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Foreword 

A United Nations Interregional Seminar on Industrial Research .uni I H-vclop- 
ment Institutes in Developing Countries was held in Beirut, Lebanon, m 
December 1%4, to seek ways and means t*f strengthening existing and future 
industrial research and development institutes in developing countries. 

In the course of the deliberations, it became apparent that the problem ot 
management was of paramount importance, since persons with the necessary 
experience were generally lacking in developing countries. As A result *»f these 
discussions, the Centre for Industrial Development the predecessor of the 
United Nations Industrial IXvelopmcnt Organization published a Starnuti on 
the Maniement of Industrial Rewank institutes in 0rwli»pi»c Countries » to provide 
practical guidelines not only for managers and others working in these institutes 
but abo for executives and policy-makers connected with the planning ami 
conduct of industrial research in government departments ami in private industrial 

enterprises. 
Subsequently, UNIDO organimi an Interregional VAwkshop of Managers 

of Industrial Research Institutes in Ifcvcloptng Countries, which was held in 
Athens in July 1%7 and was attended by nineteen participants holding high 
managerial positions in industrial research institutes and by a panel of eight 
international experts. The discussion dealt with general principles which should 
govern the adminUration and functioning of research institutes: in illustrati«*!, 
typical institutes in developed and developing countries were discussed in case 

studies. 
The discussions made clear the need for publications that couki be of practical 

autstance to industrial research institute» in improving the tutakty s*t their wtwk. 
The aim of this publication is to give such help in two important fields, numi y 

The selection and evaluation of research projects; 
Financial administration. 
The wise sélection of research projects and their proper evaluation at pre- 

determined stages not only enhance the professional reputation of the institute 
hilt ah© have financial implications, since so much time is spent on projects and 
they constitute a major source of the institutes income. It was therefore impossible 
to avoid some duplication between the two parts without which the treatment 

of either subject would have been incomplete. 
Background reports prepared on these subject» for the Athens workshop 

by Mr. Lawrence D. Has* and Mr. Robert Adam» have served as the basi» for 

the present publication. 
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Pmrt 1 consisti of six chapters and covers the selection and evaluation of 
research projects. 

Chapter Í deals with the criteria for selecting projects. These criteria may be 
of .1 general nature, such as national development policy and general institute 
policy, having regard to its capabilities; or of a specific nature, such as the tech- 
nical, engineering, marketing, economic or managerial feasibility of the project. 
Chapter 2 contains a classification ol the institute's short-term activities, such as 
information service», testing and quality control, technical services and standardi- 
zation; of its small-scale activities, such as exploratory and applied research, 
product and process development, product evaluation and by-product and 
waste utilization; and of its intermediate-scale projects, such as engineering 
development and pilot plant. It also contains a classification of evaluation pro- 
grammes into engineering and market evaluations, feasibility studies for new 
ventures and surveys of natural resources at a regional or national level. 
Chapter 3 describes how to organize the institute's activities by means of a system 
of projects and illustrates this by an example of a research 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 evaluating projects with client*. Chapter 5 enumerates the major stages of 
evaluation ami describes each of the steps in the evaluation and confirmation 
r4agcs. Chapter f> explains how to organize a multi-discipline team to deal with 
projects ami 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. 

P»rt II, on Financial Administration, consists of four chapters. It is entirely 
devoted to financial questions related to tl»c institute, from the early stages of 
feasibility studies to methods of draw ing up ctmtracts and their financial impli- 
cations. 

Chaffer ? deals with forecasting the institute's initial size and growth rate 
and with the financial aspects of initial and long-term planning. The sources 
of financing are discussed, including government subsidy, potential income 
from research and service contracts and the possibility of external assistance. 

Chapter H discusses the details of capital and operating costs, including meet- 
ing the need for technical assistance either from international or bilateral aid 
programmes or by directly contracting for the services of an already established 
industrial research institute. 

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

Three annexes following Part II illustrate points mentioned in the various 
chapters. Annex I shows a specimen accounting system that a research institute 
can use. Aaacxct 2 and J consist respectively o( "An outline for a research 
project proposal", and "A form vá agreement between an industrial research 
institute and a client firm sponsoring a research project". 



An industrial research institute may be defined as a technical organization 
established to make direa contributions to industrial development in the private 
and public sectors. This definition distinguishes it from research institutions that 
conduct investigations to extend knowledge without having any responsibility 
for aiding directly in its practical applications. 

When an industrial research 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 research 
institutes, however, does not bear out these assumptions, even in highly developed 
countries. A gestation period is necessary for the institute to determine and to 
supply the services required by the country's industrial complex and to acquire 
the necessary 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 may indeed, be M, aware of their need for it. 

Only by selecting and completing practical projects that arc 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 benefit to 
industry in his country. He must recruit competent personnel and lead them to 
employ then skills for useful objectives. He must establish procedures for selecting 
and managing projects that will attract and keep the interest of industry md 
government agencies. He must develop relationships with business organizations 
that will make it easier to translate new technical information into practical 
industrial progress. 

Institutes in developing countries should select 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 technt>- 
logical and economic impact. Otherwise, the resources and entrepreneurial spirit 
of the country will not be employed at the level most effective for socio-economic 
development. 

Unfortunately, there are no good yardsticks to measure the efficiency of 
industrial research programmes, even those carried out by individual enterprises. 
In the case of an industrial research institute, however, one 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 i. 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 institute. 

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 salaries. A close watch should be kept on 
this item through project accounting. Although it is inevitable that the institute 
should be heavily subsidized in its early 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 research 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 in the 
formative years when it has little experience to go by. The criteria discusseli 
Mow 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 research organizations to be an effective method tor allocating 
the time of the technical staff to various activities. 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 written outline stating the 
objective, the technical and economic justification 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 preliminary 
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 
effort 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 extension 
in promising cases. Between 10 and 15 per cent of the total time of the entire 
organization may be devoted at first to exploratory activities, although sub- 
sequently this may prove to be too much. As the staff becomes more skilled in 
the techniques required for preliminary evaluation, the average time spent on 
exploratory work for an individual project will be reduced. 

The reason for setting 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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in terms of a practical goal, the researchers' .merest may be diverted to other 
•ispects 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 settled to justify further work. 

Experience also shows the wisdom of dividing a major undertaking into 
successive phases or stages, each of which is the subject of a separate project out- 
line Such subdivision improves the reliability ot estimates ot the usefulness of 
the work and the man-hours required before a new stage is begun. The stages 
serve as good checkpoints at which the project may be comprehensively re- 
evaluated to determine its validity before additional work is authorized. It then 
becomes possible at later stages to make more accurate evaluations, which re- 
quire careful analysis because they involve greater technical effort and expense 

than earlier, smaller-scale phases. 
To administer a project system, an analysis «s required o» the total amount 

of time spent on different lines of work by all members ot the technical stall. 
The usual practice is for each 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 (tor further details see 
chapter ^ under "Control of short-term activities" and "Control ot overhead 
ictivities") The expenditure of time is often converted into financial equivalenti 
for convenience of budgetary control. The cost of professional time normally 
includes part or all the overhead charges on a pro rata basis. 

At longer intervals, for example, monthly, or quarterly tor kmger-tcrro 
projects, the technical progress made should be reviewed in relation to the target 
data for completion and the budget for professional time. Such reviews shotiU 
include a written summary of results achieved to date ami »I plans tor future 

work to attain the objective. 
Admittedly, it is difficult to estimate how much technical effort will be 

required to complete an investigation. Hence the  adnumstfauon of projet 
costs must be understanding and sympathetic, or the morale of the orgai.iiatH* 
will suffer   Progress reviews must take into account the uncertainties inherent 
in the original estimates and should provide for adjustment ot budgets, time 
schedules and costs. Adjustments are usually not so seriously questioned in the 
case of in-house projects, because additional work and expense can be com- 
pensated by curtailing the time available for other internal •"trntH*. When 
U comes to sponsored projects, however, faulty estimates make it 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 c* »-house 
activities. The situation is often due to a broadening of the scope ot the work, 
which should have been covered by earlier 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 keepwg 
track of how they use their time. The plea is usually made that the estimates ot 
time required to reach a defined objective are meaningless because it it not 
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possible to foresee in advance the courte which the investigation will have to 
take. This may be true of has* research, but practice m estimating time require- 
ments few applied research projects makes the forecasts more realistic as the 
organtratioti acquires »kill in outlining the steps and amount oí work required 
to   reach   a   definite   goal.  The   system   mint,   however,   be  operateti   *ith 

nexibthty. 
In spite of the tWficvktes of making estimates al the m^it-hours required 

to complete a project, this scheme is a practical device for amtroHmg the deploy- 
ment of skills of the organisation m terms n( it» over-all »»électives. As H*H, 

it ha» become very widely used. Few, if any, of the industrial research immuto 
that have adoppi it, have found M not suited to their managerial requirements 

GfNttAl CMTOMA W* IVAIUATHW 

*> ' ^.' im,«/ X«wÌMa^Nl  IKTthftft «WKPIM* «mPiiWni filtre» 

Many countrki have already adopted or are formttlatiftg gesserai pirns lor 
imkntnal development These ptsm usually include the general obtrctivescifcxpand- 
tng the domestic demand by increasing mttomJ andprfi-fitoinciinte, of creating 
employment opportumtie», of mcreasmg die utilisation of national resources 
and developing new raw materials and of improving the fmetgn exchange 
position both by reducing imports through substitution and by pr**motmg 

exports. 
Subsequently, more detailed criteria and legal norms Cor evaluating new 

undertakings come into force, to tome countries, the government favours a 
«eng central control over the type of new industrial enterprise which it is 
prepared to authorise and requires extensive justification before it will give 
approval. In others, the Government concerns itself chécAy with the mfra- 
structurc and certain sectors of industry that are important to the national welfare 
or require capital outbyi beyond the absnty of private «wen to provide. Under 
tins method of operation, the Government may leave to private entrepreneurs 
the initiative for establishing other new undertakings. It may provide incentives 
such as tax concessions, special terms for rmancit ig, protective taring or favourable 
regulations for importing equipment or raw materials in order to encourage 
investment m preferred sectors of industry In such cases lists are often pet pared 
of industries favoured by the Government, classifying them, for example, mto 

those of high and secondary priority. 
The generally applied entena may not be sufficient to assess the full impact 

on the economy of certain proposals. Tor example, a Urge »vestment is required 
for heavy industrial tisstauatiom, such as iron and steel or petrochemicals, that 
do not directly create many jobs in comparison with the labour-mtetsstve m- 
dtntrics, On the otter hand, the products of such enterprises may be essential 
so the expansion of secondary mdustnes mat c4ier eniploymcnt to large mimbers 

of workers. 
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A» orderly pian fot n**m¿ development, orci» though it may be formuiatcd 
m ecncral ter »m » therefore of help in esttbhshtng priorities for research project!. 
ItT^tml research mmtutc can encourage the working out of a^ebpment 
«.^v by request»«« nwwe detailed granee from the national planning agency 
r. » Z« it incvahJtmr the importance of both »n-hou* ami sponsored project, 
If it frame» them requot* m tern» .if t^hno-cconomic crista, it can create 
ptterm of analys» that help to clarify the iiovernment » objetive». 

Initìto** folky 

National pottocs become meat»«*ful ai criteria when they have been Aapetj 
bv a ««ay of specific test caie»; in the same way, the growth plans of an .mitmnal 
reseat^i4t»tuW relíeme 

•m^r^7£i^ « ha, the broad general policy of en- 
coûta«»* economic development by offering technical »»»stance to mdusttial 
Z lament enterprises. After operations beg»« «he V^^JT^^ 
nf how to carry out this mission. Fot example, wh»ch sectors of »ndustry docs 
the (iovcrnment wish to encourage» In wmch of these sectors wilt Açi^-J 
and publ* enterprises be most likely to reeogniic the need for technical 
««oTmcntt In general, the sñence-based industries (for «ampie chemica^ 
electronic» and plunnaceuticals) are more inclined to be recept»vc than those 
rdvmft heavily on tradwonal know-how and experience. 

lite institutes polky must be shaped through experience m dealing with 
private and public organiiations. The Board of Directors sometimes takes an 
active part ,n drawing up the work programme, but it often relies on the director 
and hTstaff to provide information on which it can base decision» as to the 
enteral lines of activity that will be effective in assisting industrial development. 

