor. If this
scarch for entreprencurial interest is still unsuccessful, the project should remain
dormant until more favourable conditions for commercialization arise, but a
report containing the cssential facts and findings should be prepared.

The question naturally arises as to how far the work should be carried
before attempts are made to find a sponsor. A logical answer is: the sooner a
sponsor is found, the better. There is, however, a particularly good dividing
line between the evaluation stages and confirmation stages that are discussed
in detail in the nexe chapter.

It therefore appears that a reasonable cut-off stage for umsponsored in-house
projects is at the conclusion of the evaluation stages. At this point the product
or products have beendefined and samples of preferred composition or formulation
arc available for inspection. A preliminary estimate of operating costs and plant
investment has been made. Projection of market volume and price range has been
based on internal evaluation and confirmed through ficld tests. From these data,
a forecast of cconomic feasibility can be made that should be sufficiently accurate
for initial cntreprencurial decision. This should be the basis for an agreement
whereby an entreprencur mects the whole or part of the cost of larger-scale
work, or at least undertakes to do so if any additional information he may request
is still favourable to the project.

ADVISABILITY OF EVALUATING PROJECTS JOINTLY WITHI CLIENTS

Discussing a project’s progress with the client concerned is a uscful way of
speeding up its commercial application. Some organizations have cstablished a
policy of frequent contacts. Even in the casc of long-range projects it is often
advantageous to be in touch with the client at least once a month by personal
meeting, report, letter, or telephone call, if only to let him know that the work
is going ahead on schedule. It should be borne in mind, however, that the
institute reserves the right to make the final decision about the rescarch it has
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undertaken. Contacts with the client, therefore, arc only for the purpose of
determining how the results can best be utilized by his organization, and he
should not be permitted to assume dircction of the work.

In the case of larger industrial organizations, it is often valuable to have
contacts at two levels, one between the chief executive and an institute exccutive,
the other at the working level between project personnel and the employees
in the client’s firm who will be responsible for the commercial application.
Rescarch and service contracts often mention by name the official representative
of the firm and the representative of the institute, who is gencrally the person
who kecps in touch with the progress of the work.

The importance of client contacts increases in the later stages of the progect.
In the carlicr phases, information is being collected, but the steps necded to apply
it have not yet been defined. As soon as it is possible to programme the manu-
facturing processes involved, however, there is merit in discussing how they will
actually be carried out.

Manufacturing proccsses have to be adapted to the client’s resources of
personncl, cither those already in the organization or those who will be engaged
to take care of the new venturc. The design of plant, operating directions and
training of personnel need to be worked out 30 as to fit in with the factory con-
ditions. The resources required for succesful marketing have to be agreed upon
with those who will be responsible for the sales programme. If such discussions
are not held, there may be a wide gap between what the institute
consider necessary and what the client is actually prepared to do; the resule will
dissatisfy the client and harm the reputation of the institute.



EVALUATION AT SUCCESSIVE STACES

The progrew of a progect from comcept to commerciakization 1 2 contmnnn
process into which the comtributions made by vanous diciplines arc mscgrated.
Nevertheless, for a proper administrative control, progres must be reviewed
periodically in relation 10 the wlomate objective.

Mmamhe{mqmwummmnm&v&mm
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the project imaally passes from ome cnez:y speciabsts to another at wich
junctures, which may therefore bo regarded as logical checkpomes at which to
cvaluate feasibulity before additional work 1 undertaken.

A developmem project generally inchudes certam major stages, which are
discusscd below. These stages arc similar, whatever the subject of the peoject.
In cach case, the criteria for analysing feasibility will be given.

Evaluation stages

(a) Exploratory work

(b) Apphied rescaech

(¢) Product devclopnxat

(d) Proces development

(¢) Intermal cvaluation and ficld scots

Confirmation stages

(c)l‘rmmafnmm

n:;p«pwamy 0 commercsalization
< m developing countrics to

experts in conncxion with projects uwng imporsed sechnology and the imstallation
of fully cquipped operational plants.

In discussing cach stage, it 1s amumcd that its cvalustion has beew favourable
and that 3 recommendation to undertabic the subiequent stage » justified.

EVALUATION STAGES

The cvalustion stages are carred out within the mdustrial rescarch imstituse,

except for fickd cvaluation, which involves submetting sumples 0 potemtial
customers for use sestimg. The scale of work 1 senall 10 mtcrmcdiate, not exceeding

lasge-laboratory or pre-pilot sise.

Ry
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Projects that do not entail much mnovation, suich as the manufacture of
products aumilar to ones already being marketed or the moditication of processes
currently bemng uwed, may omit intermedhate stages, even to the extent ot pro-
ceeding directly from Laboratory scake to commeraal production. In such cases,
the sk involved in specdy commeraiahzation i relanvely small and may be
justificd by the saving of ume and money a stage-by-stage evaluation would
require. Hhe questions conmdered o a feasbihey amalyss at intermediate: stagoes
will, however, provide a uscful checkiree of the tactors that must be favourable
if operation on 2 large scake 18 10 be successtul

All the evaluation stages should be carned out tor entirely new progecs
becanse falure to consder all the ¢ntena may resale in much wasted cffort.
It takes far bews time to make a careful evaluation than to retrace steps because

important factors were overlooked carber.

Exploratory work
Exploratory work provides the general jostification for an apphied rewarch
project. The percentage of ideas for new products o procewes rejected dunng
thrs stage i+ quite lgh i many orgamzations, cven though the cntena ¢ nnot
be apphed ngoromly because the avarlable information 18 not sufficient. The
reason for rejection is often lack of market potential. Approved concepes should
mieet the following requirements:
(a) One or more products can be prepared that appear to have uscful
apphcations,
(h) The process shoukd not prosent great ditticulty or unwarranted cypenw
on 2 commercual wake;
(c) Swtable raw matcrials are belseved 1o be avalable;
(4d) Products are in the client’s line of businews, or, for in-house projcts,
conform with general natonal or institute  obyectives.

Applied rescarch

Apphicd rescarch beads to a fairly definite concept of product charactensaxs,
which permits 2 more rehiable ostimate of marketabality. At the completion of
this stage, progres should be such that the following conclusions are justified:

(a) Products should find a market of acceptable swze and price range;

(b)) Procew continucs to appear practical and gives ansfactory  yiclds;

(¢) Sckewd raw matcrub have been used, bt commercial grades of
sntable speatications are avarlable and wable;

(d) Prchmmary rescarch of patent literature and restictive regulations dovs
not reveal obstackes to marketing (may not apply in many developing
countres);

(¢) Chent interest or mstitute pohicy confirms desirabihity of continuation,

Prodact development

Product developmunt rosults in prehimmary specitcations tor the preterred
composition or formulation which 1n its turn makes 1t possble to examine the
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commeraal potential more ngorously. Satstactory completion ot this stage
waphics that:
fa) From a studv ot the possble products, o swleeted hist has been prepared
of those that appear, m the opmon of the mstitute’s market research
group, to have atnfactory markcung charactenstis;
th) The preferred process has been detined and e judged o be generalls
sted to commercnal operation
(¢} Raw materials of commeraial grade give products of satistactony quabin
m acceptable vickl:
(d) Prehmimary cstmates of cost and sakes forccasts made by the IStIEUte s
cconomic group are acceptable;
(¢) Patent study on the basis of better detimtion of product and process
reveals no impediment; this may not apply i developmg countrics;
(f) Chent interest, or probability of client support for an in-house project,
warrants continuation.

Pyocess development

Proves development confirms, by large-laboratory o pre-palo saale -
vestigation, the feasibility of the proposed method of operanon. I the product
deve ¢t work is succesful in providing tentative specifications before all
the work at this stage is completed, process development may be started before
the final report is submutted. Completion of this stage shows that:

fa) A prchiminary flow diagram ilhistrates the practicability of propecion
to commercial scake:

(b) Products can be prepared from commarcial raw materiabs i satibactory
yield, and with some minor adjustments in specifications, the finished
products are acceptable to the market rescarch section;

(¢) The projected plant is not below minimum cconomic size: this may
not be critical in developing countnes;

(d) Revised estimates of operating costs and plant investment prepared by
the engincering section confirm satisfactory production costs;

(¢) A packaging concept has been approved;

(f) A procem control concept has been prepared,

(¢) Procews has been proved by preparing samples of acceptable qualiy
for intcrnal cvaluation and ficld tests,

Internal evaluation and peld 15t

The final small-scale stage to definc markct potential, the stage of internal
cvaluation and ficld tests, consists of two parts: the first, carricd out by an evalua-
tion group often working in conjunction with the analytical section, i a com-
pechensive review of the performance of the products; the second consints of
tests by potential consumers.

Considerable analytical work and some use testing was carried out m carlier
stages. The results cannot be considered conclusive until the product s avarlable
in its final form, i. e. mecting firm specifications and unlizing raw materiab of
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commeraial quality that have been selected as a result of the process development
work. The investigation covers not only the product’s quality and performance
in tess umulating actual ine, but abo an ancvsment of ity advantages and div-
advantages compared with any umilar existing products sold at a competitive price.

Conclumons drawn from internal evaluation may be influcnced by nadequate
critena of petformance and by the personal bias of msutute personnel; they
should, therefore, be contirmed by the independent verdict of potennial con-
samcrs. For industnial products, samples arc submutted to a selected group of
ndustrial enterprises to be tested by their own methods and prefctzbl) by
practical trials in small-scale operations. For consumer products,
sentative of the general public are used as judges; samfmy methods of \dtctmg
them have been worked out. Some progects may involve only taking an opinion
poll by questionnarre.

The amples used in sysematic industrial ficld tests or consumier tests should
conform to the specifications proposed for commercial operation to ensure that
the conclusions arc valid. It is often necessary to use prototypes for the pre-
hminary cvaluation, but for the final tests, on which recommendations for futuee
action are 10 be based, customers should be asked to judge a sample of the product
cxactly as it will be manufactuted. The results of the tests may show that the
specifications should be changed in some way. If the changes are considered of
wifficient importance to affect acceptance, additional field tests should be car-
ricd out.

The cvaluation at the end of this stage is critical. Unlews all the factoes arc
favoutable, the risks involved in continuing a project are high. The cvaluation
should cover the points listed below, because the conclusions will form the basis
for deciding whether to continue the investigation on a larger and more cxpensive
scale.

(a) Scmi-final specitications have been prepared and will produce the type

of products commonly used by the consumer.

(b) Comparison m internal cvaluation with any similar products on the
market shows that the new products are satisfactory as regards utility
and price.

(¢) Samples submitted to reprosentative customen for independent tests
contirm intcrnal conclusions as to quality, suitability for use, and com-
petitive cost.

(d) A preliminary markcting plan. including price structure and distribution
channels, has been

(¢) Estimates of marketing rxpcnm give acceptable costs.

(f) Review of total cconomic projection, including costs of production,
markcting, and overheads, shom a satafxtoty financial retum.

Marketing personncl from the cliemt’s organization should participate
planning, cxceuting and cvaluating the field tests because they will later have
responsibality for the sales programme. If they do not have first-hand experience
of the conditions that new products will face when launched commercially,
they may mxbempucdw&vcbpudunthtmutmmmy

for succcs.
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CONHRMATION STAGES

For completcdy mow products, the ovaluation stages do not provide detinitivg
answers that ensure a sound basis for a commercual venture. Addinonal imtormanion
18 needed from larger-scale studies of production and marketing problems. An
industnal rescarch institute must recommend such turther work to s chenes
i order to avoid being associated with a commeraal venture that fals becanse
it was launched with too much haste.

It may be possible to conduct enginecring analyss of suthcient depth
without resorting to a prlot-plant operation. Elimination of market evaluation
by test sales is morc hazardous, because, in spite of favourable results from ficld
cvaluations, consumer demand may fall below expectations when the product
18 offered commercially.

