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The group of experts oomprising architects, engineers and senior
executives of R and D osntres involved with planning, designing and
constructing buildings and facilities for Industrial Research and Develop-~
ment Centres, whioh met in Innsbruok, Austria, from 23 - 27 September 1974,
has the honour to submit its findings and recommendations for possible
follow-up action. These recommendations emphasize the need to develop
methodologies for tringing about the development of buildings and facilities
which could easily be adapted to mc.i the continuously ohanging needs of
Industrial Research and Development Centres in responsn to the changing
requirements of the industrial community resulting from the increasing pace
of technologioal development anc changing social order.

On the basis of papers prepared in advance by nine of the experts, as
well as other supporting material, and drawing upon the knowledge and
experience of several organizations, we discussed in depth various aspects
related to planning, construction and the cquipping of research and develop-
ment oentres. There aspects broadly inolude site location; design and lay-
out; construction and finishing; laboratory scrvioes inoluding lighting,
ventilation, air-conditioning, furnishings, provision and installation of
R and D equipment, and eoonomic factors. The deliberations olearly brought
out the complexities of the problam and identified considerable areas of

nt and some areas of divergence. As a result, the group made a
number of recommendations, the implementations of which will aasist in the
prooess and methodclogy for planning, designing and equipping industrial
research and development centres in developing countries in partioular,
and other countries in general.

The importance of establishing clear and effective communications
between the architeot, various spocialists and the responsible authorities
of the research and devolopment centres was stressed. A clear understanding
of the objectives, management struoture of the centra, the purpose of the
buildings and facilities to be established, and the immediate and long-term
goals of the proposed infra-structure were identified as important asteps
towards the establishment of these communioations. In order to achieve
effective communication, and thercby suitable facilities and buildings for
research and development oentres, the group recognizod that one way would
be to utilize intermediary expertise with a specialized consultant who would
provide a compatible interface with research and services managoment per-
sonnel on the one sidc, and with architects and engineers on the other.
Where such intermediary expertise is not available, the group felt that
efforts should be nade to develop it.

We wish to record our appreciation to the gtaff of the Industrial
Institutions Section.and Confercnce Services of UNIDO for their assistanoe
during the meeting. We also wish to express our appreciation to the
authorities of tho Kongresshaus Innsbruck for putting thoir time and
excellent facilities so frocly at our disposal.

Yours sincerely,

H.C. Visvosvaraya
Chairman




INTRODUCTION

&l_(ﬂ:ound

Industrial roscarch and devclopment centres cstablished in developing
countries aim at prcviding various ssrvices to the Government, local and
foreign enterprisecs and other industrial developmcnt agencies. The
gervices inolude applied rescarch and testing and analysis of raw matorials
and industrial ¥y products to jdentify their industrial uses; tosting and
analysis ot industrial products “or quality control and quality certification
purposes; techno--economic feasihility atudics for the cstablishment of new
industries or thc cxpansion of existing ones; assistance to industry in
troubl c-shooting, stand~rdization and quality oontrol, geleotion of in-
dustrial proccsses, equipment and appropriate toobnology, markot researoh,
oost accounting, plant lay out, product and productivity improvoment, and
diversification of productionj advice to thc Government on technologiocal
.attors; and assistance rclated to national standardization and Tuality
contrcl programmes.

The industrial rescarch and development centres therefore form a 0Oro
of multi-disciplinary tochnologlats- whose nain aim is to aocelerate the
industrial growth of thc oountry. Depending upon the level of development
of the country and of thc centre the number of professional staff for
contres in most doveloping countrics varies from 10 to 30. These tochno-
logists, must rospond to the courlex noeds of the comaunity with the very
limited rcsources at their dieposal.

geveral governments in developing countrics Lave reoognized the necd
to catablish such industrial r :scarch and dovelopment ccntres in their
countries and arc attaching great ioportance to them. With a few exoeptioms,
their finanoing Mthc rosponsibility of the Covernment who is usually the
main elicnt of thc centro's services. At the initial stages of the centre's
development most of the funds allocated for thc oontres are utilized in
sctting up its buildirgs 4ad faoilities. Duc to tho limitcd cxpertise
availabl. in moot dev:loping countri.s, some of thesc buildings and
fucilitica have bocn conocived and planned cither unfunctionally and/or
for prestige purpos s A necd has been identificd to assist thesc countries
in the cconomic utilizition of thcec funds to sot up building? and facili -
tirs which could casily be adaptod +o mect the changing neods of their
acntrus in responsc to the requircments of' the industrial and busincses
community