The data required to formulate policy can be obtained by making a m» 
market research to determine those sectors d industry that are not only likely 
to «row but that also need, and have a receptive climate for new tcctaology. 
Various methods of establishing contacts with managements have to be tried. 
Stud»« must be made of the services that will be most useful to the Urgest number 

of chents. 

Institute capabilities 

The reputation of an industrial research institute depends upon its ability 
to carry out succesifiil ptojects; an important criterion for the acceptance ot 
«cw assignments is, therefore, an objective assessment of the competence of the 
insátuteio handle them, unfortunately, the news of failures is likely to travel 
faster than reports of successes. When sponsored projects show unfavourable 
trend», »t is recommended practice to cancel them at an early date, if necessary, 
to refund the fees paid rather than to leave dissatisfied clients. 

The institute should refrain from making over-optimistic forecasts about 
result». It should not accept assignments unless it is confident that its statt is 
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competent to conduct and evaluate the investigations a tul that it ha* the equtp- 
ment necessary to carry out the work; it may be able to supplement its own 
skilU by establishing co-operative arrangements with other more specialized or 
experienced research organizations. Its estimates of expend and target dates 
should be realistic. If it cannot undertake the more advanced stages of a prt>jcct 
that arc necessary for its commercial application, the institute should inform \\w 
client to this effect. It should not make managerial decisions for the client except 
in trie rare cases when it also has responsibility for implementing the derisions. 

Srtcmc cMTUtiA ro« IVALUATION 

The feasibility of an industrial research project has to be judged from several 
points of view: technical, engineering, marketing, economic 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 nuy 
and often do have the qualifications to make judgements on engineering, market- 
ing and economic feasibility; but, it possible, they should get the client's personnel 
to agree with their evaluations. Decisions as to managerial feasibility must rest 
with the client, 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 equipment 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 

Engineering feasibility studies are made by engineers, often called process 
engineers, who consider such matten as types and availability of equipment, 
flow of materials through the operation, process control procedures, wastes, 
by-products and hazards. They make estimates of the cost of purchasing and 
operating plant and equipment including overheads. They prepare drawings of 
plant layout and specifications for equipment, materials-handling devices, 
construction materials and instrumentation for process control. They estimate 
minimum economic 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 

Marketing feasibility is mually called market research. "Marketing" is 
used here in the broad sense of consumption capacity and would include, for 
example, a survey to estimate the demand for fertilizers in order to meet a 
national target of greater agricultural production. A market study deals with 
the volume of demand, suitable price structure and requirements of distribution 
channels, including packaging. It also includes an evaluation of present and 
potential competition and should provide estimates of marketing costs such as 
expenses for direct sales, advertising and promotion. 

Comprehensive eamomii feasibility review 

After the process engineers and market research specialists have prepared 
their estimates, it is necessary to make an economic analysis of the whole project 
in order to prepare the data for entrepreneurial decision. Such an analysis may be 
carried out by joint efforts of the piocess engineering and market research groups, 
or it may be done by a separate group working closely with them. In cither case, 
a sum for working capital is included in the estimate of the total investment 
required fot the project. The rate of return on sales and investment and the cash 
now arc projected. The study may include the method of financing and the 
effect on the national economy. 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 earlier, the management of the private or public enterprise 
sponsoring the project must make the final decision regarding its commercial 
application. On the basis of the information provided on technical engineering, 
marketing and economic feasibility, the advantages of a commercial operation 
must be weighed against alternative uses of resources. For, even 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 enterprise or a government 
agency. Is the undertaking in line with existing policy and plans for future growth? 
If it is not, is it still so attractive that it warrants revision of these general objec- 
tives! If so, the particular project should then be compared with other possibilities 
that can be considered if the criteria are revised. Docs the organization possess 
adequate managerial talent to launch the new venture successfully? If it should 
later expand in scope, would it force the enterprise into new raw material 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 earlier 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. 
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CLASSIFICATION OF ACTIVITIES 

TYPICAL FATTEIN or »KVELorMRNT 

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

In developing countries, the general pattern followed in establishing in- 
dustrial research 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 fields in more highly 
developed countries. The assumption is that the projects will, in general, be o( 
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 sets up an analytical and testing 
section to assist research 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 activities. Usually- 
one of the first additions is an engineering group to carry laboratory work to a 
pilot-plant scale and conduct engineering analyses to determine the feasibility 
of large-scale manufacture. Such groups are often in great demand to conduct 
projects for industrial enterprises and government agencies. 

The institute then begins to receive requests for comprehensive economic 
evaluations and may need to carry out market research. Groups making economic 
evaluations consist principally of economists, development engineers and "pro- 
cess engineers", who arc 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 government establishments on short-range applied problems. 
The more experienced staff members often do this in their respective areas of 
competence on a part-time basis. Their activities may be supplemented by 
expatriate technologists who provide constructive help and epjoy considerable 
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prestige because of tbeir extensive experience. They can give valuable practical 
training to their local counterparts, if they work closely with them. Inclination 
towards short-range technical service is a matter of personal preference. Many 
science-oriented individuals do not like such assignments and prefer to stay in 
longer-range projects, others, with a more practical bent, prefer direct eont tcts 
with industry. The United Nations Industrial IXvelopmcnt Organization 
(UNIDO) has provided international experts to assist a number of industrial 
research institutes in developing countries with programmes to provide technical 

services. 
Such additional technical activities often grow very rapidly. This is parti- 

cularly true if the institute wishes to obtain at least some of its income from spon- 
sored projects; in developing countries, clients are more likely to be interested 
in projects that lead to rapid commercial applications than in the classical type 
«>f product and process development for which the institute was often foumled 
in the first place. The reason for this is that time is saved by acquiring existing 
technology and know-how from some source, rather than by obtaining it 
through research and development. 

Speedy industrial growth seems particularly desirable in developing countries. 
Hence, if a new operation can be put into effect by using foreign technology, 
this course » likely to be adopted. The important point that the country will 
need improved technology in the future or technology better adapted to its 
requirements is often overlooked. When an up-tts-date plant has been installed 
and the taal optiaiitig pusomnl have been trained, it is often assumed that the 
technology will remain static for the life t»f the plant Sooner or later, how- 
ever, improved technology will have to be discovered to handle different raw 
materials, to satisfy changing patterns of consumption, <w to meet altered economic 
patterns. This new technokigy to meet Wal conditions taw** be easily and 
rapidly obtained. The enterprise must provide it through its own stall", outstdr 
consultants or turn to the institute with its pool of diversified talents. 

Various categories of activities are discussed m the following f*ff*: 

StfORT-TEBM ACTIVITITS 

InfotméÊtim jrrrwv 

Digest* of technical information arc of value to industrial managers. Inst ttrtrs 
regularly publish technical summaries or abstracts of important papers. This 
activity has the advantage o4 creating goodwill and contacts among those on 
the distribution lists and is a way of drawing attention to the work of the immuta. 
To reach smaller companies most effectively, special publications are needed, 
relating to particular fields and written from a very practical point oí view; 
some industrial associations may be willing to share the cost of such publications 

In addition, the institute usually offers to provide information on specific 
problems from its library or its specialized personnel. The information service 
is normally an overhead expense of the institute. It is a valuable promotional 
activitv that often leads to sponsored projects. Occasionally an assignment is 
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received that require* an extensive study ; A charge may then be made to recover 
part of the expense. 

Analyst*, tcfttnc and tfttaltty ttwttd 

The testing section of un immuto is A valuable service to total manufacturing 
establishments, a great mans of which cannot carry out such work themselves. 
Part or all of the costs may K recovered by appropriate fee*; charge* for the 
service are a WMC safeguard agaimt request* tor analyse* that are not justified. 
Where possible, the institute should encourage client* to submit sample* tn a 
form suit ¿Me few standard testing; otherwise, the laboratory *tafl will have to 
work out a special procedure to meet the case, and it may be difficult f«w th*- 
institute to charge for the extra time involved. 

It is sometimes possible to establish a regular system of quality tontr«4 •«* 
purchases by the Government, industrial associations or individual c*ubh*hmcntv 
The volume of such work obviously justifies making a charge for the service. 
Regular standard tests of this sort that make efficient use of staff anil equipment 
reduct the average cost of analyse*. 

Analysis and quahty control m the past *hd not enjoy high profcsMotiat 
prestige because the work was routine and was performed chtcfty by non- 
profcsnonal personnel. A* more advanced technique* have been developed, 
using sophisticated mstrumentatton and interpretation, this work has breóme 
much more attractive to wen-tramed scientists. 

ttihtikol HtVHti 

Often taucd "troubleshooting '. technical services deal with a wide range of 
practical problems encountered in manufacturing. Ihcy may involve recom- 
mendations on selecting or handling raw materials controlling opérations, 
adjusting equipment, trammg and supervising operatives, storing and packaging 
products, or dealing with complaints or inquiries from customer*. 

k is difficult to develop a system (4 charges that wiH cover the expense, 
although, when the problem requires several days to solve, a charge on a eoH- 
mcurnd basn may be made Trottbksboottng is, htm ever, a very vantante 
servite to industry and one that broaden* the experience of the stai*, h is the 
policy of many institutes to devote a fa« percentage of their dornest* budget» 
to this activity. Technical services create goodwill and help to reveal more 
portant problems, whsch may ripen «nto sponsored or ñv-housc project* 

t.^W(n^^(BIBH^P 4* n^P • nm 

Standardaattoa ta a valuable service carried out by some industrial research 
other by checking samples against specifications, working out technical 

procedures lor such checks, or even conducting the entire procedure of selectmg, 
and puhhshang «pecifkanon* and attesting industry to attam mem. 
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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 tor 
upgrading the technical quality of an industry and for producing goods ot 
acceptable export quality. In a number of countries 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 undertake many technical investigations for the National 
Standardization Institution. 

MEDIUM-TERM ACTIVITIES 

Bxpkratoty rtsenrcks 

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 informati«! upon which it is possible to base an ordered plan for a 
project to reach a defined objective. To make the best use of technical skills the 
project outlined should be drawn up as soon as sufficient information is available; 
otherwise, man-hours may be wasted. As stated in chapter 1, many industrial 
research institutes find it advantigeous to set a limit on the amount of time 
expended on a given idea before a project outline is prepared. 

LoNC-TBIM ACTIVm» 

Promut it'alitai ioti 

Product evaluation is usually conducted by specialists, often from the analyt- 
ical scene», who are skilled in the development and application of test procedures, 
mchxfcng 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 price. 

In addinoli, field tests need to be carried out. For industrial products, these 
afe tSNsaly «matt-scale tests in the plants of potential industrial customers. For 
products sold to the general public, consumer-testing procedures are used. These 
Nrvcftifptiom will ctthct confirm the prehminary product specifications or 
show that modification is required. 

Apjtèfé ft KOKh 

Appned rescaten projects are carried out to provide a prchtninary dettnitton 
of a produci or process. On the hasis of the mfornunon obtained from c*- 
eloratory work, the tnvesnfatton n undertaken to confirm that known raw 
•Mimala can he converted by laboratory technique* into specimen products 
that could he rcaonV «third. This work may he carried out by scientists or 
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technologists; in larger organizations, it is often assigned to an applied research 
section. 