The stages described below are discussed in terms ot a prloe-plant operation
and tet marketing when the client decides that such steps are necessary to provide
additional confi:matory information before undertaking a commercial venture,

Process conprmation

Process confirmation consists of final process desgn, preparation of engin-
ceting specifications for the commercial plant and tinal estimates ot operating
costs and plant investment, and, when necessary, pilot confirmation of the process,

Confirmation of process design requires 2 thorough oview of the flow
sheet prepared by the process development group. Detailed estimates are needed
of the size of the commercial plant under consideration. The handling of materwls
from storage, the ow and scheduling of work in process, utility requirements,
control procedures, and the handling of finished product should all be subjected
to re-cxamination. Specifications have to be drawn up for special facihtics, such
as control laboratory, maintenance shop, sub-stations for utilities, and shipping
requirements. Estimates have to be made of the labour force required, including
opetatives, supervisors, control personnel, maintcnance saff, and otfice and
warchouse stafl. Drafts of operating and control manuals have to be prepared
and pouibly tramlated. A plan for training workers is required so that they are
avalable when commercial manufacture is scheduled to begin.

Concurrently, working drawings for the plant should be prepared. These
ate not the final, detailed designs, which are not required until it has been decided
to install the plant. Working devigns include the size and specification of buildings,
layout for equipment and auxiliatics, special foundations where required, type
and location of instruments, szing and specifications of all major 1items of equip-
ment and theie ancillary parts, raw material storage and warchousing facilitics
and other auxihary facibities, such as control laboratories and oftices, roadways

From the working drawﬁ,s,aﬁnalcﬂimﬂeoﬁhccoﬂdthc plant can be
cakculated. From tha procews flow diagram, raw matenal costs, personnel re-
quitements, and other data on items of expense, a final estimate ot the operating
costs can be prepared; it should include an allowance for depreciation and




M INDUSTRIAL RESEARCH INSTITUTLS

working capital. This estimate is used to calculate the unit production costs
and is incorporated with the marketing and overhead costs in the final cconomic
feasibility study.

Market confirmetion

It is desirable to negotiate advance purchase commitments from customers
to cover a substantial proportion of the initial production. To stimulate this
demand, it may be necessary to supply fairly large quantities of the product
before the commercial plant is in operation. If this is done by pilot-plant pro-
duction, the cost is likely to be high. Nevertheless, the client may feel that the
extra cost is worth while to get the assurance of a firm market.

In developing countrics, the record of past sales of similar imported products
may help in evaluating the murket. If no such products are available locally,
it may be possible to import sufticient quantitics to carry out market confirmation
studics; cven if import duties have to be absorbed as a special expense, the net
cost may be less than that of installing a pilot plant and producing the necessary
uantitics for exploratory sales.

Purchase contracts arc legally binding on the producer; the client himsclf
must therefore be the negotiating party. The industrial research institute personnel
may be of assistance in the negotiations, but unless they have been put in charge
of the entirc operation -a very rare casc —they are not in a position to make
commitments sor supply.

Comprehensive review

A comprchensive review of all projects should be conducted before the
tinal decision is reached to proceed with commercialization. Failure to do this
can mcan the failure of the venture.

This review should be co-ordinated by the client’s senior exccutive re-
sponsible for the project. All groups that have participated in the project, including
industrial rescarch institute personnel, should be asked to reassess their judgement
that the venture is soundly based and that no fresh facts or change in the situation
would lead them to doubt their carlier conclusions. The technology is sound,
the product has satisfactory characteristics, the plant specifications and operating
procedures are acceptable, the marketing plans and price structure are approved,
and cconomic analysis is favourable. It the opinions arc not unanimously favour-
able, the doubtful aspects should be re-examined.

When the entreprencur decides to go into commercial operation, activities
should be co-ordinated s that the project can proceed on schedule. Work on the
detailed design of plant and arrangements for installation should begin. The
training of operatives should be propetly timed. Sales promotion should start
to build up the market. Technical programmes such as quality control and ser-
vicing for manufacture and sales should be drawn up. If the steps leading to
commerciahization have been well managed, the venture can proceed as an inte-
grated whole.




MULTI-DISCIPLINE PROJECT TEAMS

It has alrcady been mentioned that information and opinions on the different
technical aspects must be co-ordinated in order to obtain well-balanced answers
to problems. Only in this way can the necessary technological, engincering,
markcting and cconomic viewpoints be brought into focus. A feasibility analysis
of all these aspects is required to determine the chances of success of a proposed
new industrial development.

The usual way of obtaining a co-ordinated evaluation s to assign analysis
of the various aspects to different administrative groups in what is felt to be a
logical scquence. There is sometimes a certain amount of formal or informal
discussion among individuals in these groups at the working level, but cach
group fecls free to carry out its asignment in its own way unless a supervisor
is made responsible for co-ordinating the various opinions.

SHORTCOMINGS OF CONVENTIONAL ADMINISTRATION THROUGH FORMAL
ORGANIZATION

To illustrate the usual course of events, the history of a specific project may
be traced, such as the production of natural tannins to supply the local market
in a developing country, alrcady used as an example in the rescarch project
proposal given in chapter 5. It is doubtful whether the justification before
authorization of the product development stage would be cven as comprehensive
as the one given there. If the industrial rescarch institute has a staff evaluation
group, however, such an analysis of a project’s commercial potentiality would
probably be made.

Once the project has been authorized, the project leader in the product
development group launches the investigation in the direction he considers
proper, subject only to guidance from his supervisor, who is also a specialist
in product development. The research is completed on the process for producing
the tannins on a small scale, and a report is written to summarize the information
for the next phase of engineering development.

The engincering group, after studying the report, concludes that there arc
several things wrong with the process as described. The extraction was carried
out on fincly ground material astead of chips, so chat cither a new comminuting
step has to be introduced or ihe extraction process has to be restudied on coarse
material. Further, the extractants used were of reagent quality, and one component

»
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is very corrosive; the work must thercfore be repeated with commercially
available extractants and the heavy corrosion reduced. Clarification of the extract
scemed simple in the laboratory, but on a large scale it would require an additive
and a settling tank, plus a very low through-put on the filtering equipment.
Precipitation of the tannins by the laboratory procedure gives a flock that, on
a larger scale, is very difficult to handle, and thercfore this operation must be
improved. Either the process is referred back to the laboratory for reworking
or clse the engincering group starts all over again.

It may be assumed that the process has been successfully readjusted and
samples of the final product are ready for internal cvaluation and field tests.
The specifications for commercial quality that were used by the product develop-
ment group turn out to have been several years old and to have been superseded
by improved, competitive products. It will therefore be necessary to rework
the process again to obtain a better product, and the product development
group is requested to do this; finally, the engincering group has to re-check
the modified process, and at last new samples prove to be satisfactory for ficld
tests, which turn out to be favourable.

The preliminary estimates of production costs and plant investment were
made at the time the project for product development was being considered.
The estimates are now revised on the basis of the improved process, with addi-
tional steps and new items of equipment. These calcnlations show that the in-
creased costs render the undertaking marginal in attractiveness, whereas it
appeared as very cncouraging carlier.

This is not an cxaggerated case. The records of any industrial research
organization will reveal many instances in which mucii extra work has been
needed because co-ordination of the different disciplines was inadequate.

PRINCIPLES OF MULTI-DISCIPLINE TFAM ORGANIZATION

The latest way to organize rescarch is to have a working group that includes
representatives of the disciplines needed to provide a balanced approach to the
problem. Schemes of this kind have been used successfully for many years by
a few organizations, and they are now being adopted increasingly by others.
Incidentally, they resemble the group co-ordination that has been widely used
by engincering consulting firms.

In the multi-discipline approach, responsibility for a given stage of a project
is entrusted to a scnior member of the professional staff who is selected for his
technical and managerial capability rather than for his administrative rank in
the organizational hierarchy. He is chosen as soon as the problem has been defined,
and he prepares the rescarch project proposal, under the general supervision of
the institute management. He decides which disciplines should be involved and
arranges for the estimated time required from various individual specialists. They
are assembled from different administrative groups in the organization with the
concurrence of their respective supervisors. They serve on the project on a
part-time basis at the discretion of the project leader, the remainder of their
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time being allocated to other activities. The project leader plans the work of the
entirc programme, makes individual assignments to the team members and
supervises their performance and arranges for the co-ordination of information
and opinions through reports and group mectings. He does not have general
administrative responsibility over all or most of these specialists, who report
to other supervisors for strictly administrative matters, but he is responsible
for the technical direction of this particular assignnient.

A SPECIMEN MULTI-DISCIPLINE TEAM OPERATION

The niethod of operation can be most casily illustrated by a specific example
for which the preparation of natural tannins will again be used. Example 2
below shows the specialism of staff members assigned to the team, the adminis-
trative groups to which they belong, their functions on the project and the
estimated time cach staff member will devote to hi- work, which reflects how
his particular activities arc phased in as the project progresses. The time spent
on exploratory work was 170 hours (about onc man-month), but this expenditure
of effort was judged necessary to obtain enough information to interest potential
clients. Total man-hours were estimated at 2,000 for the purpose of project cost
calculations, but the actual total was 1,835. Such a figure may seem excessive;
this is because an unusually large team has been selected to illustrate the
principles.

The project leader has responsibiblity for co-ordinating the activities of the
other members of the team, but for the most part he is not in a position to give
them detailed directions even if he wished to, since they are specialists in their
respective ficlds. His function is to outline the objectives, discuss how the proposed
progranimes relate to these objectives, and to see that cach member is kept
aware of the views and problems of the rest of the team. For this purposc, the
project leader organizes discussions among the key members, arranges for advance
distribution of reports to prepare them for the mecting and secs to it that action
is taken in accordance with the recommendations agreed upon. In case of any
disagreemeit about the findings or their interpretation, he has to find means of
reconciling the divergent opinions and decide what is to be done. He has to
maintain an cfticient schedule for the different types of work so that the project
moves forward and its component parts are properly timed. In short, he acts
as a leader, not as a director.

The individual members gain much from team membership. They inspire
cach other, and they have the fecling that it is their project because cach is re-
sponsible for one part that will be integrated into the final report. They get a
broader outlook because they are intimately exposed to the methodology of
other disciplines; they learn to appreciate the value of other criteria in determining
feasibility without having to undertake work they are not qualified to do. They
have confidence in the validity of their conclusions about the soundness of the
project because they have been evaluated constantly from multiple points of
view.



MULTI-DISCIPLINE PROJECT TEAMS R
ADVANTAGES AND DIFFICULTIES OF ESTABLISHING A TEAM SYSTEM

A team system of operation has many advantages. The project objectives
arc rcached more rapidly than when individual lines of investigation are pursued
independently and sequentially; major problems are brought to light carlier so
that they can be faced and solved without the necessity of going back over the
work at a later date; the reports are more reliable as guides to future action
because they reflect a spectrum of criteria; it is casier to pass on information
about the project at the major stages because the new project leaders -for example,
the development engincer or the market rescarcher are normully chosen trom
among the specialists who participated in the carlicr stages. Similarly, when
further research project proposals are prepared for the later stages, key individuals
from the preceding team are asked to continuc their participation.

An important feature is that the industrial rescarch institute benefits through
more cffective use of the skills of the staff. Tendencies to “empire building”
in the various sections are diminished because the section heads who might
wish to enlarge the range of disciplines under their jurisdiction learn that these
additional skills arc available from other sections. Communications among the
disciplines arc markedly improved.

It takes time and cxperience before the multi-discipline team system s
generally accepted in an institute. The main difficulty is getting the members
of the staff to understand the difference between administrative channels and
working channels. Supervisors do not take readily to the idea that individuals
under their jurisdiction will serve on project teams for which they themselves
do not have technical responsibility. It also takes time for the individuals at the
working level to realize that they must look for leadership on the projects in
which they are concerned to the project leader and not to their administrative
superior.

The scheme can best be introduced gradually by using it for one or two
selected projects obviously requiring cross fertilization between several disciplines.
The members of the team will become experienced in their interrelationships,
and their favourable reaction to the new system will be gradually imparted to
their associates.