1. ORCANIZATION OF "1 MEETING

9. In rccognition of tho above, UNIDO, in co-opcration with the Kongrces -
naus, lnnshruck, organizcd an  Expert Group M.cting or "Building and
Facilitics, Design and Lay-—out for Industrial Rusearch and Development Centres”
in lnnsbruck, austria, fror 23 - 27 3cptember 1974

On th. basis of papers prooarcd in advanoc by ninc of tho cxpertis, as
well as othoer supportins matorial, and drawing upon the knowlodge and
expcricnce of scvoial organizations ve '8 aspectc relatoed to planning,
constructicn and tlLe equipping of rcsesrsl, and devclopment centres wers
disousscd in depth. Thesc aspects broaaly includcd sito location, design
and lay-out; construction and finishea laboradory gcrvices including

heating, wator and gns supplics of various typos, lighting, vontilatiom,

U - .




air oonditioning, furniturc and furnishing; cowt and ccononmic factors.

The doliboratione clearly brought out the complexitics involved and
identified considerably thc arens of agrcoment and some areas of divorgence.
As a result, tho group made o number of ~ccommondati une the implomentations
of whioh would assist in thc procoss and the methodolugy for planmings:
dosigning and oquipping industrial rcsearch and devclopment centros in
doveloping countrics in particular, and other countrics in general.

Participants

2.- Te group of nimc oxperts who werc sclccted in their individual
capacitios and on the basis of thcir oxpericnced, comprised architects and
senior executivos of R rnd D centrcs involved with planning, designing and
oonstructing buildings and facilitios for Industrial Rescarch and Dovelop-
nent Centres. Onc of tho experis who had prcpnred a paper was not able to
attend the mecting. 3Sixteon other participante involvcd with various aspocts
of the subjoct, cither in industrial rescarch or consulting firms and imteér-
astional opganizations - in both industrialized and ‘s> loning oountries -
also attended the meating. The list of participant {ig §'tached as Annex I.

Quening of tho Mecting

3.+ Mr. 8.N. Mdam of tho Industrial Institutions Section of UNIDO and
Dircoter of tho meoting, wclcomod the participants on bchalf of UNIDO. In
his introductory rcmarks he gave some background information on the mecting
and underlined the importance which UNIDO was attaching to tho meoting. He
expressed the hopc that thc doliberations of the mecting would produce
results and concrotc roocommendations vhich would form thc basis for an
onvisaged publiocatiem which could acsist tho developing oountrics in tho
procosses and methodologies for planning, dcsigning, construoting and equip-
ping industrial rcsearoh and developmcnt centrus.

Election of Officers

4 - The following were elected officcre of the meoting:

Chairmans Nr. H.C. Visvesvarays, Director
Cement Rcsoarch Institute of India

Vice<Chairmans Mr. J. Nokarde, Director of Intornutional Affairs,
Copochosld¥ak Institute for Regional Plamning

Rapporteur: ®r. P. Silver, Partner and Director for Pacilitics,
Rescarch and Developmont, Gruron and Partncrs

Accnda_snd_Schedude

S - The Agenda and Sohedulc adoptcd for the “acting are roflectcd in
Annex II. Vhere it was found convenicnt, papers on closely rolated subjoots
wore presented comseoutively and discussed sirmltancously.




Digcussion Papers

6 - A total of cigzht toochnical papcrs and four addonda were presentcd

at thc meeting. Two of thosc papers covercd all aspeots of the subject.
Onc paper wons presenicd cach on Sitc Location and Design; Lay-out;
Construotion and Decooration; and Tquipping of laboratories. Ome paper and
three addenda werc prescnted on Pacilitics, Heating and Air-oonditioning,
Ventilation and L.ighting. Another paper and onc addendwm wore also
prosented on Furniturc »nd Finishings. A list of documents roproduced in
oonnection with the mceting, 't attached as Annox III.

Organization of Work

7 - Discuscions on cach specific aspect of the subjcot were introduoed

by thc presentation of a short paper and/or casc study prepared on that
topic by an export. £is thcso papors were madc availablc to all partioi-
pants in ~dvance, prescntation did not involve reading the paper, but was
made by introduciory remarks given by the nuthor, pinpointing the high-
lights of thc papcr. Tnis was followed by oxtensive discussions on the
topio. At the end of cach day's discussions tho rapportour with the
assistanoc of the UN1IDD scorctarial staff summarized tho discussions on that
day's topios.