Ikoduct development 

Product development, carried out by technologists who have specialized 
in the products manufactured or used by a particular sector of industry, is re- 
quired to refine the definition of useful products reached through applied research, 
to explore systematically the merits of various modifications or formulations 
and select the most promising, to c* - 'op method«; of testing their relative 
efficiency, to set preliminary 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 
preliminary process definition in which raw material specifications are set, 
equipment and optimum operating conditions for each major step are described, 
process and quality control procedures are proposed and preliminary estimates 
of plant investment are prepared. The scheme of operations is usually shown 
in a process flow diagram. Finally, the preferred process is carried out on a 
large laboratory or prc-pilot scale to produce sufficient quantities of the product 
for critical evaluation. 

Byproduct and waste utilization 

Studies on by-product and waste utilization may be carried out to make 
manufacturing operations more economical or to abate nuisances. The investiga- 
tions may require the entire 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. 

Etigineering development 

Studies on engineering development arc carried out to verify the results 
of process development work. They require 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 auxiliaries, and firm 
estimates of operating costs and plant investment. Frequently they abo include 
the preparation of drafts of operating manuals. They may require establishment 
of entena for selecting new plant sites and specifications for new buildings. 
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Thcy provide data on operating costs un managerial dectsiom. Engineering 
assistance of this type may be required throughout the design, erection and 
initial operation of commercial plant«. 

I*ih*t pl.mh 

Pilot plants arc semi-commercnl scale prot**\pes of large plants. Although 
thcy arc expensive to install, they should be used, if necessary, to confirm the 
information from process development studies. Where fea«We, however, only 
part of the entire process should be piloted as an economy measure. Pik* plants 
arc nearly always below minimum economic sue ami are therefore also expensive 
to operate ** small pr»*h»ctinn tmfts i m less the pt«xluct% can initially command 
premium prices. In «W-vcloping countries, pilot plants often provide an effective 
means of training operatives from individual establishments in new or improved 

techniques. 

EVAtUATtON rVOCIAMMtS 

fcngineeTmg/cconomK evaluations ate similar to the engineering devclop- 
ment work described previouslv at one of the stages in developing products and 
processes, h is nurd again in this section because industrial research institutes 
arc •ometimes asked to carry it out f«*r ehertts. In such cases, the information 
available may not be as complete as it wtntkl have been if it hat! been collected 
systematic all v wtthm the institute. Such évaluât**», therefore, call for careful 
scrutiny to determine whether the baste facts are available on which to base a 
judgement. Some gaps may be fitted by interpolation from other data. On the 
other hand, there may be deficiencies that can he supplied only by experimental 
work. 

Market evaluations may be requested bv chents when m industrial research 
institute is competent to undertake them. They may be conducted by surveys of 
potential customers through questionnaires and personal interviews or they may 
require submission of samples to industrial users or carefully selected consumer 
groups Thcy provsde the information management needs fix deciding oa 
marketing feasibility. Uns service includes such activities as statistical analyses 
MCI  UMWUfl  Hwvcy». 

Comprehensive «udk* 
^m^aH^wH^^^t^^^H^^fc w A    ^* v^^^Lna^^a> ^» n sit^naL 

on reterresi ID as   i 

Fttmkltty man 

incorporatm*; market analysts, selection of appro» 
and economic appraisal vá proposed ventures 

If an industriai «•catch inttmrtr is 
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to carry them out successfully, it should have personnel adequately qualified 
in all these subjects. Such investigations are best conducted as a team effort 
because the skills from different disciplines benefit from cross fertilization. 

Surveys of luttnrttl résonnes 

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

Regional and national development studies 

Regional and national development studies are comprehensive reviews to 
determine how well the natural and human resources are suited to various new 
industrial operations. Industrial research institutes have often carried out surveys 
of this type. 
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PROJECT SYSTEMS 

Al)VAMM.h «H  AnMIWtMtH»% *\  WH»fM  I 

M.ms mdmtrial re*carth organizations in dv\clopcil tornirne*, k»th iiiMitmnmal 

and tkm- m ind.vidtial enterprises, have .»*W^tCi» tk- minorili deviti- o* 

«ibdtvttimg their operation* into project* for the purr*««c of »tettnmg obteettves 

¿na allocating staff to individual line* of work. Rrofeett provide A framework 

for analysing tk programme in term« of general plan* »mí ohfcvtivcv Altk*«gh 

«orne »wgani/ation* «iperatc «*tt*«f»lly without tht formal procedure* di«ctii«cd 

in thi* «ection, the management must m am cm >'H tk-«c principles in assigning 

work to the *t »if 
Th» *y*tem rif admnwtration may wifrr from two wcakmwv first, prints 

may be selected chietH from tk viewpoint of technical intere*! ami tcasibtltt*. 

wmW an adetfttate evaluation of their engineering, marketing, economic ami 

entrepreneurial justification Second, even tknigh mimato ot tk man-h«*** 

and the timetable are included m tk- project multile, the rate «if progrès may 

mit be adequately reviewed by tk management HI relation to tk emt; hence 

the work nuy be allowed t»» continue witknit »»refill re-enomination m ternie 

of m ultimate value a* against tk- total man-knm required 
For efficient admmntratton, sonic form ot accottnttng t** expenditure oi 

time, preferaWv «*i an knirly bam, i« cwenttal. 1'hi* will IN4 4*m tmu spent 

on activities other than formal project* imkrv, tk staff's time card* mention 

thete other categoric*. The management of profect« may be enteHent. kit tk 

total amount of effort available for them nuy k mimed bv laxnc* in enatmntng 
the «her way* m which tk- Half «fend tk*»r time »n many organisations there- 

fore, account number* are set up tor time charge* for mmellamow te* mm al 

acttviürft and «wcrhcad activities, lor prattled realms tk mimkr .4 wih 
account*, which ore aWuwed m more detail in chapter «». shook! k kf|* to a 

minimum. A specimen «taf «me card » given in example h 
The underlying ptarpmc tit accounting for tune m pri4e*itonal or ^nations 

should be clearly widcntood. It n a inaiiagcrial lyitem to enable the executive 

ttaJT to direct the institute s effort into tk most committivc tbattneb It i« a 

procedure that »hould fee accepted by »taf member« a« k-lptul in MH teasing their 

efficiency, and it «kwid never be regarded ay a dwcipbnar« measure tot t nntrottmg 

attendante dutmg stipulated working k*ur%. Attendante ret t»rib should k kept 

by »ome other appropriate meat», and tk two *k»uU be handled stpwatelv 

Second, if tk: «y*tem t* to k* rccogntml as a managerial tool, it must be apphed 
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as such and used to compare expenditure 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 staff members. It has been pointed out that the essence 
of sut-ccssful administration is to train the other members of the organization 
to be gmnl managers in their own functions. Certainly a project system can be 
a useful 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 «age* during the investigation, and ot evaluating the 
results in terms of the goal. 

RìSI An< H rm»jM r raormAi.* 

In describing a research project, it is essential to justify it and define its 
obiettivo and requirements. The following headings arc very frequently used 
in project proposals by industrial research institutes and by the technical depart- 
ments »if private i>r public enterprises: 

SffAprcf 

A short descriptive title is a very useful way oi reterring to a specific project. 
The routine use of titles instead of numbers is recommended because the latter 
do not have significance except for those intimately identified with the work 
and have to be explained in discussions with individuals outside this limited 

Okferthts 

The objective of the work should be stated in concise form, for example, 
"the development of (a certain type of product) for use (in a defined application) 
lo permit (grcather efficiency, better quality, lower cost, or utilization of an 
available raw material)". A short statement of purpose helps to keep the attention 
of the research team focused on a definite goal. 

JtutiJHêtiM 

U the activities of m industrial research institute arc to be concentrateti 
on projects that have practical application, the assumpòorw about their utility 
should be carefuffy examined. The analysis mutt necessarily be less rigorous 
for work m the earlier stages of research and development. Nevertheless, it is 
recommended as general practice that each project proposai include a statement 
explaining why it is considered useful; the project should be justified in terms 
of technical, engineering, marketing, economic and managerial feasibility. 
For «»-house projects, special though« should be given to the type of enterprise 
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or agency that might make use of the results, preferably with mention by name 
of one 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 m terms ot the 
Government's industrial development policy must be estimated. 

Proposal programme 

A summary of the plan for attacking the problem NIHHIUI IK given. The 
need for information or assistance from other groups or organizations should 
be foreseen and planned from the inception of the project. 

Personnel requirements 

An estimate should be made of the number and categories of individual 
start members needed to carry out the investigation and the man-hours involved. 

Cost of project 

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

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 early as possible. 

Assignment of responsibility 

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

OUTLINE CM A WBCIMFN RIM-AROI nojnrr WOHWAI 

Annex 2 to this publication gives a form of research project proposal, useful 
for accounting purposes and for submission to clients. 

Example 1 illustrates a combined process and product development stage 
to provide a commercial source of tanning agents from local raw materials. 
Preliminary investigations have revealed that suitable raw materiali arc available, 
that existing technology can be adapted; there is believed to be adequate justi- 
rkatton from the viewpoint of economic and managerial feasibility, and the 
project is in hue with the national development potky. 

The statements may appear to be more positive than would be possible for 
many in-house projects of industrial research institutes. If such instituto« arc to 
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make the practical contributions to industrial development that are expected 
of them, however, the directors would do well to insist that all concepts proposed 
for research be subjected to this type of scrutiny. 

This project proposal is for internal administration. The information on 
which it is based would be used to prepare the terms of the contract or agree- 
ment with the client. Further information about costing a project will be found 
in Part 11, chapter 10. 

CONTROL or SHORT-TERM ACTIVITIES BY COLLECTIVE PROJECT 

The management of an industrial research institute often does not realize 
htm much of the technical staffs time is expended on miscellaneous activities 
nude up of numerous short assignments. These include analysis and testing, 
technical services, exploratory work and the like. Though they help in improving 
industrial operations in the country, a fact which is recognized by the institute's 
policy, they may consume much more professional time than was assigned to 
them in the programme unies* they are subjected to some kind of managerial 
tttfttrol. 

Analysis and testing 

For the purpose of managerial control, analysés and testing arc assumed to 
cuver aN the work done in the testing and analytical section; their share of the 
total programme is determined by the number of individuals in the section and 
nW coïts aiMirtated with their work. But this does not show the cost of the work 
done tor 4*ther sections on their projects t>r for clients who pay a charge covering 
a part of the wh»4e of the cost, or for work done as a free public service at the 
requett «if enterprise» and agencies. When analyses are carried out for other 
sect* wis the t ost » really part of the prt>ject costs and should be charged to them. 
Assessment of ants against privets (Mr clients can be much simplified by establish- 
ing a schedule of charges for standard types of analyses. 

A control study can be given the title "Analysis and testing" and the ob- 
jective may be stated as: to accumulate figures on the total amount of analysis 
ant) teMmg. with detail* on how it is being distributed among those requesting 
the services. 

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

fu) Is the work done for other sections continuing at a reasonable level; 
lias it been increasing or decreasing» Do some sections appear to be 
using the service too much, while others are not using it allí 

(b) Is any trend discernible in the volume of work done for clients; Do 
the fees collected bear a reasonable relationship to actual cost; 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 reasonable for work «.lone as a free public 
service? Should an attempt be made to charge for some of it? Are there 
discernible trends in type of work and source of requests? 

From a still broader point of view: 
(a) Are the paying clients or recipients of public services 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? Docs this number appear to be reasonable in relation to the 
total man-hours available in the section? 

(c) How does the cost per analysis compare with figures that may be 
available from other organizations? 

(A) 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 useful to the management in planning 
the over-all strategy and requirements of the testing department. 

Technical services 

These activities 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 to identifying specific short-term 
problems, interpreting tests and data, and proposing solutions. The control 
chart should tabulate the source of each 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 

Overhead 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, establish 
a policy concerning overhead activities and procedures for regulating them and 
finally, exercise control in accordance with these rules. 