The advantages of the multi-discipline team system by far outweigh its
disadvantages, and it is recommended that the institute adopt this system as soon
as practicable.
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Chapter 7

PLANNING THE INSTITUTE

Industrial rescarch might be detined as an attempe to develop the mose sutable
method of achicving 2 desired end within a4 franieworl of techmological and
cconomic constraints. Designing o system of fmancial administration for an
industrial research institute 15, i itself, an excreise i research. Inthis case, the
constraints mav be inrer alia political, legal, cconomic and sociological. Thew
constraints, as well as the purpose, structure, size and scope of the organization,
will vary for cach rescarch institute; the optimum svstem tor the tinancul ad-
ministration will therefore vary. Expericnce shows, however, that certam basic
principles of financial admmistration are common to nearly cvery imdustrial
rescarch institute. These basic principles will be reviewed and, where practical,
wme of the detailed modifications discussed that may be dictated by local
conditions.

The decsion to ostablish an industrial research institize should be taken
only after careful consideration. Such an mstitute may properly be considered
an important national resource; its potential value, hoveever, unhke that of
most natural resources, may be expected to mcrease with use rather than dinumish,
At the same time, in common with most natural resources, ity development
does involve a long-term capital investment. For this reason, although the char -
acter of the proposed institute may be dictated primarily by technical or cconomie
considerations, as well as by developiment needs, the problems of the long-term
financial administration must receive consideration from the very begmning.

DERINITION OF SCOPE OF THE INSTIFUTE'S ACFIVITIES

The tinst step in formulating a prehiminary mitial budget is usually to detine
the institute’s scope. This is normally determined to a large extent by the current
status of industrial development in the country and by the potential resources
of raw matcrials, money and manpower.

If littde or no major industrial base exists, mitial institute actviry mghe
concentrate on technical-cconomic feasibility studies to ostablish the potentials
for industrial development, on guidance to government agencies on technical
and industrial questions, and on general technical and managcerial assistanee to
existing small and medium industry. Such o range of activities would minally
require some office space and only a minimum of technical facilities ; for example,
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a laboratory for analytical chemustry and a section for mechanical testing nught
be included as a service to industry and to the Government. There might abo
be a small machine shop.

On the other hand, 1f there is a developmg industrial base or f there arc
known major natural resources (such as ores, petroleum, torest products, or
agricultural potential) available for development, more extensive laboratory
facilitics may be desired from the start in order to carry out the research necesary
to demonstrate the technical feasibility of developing these resources and to
adapt known industrial processes to the specific raw materialks, local condinons
and murkets. The particular laboratory facilities and cqmpmient would be detined
by the resources potentially available and the fickds in which the industnal base
had developed.

INITIAL SIZE AND GROWTI RATE

Once the institute’s character or its initial scope has been defined, con-
sideration must be given to the optimum size of the initial staff and to the pro-
' growth ratc. This is a matter of judgement: there 18 no set rule or precise
method of calculation. The institute’s initial scope gencrally detines a mmimum
figurc; the scarcity of properly trained personnel may sct a inaximum limitation,
so that it is often desirable to ensure that managenal and technical guidance from

an established industrial rescarch institute or a group of international experts
is available. Under such an arrangement, a tcam is provided to supplement the
local staff and to conduct, in cffect, an on-the=job training programme. Thas
type of assistance usually constitutes a major expense item in the initial budget.
which is gencrally borne by international organizations or bilateral aid pro-
grammes. The character of the local industry and the willingness of its management
to scek, accept and utilize the services of the institute also need to be given careful
consideration when its initial size and projected growth rate are estimated.

FINANCIAL ASPECTS OF INITIAL PLANNING

Assuring 2 sound financial basis implies some realistic estimate of future
costs. By definition, this is onc clement of the budget, the other element being
an estimate of future income.

There is no set cost for a resarch institute. The budget can be formulated
only after duc consideration of such factors as the type of work to be carricd
out, the level of output desired and the framework of local costs. In practice,
final decisions arc usually based on such factors as the amount of moncy that
may reasonably be expected to be available, the rate at which qualificd personnel
may be available to the institute, the rate at which such personnel can be properly
integrated within the organization, the range of srvices desired from the institute,
and (he extent to which these services may reasonably be expected to be utilized.
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An analysis of these factors provides the basis tor deciding whether the
creation of an mdustrial rescarch institute is, at this time, teasible and justified
and fo: defining its initial size and scope. This analysis, theretore, is a key element
in determining the probable success ot the institute. It involves clements of
both a technical cconomic feasibility survey and an operations analvsis. In view
of the vital decisions necessary at this point, outside consultants are often retained
to assist in the analysis and in the tormulation of the specitic plans.

NEED 10R LONG-TERM FINANCIAL PLANNING

An industrial rescarch institute may be created strictly as a government
department agency to carry out investigations and to provide services to promote
development in the national interest. In this case, the Government's commit-
ment to provide in its annual budgets for the financial support of the institute
is, in cffect, a continuing onc. Although a number of such organizations arc in
existence, they arc not necessarily the best model for a developing country to
follow in its first venture into development and applied industrial rescarch.

A rescarch institute can become self-supporting on the income from its
scrvices and rescarch contracts. To have this as one of the institute’s long-term
objectives can help it to maintain a practical outlook as it develops and also
provides onc mcans of cvaluating its progress. At the same time, the close contacts
it implics with industry may be expected to provide mutual stimulation. The
goal of being sclf-supporting is, however, almost impossible to attain in a develop-
ing country; thc decision to create an industrial research institute entails com-
mitting large sums for its support over a period of years and probably decades.
The extent to which, and the rapidity with which, a sclf-supporting status can
be achieved primarily through industrial contracts depends not only upon the
capabilities of the institute but also upon the rapidity with which the national
industrial base develops and upon the attitudes of the local industrial managers.

The experience of a number of rescarch institutes in developing countrics
indicates clearly that a firm commitent for the initial cupital costs plus adequate
working capital for at least a five-year period should be available before the
institute is actually started. Even though the institute is intended to become
self-supporting, a financial subsidy in onc form or another may still be required
after the initial five-year period. The importance of this sound financial foundation
cannot be overstressed. The creation of an industrial rescarch institute is an im-
portant step in national development. Such an organization must be assured of
adequate financial support until it has established itsclf in the community. Without
such support, the chances of failure are high; and such a failure would severely
handicap any subsequent attempt to establish the necessary facilities cven with
sufficient funds. It is better to delay the start until the necessary financial support
is forthcoming than to gamble on carly support from industrial contracts or
on the hope that the support will become available from somewhere and, i
this way, run the risk of severely prejudicing the future.
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SOURCES OF FINANCING

Probably no two industrial research mstitutes have started in the same
manner, have developed the same internal organization, or have been intended
to cover the same range of activitics. Some arc government organizations;
some arc private; and still others arc a blend of the two. A few industrial rescarch
institutes are designed to make a profit; most are organized as non-profit institu-
tions. Some are supported solely by government funds; some are supported by
industrial contributions, possibly imposed by government regulations; somne,
mostly in developed countries, exist strictly on the income from their scrvices
and rescarch contracts or are supported by an endowment or by an independent
income sourcc; but most derive their operating revenue from a combination of
at least two of these sources.

In countries where the industrial basc is still in a relatively carly stage of
development, the initial financial support, both for capital and operating costs,
will probably come from the Government. But if some industrial basc has
developed within the country, it is desirable that industry be encouraged to
make some contribution to the initial financial support of the rescarch institute.
Experience has shown that if industry is involved in establishing the institutc,
industry and the institute will co-operate in the future more closely than they
otherwise would.

Support by the Government may, in somce cases, be supplemented by
financial assistance from an cxternal source, such as a philanthropic foundation,
an international organization, or the aid programme of a more developed
country.




Chapter 8

THE PLANNING BUDGET

Since the scarcity of money is often a limiting tactor i establishing and operating
a research institute, the preparation of a budget is an integral part of the initial
planning. Income, whether in the form of a subsidy or fees for industrial services
and rescarch, and costs should be forecast for at least a five-year period. Especially
in the initial stages of pluming, such estimates are subject to a considerable margin
of error. The five-ycar “planning budget” should therefore be revised and
extended annually.

The planning budget is an over-all projection of expenditure and income.
Normally, no attempt is made to provide a detailed breakdown under any of
the main headings of cxpenditure, at least in the initial stages of the instituee”s
development. For cxample, although provision is made for the purchase of
cquipment and a certain sum allotted, the line items are specified only in a gencral
manncr. In the same way, provision is made for staff costs, but these arc normally
not broken down into sub-items. The main purpose is to provide gencral guidance
to ensure that the projected expenditure is realistically correlated with anticipated
income. Once the institute is actually in operation, the “planning budget” is
normally supplemented with an “operating budget”. This budget breaks down,
in considerably more detail, the anticipated expenses and incomne for the currente
year of operation. In somc cases, the operating budget is revised quarterly and
extended for the following four quarters. Revision and extension of the operating
budget at lcast twice a year is recommended.

The items within the planning budget, as well as their respective share,
vary widely, according to such factors as location, size, scope anl operating
principles of the institute. Thercfore, there is no such thing asa “eypical” planning
budget. This chapter will, however, outline some of the items that might be
included and attempt to sct forth some gencral guidelines that may be helpful
in the initial planning.

For convenience, the planning budget may be broken down into the follow-
ing categories: capital costs, opcrating costs and income. A representative planning
budget is shown in example 3.

CAPITAL COSTS

Capital costs comprise items of major value with a relatively long-term

useful life cxpectancy. For the purposes of the planning budget, capital costs
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Example 3

INDUSTRIAL RESEARCH INSTITUTES

PLANNING BUDGLT
(thousand dollars)

Year of operation

Anticipared total staff First Second Third Fourth Fifth
20 35 50 65 85
a) Costs
Clapital costs

Land ... — 5(0 _ — —
Buildings .......................... — 50 350 — —

Equipment
Non-technical . ................... 25 15 25 20 20
Technical .. ................. ..., — — 70 60 65
Working capital ............... ... 30 50 — — -

Operating costs
Staff ... %) 150 175 240 300
Matcrials and supplies . .............. 15 30 50 70 80
General expenses. ................... 15 25 45 70 80
Library .. ... 20 30 J0 4) 40
Building amo tization or rent ... .. ... 10 15 30 50 60
Indemnity reserve. ..ol 10 10 15 20 25
Stafferaining.. . ................ ..., 25 50 2] -~ —
Capital and opcrating costs 240 925 815 570 670
Purchased serviees 4 100 100 100 70
Total costs 280 1,025 915 670 740

b) Income

Local governmment .................... 430 920 430 430 430
Industrial contributions................ 50 50 50 — —_
Foreignaid .......................... 40 100 100 100 70
International assistance................. 50 50 — — —_
Income fromclients................... — — 40 100 180
Total 570 1,130 620 630 680

may normally include such items as land, buildings and cquipment. The equip-
ment may be further subdivided into the categories of non-technical or office
cquipment and technical or laboratory, rescarch and pilot-plant cquipment.

Land

Experience has shown that the successful industrial rescarch institutes are

usually completely autonomous entities

. There is often a tendency to attempt

to incorporate the rescarch institute within a government ministry or a university.
Although this may reduce the capital investment, such arrangements normally do
not work out satisfactorily. It is, therefore, recommended that the institute
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plan for its own independent facilities. This usually involves the acquisition of
land and the construction of buildings.

Site sclection depends on many factors unrelated to fimancial planning, and
is not, thercfore, within the scope of this discussion. One principle, however,
should be stressed. The initial planning budget should provide for the acquisition
of sufficient land to cnable future expansion as required. In general, the initial
site should consist of at least 10,000 to 15,000 square mcetres. If possible, the
site should be located adjacent to an arca that might subsequently be acquired,
in its turn, should the character of the institute’s work require even further
cxpansion in the future.