8. On the morning of thc fourth day of thc mceting, the partioipants
were dividod into four sepnratc dircussion groups in order to draft
specific reoommenda*tioans covcerings -

- Goncral congiderations nnd site location;
- Deaign, Lay-out and conetruotion;

Techninal Scrvicoe ard I'nvironmental Control}
~ PFurniture, Purniskine =nd R and D Equipment.

In the afturnoon of the sanc day the draft recommendations of each
group were rovicwed Ly the entire meeting. The rapporteur and the UNIDO
seoretariat later made thc ncocss: ry co-srdination among the recommenda-
tions wnd incorpsrated them into the drait final report of the meeting,
which wna discussced the noext day.

Closing of thc Mecting

9.- At the closing scassion the draft final report of thc moeting and its
recommencntions were revicwed and adoptod. UNIDO was authorised to carry
out the noccessary cditorial modifications and to roproduce and cireculate
tho final report.

The Chairman thank.d the varticipants for their active co-operaiisu
the rapporteur for hie dedicatcd efforts, the director of the meeting for
his guidanoo, and the UNIDO servioc staff for their assistanoe.

Mr. S. Ndam, Direotor of the meeting, thanksd the Olatmerfer Zis
efficient handling of the meating and the participants for their positive
contributions to the deliberations of the mesting. He also thanked the
authorities of th¢ Kongreashaus, Innsbruck, for putting their time and
excellent faoilities so freely at the disposal of the mesting.
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Jeperal Considergtions

10. The process of planning tuildinge and facilities for Research and
Development Centres involves the intcraction of architccts, research
managers and their staff, svaecial consvltants, technologists and econondmts .
Such a process should emphasizc the nced to develop a clear dialogue b o
the architect and the client so as to dovelop a gelution whioh meets the
real needs of the oentre. Thc success of such a dialogue depends upon the
quality of the programming informetion uscd by the arohitcct, which must be
in a langusse that both the architect and the centre's management can
understand. An intermediary, thc labtoratory planning consultant's providing
of a detailed programme suitable for the architect to design the facility

is important. .

11. In order to develop an appropriate building solution it is necessary

to conduct a study of the total economic and social growth nattiern of the
country. Such a solution should take into account the availability of
indigenous materials and the social and political objectivos of the project.
The oconcept of the project should recognise thc importance of local factors
since no one plan oan suit all thoc varied conditions that exist in diffcrent
oountries. In planning the oentre, provision should be made for growth
potential and social welfare aciivitics if the environment is to oontributo
to the intellectual olimate required for researoh and development work.

Location

12. PBeoause of the concentration of economic, social, intellcctual and nther
activities and natiomnal decision making orgame at the capital or principal
business city, these oities provide, in most devcloping countries, the most
suitable looation for research and development cemtros. while the goncral
site location often is more of a political and nconomio decisinn, the
i2~ation of the specific plot should be based on the results of technical
investigations.

In genersl, the spccific site location is often a function of the nation%
partioular situation and no onc formula for scloction will cover all aspects
for all countries. A guidcline could howover outlinc the tochnical factors
involved and provide appropriate data for use in the political process and
some framework for decision making. Whiohever sitc is choson, it should
providc for growth and have adoquate supporting utilitics and 2 hygenically
undefective enviromment.

13. The selection of a plot should, therefore, take among other factors th.
following into oonsidoration, as far as possiblcs

- the plot should be sufficiently big not only for the convenionce of tho
oonstruction and for the operation of the proposed centre, but also for
meeting its ncods on possible future expansion, not only physioally but also
in ite soope; a8 timo passes the scope of R and D centres could alee
change - sultidisciplinary centros may give special emphasis to only a few
of their aress, a single discipline oould grow muoh fastcr than other or
now disoiplines may emergo}
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- the plot should have good technical qualitios - especially with
sufficisnt bearing capacity, acceptable ground water level and wooeptadls
surface character)

-~ the plot should cnable a free dispositional solutiom for the ocentre and
s suitablc orientation of individual parts with respect tc oardinal points
and orientations of the whole complex;

-~ the Centre should form an expreseive compositional slement in the
selected location;

- the plot should provide good transportation facilitiss to individual
functional oomponsnts of the city and industrial establishments)

- the plot should onable the centre to use oexiating teochatlcel iafre~
structure water, supply sewerage hcating system, gas, elestrieity eto.