A few comprehensive studies should be undertaken to obtain an analysis 
of these activities. If, however, the staff member's time card lists too many cate- 
gories, 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 categories, 
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 each category of 
overhead-time expenditure is retained by the director or allocated to a particular 
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mrmUf of hw sensor staff. Each category should be drrined concisely m an cm- 
pfanafory manual m «urn a way that each staff membef wiM have Httlc dtfttcultv 
m aHmatmg h« tine to the dtácrent acetumi». (Ve arso cnaptvr V ami cumple í» ) 

The various categories mio winch overhead activities should be subdivided 
depemi upon the local situation ami the judgement oí the director. The following 
are suggested a« those that many organttattons have found usrftil : 

.AJmmistrjtHw 

Time charges usually btrotcd to trntor member« »4 the mganttation. 

9 IVBHI     a»fc^% III    %^U    wU *ÏWw»S^HAt    **'^w ^ni 5^    4PvVn> n^fnrn«     »H     VV>n>inVMkF4PH    Pn^SSVnV nMNJ^k^niji     InKiH y 

work and study of Btcraturc to keep mformed about technical and pro» 
ics stonai dcvclopiueiit*. 

IhMk reléthmi 
Hnun ftrvntpd In mrt*tHwr vnttnrt. itWftifM« with imtrtittil e Minti to tWim 

assignments or preliminary analyst eif problem1, mat might be ssiemutted 
and preparation and présentation of technical paper». (Some orgatwrations 
find it desirable to Ht up an account for "project development" or "bmmm 
development" to keep track of the time »pent on dncuMtor» with potential 
clients about possible work assignments.} 

Illmss and holidays 

Record* of working days lost for these purposes are needed to pive the 
management a complete record of how the staff have spent their time. 
Some industrial research organizations use statistical records of such absence* 
for managerial control to prevent abuse of privileges and abo to compensate, 
if need be, for unused annual leave and for overtime work by die secretarial 
staff antl the manual workers. 
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An auotn of good management n Inai an objective ami systematic 
dí performance *h*ndd be constantly maurtarocd The mdivkhuh engaged m a 
Une of work are bkciy to be bused became of their direct mv.Jvement Although 
thry are the ones moat famtnar with ike detain of the progrès made in the m- 
vcstiganon, they («mot, HI the caie of a rev arch activity. di viver thetmerves 
bum thru personal inckfiattom and enthusiasm. 

An industrial research institute need» to anaJyie the tendis of its work from 
a particularly broad perspective. In earner chapters, n hat bren pointed <>ot 
that to evaluate a project, it must be examined from the viewpoint of technical, 
engineering, marketing, economic And managerial feasibility. To be elective, 
such an examination must be made by experienced individuals with a specialized 
background and professional «fualificatiom. though a technologist may be 
competent to handle problems in some sectors of industry, it is questionable 
that he will apply impartially rigorous enter» in appraising the advantages and 
disadvantages of his own rinding*, even if he thinks he n being reasonably ob- 
jective. It is a sign of professional maturity when he recognizes his limitations 
and seeks the advice of the specialists in areas about which he knows little. 

DBAWMCKft O» EVALUATIONS IV SUMIÓ! MAI F 

Evaluation procedures in most industrial research institutes are therefore 
usually referred up the hierarchy of the division concerned. It is assumed that 
each successively more senior supervisor will have a broader basis for judgement, 
but this is by no means 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 recommendations 
arc likely to be accepted without reservations. 

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

25 
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lt n probable therefore chjic the inAsnduah concerned will hive had les« and less 
contact with that «cct«sr nf industry f»w which the pr»>*cct ha* been developed. 

At some •»»»ge engineer», market researcher«, **r economic analyst« troni 
other pam of the »wgamiation nu y be called in. Ihn i« not likely to occur until 
a targe amount of work ha* beer» done and the prefect hj« reached a critical 
«cage. In à large imcitutc, these expert« may not even have been aware that the 
prefect was in existence, When their opinion« are requested, they nuy have tt> 
bate them on limited examination or they may be requested to make an exhaustive 
eviluatton. They may reach the conclusion that the information available i« 
inadequate im their purposes t* even that a good tleal «»I s«t*rk need« to be done 
m other direction«. 

AnVANTAUt Of UXtNi; «MM (.lOlin KM ÏVALUATIONS 

Unfortunate experience« of thi« «ort have led «onte director« of industrial 
research in*titute» to establish staff groups to undertake interim evaluations of 
the engineering, marketing and economic aspects of technological investigations. 
They are used as "devil** advocates" to review projects periodically so that 
their findings and recommendation* can be acted upon at an early stage of the 
research project. 

1 hese groups need not be large if they are made up of individuals with 
broad experience. For example, a senior engineer with one or two junior 
assistants can handle engineering evaluations for a fairly large organization. 
One or two individuals experienced in market investigations can take care of 
these aspects. Economic evaluations can be mack by the group as a whole, 
working as a team. When it is considered desirable to add one or two economic 
evaluators, these are often individual« with an engineering background who 
have become qualified in industrial economics. 

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 services of evaluation groups are valued by clients, particularly in develop- 
ing countries. 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 research institutes find that such activities »re among the most rapidly 
growing sectors of their operations. 

EVALUATINC IN-HOUSE PIOJFCT« §Y THI TEST Of SPONSORSHIP 

The use of staff evaluation groups can help the institute management in 
selecting 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 realistic. If they make more detailed 
analyses ar subsequent stages, the likelihood that the project will have practical 
value is increased. 

In one important respect, however, internal evaluations by the institute 
star! cannot be considered adequate to justify further work. No matter how 
attractive the project appears from all other aspects, if no private enterprise or 
government agency takes entrepreneurial interest in financing further activity 
and applying the results commercially, continuation of the project is likely to 
be unproductive. It is sound practice, therefore, for the institute management 
to seek a sponsor as soon as results show that the project has serious commercial 
possibilities. An entrepreneurial group may not be willing to participate in the 
expense until further work has been done. However, the discussions svili 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 seek another sponsor. If this 
search for entrepreneurial interest is still unsuccessful, the project should remain 
dormant until more favourable conditions for commercialization arise, but a 
report containing the essential facts and findings should be prepared. 

The question naturally arises as to how far the work should be carried 
before attempts arc 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 discusseti 
in detail in the next chapter. 

It therefore appears that a reasonable cut-off stage for unsponsorcd in-house 
projects is at the conclusion of the evaluation stages. At this point the product 
or products have been defined and samples of preferred composition or formulation 
are 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 field tests. From these data, 
a forecast of economic feasibility can be made that should be sufficiently accurate 
for initial entrepreneurial decision. This should be the basis for an agreement 
whereby an entrepreneur meets 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 O* EVALUATING PROJECTS JOINTLY WITH CLIENTS 

Discussing a project's progress with the client concerned is a useful way of 
speeding up its commercial application. Some organizations have established a 
policy of frequent contacts. Even in the case 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 research 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 direction 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 executive, 
the other at the working level between project personnel and the employee» 
in the client's firm who will be responsible for the commercial application. 
Research and service contracts often mention by name the official representative 
of the firm and the representative of the institute, who is generally the person 
who keeps in touch with the progress of the work. 

The importance of client contacts increases in the later stages of the project. 
In the earlier phases, information is being collected, but the step» needed to apply 
it have not yet been defined. As soon as it i§ possible to programme the manu- 
facturing processes involved, however, there is merit in discussing how they wiU 
actually be carried out. 

Manufacturing processes have to be adapted to the client's resources ai 
personnel, cither those already in the organization or those who will be engaged 
to take care of the new venture. The design of plant, operating direction» and 
training of personnel need to be worked out so as to fit in with the factory con- 
ditions. The resources required for successful 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 personnel 
consider necessary and what the client is actually prepared to do; the result will 
dissatisfy the client and harm the reputation of the institute. 



EVALUATION AT SUCCESSIVE STAGES 

« The progresa of a prefect rrom concept to commm-tantatson H a 
process into which Ac contributions made by varimi« dnciphnr« ¿re itstcgf atrd. 
M*»t*<"gtai»i#a*    u^   A   nriMW   *«»Miiiif limf   < inHJiiM    na?fm*f«"fm   •••**•*   tW   rt* váartavrél I^% ¥%im^iill|   nJI    *   §^IJCn*7i    M^ninmiüIfC   %*PiP»nl."»f   |^1^|1*»B   »van*.««   *•%    f%»l» w*M 

periodically m relation M» the ultimate objective. 
There afe a number of major stages m product and proie*» ikvtk»pnui«. 

These mark a change m vale or type of activity. • in- mum rr»f*om#rwbty k* 
the project usually pane* from one category of specubst» to another at »orb 
juncture», which may tberefore be regarded a* logica) checkpoint« at which to 
evaluate fcanbtbty before additional work » imdertaken. 

A development project generally mrhxlc* certa« major stages, which are 
discussed below. These stages arc timnar, whatever the stthjrct of tbe project. 
In each caw, tbe entena tor analysing fcastbtbty wü be given. 

Evaluation stages 
(ê) Exploratory work 
fi) Appbed reiearcb 
(í) PnxJuct dcvclopmciat 
\m) Proce** development 
(t) Internal evaluation and neld iftlt 
ConftrmatKm stage* 
(ê) Procès« confirmation 
(b) Market confirmation 
\tf Comprehensive review 
k it appropriate to mcbide the final «age* preparatory lo ownmetcialwatuwi 

became mibwtrtal rete ardi institutes are caneo upon M devefopmg counttic* lo 
undertake them. They correspond to tbe fVa*»b*bty «tudse* made by foreign 
experts m connexion with project» wing imported technology and the installation 
of tufy equipped operational plants, 

lu dwâwàmg each «age, it n assumed that its evaluation bat been fawurablr 
and mat a recomnaendaoon to undertake the subsequent stage n justified. 

Ev AIL ATM*» MA<^» 

The evaluation »taget are carried out within tbe inamtrial reiearch 
except tor tared evaluation, which involve* «obmmmg samples to potential 
customers tor me testing. The «cale of work M »mafl to mtermetkate, not 
I it gi I ibi ir line ) or prvHailot Mae. 

?» 
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Projects that do not entail much innovativ, -wich a* the manufacture of 

product* similar to ones already being marketed or the modification of processes 

currently being used, may omit intermediate stages even to the extent of prt*- 

cccdtng directly from laboratory scale to commercial production. In such cases, 

the risk involved in \pccdy commet i-lahratton is relatively small ami may he 

justified hy the saving t*f time ami nioncy a stage-by-stagc evaluation woukl 
require I he qucstKm* considered in a feasibility analysts at intermediate stages 

will, however, provide a memi checklist t»f the factors that must he favourable 

if operati« m em a Urge scale is to he successful 
All the evaluation stages should be carried out lof entirely new projects 

because failure to citrtstdcr all the criteria may result in much wasted eHott. 

It take* far le« tunc to make a careful evaluation than to retrace step* became 

important factors were overlooked carfcet. 

rV.vpAfeitory »wit 

Exploratory work pr%*vidcs the general ntstincatioti for an applied retouch 

project. The percentage of ideas for new product« or processes rejected ihirtng 

tht* stage H tpntc high in many orgamtatiom, even though the criteria ctmot 

be applied rigorously became the available mf*wmation is not sufficient. The 

reaton few rejection n often lack of market potential. Approved concepts should 

meet the following requirements 
fe) tine «w more products can be  prepared that appear to have useful 

applications, 
il>\ The pr*iecs* should not present great difficulty or unwarratited expense 

tm a commercial scale; 
(() Suitable raw materials are believed to he available, 
ià\ Product» are in the client's Ime of business, or, for in-house projects, 

conform with general national or institute objectives. 