Frequently, especially when it grants an initial subsidy for the institute,
the Government provides the sitc on which it is to be constructed. In such cascs,
a fair valuc should be established for the land, and it should be carried on the
institute’s books at that amount. Otherwise, the assets of the institute will not
be properly reflected.

Buildings

As with site sclection, the size and type of the initial institute buildings will
be dictated by other than strictly financial considerations. There are, however,
certain “‘rules of thumb”, developed though cxperience, that may be helpful
in preparing the initial budget.

For the administrative staff and for non-laboratory research, such as technical-
cconomic feasibility studics, production-engincering studies, and other manage-
ment-oriented services, a floor space of approximately 20 square wmetres per
staff member is generally adequate. For laboratories, an average of 60 squarc
metres per staff member is usual.

The relatively high cost of laboratory construction must be recognized
at the outset. Laberatory facilitics require extensive distribution systems for
electricity, water, gas (if availablc), and often steam, vacuum and so on. Special
ventilation problems ave involved, and there may he special air-conditioning
requircments. High floor-Joading capacitics are often required. Floor surfaces
have to be of a special abrasion- and chemical-resistant type. As a result, laboratory
coustruction is usually from 20 to 30 per cent more expensive than normal
commercial buildings of equivalent floor arca. Furthermore, many items of
building equipment, such as fume hoods, laboratory rinks and benches, special
electrical distribution systems, auxiliary power sources, and fire protection
systems, may have to be imported. This further increasces the cost, even though
the institutc may be granted cxemption from customs.

As a general comment, it is usually wise to calculate space requirements
generously. It is cxpensive to make small, piccemeal additions, and nothing
inhibits the growth of a rescarch institute more than overcrowded quarters for
the personnel, who must, in the last analysis, generate the increased work.

The institute buildings are also an important part of the institute’s public
image. Although moncy should not be lavishiy wasted on unfunctional decora-
tions, the budget should provide for the construction of solid, tasteful buildings
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befitting the reputation for technical excellence that the institute wishes to
acquire in the long run.

l:'quipmvm

The equipment requirements depend strictly on the work to be performed
by the institute, possibly to an cven greater extent than the buildings and land.
As a general principle, the planning budget should provide amply for both office
and rescarch equipment. A poorly cquipped rescarch institute does not inspire
confidence i potential clients. Acquisition of office equipment should somewhat
precede its actual need. On the other hand, more caution and foresight should
be excrcised in the purchase of the rescarch equipment. A common failing in
new rescarch institutes is to purchase claborate and cxpensive laboratory and
rescarch cquipment in advance of a determined requirement, only to find that
the need never materializes or that, by the time it does, much superior cquipment
has been developed for the purpose. Generally most, if not all, of the technical
cquipment will have to be imported, and it may well be more cconomical to
pay for air frcight on one particular piece of equipment for which there is a
clear and urgent need than to order in advance an item that is never cfficiently
utilized.

Working capital

Like any industrial enterprise, the institute needs working capital to ensure
that it can mect its day-to-day cxpenses. After some years of operation, the
accumulated reserves may provide adequatcly for this; the initial planning budgct,
however, should make provision for it.

The amount of working capital required depends on the projected scope
of the institutc’s operations and the arrangements for its financing. If the initial
operation of the institute is being fully subsidized by the Government or some
other financial source and the annual subsidy is made available at the start of
cach fiscal ycar, working capital equivalent to 25 per cent of the annual operating
costs would probably be adequate. If other financial arrangements are contem-
plated, the cstimate for working capital should be increased accordingly.

General guidelines

The experience of rescarch institutes in developed countries indicates that the
investment in buildings and equipment is often roughly the same as the annual
operating costs. In a rescarch institute that concentrates heavily on laboratory
work, the investment in buildings and cquipment inay reasonably exceed the
annual operating costs by perhaps 20 or 30 per cent. On the other hand, in an
institute mainly concerned with non-laboratory activitics, the investment in
buildings and cquipment might well be only 70 to 80 per cent of them.

In a less developed cconomy, salarics and wages (a major factor in operating
costs) tend to be lower, building costs may average about the same, and equipment
costs tend to be somewhat higher than in a devcloped country. Therefore,



THE PLANNING BUDGET 51

in preparing the five-year initial planning budget, the estimated investment in
buildings and equipment may exceed the estimated fifth-year operating costs
by as much as 40 per cent for a laboratory-oriented operation or be approxmuately
cqual if the institute is expected to concentrate on non-laboratory activities.

As another rule of thumb, experience shows that in developed countries,
the cost of cquipment for laboratory rescarch is usually approximately 75 per
cent of the cost of the building required to house it and the operating staff.
Therefore, in such an operation, a reasonable breakdown might be $80 invested
in buildings and $60 invested in research cquipment for each $100 of estimated
fifth-ycar operating costs.

Timing of capital expenditure

In the preparation of the five-ycar planning budget, it is obvious that not
all of the projected capital expenditure will occur in the first year. The organi-
zation of an industrial research institute takes time. Qualificd staff muse be found.
They will nced training in the specialized problems of institute rescarch. The
assimilation of new staff members places a burden on an alrcady overloaded
administrative staff; therefore, additions must be phased to keep at a manageable
level. Accordingly, the institute’s over-all development should be scheduled in
an orderly fashion.

It is not uncommon for a new rescarch institute to begin functioning in
rented quarters. The first year might well be devoted primarily to acquiring
the key staff members and to drawing up detailed plans for the institute’s develop-
ment. Such planning might include a more rigorous definition of the institute’s
scope, broad plans for the initial programme of activitics and consideration of
possible building sites.

In the sccond year, additional staff would be engaged and assimilated.
Some might be sent abroad for specific additional training. Some broad non-
laboratory rescarch programmes, for example, technical-feasibility studies of
potential new industries, might be started. The building site might be acquired
and an architect retained to work with the institute’s staff in designing the initial
building or buildings.

In the third year, staff additions would continue. The purchase of research
equipment would commence. The initial building programme would be com-
pleted and officially opened. The staff would move into its new quarters. More
books and periodicals would be bought for the library. The volume of rescarch
under way would also expand materially.

On such a schedule, capital expenditure in the first year would be very
small; it would tend to be heavy in the second and third years and decrease in
the fourth and fifth years, when it would be mainly for rescarch equipment.

OPERATING COSTS

The operating costs depend largely upon the pattern of local costs, the
planned size and scope of the institute and the traditional patterns of organization
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within the community. Only general guidelines can be given, but the following
discussion will provide at least a checklist of the costs that should be considered.

Staff

Salaries and wages normally constitute the largest single item o operating
costs. In fact, in the more developed countries, where salarics are high, they
may well make up as much as 75 per cent. In the less industrialized countrics,
50 per cent may be more typical. Since the staff costs depend directly upon the
projected size of the staff, the distribution anticipated between professional and
non-professional staff and the local salary scales, it is impractical to gencralize
on these costs.

In estimating staff costs, one point especially should be kept in mind. Many
countries provide for a special payment to permanent employces upon termination
of their employment. Such payment is often termed “indemnity” and usually
amounts to one montl’s pay for cach year of employment. If such a procedure
is the practice in the country where the institute is to operate, staff salary cal-
culations should be adjusted accordingly. The institute should build up a reserve
that would permit payment of full staff indemnitics at any time. In a typical
planning budget, this would involve providing a thirtcen months’ salary for
cach staff member for cach year. In the final institute accounts the actual indemnity
obligation would be calculated at the end of each year and adjustments made
in the cost calculations for the new year to provide the proper reserve.

In view of the indemnity obligation, a fairly long period of probation is
desirable for new employces if the local labour laws and practice allow it. There
is no real way of judging an individual’s aptitude for applicd rescarch and how
he will work in an industrial rescarch institute except by trying him out. Thus,
especially in a country without a tradition of research, a relatively high turnover
in new staff members can be anticipated. This is not necessarily a reflection on
the individual, but merely shows that his special aptitudes arc not suited to an
industrial research institute. A one-year probationary period before an employce
is made permanent is therefore suggested for all new employecs.

Materials and supplics

The category “materials and supplies” includes items used in research
programmes and in the operation of the institute, such as chemicals, paper
and accounting forms. It also covers minor items of laboratory and other equip-
ment that arc not separatcly listed in the accounts as capital assets as well as items
required for the maintenance of buildings and equipnient. Normally, these
expenses may average from 15 to 30 per cent of the staff costs, the higher figure
being representative of a rescarch institute that conducts a large number of
laboratory investigations.

The amount budgeted for these items in the first years of operation may
exceed these figures because initial stocks of such supplies have to be built up.
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General expenses

The costs normally included in the category of general expenses cover such
items as utilities (water, gas, clectricity, heat, telephone, and telegraph), postage,
travel, membership of technical socictics, taxes (if the institute is not tax-cxempe)
and the cost of promotional literature. The total of such items mav be expected
to amount to between 25 and 40 per cent of the staff costs.

Library

Since the library is important to the institute, and to the country at large
as part of its technological resources, the cost of books and publications is often
included as a separate item in the planning budget. The annual costs may be
expected to be between 10 and 20 per cent of the staft costs for an instituee with
a total staff of 100 or fewer. As, however, the library’s books constitute an imn-
portant working tool and it is usual to build up a sizable reference library as
soon as possible, yearly amounts of about $20,000 ure commonly budgeted for
the library during the first few years.

Building amortization or rent

The institute will probably start work in rented quarters. The planning
budget should, therefore, provide for the payment of rent. Once the ‘nstitute
moves into its own buildings and rent is no longer required, provision should
be made for building amortization usually over a period of 25, 30, or cven 40
years. It is, however, recommended that building reserves be accumulated faster
than this. The manncr in which this is done may depend upon local hnancial
regulations. However, as the institute grows, additional space will be required
As the character of the research changes with time, cextensive and relatively
expensive modifications to the original buildings may become necessary. A
reserve for such expansion and alteration should be built up in advance. It would
appear reasonable to budget from 15 to 20 per cent of the staff costs annually
for this purpose.

AVAILABILITY OF EXTERNAL TECHNICAL ASSISTANCE

A Government of a developing country may find it advisable to enter
into an agreement with an intcrnational organization or an established research
institute of international repute for initial managerial and technical guidance,
support and training. Such an agreement usually lasts from three o five years.
Since its cost can be a major item of expense, it is usually considered separately
in the planning budget, even though much of it may be borne by the international
organization or a bilateral-aid programme.

The cost will depend upon the scrvices desired, as well as upon several
other factors. If the institute can draw its initial staff from professionals with
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extemsive industrial rescarch experience, it may require assistance only on the
organizational and sdministrative side. On the other hand, if, as is more likely,
the initial scaff is not experienced in industrial research, more extensive technical
guidance will probably be desired. An agreement with an established research
institute might cven provide for the training ot some key employees in it
laboratorics.

After the mstitute is well established and there is no further need for external
technical support, occasions may still arisc when the institute wishes to retain
the scrvices of an expert to supplement the skills of its own staff for a particular
programme. Such services generally involve short-term consultation with the
staff in formulating the work programme and possibly some later assistance i
analysing the results and in preparing the final report with conclusions and re-
commendations.

INCOME

So far as the budget is concerned, the critical item is the estimated income.
If the anticipated receipts, whether from governmental subsidics, philanthropic
grants, international aid programmes, industnial contributions, payments for
rescarch, or other sources, do not cqual or exceed the projected expenditure, then
this will have to be reduced or additional sources of income found. Although
there always is a certain element of risk in rescarch, since the results cannot be
accurately forcecast, a responsible administration of a rescarch institute should
not gamble on its finances. Too much is at stake both for the institute and the
country.




Chapter 9

PROJECT ACCOUNTING

The planning budget is concerned primarily with the over-all cash How, in
and out; the breakdown of expenditure into categories need not, therefore, be
particularly detailed. For example, a certain sum is allocated for salaries; the
planning budget must make sure that this amount of money is available from
some source, but the specific salary of cach staff member is not of great im-
portance from the over-all tinancial point of view.