- the plot should have a hygenically satisfactory savifemment. The
building of the coentro should also contribute to the improvement of the
environmental conditions of the place where it will be loocated.

P IESIGN. LAI-QUT, CORSTRUCTION AXD FINISHES
Design and Lay-out

14. In the design and lay--out of the buildings and facilities for a
Research and Developmont Centre, the emphasis should be placed on ths need
for adaptability. The ccontre should be adaptable only to the exteat that

is necessary tc meet the pcasonable anticipated ohange. The estimation of
the frequency of change in a sensitive valus judgement based upon experience
combining cbjectivc and subjootive oritaria.

15. MNany dosign molutions are availablie, but none meets the requiremests
of all situatione. The desigm of an institute involves the trade off eof
functional, assthetic and nosmomic factors, and the architects options are
set within the context of these limits which affect sach other and require
a specific balancing in each aituaticn.

16. Basio concepts of affecting dosign and lay-out must eaphasise the rele
of tho management structure. The building designs should met restriot
management options sinc. the trcnd towards group or team work ‘hes led to

an institutional typc of Resoarch and Development establishment requiriag &
dosign quite difforent from a design conceived for traditional departmeatal
research osntres. In order to accomodate anticipated changes, sufficieat
adaptadbility in the building design must be provided so that it has a
dynamio oapacity for change and oxpansion without disturding the centre's
operation. This contributes to the optimization of tho centre's utilisation
and to bringing detter returns on investments.

17. The centre's laborntory spacss should be modularised, that is, they
should be built of elementa of an appropriats size such that the slements
could be grouped to form mpaces of varying sizes so as to meet any oot of
given required functions. This enables tho laboratory to expend or eentrest
from a given use without modification of the building aystems. The
modular plam should indicate the planning methodology by whigh a nusber of
laboratory spacer oculd be grouped together to form ome wminternpted
serviceable space.
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Experience has shown that the configuration of a bench laboratory should be
saintained within a fairly constricted proportion, that is, the proportion
should be such that the laborstory is a unit of modules betweem 3.0 m (10
feet), and 3.6 m (12 fset) wide, with varying depths.

18. In all cases, laboratoriss should te comceived of as having essentially
two ways of exiting which are remots from sach other and are set up in such
a way that the expansion from one laboratory to another does not negate this
exiting (egress) potential.

Senstryction and Finishes

19. The construction ‘echnology of s Research and Development Centre shculd
be the result of available construction asysteme. However, laboratories with
equipment sensitivity requirements should be construoted of materials which
40 not develop the inherent short-comings that are charscteristic of some
tildings systems.

20. The materials must account for the need for cortrol of vibpation, noise
level, as well as fire limitation, esmoke, dangerous chemicalas and fumae.
goft and diffiocult tc clean materiale with sensitive, less durable finishes
are not appropriate for research facilities. Materials which are capable of
being repaired, replaced and/or relocated without significant effect upon
the operation of the building are far more suitable.

Within the laboratory itself floors, walls and oeilings should be
maintained as natural, relatively simple unadorned materials, leaving the
interior to b finished by the user.

21. Bvery eoffort should be made to utilize local materials and skille to
meet the building's requirementr so that changes could bde sshieved without
neceseitating the utilisation of services and equipment requiring con-
sideradle outside skills and operation for replacement, installation, repair
* ard maintemance. Various consideratione for the design, lay-out, con-
etruction and finimhine of buildinge and facilities for R and D centres are
outlined ia Anne. IV,

C. TECMUICAL STRVICES AND RVINOWKETAL CONTAOL

Inchaical Jervices

22. The design of technical services for Research and Development Centree |
sust take into account the nature of current and anticipated activitims of
the oentres. These astivitiee usually would indicate tie type and degree
of oorviees required. There services include elscirical, plumbing and
drainage aystems fer wtilities auch as gases, steam, aenpreesed air, various
typoe of water and veonwm.

23. Ia the design of technical services emphasis should be placed on
ingtallatiens whioh can be carried out without special techaiques and
wtilising as such available local skills and materials and minimizing
technical labeur.