Append ftrnmk 

Applied research leads to a fairly lefmrte concept of product characteristics 

which permits a more reliable estimate of marketability. At the completion of 

thn stage, progress should be such that the following conclusions are justified: 

(é) Products should find a market of acceptable sire and price range, 

(à) Process continues to appear practical and gives satisfactory yields, 

(() Selected  raw   materials  have   been  used,  but  commercial  grades of 

suttable specifications are available and usable; 
{i\ Preliminary research of patent literature and restrictive regulations does 

not reveal obstacles to marketing (may not apply m many developing 

countries) ; 
(t) I bent «Merest or institute ptdtey confirms desirability of continuation. 

f¥t«fWf Àtvtlcpmfnt 

Product development results m preliminary spec if* ¿turn* lor the preferred 

composition €n formulation which m its turn makes it possible to examine the 
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commercial  potential  more  rigorously.   Satisfactory  completion  ot  this stage 

implies that 
Itii Horn a st udv ot the possi bk prisdmts, a selected list has Ivcn prepared 

of those that appear, in the- opinion ot the institute's market renarth 

group, to have sattstactorv   marketing characteristics; 

I hi The preferred process has Ken defined and is fudged to k  generalis 

fitted to commercial operation, 
f(t Raw material* of commercial grade give prinlucts ot satisfactory »jiialiiv 

in acceptable yield; 
id) Preliminary estimates of emt ami sales forcead made by the institute s 

economie group are acceptable; 
it) Patent study on the basts of better definition ot product and procer 

reveals no impediment; this may tun apply in developing countries 
if) Client interest, or probability of client support f»*r an in~hou*c project, 

warrants continuation. 

/VW*.« éei'ïhfHMHi 

Procos development confirms by large-laboratory »>r prc-|ilot stale m- 

vcsligatHm, the feasibility of the propon*«) method of operatisi«. II the product 
development work is successful in provkhng tentative specifications before all 

the work at this «age is completed, process development may be started before 

the final rep»** is submitted. Completion of this tage shows that: 
ia) A preliminary How diagram illustrates the practttability «»I projection 

to commercial scale; 
ih) Products can be prepared from commercial raw materials m satisiactor) 

yield, and with some minor adjustments in spécification*, the finished 

products are acceptable to the market research section; 

(t) The projected plant is not bek>w minimum economie site; this may 

not be critical in developing countries; 

(à) Revised estimates of operating costs and plant investment prepared by 

the engineering section confirm satisfactory productkm costs; 

it) A packaging concept has been approved; 

(f) A process control concept has been prepared; 
(f) Procc** has been proved by preparing samples of acceptable quality 

for internal evaluation ami fiekl tests. 

htttrnal tvalttütii»! andßeUhsh 

The final smaU-scale stage to define market potential, the stage of internal 

evaluation and field tests, consists of two parts: the first, carried out by an evalua- 

tion group often working in conjunction with the analytical section, is a com- 

prehrmivc review of the performance of the products; the second consists «»4 

tests by potential consumers. 
Considerarle analytical work and some use testing vsas carried out in carlkr 

stages. The results cannot be constaered conclusive until the product is availabk 

in its final form, i. e. meeting firm specifications and utilizing raw materials ot 
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commercial quality that have been «elected as a rouit of the process development 
work. The investigation cover« not only the product'* quality and performance 
in test* simulating actual ine, but also an assessment oí in advantage* and dis- 
advantage* compared with any similar exiting product* sold at a competitive price. 

Conclusions drawn troni internal evaluation may he influenced by inadequate 
criteria of performance ami by the pergonal bta* of rmtttttte personnel; they 
should, therefore, be confirmed by the independent verdict of potential con- 
sumers. For industrial prtxlucts, sample* arc submitted to a selected group of 
industrial enterprises to be tested by their own methods and preferably hy 
practical trials m small-scale operations. For consumer products, panels repre- 
sentative of the general public are used as judges; satisfactory methods of selecting 
them have been worked out. Some projects may involve only taking an opinion 
poll by questionnaire. 

The samples used in systematic industrial field tests or consumer tests should 
conform to the specifications proposed for commercial operation to ensure that 
the concluions are valid. It is often necessary to use prototypes for the pre- 
liminary evaluation, but for the final tests, on which recommendations for future 
action are to be based, customers should be asked to judge a sample of the product 
exactly as it will be manufactured. The results of the tests may show that the 
specification* should be changed in some way. If the changes are considered of 
MifTtcient importance to iffert acceptance, additional field test* should be car- 
ried out. 

The evaluation at the end of this stage is critical. Unless aU the factors are 
favourable, the risks involved in continuing a project are high. The evaluation 
should cover the points listed below, because the conclusions will form the basis 
for deriding w hethrr to continue the investigati« m cm a larger and more ripensi ve 
scale. 

{*) Semi-final spécification» have been prepared and wilt produce the type 
of products commonly used by the consumer. 

(h) Comparison in internal evaluation with any similar products on the 
market shows that the new products are satisfactory as regards utihty 
and price. 

(() Samples submitted to representative customers lor independent tests 
confirm internal conclusions as to quality, suitability fot use, and com- 
petitive cost. 

\à) A preliminary marketing plan, including price structure and distribution 
channels, has been prepared. 

(t) Estimates of marketing expenses give acceptable costs. 
(f) Review of total economic projection, trtcluding cost« of production, 

marketing, and overheads, shows a satisfactory financial return. 
Marketing personnel from the clienti organization should participate M 

planning, executing and evaluating the field tests because they will later have 
responsibility tor the sales programme. If they do not have first-hand experience 
of the conditions that new products will face when launched coenmercially, 
they may not be prepared to develop and use the marketing techniques necessary 
few success. 
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CoKIHMATtON STA*;FS 

Ft>r toitipkuSv IH» ptoduct», ilk i valuation stages ilo not provide definitivi 

jmwm that cimtrc a sound basis for a com inerttal venture. Additional informati«*« 
is needed from larger-scale studies ot production and marketing problems. An 
industrial research institute mint recommend such further work to its client* 
in order to ¿void being associated with a commercial venture that tails because 
it wM launched with too much haste. 

It may he possible to conduct engineering analysis of sufficient depth 
without reporting to a pilot-plant operation. Elimination of market evaluation 
by test sales is more hazardous, because, in spite o( favourable results from field 
evaluations, consumer demand may fall below expectations when the product 
is offered commercially. 

The stages described below are discussed in terms of a pilot-plant operation 
and test marketing when the client decides that such steps arc necessary to provide 
additional confirmatory information before undertaking a commerciti venture. 

/Vi*«.« civi/ìrwMfi«'ii 

Pince« confirmation consists of final process design, preparation ot" engin- 
eering specifications for the commercial plant and final estimates of' operating 
com and plant investment, and, when necessary, pilot confirmation of the process. 

Confirmation of process design requires a thorough »¿view of the flow 
sheet prepared by the process development group. I Xrtailed estimates are needed 
of the tiie of the commercial plant under ctmsidcration. The handling of materials 
from storage, the flow and scheduling of work in process, utility requirements, 
control procedures, and the handling of finished product should all be subjected 
to rc-cxamination. Specifications have to be drawn up for special facilities, such 
as control laboratory, maintenance shop, sub-stations for utilities, and shipping 
requirements. Estimates have to be mask o( the labour force required, including 
operatives, supervisors, control personnel, maintenance staff, and office and 
warehouse staff. Drafts of operating and control manuals have to be prepared 
and possibly translated. A plan for framing workers is required so that they are 
available when commercial manufacture is scheduled to begin. 

Concurrently, working drawing« for the plant should be prepared. These 
are not the final, detailed designs, which arc not required until it has been decided 
to »stall the plant. Working designs include the sue and specification of buildings, 
layout for equipment and auxiliaries, special foundations where required, type 
and location of instruments, siting and specifications of all major items of equip- 
ment and their ancillary parts, raw material storage and warehousing facilities 
and other auxiliary facilities, such as control laboratories and offices, roadways 
and parking space. 

From the working drawings a anal estimate of the cost of the plant can be 
calculated. From the process now diagram, raw material costs, personnel re- 
qutrcmrnts, and other data on items of expense, a final estimate of the operating 
costs can be prepared; it should include an allowance for depreciation and 
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working capital. This estimate is used to calculate the unit production costs 
and is incorporated with the marketing and overhead costs in the final economic 
feasibility study. 

Market confirmation 

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 countries, the record of past sales of similar imported products 
may help in evaluating the market. If no such products arc available locally, 
it may be possible to import sufficient quantities to carry out market confirmation 
studies; even 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 
quantities for exploratory sales. 

Purchase contracts are legally binding on the producer; the client himself 
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 entire operation a very rare case—they are not in a position to make 
commitments ior supply. 

Comprehensive review 

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

This review should be co-ordinated by the client's senior executive re- 
sponsible tor the project. All groups that have participated in the project, including 
industrial research 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 earlier 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 economic analysis is favourable. If the opinions arc not unanimously favour- 
able, the doubtful aspects should be re-examined. 

When the entrepreneur decides to go into commercial operation, activities 
should be co-ordinated so 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 properly 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 
commercialization have Wen well managed, the venture can proceed as an inte- 
grated whole. 



Chapter 6 

MULTI-DISCIPLINE PROJECT TEAMS 

It has already 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, engineering, 
marketing and economic viewpoints be brought into focus. A feasibility analysis 
of all these aspects Ù required to determine the chances of success of a proposed 
new industrial development. 

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

SHORTCOMINGS OF CONVENTIONAL ADMINISTRATION THROUGH KìHMAI 

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, already used as an example in the research project 
proposal given in chapter 5. It is doubtful whether the justification before 
authorization of the product development stage would be even as comprehensive 
as the one given there. If the industrial research institute has a staff evaluation 
group, however, such an analysis o( 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 engineering group, after studying the report, concludes that there are 
several things wrong with the process as described. The extraction was carried 
out on finely ground material rnstead of chips, so that either a new comminuting 
sbrp has to be introduced or ;he extraction process has to be restudied on coarse 
material. Further, the extractan» used were of reagent quality, and one component 
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is very corrosive; the work must therefore be repeated with commercially 
available extradants and the heavy corrosion reduced. Clarification of the extract 
seemed 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 therefore this operation must be 
improved. Either the process is referred back to the laboratory for reworking 
or else the engineering 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 evaluation 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 engineering group has to re-check 
the modified process, and at last new samples prove to be satisfactory for field 
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 arc now revised on the basis of the improved process, with addi- 
tional steps and new items of equipment. These calculations show that the in- 
creased costs render the undertaking marginal in attractiveness, whereas it 
appeared as very encouraging earlier. 

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

PRINCIPLES or MULTI-DISCIPLINE TPAM ORGANIZATION 

The latest way to organize research 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 yean 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 engineering consulting firms. 

In the multi-discipline approach, responsibility for a given stage of a project 
is entrusted to a senior 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 research 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 
entire 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 meetings. 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 assignment. 

A SPK IMFN MLITI-DISCIPLINE TFAM OPERATION 

The method of operation can be most easily 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 each staif member will devote to hi work, which reflects how 
his particular activities are phased in as the project progresses. The time spent 
on exploratory work was 170 hours (about one 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 responsibility 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 arc specialists in their 
respective fields. His function is to outline the objectives, discuss how the proposed 
program mes relate to these objectives, and to sec that each member is kept 
aware of the views and problems of the rest of the team. For this purpose, the 
project leader organizes discussions among the key members, arranges for advance 
distribution of reports to prepare them for the meeting and sees to it that action 
is taken in accordance with the recommendations agreed upon. In case of any 
disagreement 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 efficient 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 
each other, and they have the feeling that it is their project because each is re- 
sponsible for *me 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 M) 

ADVANTAGES AND DIFFICULTIES or ESTABLISHING A TEAM SYSTEM 

A team system of operation has many advantages. The project objectives 
are reached more rapidly than when individual lines of investigation are pursued 
independently and sequentially; major problems are brought to light earlier so 
that they can he 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 easier to pass on information 
about the project at the major stages because the new project leaders -for example, 
the development engineer or the market researcher are normally chosen from 
among the specialists who participated in the earlier stages. Similarly, when 
further research project proposals are prepared for the later stages, key individuals 
from the preceding team are asked to continue their participation. 

An important feature is that the industrial research institute benefits through 
more effective 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 are available from other sections. Communications among the 
disciplines are markedly improved. 