When the institute is tunctioning, however, the focus of interest shifts.
Management must allocate the available resources for specific tasks and purposes.
The operating budget reflects this allocation, and the accounting system provides
a periodic review of how the resources were actually utilized. Budgets and ac-
counting systems do not, and cannot, control rescarch costs. In the last analysis,
only the research worker can do this. In the same way, financial considerations
arc no measure of the cffectivencss or the quality of the rescarch. Keeping costs
within the budget does not necessarily mean that a good rescarch job has been
done. Quality cvaluation is a task of technical supervision. Budgets and cost
data arc merely cwo of the tools that management utilizes in its over-all appraisal
of rescarch effectivencss.

Although the opcrating budget may break down other expenditure, such
as capital costs, in morc detail than the planning budget, the main difference
between them lies in the treatment of research costs. The budget systemm and
the accounting system must be integrated if they are to provide the information
needed by management. Therefore, both systems must be developed along
parallel lincs.

Anncx 1 shows a representative breakdown of accounts for an industrial
rescarch institute. Sub-accounts will be desired for many of the items, but these
will vary with each organization. According to individual variations in organi-
zation and local procedures and regulations, some of the suggested accounts
may not be required and others may be added. The list presented, however,
may provide a checklist.

The present chapter is mainly concerned with the principles of accounting
procedurcs; but these principles also apply to preparing operating budgets.
There is no onc best financial or accounting system for a rescarch institute.
Local regulations, traditional patterns, and internal requircinents must be accom-
modated. In order to evaluate a research project, however, management must
be able to decide how much it costs. The need for project cost data is obvious
if the institute is conducting sponsored rescarch for clients. It still exists even
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though, for cxample, the mstitute is wholly subsidized by the Government
and occupicd only with self-gencrated programmes relating to natonal develop-
ment. If there is to be effective control and effective results, cach study conducted
by the institute staft should be specitically authorized: the accounting system
should be capable of reporting, with reasonable accuracy, the total costs attribut-
able to any one study. This requires a job-cost system o, in other words, project
accounting.

OVERHEADS

The aim of project accounting is to distribute the institute’s total operating
costs cquitably among the respective projects undertaken by it. For this discussion,
it is assumecd that the institute is concerned primarily with rescarch projects;
however, the same accounting principles should be applicd to general industrial
wrvice functions, such as management seminars, govemment-supported technical
assistance to industry, or technical consultation for government agencies. Each
wevice function should be clearly identified, and the accounting system should
provide management with a realistic apportionment of cost to cach one.

Unfortunately, many expenses in a rescarch institute cannot be directly
atributed to a particular project. These include the costs of building maintenance,
operation and amortization; taxcs; general utilitics, such as light, heat, water etc.;
general repairs; library costs; and administrative costs, including depreciation
of officc cquipment. These “indirect” costs may also include some of the costs
of technical supervision, the cost of gencrating new sponsored projects, including
the time spent by the professional staff on promotional visits to plants and on
general discussions with industrialists and on preparing promotional literature,
as well as research project proposals for clients. Up to 20 per cent of the time and
consequently the salaries of the rescarch staff may be spent on such activities.

Furthermore, a rescarcher cannot be expected to spend all his working hours
on his assigned rescarch projects. He must spend some time keeping abreast of
wehnical developments in his field. A cortain amount of his time is occupied in
general institute and research section meetings where general policy questions
arc discussed. Time is required to prepare sectional budgets and to consider future
requirements of research equipment. Some time should be available for authorized
prliminary investigations to assess the potential of ideas that might be worked
into a major rescarch project. In addition, there may be times when the rescarcher
is “between asignments” waiting for a new programme to be authorized. Such
a list could be extended almost indefinitely.

Distribution of overheads

The various indirect costs may be charged in different ways in the accounting
process. They may be distributed uniformly over all of the work done by the
institute, or specific indirect expenses may be distributed only to those activities
for which they were incurred. For example, the costs of the accounting depart-
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ment nught be distributed as a uniform percentage against the cost of all projects.
On the other hand, the amortization of the major items of technical cquipment
nnght more fairly be charged to those laboratory research projects using, the
cquipment concerncd.

Many mcthods ot distributing genceral overheads have been used. Some of
the more common are: as a percentage of a total dircct cost; as a pereentage
of direct charges for salaries and wages; as a set charge per arca of floor space
utilized: or as a set charge per hour of dircct staff time. In genceral, any rcasonably
cquitable procedure is satisfactory. However, the first two seem to be the most
widely used, and one or the other of these is recommended for consideration.

Direct versus indirect charges

The general principle of distributing overhead charges is well established
and well accepted. There is, however, considerable difference of opinion regarding
what costs should be handled as direct charges and what as indirect. Again,
there is no one set of rules that is right or best in every case. In general, the
higher the percentage of total research costs charged directly against the individual
projects, the lower the overhead rate will be, and the more nearly the costs will
be apportioned to cach individual project on an cquitable basis. On the other
hand, the costs of collecting and handling the charges tend to increase as more
of the research costs arc put in the “direct” category. Therefore, cach insttute
organization must strike its own balance. For example, it would probably be
more efficient for a completely subsidized institute, with little or no activities
sponsorcd by individual clients, to opcerate on the basis of fewer direct charges
and more indirect. This would minimize the accounting costs, but at the same
time provide a somewhat less accurate figure for the actual costs applicable to
cach individual project. On the other hand, in an institute conducting a high
percentag: of work on a contract basis, a higher percentage of direct charges
would be justified to ensure that cach client firm is charged as cquitably as possible
for the services it uses.

The basic decisions about direct versus indirect charges must be made by
management before the accounting system is established. Some of the methods
of handling various rescarch costs will be discussed in the following section on
accounting procedures.

ACCOUNTING PROCEDURES

Many factors contribute to the success of an industrial research institute.
However, in addition to the necessity of sound initial financial planning discussed
in chapter 8, a good accounting system is one of the most important clements.
Research costs are difficult to control at best. If accountants could control these
costs, any system satisfying their requircments would suffice. The true control
of costs, however, is in the hands o/ the research staff, Management can provide
guidelines through sound budget planning, but the real control is all too often
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after the fact. It is essential, therefore, that both management and rescarch
personnel be provided with up-to-date information on project costs and in such
a form that they can casily understand the over-all picture.

For the purpose of internal control, cach formal activity within the institute
should have an identifying account number so that all costs attributable to that
activity can be identified, collected, and reported to management. This applics
not only to individual research projects, routine activities and general industrial
or government scrvices, but also to internal institute activities such as the opcration
of the library, the cleaning of the laboratories and offices, or the cost of administra-
tion. Many of these items are relatively standard in any industrial cost-accounting
system; the items discussed below, however, are of special interest from the
standpoint of the financial administration of research institutes.

Project anthorization

Each institute activity should be specifically authorized in writing. This
“Work authorization sheet” should set out the account number identifying the
activity, the title of the account, the scope of the work or activity to be accom-
plished, the maximum expenditure authorized, the time in which the activity
is to be completed, the person responsible for the activity, the source of the funds
(general institute budget or the client, when work is performed under a contract),
billing and reporting instructions in the case of contract work, and any special
instructions or conditions. One copy should be given to the person responsible
for the work, (variously termed the project leader or the division or section chief)
as his authorization to proceed, and another copy should be given to the account-
ing department as its authorization to establish the account and accept the charges
thereon. An cxample of a work authorization sheet is given on page 59.

In the case of internal institute activitics, such as the operation of the library,
the maximum authorized expenditure is set by the institute’s operating budget,
and the accounts are normally authorized on an annual basis. In the case of con-
tract research, the scope of the work, the maximum expenditure, the time allotted
for the project, and the billing and reporting instructions are specified in the
contract or the research proposal.

Cost reports

The total charges on each account should be collected and reported to
management with a copy to the person responsible for the account, normally
on a monthly basis. The amount of detail in the cost report varies according to
nced. If the reports are too detailed, money is wasted in handling unneeded
data, and the cssentials may be lost in the maze of detail. On the other hand, the
report must provide adequate guidance to the individual who is responsible for
operating within the authorized budget. If the issuc is in doubt, it is gencrally
preferable, at the start, to have too little detail than too much. The absence of
required detail usually brings a request from the person needing it; however,
too much data rarely causes any comment.
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Example ¢
WORK AUTHORIZATION SHEET
Project numbes Title
Client
Scope of work
Division | ' Project leader
Sm_:‘ l.;r - - M (*M.* s) G(.'nmplm'm dote
TNMM v Average monthly rate of expenditure
Tide of proposal N D

Billing instructions .
Revorting i o

Special conditions

As 2 minimum requirement, the summary should show the period for
which the account was authorizcd, the number of months remaining, the total
funds authorized, the amount spent or committed during the current reporting
period, and the funds remaining. Normally, this minimum report is insufficient
for proper cost analysis and future planning. Primarily for the benefit of the
person responsible for the project, it is recommended that the costs be broken
down into the categories outlined below. If any adjustment has to be made in
expenditure rate, the project leader will then have a reasonable basis on which
to decide where the specific changes can be made most casily. A specimen project
cost report is shown on page 60.

It is important that these reports be made available promptly. The longer
the delay between the end of the accounting period and the time the report is
available, the less control can be exercised over cxpenditurc. Time can be
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Example §
l)im's@a
PROJECT COST REPORT FOR
{ Month|Year)
onm No. | ’Pryty';cf’ leader
Title
——— . — - . — — - . - s,, _ e A e e
Starting date Completion date Total appropriation (A)
$ . , §
No. of months elapsed (B)  Expenditure to date (D) Past mowthiy rate (D © B)
Ne.of months remaining(C)  Unexpended balance (A—D —E) Futurc monthlyrate(E . C)
Costs Current month Total to date
0] ($)
Saaffeime ...................... . S
Ovethead .....................
Materials and supplies ........... ;
Technical services ...............
Usc of equipment .............. - -
Direct purchases ................ . —————
Travel ... . . e
Miscellancous .................. - S R
Totd _ e
Sigoed . __ ___ __
Accounts Departinent

Dat: .

especially critical in the case of relatively short-term projects undertaken under
contract. Project cost reports should be available within not more than five
working days after the close of the accounting period, and preferably within
three. If complete reports cannot be completed within this time, it is advisable
to make available preliminary cost estimates based only on staff time. Although
thesc may be accurate only within about 10 per cent, they may prove invaluable
to the project leader, if he can have them within a day or so.

Some of the primary cost categories that occur in research institute accounting

are discussed below.
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Staff time

The basic, and usually the major, clement determining the cost of rescarch
and development activities, is time--the time of the people engaged in the
study. In project accounting, one of the primary problems for the accountant
is to determinc how much time was actually spent on a particular activity.
When the individual researcher is assigned full time to a specitic project, the
cost of his time is casy to assess. When such a researcher is assigned to work on
two or morc projects concurrently, however, the problem becomes more complex.
As a rule, he can only estimate the amount of time he has spent planning, prepar-
ing for and working on cach of the projects, and his estimate must be accepted
for costing purposes.

Most research institutes rccord the allocation of staff time by means of
time cards. With a few cxceptions, such as some of the technical service groups
that will be discussed later under the heading “technical services”, cach staff
member should record daily how much time he spent on cach of the projects
on which he was engaged. Normally, time should be recorded to the nearest
hour or half hour. It is rccommended, especially with the smaller rescarch in-
stitutes, that the timc cards be collected on a weckly basis and processed by the
accounting department. This eliminates the large pile-up at the end of the month
and makes it casicr to find out quickly the charges against each of the accounts.
Example 6 shows a specimen time card on which the time spent is recorded
against the account numbers of specific projects or of routine activitics. Individual
time cards arc filled in by staff members cvery week. Each working day is
assumed to have eight working hours and cach week five working days.