Eaxirsmental Contisl

2. Baviroamental design esphasises the iafluence of lical climatie
oconditions ¢n the bLuilding design. A defimition of the lador .tory
caviresnenial requireipils should precede all design efforts. JFrem that, an
analysis should be eendusted to determine the avnilakility of locsl techmology




abd how it could Weet thess Yegriremwmts /M1y when natural local techmology
is not capablc of moeting that cnd, should mechanical or industrial
tochniquos be considcred respeoctively.

25. Soveral important factors minirisc the necd for and the uso of nom-
local technology in the design of laboratory air conditioning systems.
Appropriatc attention should be given to the control of tompersturc amd
humidity, with cmphasis on air intake and oxhausd An effort should be

made to minimize the w ilisation of cnergy through propcr duilding insulation
and ventilation and warough tho use of natural air conditioning methods,
when appropriate, in lieu of mechanical systoms.

c¢ccial Considerations

26. As o brief guide, thc following spoceial considorations for the
difforent mr~haniocal services arc presentcd. Thesc are further ?laborated
in Annex 'o

1) Alr Conditioning
Outsidc conditions
- Inside conditions
¥nvironmental ocontrol
~ Building, dcaign and funotion as wcll ns mechanical design
- Local building technology

i1 MWater and Gos Supplios and Wastg DIALNOge
Additional to thc items undor pira i) above, the following have to be
considcrods

- Typc of available watoer and gns supplics and type of ground, where
the building is locnted

- Rooms that need the same type of gns wumte drutnage md/er troatod
wator should bc grouped togother wherc foasible .

- The systems have to bo installcd with floxibility so that altorations
can bo madc casily

{44 Electrjood Jupply

In additicn to i) and 4i) above, it should bo considered whether
tropiocalized oquipmont is necassary.

D. FURNITURE, FURNISHUS MR RAND D BRUIPMENX
Furnityre gpd Juprishings

27. Many systome for tho dosign of furmiture for R and D ceatres cxist.

These systems includo standards rolated to sise and matorial wiioh,

however, arc not applioable in cvery situation. Pactors affecting 1abeoratory
furniture dosign inolude:

b
°

the noed for adaptabil ity

ai the design basis on whioh the system is deweldped
the design for pre-fnbeication)
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d) thc maintenancc of static cquilibrium under various cquipment loads;
e) 1the finishing of thc construction, and
£) 4he oxtont and imteondcd usc of the furniturc.

268, Thero are soveral npproaches to 1aboratory furniturce design. Onc
of these is n system of cabinct supporting tops which tcnds to roatriot
floxzidility. Tho second and more flcyidblo system consists of structural
framos supporting tops with independent movesble cabinets. Purniture
design must bec sonsitivo to anthropometric diffcrences affecting the
proportion of the furniturc. Thc principal cffect apnears to be on the
height of the furniturc. In addition, it mavy bo €soe3sary to modify
some aspects of estadlighcd furnitur. and equipment standrrds to mect the
limitations of local industry.

29. The plaaning of the furniturc ~nd cquipment arrangement should

involve the architcot simce the design is a result of an interaction betwcen
all tho aspocts of the building design and construction. A planning axpert
oould a0t a8 an interfaco hctween the R and D mznagoment and the local
architoot in dosigning a lcboratory furniturc which utilizos local skills
and oould be intogratod into the project's design requiremonts. 3ince

wany developing countriocs donl with smnll multi-purposes and multi.
discipline operntions thoy roquire considerably lcss sophistioatod facilities,
Nevertheless, the dosign of laboratory furmituro ghould ~llow for adapt -
ability in nocordanco with the changig work of the laboratory, which may
roquirc additions and/or alterations to tho furniturs.

30. Table tops should be given considerable attcntion. Thc choioc of
suitable table top materinl is important. Those matorinls include wood,
oeremics, stainloss stcol, glaas, ccmont nbostos, stone and plastios. The
ohoioo of table top material should bc based on the use and resistance to
damage from chahisal, toxity, ~nd impact.

BRond D Bquipmont

31. The nppropriate choice of oquipment requires cxpert advice. If this
is not availablc locally then outsido expertise should bo solicited. A
good source of information could facilitate tho procres for the oquipment
selootion. Booausc of probloms pooulinr to doveloping couttrica, eq. .pmont
lists (oatnloguos) aimcd for the usc of Research and Development Co. tres
in developing countrics should contain morc details rclated to altgrpative
choioes and recommendcd spare parts.