It takes time and experience before the multi-discipline team system is 
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 concernei! 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. 

_^i 





DADI* it idilli i il 

WWAWftM* AOmwniATION 





Chapter 7 

PLANNING THE INSTITUTE 

Industrial research might be defined an an attempt to develop the most suitable 
mctrnxl of achieving a desired end within a framework of technological and 
economic constraints. I Signing a system oí financial administration tor an 
industrial research institute is, in itself, an exercise iti research. In this case, the 
constraints may be inter alia political, legal, economic and stxiological. I hese 
constraints, as well as the purpose, structure, si/e and scope of the organization, 
will vary for each research institute; the optimum system for the financial ad- 
ministration will therefore vary. Experience shows, however, that certain basic 
principles of financial administration are common to nearly «.very industrial 
research institute. These basic principles will be reviewed and, where practical, 
some of the detailed modifications discussed that may Ix dictated by hxal 
conditions. 

The decision to establish an industrial research institute should lx- taken 
only after careful consideration. Such an institute may properly be considered 
an important national resource; its potential value, however, unlike that of 
most natural resources, may be expected to increase with use rather than diminish. 
At the same time, in common with most natural resources, its 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 economic 
considerations, as well as by development needs, the problems of the long-term 
financial administration must receive consideration from the very beginning. 

DMINITION <N SMWMM nil-; INSIIrt»ti;\ AUIVIIUS 

The first step in formulating a preliminary initial budget is usually to dehne 
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 materials, money and manpower. 

If little or no major industrial base exists, initial institute activity might 
concentrate on technical-economic feasibility studies to establish the potentials 
for industrial development, on guidance to government agencies on technical 
and industrial questions, and on general technical and managerial assistance to 
existing small and medium industry. Such a range of activities would initially 
require some office space and only a minimum of technical facilities; for example, 
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a laboratory for .1nalyti4-.1l chemistry and a section for mechanical testing might 
be inclinici) as a service to industry ami to the (»ovcrnment I here might I!M> 

be a small machine shop. 
On the other hand, it there is a developing industrial base t»r it there are 

known major natural resources (such as ores, petroleum, torest products, or 
agricultural potential) available for development, more extensive laboratory 
facilities mav be desired from the start in order to carry wit the research necessary 
to demonstrate the technical feasibility of developing these resources and to 
adapt known industrial processes to the specific raw materials, local conditions 
and markets The particular laboratory facilities and equipment would be defined 
by the resource* potentially available and the fields in which the industrial base- 
had developed. 

INITIAL mv ANI» «BOWTH M 11 

Once the institute's character or its initial scope has been defined, con- 
sideration must be given to the optimum H« of the initial stafT and to the pro- 
jected growth rate. This is a matter of judgement; there is no set rule or precise 
method of calculation. The institute's initial scope generally defines a minimum 
figure; the scarcity of properly trained personnel may set a maximum limitation, 
so that it is often desirable to ensure that managerial and technical guidance from 
an established industrial research institute or a group of international experts 
is available. Under such an arrangement, a team is provided to supplement the 
local staff and to conduct, in effect, an on-the-job training programme. This 
type o( assistance usually constitutes a major expense item m the initial budget, 
which is generally home by international organizations or bilateral aid pro- 
grammes. The character of the local industry and the willingness of its management 
to seek, 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 ASW« T% <W INITIAL HANMN«. 

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

There is no set cost for a research institute. The budget can be formulated 
only after due consideration of such factors as the type of work to be carried 
out, the level of output desired and the framework of local costs. In practice, 
final decisions are usually based on such faeton as the amount o( money that 
may reasonably be expected to be available, the rate at which qualified personnel 
may be available to the institute, the rate at which such personnel can be properly 
integrated within the organization, the range of services desired from the institute, 
and die extent to which these services may reasonably be expected to be utilized 
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Î An analysis oí these factors orovides the basis tor deciding whether the 
| creation oí an industrial research institute is, at this time, feasible and justified 
J and fc»- defining its initial size and scope. This analysis, therefore, is a key element 
f in determining the probable success ot the institute. It involves elements ot 

both a technical economic feasibility survey and an operations analysis. In view 
of the vital decisions necessary at this point, outside consultants are orten retained 
to assist in the analysis and in the formulation of the specific plans. 

NLF.D I-OK LONG-TERM FINANCIAL PLANNING 

An industrial research 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 effect, a continuing one. Although a number of such organizations are in 
existence, they arc not necessarily the best model for a developing country to 
follow in its first venture into development and applied industrial research. 

A research institute can become self-supporting on the income from its 
| services and research contracts. To have this as one of the institute's long-term 
i objectives can help it to maintain a practical outlook as it develops and also 
j provides one means of evaluating its progress. At the same time, the close contacts 
i it implies with industry may be expected to provide mutual stimulation. The 
] goal of being self-supporting is, however, almost impossible to attain in a develop- 

ing country; the decision to create an industrial research institute entails com- 
I mitting large sums for its support over a period of years and probably decades. 
| The extent to which, and the rapidity with which, a self-supporting status can 
j be achieved primarily through industrial contracts depends not only upon the 
J capabilities of the institute but also upon the rapidity with which the national 
I industrial base develops and upon the attitudes of the local industrial managers. 

The experience of a number of research institutes in developing countries 
indicates clearly that a firm commuent for the initial capital 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 one 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 research institute is an im- 
portant step in national development. Such an organisation must be assured of 
adequate financial support until it has established itself 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 even with 
sufficient funds. It is better to delay the start until the necessary financial support 
is forthcoming than to gamble on early support from industrial contracts or 
on the hope that the support will become available from somewhere and, in 
this way, run the risk of severely prejudicing the future. 
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SOURCES OF FINANCING 

Probably no two iiickistri.il research institutes have started in the s.une 
manner, have developed the same internal organization, or have been intended 
to cover the same range of activities. Some arc government organizations; 
some are private; and still others are a blend ot the two. A few industrial research 
institutes arc 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; some, 
mostly in developed countries, exist strictly on the income from their services 
and research contracts or are supported by an endowment or by an independent 
income source; but most derive their operating revenue from a combination of 
at least two of these sources. 

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

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



Chapter K 

THE PLANNING BUDGET 

Since the scarcity or money is often a limiting tactor in 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 research, and costs should be forecast for at least a five-year period. Especially 
in the initial stages of planning, such estimates are subject to a considerable margin 
of error. The five-year "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 expenditure, at least in the initial stages of the institute's 
development. For example, although provision is made for the purchase ni 
equipment and a certain sum allotted, the line items arc specified only in a general 
manner. In the same way, provision is made for staff costs, but these are normally 
not broken down into sub-items. The main purpose is to provide general 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 income for the current 
year of operation. In some cases, the operating budget is revised quarterly and 
extended for the following four quarters. Revision and extension of the operating 
budget at least 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 and operating 
principles of the institute. Therefore, there is no such thing as a "typical" planning 
budget. This chapter will, however, outline some of the items that might be 
included and attempt to set forth some general 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, operating costs and income. A representative planning 
budget is shown in example X 

CAPITAL COSTS 

Capital costs comprise items of major value with a relatively long-term 
useful life expectancy. For the purposes of the planning budget, capital costs 
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Example 3 

I'l ANNINi; 1UJIN.1.1 

(thousand dollars) 

Year of operation 

Anticipated total staß First        Second       Third        Fourth        Fifth 
20 35 50 65 85 

a) Costs 
Capital costs 

Land  — 
Buildings  — 
Equipment 

Non-technical  25 
Technical  — 

Working capital  30 
Ofx-rating costs 

Staff  90 
Materials and supplies  15 
General expenses  15 
Library  20 
Building am«; tization or rent  10 
Indemnity reserve  10 
Start training  25 

Capital and operating costs 240 925 815 570 670 
Purchased services 40 100 100      *    100 70 

Total costs 280        1,025 915 670 740 

b) Income 

Locai government 430 
Industrial contributions    50 
Foreign aid    40 
International assistance    50 
Income from clients    — 

Total 570 

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

Latid 

Experience has shown that the successful industrial research institutes are 
usually completely autonomous entities. There is often a tendency to attempt 
to incorporate the research 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 

920 430 430 430 
50 50 — —— 

100 100 100 70 
50 — — _ 

— 40 100 180 

,130 620 630 680 
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plan for its own independent facilities. This usually involves the acquisition or 
land and the construction oí buildings. 

Site selection depends on many factors unrelated to financial planning and 
is not, therefore, 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 enable future expansion as required. In general, the initial 
site should consist of at least 10,000 to 15,(KM) square metres. If possible, the 
site should be located adjacent to an area that might subsequently be acquired, 
in its turn, should the character of the institute's work require even further 
expansion in the future. 

Frequently, especially when it grants an initial subsidy for the institute, 
the Government provides the site on which it is to be constructed. In such cases, 
a fair value 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 selection, 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 experience, that may be helpful 
in preparing the initial budget. 

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

The relatively high cost of laboratory construction must be recognized 
at the outset. Laboratory facilities require extensive distribution systems for 
electricity, water, gas (if available), and often steam, vacuum and so on. Special 
ventilation problems are involved, and there may be special air-conditioning 
requirements. High floor-loading capacities are often required. Floor surfaces 
have to be of a special abrasion- and chemical-resistant type. As a result, laboratory 
construction is usually from 20 to 30 per cent more expensive than normal 
commercial buildings of equivalent floor area. 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 increases the cost, even though 
the institute may be granted exemption from customs. 

As a general comment, it is usually wise to calculate space requirements 
generously. It is expensive to make small, piecemeal additions, and nothing 
inhibits the growth of a research 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 money should not be lavishly 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. 

lujinpmcut 

The equipment requirements depend strictly on the work to be performed 
by the institute, possibly to an even greater extent than the buildings and land. 
As a general principle, the planning budget should provide amply for both office 
and research equipment. A poorly equipped research institute does not inspire 
confidence in potential clients. Acquisition of office equipment should somewhat 
precede its actual need. On the other hand, more caution and foresight should 
be exercised in the purchase of the research equipment. A common failing in 
new research institutes is to purchase elaborate and expensive laboratory and 
research equipment in advance of a determined requirement, only to find that 
the need never materializes or that, by the time it does, much superior equipment 
has been developed for the purpose. Generally most, if not all, of the technical 
equipment will have to be imported, and it may well be more economical to 
pay for air freight 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 efficiently 
utilized. 

Working capital 

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

The amount of working capital required depends on the projected scope 
of the institute'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 
each fiscal year, working capital equivalent to 25 per cent of the annual operating 
costs would probably be adequate. If other financial arrangements are contem- 
plated, the estimate for working capital should be increased accordingly. 

General guidelines 

The experience of research institutes in developed countries indicates that the 
investment in buildings and equipment is often roughly the same as the annual 
operating costs. In a research institute that concentrates heavily on laboratory 
work, the investment in. buildings and equipment may 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 activities, the investment in 
buildings and equipment might well be only 70 to 80 per cent of them. 

In a less developed economy, salaries 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 developed country. Therefore, 
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in preparing the live-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 approximately 
equal 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 equipment for laboratory research 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 $H0 invested 
in buildings and $60 invested in research equipment for each $100 of estimated 
fifth-year operating costs. 

Timing of capital expenditure 

In the preparation of the five-year 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. Qualified staff must be found. 
They will need training in the specialized problems of institute research. The 
assimilation of new staff members places a burden on an already 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 research 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 activities and consideration of 
possible building sites. 

In the second year, additional staff would be engaged and assimilateli. 
Some might be sent abroad for specific additional training. Some broad non- 
laboratory research 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 staffili 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 research 
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 research 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 wage* normally constitute the largest single item or" operating 
costs. In fact, in the more developed countries, where salaries arc high, they 
may well make up as much as 75 per rent. In the less industrialized countries, 
51) 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 generalize 
on these costs. 