In research, as distinct from development projects, the total costs of similar
projects can usually be estimated with fair accuracy by multiplying the number
of hours of staff time spent on the project by some factor k derived on the basis
of experience. Unfortunately, k varies with the local situation and the work
involved; its value can be detcrmined only by referring to detailed accounting
records of previous projects. Once the local k factor is known, this technique
mnay be needed for making prcliminary cost estimates. However, it is recom-
mended that the accounting department be geared to provide rapid and accurate
reports on costs so that such “shortcut” techniques do not become necessary.

Time spent by the research staff on activities other than their assigned
projects should be charged to appropriate accounts. As was mentioned carlicr,
research personnel must spend some time keeping abreast of new devclopments
in their field. This activity should be encouraged, and a special “overhead”
account should be established for this purposc. At thc same time, management
should sec that staff do not charge excessive time to this activity. Some reading
is directly related to the projects on which the researcher is engaged, and he
must decide against which account number it can appropriately be recorded.

There should also be an “overhead” account to collect the charges for
time involved in “‘promotion activity’’ to develop ncw activities and research
projects. If desired by management, the acconnting system may provide for
sub-accounts to cover such specific activitics as ndustrial contracts, preliminary
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Example 6

STAFF TIME CARD

Month | | ch;r - Name

Account No. M| T {W!| T F ! Total J Remarks

Project A 1

Project B
Project C

Holidays

Sick leave

Annual leave

Total 888!8 81 40

pre-proposal laboratory or reading investigations, and actually preparing the
research project proposal. Management must be in a position to assess the cost
of developing new research work. The researcher should attempt as far as possible
to concentrate on such activities during those periods when his time cannot be
productively used on an assigned project.

The time spent on holidays and sick leave should also be entcred on the
individual time card under the relevant account numbers so that the weckly
total of hours recorded on the card equals the number of regular working
hours.

Cost accountants at research institutes have developed many different
systems for costing staff time. Each has advantages and disadvantages. For the
purpose of most industrial rescarch institutes, however, it is recommended
that a charge-out rate be established for each staff member. This charge-out
rate includes the cost of fringe benefits, which may often amount to from 20
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to 30 per cent of the net pay. The total of the statt member’s annual pay, plus
fringe bencfit costs, plus any necessary contribution to an indemnity reserve is
diviaod by the expected net working hours for the year (number of working
hours in the year less holidays and an allowance for sick leave) to determine the
charge-out rate.

Materials and supplics

Materials and supplics constitute another clement in the cost of rescarch.
This category includes miscellancous chemicals, clectronic components, log
books, construction materials, and dozens of other items, such as stationery, that
are consumed in the course of the work. In this context, “materials and supplies”™
refer to the items normally stocked in the institute storeroom and withdrawn
for use on project activities. Special materials or cquipment that must be purchased
specifically for a given project are charged to it.

Although the itcms falling into the category of matcrials and supplics are
normally not consumed in great quantitics on any onc project, an industrial
research operation docs requirc a tremendously wide varicty of such items,
many of an unusual character. As a result, especially whete commercial sources
of supply are not highly devcloped, the institute storeroom must be adapted to
accommodate small numbers of a great many different items.

Accountants do not agree on the best method of handling storcroom with-
drawals. Since most of the items are of relatively minor unit valuc, one group is
of the opinion that the cost of recording charges for such items is greater than
the amount recovered. They therefore favour handling the entire storcroom
operation, including purchasc of the stock, as an overhcad item. The other group
believes the cost of the items used should be recorded and charged against the
account for which they were withdrawn. For a numbcr of reasons, the latter
procedure is recommended for industrial rescarch institutes, especially in develop-
ing countries.

First of all, a record must bc kept of all withdrawals. This is the only
practical way to maintain a current inventory of matcrial on hand. Each stock
record card should note a maximum and minimum level. When the minimum
is reached, the storeroom attendant should automatically fill in a purchase order
to bring the level back to the maximum. Such levels must be adjusted periodically
when required by changes in delivery schedules and the volume of the institute’s
activities. The unit cost of the last order can be cntered on the stock record
card, and relatively little extra effort is involved in transferring the costs of
withdrawals to the appropriate accounts. Second, sources of local commercial
supply may be restricted; thus materials of higher unit value must be stocked
in the storeroom if delays in working arc to be avoided. Third, many institutes
permit employces to withdraw items for personal usc from the storcroom. The
charges for these items are entered on a personal account, which is subscquently
cleared by a payroll deduction. Such a concession often saves the staff member
money and can, therefore, be counted as a fringe bencfit of his cmployment.
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Technical services

As suggested carlier, it may, as an cxception, be preferable in the case of
the technical service groups, to collect staff time, as well as matcrials and other
charges, under accounts for cach of these groups. These items should also be
entered with project account numbers for reference, and they will ultimatcly
be transterred to the project accounts. In this way, the cost of a specific operation
can be identified, and certain overhead costs can be distributed more equitably.

Typical technical service groups include the machine shop, the analytical
chemistry laboratory. the mechanical testing laboratory, the glassblowing shop,
the instrument laboratory, the report-processing group and possibly the library.
The repair and maintenance group may also be set up as a technical service section
if there is a repeating need to segregate the costs of specific building modifications
or other activitics of this group.

Machine shop

Work to be done by the machine shop is normally authorized by a shop
order. This shop order should give complete details and specifications of the
work desired, with a sketch if appropriatc. The account that will ultimately
be charged is indicated, as is the name of the staff member initiating the order,
so that further details may be requested if necessary. The shop order should
preferably be prepared in quadruplicate. A job number is assigned by the shop
supervisor; onc copy is returned to the staff member requesting the work; one
copy is forwarded to the accounting office; one copy is given to the machinist
responsible for the job; and the fourth copy is retained in the shop office. All
charges are cntered against the shop order. When the work is completed, the
total is transferred to the proper account. The charges against the shop order
include, as used, dircct labour, materials, and direct purchases, as well as the
shop overhcads. Labour costs arc computed in the same way as general staff
time. Shop overheads are usually calculated as a percentage of direct labour.
They are designed to cover the amortization and maintenance of the shop equip-
ment, the power and incidentals consumed in the operation of the equipment,
and an allowance for the cost of shop supervision and the time of the shop
personnel that cannot be utilized productively. In this way, the expenses of the
machinc shop arc removed from general overheads, and the undistributed costs
of the machinc shop are applicd morc directly against the institute projccts
utilizing the shop facilitics.

If the machine shop is involved in the construction of major items involving
extensive direct purchases, it may be desirable to enter these commitments
directly against the final project account at the time the purchase order is written.
The purchase commitment, therefore, will appear on the monthly cost statement.
When delivery is made and the invoice paid, the charge can be entered on the
shop order and the commitment removed from the project account by journal
entry. In this way, the actual cost of the item constructed will be shown in the
charge transferred from the shop order to the project account, yet the monthly
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project cost records will more accurately reflect the tunds actually commuitted
at any onc time.

Analytical laboratory

The analytical chemistry laboratory is also usually established as a service
group so that its general overheads are distributed to the projects using its services
rather than being spread uniformly over all institute projects. In many institutes,
this procedure is especially desirable because the analytical laboratory makes
quality control testing for outside clients as well as current analyses for the in-
stitute projects. Although a rescarch institute should normally not compete
with commercial facilitics, adequate commercial testing facilities are often not
available in developing countries. In these instances, the outside users of the
analytical services should bear their fair share of the laboratory costs and over-
heads.

If a significant amount of outside work is done in the analytical laboratory.
it may be desirable to cstablish fixed rates for the standard analyses. These rates
should be calculated to cover the analyst’s time, the materials, the wse of any
major equipment involved and a reasonable share of supervision and general
overhead costs. The rates will have to be adjusted periodically as the volume of
work in the analytical scction changes. The rates should also sometimes be ad-
justed so as to make them acceptable within the context of the general industrial
conditions of a country.

In passing, it may be noted that most established rescarch laboratories have
found it desirable to discourage the gencral rescarch staff from making their
own routine chemical analyses. Expericnce shows that these analyses can be
made at a lower cost and with a consistently higher level of accuracy in a central,

specialized laboratory than by the individual rescarcher.

Mechanical testing laboratory

The comments with regard to chemical analyses are also pertinent to mechan-
ical testing. Rescarch institutes, especially in the developing countrics, are often
called upon to make mechanical and allied tests for outside clients on a service
basis because such facilities are not otherwise available.

Most of the equipment needed for mechanical testing is expensive and sub-
ject to damage or loss of calibration if mishandled. It is, therefore, desirable that
the mechanical testing laboratory be set up as a technical service group with
propetly skilled technicians to conduct the necessary tests, both for the institute
staff und for outside clients. As in the casc of chemical analyses, it may be desirable
to establish fixed rates for the routine tests. These rates may include the cost of
machining the required specimens in the institute shop. To encourage industry
to make use of such facilitics, rates should probably be reduced to a level that
mercly covers cxpenses.
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Instrument laboratory

The instrument laboratory normally provides a number of important
scrvices for a research institute. These include: instrument loan, instrument
calibration, instrument repair and special physical mcasurcments.

Modern technical rescarch requires a great many scientific instruments.
Some of these are standard but of a specialized nature and are normally assigned
directly to the rescarch section in which they will be used. Others are highly
specialized and non-standard (as far as the institute’s general activities are con-
cerned) ; these will normally be purchased directly from the funds of the rescarch
project for which they are required and, in the casc of work sponsored by an
outside client, are considered the property of the client.

Still other instruments and equipment arc gencral in nature and may be
used from time to time by various research sections. Examples of such items
include: balances, various types of clectronic instruments and meters, cameras,
temperaturc controllers and rccorders, pyrometers, oscilloscopes, stop watches
and timers, tachometers and strain gauge equipment. When such cquipment is
needed by the institute but is not required on a full-time basis for a particular
rescarch section, it is most cfficient to assign the item to the instrument laboratory.
It is then available to any rescarcher as required on a loan basis. Each instrument
has a usc rate cstablished on an hourly, daily, or weekly basis as appropriate.
The project borrowing the unit is charged with the use rate for the period the
unit is withdrawn from the instrument laboratory. The calculation of use rates
will be discussed under the heading “Usc of equipment”. The project using the
instrument is responsible for any damage.

In addition to lending out instruments, the instrument laboratory is normally
responsible for the periodic calibration of all general instruments in use by the
institute, whether purchased by the institute or by a project. Test results can only
be as accurate as the instruments used to obtain them. The frequency of calibration
depends upon the type of instrument, the use to which it is put and other factors.
The instrument laboratory should maintain a calibration record for all instru-
ments at the institute. The cost of calibrating the loan instruments is usually
included in the use rate. In the case of instruments assigned to the research scctions,
the cost may be included in the use rate, if onc is applied to the unit, or it may be
charged to the project or projects on which the instrument is currently being
usced. In the case of project-owned equipment, the calibration costs arc charged
to the project.

The cost of repairs occasioned by normal wear and tear are usually handled
in much the same way as the calibration costs. Repairs of specific damage are
charged against the project on which the damage occurred.

The physical measurcments made by the instrument laboratory staff may be
of a routine naturc, in which case they may be handled like the mechanical
tests from the accounting viewpoint; or they may be specialized, in which case
the staff time, materials, use of cquipment, and other charges arc made on the
same basis as the other research activities.
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Report processing

Since the major product of an industrial research institute is the rescarch
report, special cffort is justificd to ensure that the rescarch resules are marshalled
in a clear, concise and complete form and presented in a manner to promote
confidence in the work and to reflect credit on the institute. Consequently, the
preparation of all formal reports in a central report processing section is re-
commended. The processing of a technical rescarch report may require several
diffcrent operations, including typing, drafting, photography and printing. The
total costs involved in converting the drate into a completed report can most
conveniently be identified by assigning a report work-order number to cach
report to be reproduced and collecting all charges against that number. The
total is then transferred to the project account.