32. Imstruments should be woll mairtaincd. The supply of cquipment should
includo sparc parts, installationm, initinl oper-tion and training of local
Research and Developacnt staff im ite proper mairtonance.

33. The esteblishment of eervioing organirntions on a nationnl or multa-
natioaal levol should be comsidered. Such orguiizations could, among
other fumotions, help in traiming technioians in the instrameat repair
and maimtenance.

34. There is a ncod for o service workshop in Rcscarch and Develomment
Centres. Such 2 workshop should bc manncd by 2t loast an clectronics
techaieirr. trainod in dingnosis, and rt lonst 2 finu mcohanics technician.
These technicians should bo truinod to diagnosc problems in ingtrumont
failures.




Gencrnl Congiderationg

35. Sinec the planning and designing of industrial R and D oontres is a
complex activity in~lving simultancously maay spocialized notivitios and
determination o Op _mum solutions in the fnoe of confli®ting parametcrs

it is 1vcommended ..at this cntirc prococss be conocived as o miléd .
disciplinary prooccss, and right from thc boginning cveryone concorned should
be made to got nctively involved.

36. The tcrnm should consist of the R and D management and 4$s rolevant
research staff. the d sign architoct, the furnisher, thc equipment supplior,
and spocinliste in virious scrvices. In order to cnsurc proper and smooth
communications amongst thc divoergont intercsts and to onsure a comprehons ive
lirknge, the introduction of 2 ncw componcnt in the form of cxpertisc in

the programming of buildings and facilitice for R and D contres is recommended.
Siace such cxpertisc is not casy to find, UNIDO should consider having pro -
grammes for thc development of such cxvertisc in developing countries

as part of its programmc for thc promotion n~nd stimulntion of industrial

R and D in devcloping countrics.

The design tcan sclacted shouid be well versed and cxperienced in the
dcsign of industrinl R nnd D centres. Whon all the requircd experienced
peresonncl for th: team arc not locally available, it is adviscable that the
locally availablc cxperts nre augmented nnd assisted by outeside cxperts.

37. UNIDO could help in identifying suoh cxperts who could work on the
design tcams, including R wnd D manngers, arohitucts, onginecrs, cxpepds in
technical scrvicoes, furnishers and cquipment suppliers.

4, Simee many doveloping countrics are or would be cstablishing multi-
disciplinary industrial R -nd D ccntrcs for both multi and pecinlised
purpos2a, the cxpurt group recognizoes a need for thesc ooun ries to be
assistcd by providing them with suit-~blc guidelincs in the estal ighsent

of build. =~ -nd facilitics.for their centres.: These guidelines are
visusliz .4 talm.n the foim of booklcts containing basic mo@el ree~mendations,
basic liste of equipmoa$, persomnel requiremenis, sodel buildia. pleme,

nnu eaomplary tost standards and mcthods. The export group reook. - .. that
UNIDO tak thc necessary stops, °rn an urgent basis, towards the proparation
of such guidclines for wide distribution in developing couziwies The

oxXpe rt group also recogmizcs® that such guidclines would be of immense

value as 3 sturting point, to offici :l1s involved with the dovelopment of

new R and D centres in such developing countrics. More detailed excercime
in the direction of -cstablishing such noew R nd D facilities would then

comc later.

dize kecakion

37 Wnilst the group rocognise® that the losation of an industrial R amd D
centre - especially in doveloping oountrice - 4e oftcn detorwined by
political and socinl comeidcrations, it is recomended that thesc ia chamge
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of establishing such caentrcs should cndenvour to sclcot sites which
satisfactorily mcet the techmoeal requircmen:s while simultancously
fulfilling the politionl ard social ~bic-‘*ivis.

40. It is further rcoommcndcd that resourcoe necdcd to cstablish and

run R and D centres, cnvironmentnl conditions for their satisfaotory
functioning and proximity to industries wh> arc uscrs of the R and D
results should form thc basis fo~ thc mnin technical considerations.The
rosources necdod would inc ude thr scientific ~nd technical skill, materials
for construction, communienv.un syetcms, inform~tion and documentation
facilitios spccialized froilitios, opportunitias for intcllectual inter:
notions SUOR as through wniv:rsity rescoarch workers or personnel of other

R and D organizations.