In estimating staff costs, one point especially should be kept in mind. Many 
countries provide for a special payment to permanent employees upon termination 
of their employment. Such payment is often termed "indemnity" and usually 
amounts to one month's pay for each 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 indemnities at any time. In a typical 
planning budget, this would involve providing a thirteen months' salary for 
each staff member for each 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 employees if the local labour laws and practice allow it. There 
is no real way of judging an individual's aptitude for applied research and how 
he will work in an industrial research 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 are not suited to an 
industrial research institute. A one-year probationary period before an employee 
is made permanent is therefore suggested for all new employees. 

Materials and supplivi 

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 are not separately listed in the accounts as capital assets as well as items 
required for the maintenance of buildings and equipment. Normally, these 
expenses may average from 15 to 30 per cent of the staff costs, the higher figure 
being representative of a research 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 cuver sudi 
items as utilities (water, gas, electricity, heat, telephone, and telegraph), postage, 
travel, membership of technical societies, taxes (if the institute is not tax-exempt) 
and the cost of promotional literature. The total of such items m.iv he 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 sta ft costs tor an institute with 
a total staff of 100 or fewer. As, however, the library's books constitute an im- 
portant working tool and it is usual to build up a sizable reference librai)' as 
soon as possible, yearly amounts of about $20,000 ire 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 institute 
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 even 40 
years. It is, however, recommended that building reserves be accumulated faster 
than this. The manner in which this is done may depend upon local financial 
regulations. However, as the institute grows, additional space will be required 
As the character of the research changes with time, extensive md 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 OI PXTI-HNAL TI-CIINICAL ASSISTANT 

A Government of a developing country may find it advisable to enter 
into an agreement with an international 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 to 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 services desired, as well as upon several 
other factors. If the institute can draw its initial staff from professionals with 
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extensive industrial research experience, it may require assistance only on the 
organizational and administrative side. On the other hand, if, as is more likely, 
the initial staff is not experienced in industrial research, more extensive technical 
guidance will probably be desired. An agreement with an established research 
institute might even provide tor the training of some key employees in its 
laboratories. 

After the institute is well established and there is no further need for external 
technical support, occasions may still arise when the institute wishes to retain 
the services 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 ami possibly sonic later assistance in 
analysing the results ami 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 subsidies, philanthropic 
grants, international aid programmes, industrial contributions, payments for 
research, or other sources, do not equal 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 research, since the results cannot be 
accurately forecast, a responsible administration of a research 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 each staff member is not of great im- 
portance from the over-all financial point of view. 

When the institute is functioning, however, the focus of interest shirts. 
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 research costs. In the last analysis, 
only the research worker can do this. In the same way, financial considerations 
are no measure of the effectiveness or the quality of the research. Keeping costs 
within the budget does not necessarily mean that a good research job has been 
done. Quality evaluation is a task of technical supervision. Budgets and COM 

data are merely cwo of the tools that management utilizes in its over-all appraisal 
of research effectiveness. 

Although the operating budget may break down other expenditure, such 
as capital costs, in more detail than the planning budget, the main differenti 
between them lies in the treatment of research costs. The budget system 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 lines. 

Annex 1 shows a representative breakdown of accounts for an industrial 
research institute. Sub-accounts will be desired for many of the items, hut 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 
procedures; but these principles also apply to preparing operating budgets. 
There is no one best financial or accounting system for a research institute. 
Local regulations, traditional patterns, and internal requirements 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 research for clients. It still exists even 
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though, for example, the institute is wholly subsidized by the Government 
and occupied only with self-generated programmes relating to national develop- 
ment. If there is to be effective control and effective results, each study conducted 
by the institute staff should be specifically 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 or, in other words, project 
accounting. 

OvmiiFAi>s 

The aim of project accounting is to distribute the institutes total operating 
costs equitably among the respective projects undertaken by it. For this discussion* 
it is assumed that the institute is concerned primarily with research projects; 
however, the same accounting principles should be applied to general industrial 
service functions, such as management seminars, government-supported technical 
assistance to industry, or technical consultation for government agencies. Each 
service function should be clearly identified, and the accounting system should 
provide management with a realistic apportionment of cost to each one. 

Unfortunately, many expenses in a research institute cannot be directly 
attributed to a particular project. These include the costs of building maintenance, 
operation and amortization; taxes; general utilities, such as light, heat, water etc.; 
general repairs; library costs; and administrative costs, including depreciation 
of lattee equipment. These "indirect" costs may aHo include some of the costs 
of technical supervision, the cost of generating new sponsored projects, including 
the tune 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 research staff may be spent on such activities. 

Furthermore, a researcher cannot be expected to spend all his working hours 
on his assigned research projects. He must spend some time keeping abreast of 
technical developments in his held. A certain amount of his time is occupied in 
general institute and research section meetings where general policy questions 
are discussed. Time is required to prepare sectional budgets and to consider future 
requirements of research equipment. Some time should be available for authorized 
preliminary investigations to assess the potential of ideas that might be worked 
into a major research project. In addition, there may be times when the researcher 
is "between assignments" watting 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 equipment 
might more fairly IK charged to those laboratory research projects using the 
equipment concerned. 

Many methods of distributing general overheads have been used. Some of 
the more common are: as a percentage of a total direct cost; as a percentage 
or direct charges for salaries and wages; as a set charge per area of floor space 
utilized ; or as a set charge per hour of direct staff time. In general, any reasonably 
equitable 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 each individual project on an equitable basis. On the other 
hand, the costs of collecting and handling the charges tend to increase as more 
of the research costs are put in the "direct" category. Therefore, each institute 
organization must strike its own balance. For example, it would probably be 
more efficient for a completely subsidized institute, with little or no activities 
sponsored by individual clients, to operate 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 
each individual project. On the other hand, in an institute conducting a high 
percentage of work on a contract basis, a higher percentage of direct charges 
would be justified to ensure that each client firm is charged as equitably 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 research 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 elements. 
Research costs are difficult to control at best. If accountants could control these 
costs, any system satisfying their requirements would suffice. The true control 
of costs, however, is in the hands of 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 research 
personnel be provided with up-to-date information on project costs and in such 
a form that they can easily understand the over-all picture. 

For the purpose of internal control, each 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 applies 
not only to individual research projects, routine activities and general industrial 
or government services, but also to internal institute activities such as the operation 
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 authorization 

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 example of a work authorization sheet is given on page 59. 

In the case of internal institute activities, 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 
need. If the reports arc too detailed, money is wasted in handling unneeded 
data, and the essentials 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 issue is in doubt, it is generally 
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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As a minimum requirement, the summary should show the period for 
which the account was authorized, the number of months remaining, the total 
fundi 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 easily. A specimen project 
cost report is shown on page 6U. 

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, die less control can be exercised over expenditure. Time can be 
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especially critical in the case of relatively short-term projects undertaken under 
contract. Project COM reports should be available within not more than five 
working days after the close of the accounting period, and preferably within 
three. It complete reports cannot be completed within this time, it is advisable 
to make available preliminary cost estimates based only on staff time. Although 
these 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 research 
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 determine how much time was actually spent on a particular activity. 
When the individual researcher is assigned full time to a specific project, the 
cost of his time is easy to assess. When such a researcher is assigned to work on 
two or more 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 each of the projects, and his estimate must be accepted 
for costing purposes. 

Most research institutes record the allocation of staff time by means of 
time cards. With a few exceptions, such as some of the technical service groups 
that will be discussed later under the heading "technical services", each staff 
member should record daily how much time he spent on each of the projects 
on which he was engaged. Normally, time should be recorded to the nearest 
hour or half hour. It is recommended, especially with the smaller research in- 
stitutes, that the time cards be collected on a weekly basis and processed by the 
accounting department. This eliminates the large pile-up at the end of the month 
and makes it easier 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 activities. Individual 
time cards arc filled in by staff members every week. Each working day is 
assumed to have eight working hours and each 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 determined only by referring to detailed accounting 
records of previous projects. Once the local k factor is known, this technique 
may be needed for making preliminary 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 earlier, 
research personnel must spend some time keeping abreast of new developments 
in their field. This activity should be encouraged, and a special "overhead" 
account should be established for this purpose. At the same time, management 
should see 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 new activities and research 
projects. If desired by management, the accounting system may provide for 
sub-accounts to cover such specific activities as industrial contracts, preliminary 



62 

Example 6 

INDUSTRIAL RESEARCH INSTITUTES 

STAFF TIME CARD 

Month Year Name 

Account No. M T W 
1       ¡ 

T j   F  ! Total Remarks 

Project A . 

Project B 
|         1 

J      !.. 

Project C 
-    - "U¡-   

—- — 
1 

I 

•- - — -         -  — 

Holidays | 

Sick leave 

Annual leave 
_ - 

! 
 . .     

Total 8 8 8      8 8 40 

• 

'section 
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prc-proposal laboratory or reading investigation!, 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 entered on the 
individual rime card under the relevant account numbers so that the weekly 
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 research 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 stati'member's annual pay, plus 
fringe benefit costs, plus any necessary contribution to an indemnity reserve is 
diviood 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 supplies 

Materials and supplies constitute another element in the cost of research. 
This category includes miscellaneous chemicals, electronic 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 equipment that must be purchased 
specifically for a given project are charged to it. 

Although the items falling into the category of materials and supplies are 
normally not consumed in great quantities on any one project, an industrial 
research operation does require a tremendously wide variety of such items, 
many of an unusual character. As a result, especially wheie commercial sources 
of supply are not highly developed, 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 storeroom with- 
drawals. Since most of the items are of relatively minor unit value, 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 storeroom 
operation, including purchase of the stock, as an overhead 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 number of reasons, the latter 
procedure is recommended for industrial research institutes, especially in develop- 
ing countries. 

First of all, a record must be kept of all withdrawals. This is the only 
practical way to maintain a current inventory of material 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 entered 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 employees to withdraw items for personal use from the storeroom. The 
charges for these items are entered on a personal account, which is subsequently 
cleared by a payroll deduction. Such a concession often saves the staff member 
money and can, therefore, be counted as a fringe benefit of his employment. 

i 
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Technical services 

As suggested earlier, it may, as an exception, be preferable in the case of 
the technical service groups, to collect staff time, as well as materials and other 
charges, under accounts for each of these groups. These items should also be 
entered with project account numbers for reference, and they will ultimately 
be transferred 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 activities 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 appropriate. 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; one 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 entered 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, direct labour, materials, and direct purchases, as well as the 
shop overheads. Labour costs arc computed in the same way as general staff 
time. Shop overheads arc 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 
machine shop arc removed from general overheads, and the undistributed costs 
of the machine shop are applied more directly against the institute projects 
utilizing the shop facilities. 

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 tumis actually committed 
at any one 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 research institute should normally not compete 
with commercial facilities, adequate commercial testing facilities are often not 
available in developing countries, hi these instances, the outside users ot 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 establish fixed rates for the standard analyses. These rates 
should be calculated to cover the analyst's time, the materials, the use o( 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 section 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 research laboratories have 
found it desirable to discourage the general research staff from making their 
own routine chemical analyses. Experience 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 researcher. 

Mechanical testing laboratory 

The comments with regard to chemical analyses arc also pertinent to mechan- 
ical testing. Research institutes, especially in the developing countries, are often 
called upon to make mechanical and allied tests for outside clients on a service 
basts 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 
properly skilled technicians to conduct the necessary tests, both for the institute 
staff und for outside clients. As in the case of chemical analyses, it may be desirable 
to establish fixed rates for the routine tests. These rates may include the cost ot 
machining the required specimens in the institute shop. To encourage industry 
to make use of such facilities, rates should probably be reduced to a level that 
merely covers expenses. 

i 
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Instrument laboratory 

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

Modern technical research requires a great many scientific instruments. 
Some of these are standard but of a specialized nature and are normally assigned 
directly to the research section in which they will be used. Others arc 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 research 
project for which they arc required and, in the case of work sponsored by an 
outside client, are considered the property of the client. 