As in the casc of the other technical service groups, the charges should be
calculated to cover unused time, supervision, authorization of cquipment,
materials ctc. For convenience, many institutes base their charges on number
of pages typed and copies reproduced, with the art work charged on the basis
of hours of work required. Charges arc adjusted as the technical service account
tends to show a “profit” or a “loss”.

Use of equipment

It is usually considered desirable to recover the cost of the major institute-
owned capital cquipment nceded for research by direct charges against the
projects using the equipment. This can be done conveniently through a “usc-
of-cquipment” charge. This charge is calculated by dividing the acquisition
cost, plus any installation expenscs, by the anticipated years of uscful life to obtain
an annual amortization value. This figure is incrcased by an amount cstimated
to be sufficicnt to cover the annual costs of maintenance. This total is then divided
by the number of hours per year the cquipment is cxpected to be used. The
cost of any utilities or materials consumed per hour is added, and the result is
the hourly “use-of-cquipment” charge for this picce of cquipment. A specimen
calculation is illustrated below. Cards identifying the cquipment, the number
of hours used and the project involved are turned in to the accounting office
periodically, and the appropriate charges arc entered against the project.

The usc rate may have to be re-cvaluated annually in the light of experience
if the actual hours of use or the maintcnance costs deviate significantly from
thc estimates madc in the rate calculations. Equipment assigned to the technical
service groups is handled as outlined in that subsection. No use rates arc assessed
against project-owned equipment unless large amounts of utilitics, such as elec-
tricity, water or gas, arc consumed.

Direct purchases

Materials, equipment, and services purchased from suppliers specifically for
a particular rescarch programme are charged to the appropriate project account.
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Example 7
USE RATF CALCUTATION

Equipment no. .. ... 200-5-12 Description ... . Heat=treating  fnrnace
Division ........... Metallurgy Purchase order No. ........... 67-136
Cost .ooovvven ... §$1,437.00
Shipping ........... 68.00
Inswallation ......... 120.00
‘Total cost $1.625.00
Anticipated life . ................ ... 10 years
Annual amortization ................. $162.50 (total cost/anticipated life)
Annual maintenance ................. 50.00

$21250
Expected annual use ... 200 hours
Hourlycost ........................ $1.06 (ammual maintenaicc/expected annual use)
Electricity/hour .. ................... $0.30
Mufflc cost/hour . ... ... $0.40
Hourlyuserate ..................... $1.76 (hourly cost + electricity/hour -+ other

consumables/hour)

As mentioned in conncxion with machine shop accounting, it is often good
practicc to commit the estimated delivered cost to the project account when
the purchasc order is written. This provides management with a more accurate
estimate of the funds remaining. This can be especially important when items
must be ordered from abroad and dclivery schedules may be slow. When the
invoice is paid and the actual acquisition costs are known, the proper charge is
entered in the project account and the original amount committed is removed
from it by journal entry.

If the institute accounting system distributes overheads as a percentage of
direct charges, it inay be desirable to make some special arrangement with
regard to direct purchases. Otherwise, if large purchases were made for an
individual project, this project would end up paying a disproportionatc share of
overheads. Accordingly, ovetheads might be assessed on only a given increment
of cost, perhaps the first $50, of any such direct purchase. The increment is
selected to provide an overhead income sufficient to cover the costs of processing
the order.

Travel

Travel costs, transportation and living expenses or per diem allowance
incurred as a result of work on a particular project are usually treated as direct
costs against it. Even if overheads are assessed as a percentage of direct charges,



R R ey e P e e S

PROJECT ACCOUNTING 6y

however, it is not unusual to exclude the travel costs from the overhead cal-
culations. The justification for this is that dircct travel costs are responsible for
few, if any, overhead costs. The charges for the time of the staff member while
he is travelling carry the normal overheads.

There is no uniform system for the reimbursement of living costs while
on official institute travel. Some organizations provide direct reimbursement
of all reasonable cxpenses; some require special justification for all expenses
over an established daily norm; and others provide a fixed per diem allowance
regardless of the costs actually incurred. The vstablished patterns of the country
in which the institute operates arc vrobably the best guide. Where an option
is clearly available, the advantages appear to rest with the reimbursement of all
reasonable cxpenses, but a relatively close check should be kept to see that the
requested reimbursements are, in fact, rcasonable. Representation cxpenses,
within limits, are also generally allowed.

Miscellancous costs

There are other costs, usually minor, that are sometimes carried as over-
heads and sometimes considered as direct project charges. Among thesc are such
items as shipping costs, postage, and telephone and tclegraph charges. The
most practical method for deciding on the disposition of such cxpense is the
cost of entering it in relation to the amount recovered.

Normally the cost of major shipments of material or equipment is considered
a direct cost. Long-distance telephone calls and telegrams may be handled as
direct charges, but local telephone calls are normally included in overheads.
Most postage costs are absorbed in overheads, but an exception may be made if
a particular project, such as survey projects, requires extensive mailings or the
shipment of fairly large quantities of materials through the post.






Chapter 10

DRAWING UP RESEARCH PROJECT PROPOSALS
AND CONTRACTS WITH CLIENTS

The institute’s management, the rescarch staff and, especially in the case of
contract rescarch, the client must clearly recognize that it is impossible to make
a valid prediction of the cost of solving a problem through rescarch: a rescarch
project is established to carry out a specified investigation. It is hoped that the
study will provide a feasible solution to the problem, but it is not possible to
guarantee it. However, a relatively accurate estimate of the cost of the proposed
project can usually be made. The first step is to prepare a research project
proposal.

THE RESEARCH PROJECT PROPOSAL

The completeness with which the proposed work can be outlined in advance
depends upon the nature of the investigation. For example, one investigation
may be designed to determinc the optimum operating parameters for an estab-
lished process. Here the nature of the problem makes it possible to define fairly
accurately the experiments that should be carried out to permit a valid analysis.
Another investigation may be secking a new process to achieve a particular goal.
The investigator may envisage several possibilities with many interrelations and
have no way of anticipating which, if any, will be successful. In this case, the
investigation may be tackled in successive stages with an evaluation at the end
of cach. Chapter 5 contains a full description of the methods employed. Such
projects arc usually costed and authorized stage by stage.

The actual planning of the rescarch project is a technical exercise and has
been discussed in Part 1, chapters 3 and 5. The completed research project pro-
posal, however, is of concern to the financial administration, since it forms the
basis of the project budget, normally contains estimates of the time and cost
of the work, and (in the case of externally sponsored rescarch) usually becomes
a part of the rescarch contract. An outline for a rescarch project suitable for usc
by the financial administration is given in annex 2. This may be compared
with the fuller outline (example 1) given in chapter 3, which was drawn up by
the research staff as a work programme.

COSTING THE PROJECT

Costing a research project should Le¢ a joint effort between the rescarch
staff and the accounting staff. Although the rescarcher may have sufficient

A
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experience and the necessary knowledge of institute costs to prepare the estimate
himself, his ome can usoally be spent more efficiendy if he has help from the
accounting department. In any event, the estimated costs should be subject to
financial review before the proposal is accepted by the institute’s management
or presented to a prospective client,

The estimation of rescarch costs becomes progressively casier with experience.
After a few projects have been completed, a new one can be estimated almost
as a matter of routine. The assurance with which the estimate can be made depends
to a great extent upon the completeness with which the work programme has
been formulated. The breakdown of rescarch costs presented in the preceding
chapter provides a convenient basis for cost estimation.

The starting point is normally staff time, which usually represents the largest
direct cost. If the work programme has been properly thought through, a reason-
ably accurate estimate of the man-hour (or man month) requirements can be
made. Example 2 in chapter 6 shows such an estimate. The distribution among
supervisors, professional staff and technical assistants should also be reasonably well
cstablished by the type of work involved. In some cases, the staff members to
be engaged in the work will be known, and their charge-out rates can be used
directly. If not, the rate ranges within cach category arc usually sufficiently
narrow to make the average suitable for cost-cstimating purposcs. In estimating
the manpower requirements for the project, some consideration must be given
to the desired rate of progress. Most rescarch projects will have an optimum
rate at which the work can procced most cfficicntly. Sometimes the prospective
client may nced the results in a shorter period of time and a higher rate of cffort
is justificd, cven though the total cost may be somewhat higher. Also, con-
sidcration should be given to possible periods during the work when certain
project personnel cannot be effectively used on it. Where possible, arrangements
should be made to utilize this time on other projects.

Except for unusual cases, which will be apparent from the outline of work,
the cost of materials and supplies required directly for the project will be minor.
Since conditions vary from institute to institute, the best basis for cstimating is
the experience from previous projects of a similar nature. In the absence of such
experience, an allowance of 10 per cent of the estimated staff costs should provide
amply for this category in all but very unusual situations.

The costs of technical services may be somewhat more difficult to estimate.
In the case of non-laboratory work, they will probably be minor. The main
item will be report preparation. In the case of investigations involving laboratory
work, the scope of the work will be fairly well defined in the work programme.
If cquipmient construction is necessary, the machine shop foreman should be
able to provide rcasonable cost estimates from a general description of the
requirements. If standardized costs have been cstablished for chemical analyses
and mechanical tests, cost estimation will be simplified, since the volume of
work can be assessed with reasonable accuracy from the work programme,
If such costs have not been standardized, the heads of these sections should be
consulted for assistance in cstimating them. The needs for the scrvices of the
instrument laboratory should also be reasonably clear from the work programme.
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The details about submitting reports should be spelled out in the rescarch project
proposal and should permit a suitably accurate estimate of these costs. Here again,
the estimating job is simplified if standard costs have been adopted.

The requirements for the use of major cquipment covered by an institute
usc rate will be covered in the work programme. The cost of any specialized
equipment that will have to be purchased, by the institute in the case of an
in-house project or by the client in the case of contract work, should be clearly
identified in the project proposal.

The anticipated costs of direct purchases may vary widcly, depending
upon the stocks of the institute storeroom and the nature of the rescarch project.
Most of these special needs, however, will be identified by the nature of the
work outlined in the work programme. In some externally spousored rescarch,
it may be desirable to obtain some of the base or starting materials directly from
the client so - hat they are representative of the materials with which he is working.
These requirements should be specified in the project proposal and a clear under-
standing reached as to whether the client expects any payment for such materials.

The possible need for outside consulting services2 should also be considered
when costing the dircct purchases. As mentioned carlier, it may be desirable
at times to supplement the available staff with short-time, specialized consulting
expertise. The need for such assistance normally becomes clear before or during
the preparation of the work programme. The cost of such scrvice may vary
considerably. Estimation of the costs is usually casicr if the new institute has
developed a close working relationship with one of the established rescarch
institutes or is benefiting from the presence of international experts provided by
international technical assistance programmes.

Travel and miscellaneous costs arc, as a rule, relatively minor. Again, any
special requirements should become apparent during the preparation of the work
programme.

From the foregoing discussion, it should be clear that the case and assurance
with which the costs of a proposed rescarch project can be cstimated depend
directly on the thoroughness with which the work programme has been prepared.
Estimation of research costs in this manner is highly recommended not only
because it can produce the most realistic prediction of the costs involved in the
work, but also because this procedure helps to cnsure that the rescarch staff has
foreseen the problems and has some systematic plan for dealing with them.
There are cases (and they should definitely be considered as exceptions) where
a detailed work programme cannot be prepared in advance and the rescarch is
undertaken only at a given “rate of cffort”. Such projects are the most apt to
create problems for institute management because, by their very nature, there
is no advance agreement on the work to be accomplished or the specific approach
to be made. Cost estimation of their programmes can, at best, be only an ap-
proximation. In fact, the only practical procedure is to establish the research

2 Advice on using such services will be found in the Manual on the Use of Consultants
in Developing Countries, UN Publication, Sales No. 68.II. B. 10.
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budget and then adjust the rate of effort on the project, as it proceeds, to keep
the costs within that budget. As a rule of thumb, the total project costs (including
institute overhcads) will normally be at least double the cost of professional
staff time involved. '

Expericnce shows that initial cost cstimates, especially among the newer
rescarch institutes, tend to be on the low side. Therefore, after the cstimate is
prepared in the best possible manner, it is usually wise to increase cach cost
clement by a factor of from 10 to 15 per cent as a contingency allowance. In
gencral, no onc complains when a project is satisfactorily completed for less than
the cstimate, but there may be complaints if the work has to be curtailed in the
final stages because of insufficient funds. As more cxperience is gained in cost
cstimation, this contingency allowance can be reduced and eventually eliminated.

Principles of costing multi-discipline projects

Many rescarch projects requirc co-operative cfforts from scveral of the
research groups or sections within the institute. In fact, this team approach is
onc of the major advantages of a poly-discipline industrial research institutc.
The principles of cost estimation are the same for a team cffort as they are for
a onc-man project.

Cost cstimation begins with the preparation of the work programmc, as

described in the previous section. Management normally appoints one staff

member as project leader. It is then his responsibility to ca-ordinate the efforts
of the team. Each research section involved prepares its portion of the work
programmic and estimates the cost of that part of the work. The project leader
then consolidates these programmes and estimates into the over-all research
project proposal.

Although the individual section estimates arc often not broken down in
the final project proposal programme, they arc available within the institute
for the purpose of technical and financial control. In the project accounting, the
work of each section is usually identified by a separate sub-account under the
main projcct account number. Scparate work authorization sheets and cost
records arc prepared for each sub-account, as if they were individual projects,
and the consolidated report is prepared for the project leader who is responsible
for over-all co-ordination.

PROVISIONS CUSTOMARILY INCLUDED IN CONTRACTS WITH CLIENTS

Research work for an outside client normally involves some kind of official
agreement between the institute and the client. For small projects this may involve
merely an exchange of letters. In most cases, however, a formal contract is
cccommended. The use of a standard contract form helps to ensure that the
institute client relationships and respective liabilities are clearly understood; it
also ensures that all clicnts arc treated alike. These factors are particularly impor-
tant in arcas where contract rescarch and services arc new and not clearly under-
stood.
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The basis for the agreement is usually the rescarch project proposal with
its details of work and estimate of time and costs. Since this proposal is normally
mentioned in the rescarch contract, it is especially important that the institute
should guarantec only to use its best cfforts, within the financial limits set by the
agrcement, to work towards a desired goal. The effort may and should be pro-
mised, but specific rescarch results cannot be guaranteed. For technical and
engincering scrvices, the contract may be non-committal.

The legal form of the agreement and some of the specific points covered
will depend upon local standards and conditions as well as upon procedures
adopted by the institute. In nearly all cases, the agreement will identify the parties
and provide a short definition of the scope of the work that can subscquently
be used for identification purposes. The actual work to be done is usually defined
by reference to the research project proposal.

The starting date and the duration of the work are usually specified. For
example, the statement that the work will be started within 30 days after
acceptance of the agreement by the client may be considered typical. Often, the
agreement will also set a maximum period for the client to accept the rescarch
proposal. Beyond that date, the institute cannot guarantee to have uncommitted
staff available to undertake the work.

The terms of payment should be set out in detail. Thesc arc subject to wide
variation. Most industrial research institutes work on the basis of the reimburse-
ment of actual costs as previously defined and agreed upon. In some parts of
the world, however, the fact that the payment due may vary if calculated on a
“cost-incurred’” basis is not readily understood, and a fixed price basis may be
preferable. In such cases, it is cven more important that the work to be donc is
clearly specified in the project proposal. Otherwise, it may be difficult to convince
the client that he received what he paid for. A detailed work programme is also
required so that the institute can avoid losses through underestimation.

In some cases, the contracts specify that all or part of the costs are payable
in advance. In other cases, they are payable monthly or quarterly on the pre-
sentation of invoices either for fixed amounts or on the basis of actual costs
incurred during the preceding period. Some institutes opcrate on a cost-rcim-
bursable basis, but with fixed billing, provision being made for the return to
the client of any unexpended funds at the completion of the project.

The amount of detail included in invoices is a matter of policy. When
billing is on a cost-incurred basis, the invoice may show only the total costs
incurred for the period, or the total may be broken down in accounting cate-
gories such as staff time, materials and supplies, technical services, usc of equip-
ment etc. In general, the short form is recommended unless the client specifically
requests the extra detail. If billing is on a fixed basis, the invoice may show the
actual expenditures so the client can see how costs are running in comparison
with billing. In the same way, a memo invoice showing actual costs can be supplicd
when payment is made in advance. However, it is recommended that such detail
be provided only when specifically requested by the client. In the casc of fixed
price contracts normally no cost information is provided to the client.

Some contracts also provide for the assessment of intercst at a specified
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ratc on any unpaid invoices outstanding after a stipulated period, such as 30 or
60 days. But expericnce has shown that clients arc very unwilling to comply
with such provisions.

Contracts usually provide that the work can be terminated at any time
by the client subject to, for example, 60 days’ prior notice in writing. Provision
may also be made for similar termination by the institute; however, the client
will usually accept the institute’s recommendation if it appears that the research
will not be fruitful. Many contracts also specify that the client has the right to
renew the contract, if he wishes, for an additional period under the same con-
ditions as before. Normally, the institute welcomes such extensions, but the
clicnt may feel a clause of this type gives him additional protection.

Nearly all agreements used by industrial research institutes specify that the
patent rights to any inventions or patentable discoveries made as a result of the
sponsored research project shall become the property of the client. When staff
members arc engaged on sponsored research, the results of their efforts are the
same as if they were actually on the payroll of the clicnt. Research agreements
also commonly provide that neither the institute nor the client can make specific
reference to the research in advertising without the written approval of the other.
A form of agreement betwcen an institute and a client sponsoring a rescarch
project is given in annex 3.

The agreement usually provides that the institute will hold confidential
any proprictary information furnished by the client as well as all results of the
research. It also usually includes the stipulation that none of the results will be
published by the institute or its staff (proper provision must be made in their
contract of cmployment) without prior approval of the client. The agreements
sometimes include a time limit on this prohibition; however, conditions vary
widely, and it is recommended that specific client approval be obtained in every
case.

The essentially confidential nature of many contract research and service
projects may create a serious ethical problem for institute management, namely,
how soon after completing an engagement with one client the institute can
undertake related research for another. There is no practical contract provision
that can resolve this question. Each case must be decided on its own merits. In
cffect, institute management must consider the situation from the viewpoint
of the first client. If the institute holds information from the first project which,
if used on the proposed new project would be detrimental to the interests of the
first client, then it would be advisable not to undertake the second project.
In short, it is better to lose one contract than to lose the institute’s reputation
for integrity.
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Annex 1

SPECIMEN ACCOUNTING SYSTEM

ACCOUNT NUMBER

o .
. T
o
* [

45 . .
5 . .
o . .
. -
78 . .
) T
v |

o ..
1o . .

120

........

130 ..
40 .

p..| T
210 .
220 .
2% . .
20 . .
2% . . .
2600 . .
20 . .
280 . .

310

ASSET ACCOUNTS

Land

Buildings

Asscts in bank

Petty cash control

Accounts receivable  currem
Accounts outstanding  prior periods
Stocks

Building cquipment
Fumiture and fixtures
Non-technical equipment
Technical equipment
Library volumes

LIABILITY ACCOUNTS

Accounts payable  employees
Accounts payable suppliers
Advance payments and reserves
Reserve tor depreaation
Reserve tor staft indenmities

OPERATING ACCOUNTS

Technical cquipment costs and inconwe
Technical service divisions expenses and income
General administrative expenses

Technical administration cxpenses

Library expenditure

General office expenses

Building scrvices expenses

Public relations cxpenses

Sponsorship developmient expenses

GENER AL EXPENSE AND INCOML
ACCOUNTS

Pavroll
Depreciation
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Rent

Interest

Automobilc and truck cxpenscs
Postage

Telephone and telegraph
Gas

Elcctricicy

Water

Coal

Vacation

Sick leave

Project costs

Project overhcads

. . Project income
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Annex 2

OUTLINE FOR A RESEARCH PROJECT PROPOSAL
A. Iutroduction

1. General problem statement
2.  Why problem is important
3. Research objectives

B. Background

1. General origin of the problem
2. Prior and related work on problem
(a) By others
(b) By institutc
3. If old problem, what is new in proposed approach

C. Proposed work progranme

1. Development of background
{(a) Literaturc survey
(h) Information from client
(¢) Other
2. Outline of programme
(a) Initial approach
(b) Possible alternatives
(c) Detail of stages, if appropriate
3. Special considerations, where appropriate
(a) Equipment availability
(b) Multi-discipline approach
(¢) Equipment or materials to be furnished by clicnt
(d) Other

D. Reports
1. Type and schedule of reports

B. Tine and cost

1. Time required for research
(a) Total or by stage

2. Estimated cost
(a) Total or by stage
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Annex 3

FORM OF AGREEMENT
BETWEEN AN INDUSTRIAL RESEARCH INSTITUTE AND
A CLIENT SPONSORING A RESEARCH PROJECT

This Agreement confirms a mutual understanding between the Industrial Rescarch
Institutc (hercinafter referred to as ““the Institute™) and (full name of cliem), (hereinafter
referred to as “‘the Client”):

1. The Institute proposcs to conduct for the Client a rescarch project (hercinafter
(1Y

reterred to as “the project”), relating to . . . L L L L L L.

-------------------------------------

2. Thisoflerisvalidunal . . . . . . .. .. If this agrecment is signed by the
Client in the place provided at the end of this document and delivered to the Institute
on or before that date, it shall become a contract between the two parties, subject
to the following terms and conditions:

3. The Client requests the Institute to carry out the project within a period of
..... months. The Institute agrecs 1o start work on the project within . . . .
days after the date of delivery of the signed agreement. The Client agrees to pay the
Institute for its scrvices in connexion with the project a total sum of up to, but not

exceeding . . . . . . The Institutc undertakes to usc its best endeavours to complete
thc work programme outlined in the rescarch project proposal *“. . . . . . . .
.......... dated . ...

4. The Clicnt agrees to pay the Institute for its work on the project in monthly
instalments on presentation of a statement of accounts. Payment shall be made within
thirty days. The Institute reserves the right to suspend work on the project if pay-
ments are not madc within this period. The Client agrees that instalments remaining
unpaid after sixty days from the datc of presentation of the statement of accounts
shall be subject to interest, payable to the Institute, at a rate of 10 per cent per annum.

5. The Institutc undertakes to submit to the Client at the intervals stated in the
research project proposal referred to in paragraph 3 above, progress reports cn the
project. The Institute further undertakes to keep careful records of all work carried
out under this agrcement.

6. The Institutc agrees that all inventions and discoveries made as a result of work
on this project shall be the property of the Client. The Institute undertakes to prepare
at the request of the Client, and at his expense, the documents required to register
and work patents on such inventions or discoveries. The Client agrees to pay the

cost of this documentation over and above the total research costs set out in para-
graph 3 above.
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7. The Institute undertakes to endeavour in good faith to keep confidential, unless
it obtains the Client’s specific authorization in writing to the contrary, all information
relating to, or derived from, work on the project, including any proprictary informa-
tion supplied by the Client, provided that nothing shall be deemed secret or con-
fidencial that is described in any prior publication or patent or is 2 matter of common
knowledge within the industry concerned.

8. The Instituee and Client undertake thae neither will, without prior written
consent of the other, make any public reference, in advertising or other material,
to the work of this project in such a way that the other's namic is used or implied.

9. The Client may terminate this agreement at any time on sixty days’ written
notice to the Institute. The Client shall have the right to extend it, on terms agreed
between the Institute and himself, for a period cqual to the duration of the present
agreement, provided that notice is given in writing at least sixty days before it
expires,

Forthe. . . .. ... ... ... For the .
(name of client firm) (name of Industriai Rescarch Institute)
(full name and title of client's repre- (full name and title of Institute’s repre-
sentative) sentative)

PDate . . . ... ... ...... Date .
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