Still other instruments and equipment arc general in nature and may be 
used from time to time by various research sections. Examples of such items 
include: balances, various types of electronic instruments and meters, cameras, 
temperature controllers and recorders, pyrometers, oscilloscopes, stop watches 
and timers, tachometers and strain gauge equipment. When such equipment is 
needed by the institute but is not required on a full-time basis for a particular 
research section, it is most efficient to assign the item to the instrument laboratory. 
It is then available to any researcher as required on a loan basis. Each instrument 
has a use rate established 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 "Use 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 sections, 
the cost may be included in the use rate, if one is applied to the unit, or it may be 
charged to the project or projects on which the instrument is currently being 
used. In the case of project-owned equipment, the calibration costs are 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 measurements made by the instrument laboratory staff may be 
of a routine nature, 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 equipment, and other charges are 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 research 
report, special effort is justified to ensure that the research results 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 ot a technical research report may require several 
different operations, including typing, drafting, photography and printing. The 
total costs involved in converting the draft into a completed report can most 
conveniently be identified by assigning a report work-order number to each 
report to be reproduced and collecting all charges against that number. The 
total is then transferred to the project account. 

As in the case of the other technical service groups, the charges should be 
calculated to cover unused time, supervision, authorization of equipment, 
materials etc. 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 are 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 equipment needed for research by direct charges against the 
projects using the equipment. This can be done conveniently through a "use- 
of-cquipment" charge. This charge is calculated by dividing the acquisition 
cost, plus any installation expenses, by the anticipated years of useful life to obtain 
an annual amortization value. This figure is increased by an amount estimated 
to be sufficient to cover the annual costs of maintenance. This total is then divided 
by the number of hours per year the equipment is expected 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 piece of equipment. A specimen 
calculation is illustrated below. Cards identifying the equipment, the number 
of hours used and the project involved are turned in to the accounting office 
periodically, and the appropriate charges are entered against the project. 

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

Direct purchases 

Materials, equipment, and services purchased from suppliers specifically for 
a particular research programme are charged to the appropriate project account. 

i 
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Example 7 

Usi KATF CAM LIATION 

Equipment no JíMkvü Description       Hcat-tntitin\¡   fuman- 

Division      Metallurgy Purchase order No    (»7-136 

Cost   $1,437.(0 
Shipping         68.(K) 
installation           ¡20.110 

Total cost SI.625.Uf) 

Anticipated life       10 years 
Annual amortization    $162.50 (total cost/anticipated life) 
Annual maintenance         50.00 

$212.50 

Expected annual use     200 hours 
Hourly cost        $1.06 (annual maintenu, .».».'/expected annual use) 

Electricity/hour     $0.30 
Muffle cost/hour      $0.40 
Hourly use rate       51.76 (hourly cost   +  electricity/hour   f    other 

consumables/hour) 

As mentioned in connexion with machine shop accounting, it is often good 
practice to commit the estimated delivered cost to the project account when 
the purchase 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 delivery 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 may 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 disproportionate share of 
overheads. Accordingly, overheads 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, 
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however, it is not unusual to exclude the travel costs from the overhead cal- 
culations. The justification for this is that direct travel costs are responsible for 
few, if any, overhead costs. The charges for the time of the start' 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 expenses; some require special justification for all expenses 
over an established daily norm; and others provide a fixed per iliem allowance 
regardless of the costs actually incurred. The established patterns of the country 
in which the institute operates are probably the best guide. Where an option 
is clearly available, the advantages appear to rest with the reimbursement of all 
reasonable expenses, but a relatively close check should be kept to see that the 
requested reimbursements are, in fact, reasonable. Representation expenses, 
within limits, are also generally allowed. 

Miscellaneous costs 

There are other costs, usually minor, that arc sometimes carried as over- 
heads and sometimes considered as direct project charges. Among these are such 
items as shipping costs, postage, and telephone and telegraph charges. The 
most practical method for deciding on the disposition of such expense 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 arc 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 research staff and, especially in the case of 
contract research, the client must clearly recognize that it is impossible to make 
a valid prediction of the cost of solving a problem through research : a research 
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. 

TUR RESEARCH PROJICT 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 determine 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 seeking 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 each. Chapter 5 contains a full description of the methods employed. Such 
projects are usually costed and authorized stage by stage. 

The actual planning of the research project is a technical exercise and has 
been discussed in Part I, 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 research) usually becomes 
a part of the research contract. An outline for a research project suitable for use 
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. 

f COSTING THE PROJECT 

I Costing a research project should le a joint effort between the research 
staff and the accounting staff. Although the researcher may have sufficient 

71 
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experience and the necessary knowledge of institute costs to prepare the estimate 
himself, his time can usually be spent more efficiently 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 research costs becomes progressively easier 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 threat extent upon the completeness with which the work programme has 
been formulated. The breakdown of research 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 tost. If the work programme has been pi operi y 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 staffami technical assistants should also be reasonably well 
established 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 each category are usually sufficiently 
narrow to make the average suitable for cost-estimating purposes. In estimating 
the manpower requirements for the project, some consideration must be given 
to the desired rate of progress. Most research projects will have an optimum 
rate at which the work can proceed most efficiently. Sometimes the prospective 
client may need the results in a shorter period of time and a higher rate of effort 
is justified, even though the total cost may be somewhat higher. Also, con- 
sideration 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 estimating 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 equipment construction is necessary, the machine shop foreman should be 
able to provide reasonable cost estimates from a general description of the 
requirements. If standardized costs have been established for chemical analyses 
and mechanical tests, cost estimation will be simplified, since the volume of 
work can be assessed with reasonable accuracy from tlie work programme. 
If such costs have not been standardized, the heads of these sections should be 
consulted for assistance in estimating them. The needs for the services 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 research 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 equipment covered by an institute 
use 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 tmis oí direct purchases may vary widely, depending 
upon the stocks of the institute storeroom and the nature of the research project. 
Most of these special needs, however, will be identified by the nature of the 
work outlined in the work programme. In some externally sponsored research, 
it may be desirable to obtain some of the base or starting materials directly from 
the client so hat they arc 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 direct purchases. As mentioned earlier, 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 service may vary 
considerably. Estimation of the costs is usually easier if the new institute has 
developed a close working relationship with one of the established research 
institutes or is benefiting from the presence of international experts provided by 
international technical assistance programmes. 

Travel and miscellaneous costs are, 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 research project can be estimated 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 ensure that the research 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 research is 
undertaken only at a given "rate of effort". 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, Sal« No. 68. II. B. 10. 

J. 
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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 overheads) will normally be at least double the cost of professional 
staff time involved. 

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

Principles of costing multi-discipline projects 

Many research projects require co-operative efforts from several of the 
research groups or sections within the institute. In fact, this team approach is 
one of the major advantages of a poly-discipline industrial research institute. 
The principles of cost estimation are the same for a team effort as they are for 
a one-man project. 

Cost estimation begins with the preparation of the work programme, as 
described in the previous section. Management normally appoints one staff 
member as project leader. It is then his responsibility to co-ordinate the efforts 
of the team. Each research section involved prepares its portion of the work 
programme 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 are 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 project account number. Separate 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 CONTIACTS 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 
recommended. 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 clients are treated alike. These faeton arc particularly impor- 
tant in areas where contract research and services are new and not clearly under- 
stood. 
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The basis for the agreement is usually the research project proposal with 
its details of work and estimate of time and costs. Since this proposal is normally 
mentioned in the research contract, it is especially important that the institute 
should guarantee only to use its best efforts, within the financial limits set by the 
agreement, to work towards a desired goal. The effort may and should be pro- 
mised, but specific research results cannot be guaranteed. For technical and 
engineering services, 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 subsequently 
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 3D 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 research 
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. These are 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 even more important that the work to be done 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 arc 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 operate on a cost-reim- 
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, use 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 supplied 
when payment is made in advance. However, it is recommended that such detail 
be provided only when specifically requested by the client. In the case of fixed 
price contracts normally no cost information is provided to the client. 

Some contracts also provide for the assessment of interest at a specified 
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rate on any unpaid invoices outstanding after a stipulated period, such as 30 or 
60 days. But experience has shown that clients are 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 
client 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 arc the 
same as if they were actually on the payroll of the client. 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 between an institute and a client sponsoring a research 
project is given in annex 3. 

The agreement usually provides that the institute will hold confidential 
any proprietary 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 employment) 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 
effect, 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 

ACCOUNI  NUMBER ASSET AilDUN IS 

I  Land 
!<•  HuildiittfN 
JM  Assets in bank 
30  Hetty cash control 
40  Accounts receivable   current 
4S  Act «Hints outstanding   prior JHIUHIS 

*0  Stocks 
MI  Building equipment 
70  Furniture and fixtures 
75  NotMechnic.il equipment 
H5  Technical equipment 
*ft  Library s olunies 

LIABILITY All DUN IS 

100  Accounts payabk'   employees 
HO  Accounts payable   suppliers 
130  ....  Advance payments and reserves 
130  Reserve tor depreciation 
140  Reserve lor start indemnities 

2to 
220 
230 
240 
250 
260 
270 
2H0 

OPERATING AMOUNTS 

Technical equipment costs and income 
Technical ser vice divisHvns expeims and ilk ome 
General administrative expenses 
Technical administration expenses 
Library expenditure 
General otTicc expenses 
Building services expenses 
Public relations expenses 
Sponsorship development expense* 

3UU 
310 

GENERAL EXPENSE AND INI OME 
ACCOUNTS 

Payroll 
Depreciation 
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320  Rent 
330  Interest 
340  Automobile and truck expenses 
350  Postage 
351  Telephone and telegraph 
352  Gas 
353  Electricity 
354  Water 
355  Coal 
360  Vacation 
365  Sick leave 
370  Project costs 
380  Project overheads 
390  Project income 
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Annex 2 

OUTLINE FOR A RESEARCH PROJECT PROPOSAL 

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

B. Background 
1. General origin oí the problem 
2. Prior and related work on problem 

(a) By others 
(b) By institute 

3. If old problem, what is new in proposed approach 

C. Proposed work programme 
1. Development of background 

(a) Literature survey 
(b) Information from client 
(c) Other 

2. Outline o( programme 
(a) Initiai approach 
(b) Possible alternatives 
(c) Detail of stages, if appropriate 

3. Special considerations, where appropriate 
(a) Equipment availability 
(b) Multi-discipline approach 
(c) Equipment or materials to be furnished by client 
(d) Other 

D. Reports 
1.   Type and schedule of reports 

E. Time 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 

Iltis .Agreement confirms a mutual understanding between the Industrial Research 
Institute (hereinafter referred to as "the Institute") and (full name ofclietit), (hereinafter 
referred to as "the Client"): 

1. The Institute proposes to conduct for the Client a research project (hereinafter 
referred to as "the project"), relating to ".  

»» 

2. This ofler is valid until If this agreement is signed by the 
Client in the place provided at the end of this document and delivered to the Institute 
cm 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 agrees f.o 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 services in connexion with the project a total sum of up to, but not 
exceeding The Institute undertakes to use its best endeavours to complete 
the work programme outlined in the research project proposal "  
 ", dated  

4. The Client 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 arc not made within this period. The Client agrees that instalments remaining 
unpaid after sixty days from the date 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 Institute undertakes to submit to the Client at the intervals stated in the 
research project proposal referred to in paragraph 3 above, progress reports en the 
project. The Institute further undertakes to keep careful records of all work carried 
out under this agreement. 

6. The Institute 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 proprietary informa- 
tion supplied by the Client, provided that nothing shall be deemed secret or con- 
fidential that is described in any prior publication or patent or is a matter of common 
knowledge within the industry concerned. 

8. The Institute and Client undertake that 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 name 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 equal to the duration of the present 
agreement, provided that notice is given in writing at least sixty days before it 
expires. 

For the  For the  
(name of client firm) (name of Industriai Research Institute) 

Sipied  Signed  
(full name and title of client's reprc- (full name and title of Institute's repre- 
sentative) scntativc) 

Hate  líate  
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