41. The group identificd ccrtain preconditions c¢escntinl for the successful
location of R nnd D centros, the important ones of whioh includc:

-~ olear specificgtior of thc funetion of thc centre in the frame of tho
ocountry's R and D netwok and industrinl development;

- wseouring dcsirable rel~tions with relevant organizations;

detailed operational and crganizational schame of the centre cxpressing
the most suitablc mutual internal rclatinne within the working orgme
of the centre; nnd

-~ wmpocifioation of dcsirablc geographic and technical conditions of thc
plot.

In the process of locating the ccutrc it is adviseablc to use the method

of comparison »f locnation~l variants by systcm~tically cvaluating tha pros
and oons of nlternative sitca from the point of view of the pointe including
thosc covered above.

. PLAGIDNG, LAY -QUT, ORSION, CONSTRUCTION (D FINISHON

42. In tho design,lay-out and seleotion of coms$ruotioa m.thods and
materials for Industrial R wnd D Contres it is rcoommended to first clcarly
dofine the projeot through a ecar ful preparntiosn of the statcments of overall
requirements and systcms critepi- A dctriled design of the project can
thea proceed nn 1 r~tionnl basis with ¢h: assistrncc of the dosimn tenm

43. In the planning and 1y out £ R ~. 7 centres the ~llowing major
points, ir addition to thc normal congidorntinne, shouid be taken into
agoounti

- the mangomont prttern of the c...tre should influence the lay-out and
design rashcr th-a the building having to dictate th patiern Iator @

th: planaing should be such =3 tn provide for ~daptatility without dig
proportionately hLigh cxpenditurc:

- 4he lay-out should prowvide for plannod nd wiplawned cxpansion in the
mogt oconvenient amd cornomiosl i-mEBOT)

- every possiblc cndeavour should b made to multipurpose what s
estadlishod in order o maginise rctumms from the lurge investments which
might %o involv-ds

- o ¢loar distinotion should be made butwoer 1-baratory bunchn seal.
investigntions, invostigations with larger it onernti-ng, and pilot
plamt imvestigations. In thc location of uach of these nctivitios, an
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important consideration should be the convenience nnd pragticability
of scouring the roquirced inputs and disposing of the outputs at
rensonnble cost

44. Tt is rocommendcd t> conmence tho planning process with a genaral
statoment of ovorall rcquircronts. This statement should be propared using
the headinge and in the order given in Anncx IVA. Those broadly relate to
functiopal orgnnigzntion, basic cquipment, ~nd sproe dotermination and rela-
tionships Although in the proparation of the statemont reclated to
functional organizatior, cach org-mizatinsn will have its own specific
requiroments, the typic~l functions of R and D centres which may be con-
sidored arc listcd in Anncx IV B.

45. Whon the statcient of overall roquirements has becn comvleted it is
adviseablc to pruparc n statoment of systems criteria in accordanco with
the points cutlined im Anncx I¥.C.Thusc points cover struotural, archi--
tcoturnl, mechaniecnl, olectrienl, safoty, fire proteotion, conmunications
and site infrastructurcl aspccts.

46. 1t is recokmendod thet machanical scrvices bc ongineered to give the
~ppropriatc .nvironmontal conditions and s.rvico supplics (water, gos,
electricity, heating, ventilntion and ~ir conditioning) to all areas,

wh-ther thoy be lrboratorics, pilot plants, offic s or libearies. It is
esscntial to considcr the total cnviromment, both open and clogud. It is
further recommendad thnt such arcas be dosigned 28 *flexible units of space',
which arc adequatcly scrviced wnd provide for maximum adaptability for the
future ~nd consistent with the cconomy of initial cost. A rigid initial
deeign which precludes any future option for ~drptation without considerable
cxpenge atould boe woided.

47. Becaws: Hf the impnret of neeh~nical scrvices on the bnsic dosign of the
buildings it is iwpartant to reeognize the necd t9 allooate sufficient spaocc
in points suck s ricor ducts and cciling voids. Thesc should be firmly
catablished it ~n carly stage °f the building design  Sinmoc plant rooms
(mochanic:l sermviice rooas) could wmount to s much nn 101 >r more of the
total floar arcs ther should ~1sn he taken into consideratiom at the imitial
st e of the building dcsim.

A8. It is rec-mm ndcd to scl ot syst.one which npovide the roquired omwirom--
mental conditione, Nt minimum one~gy consumrtion, csrceinlly in viow of the
high oncrgy costs and general world shortnge f indigenous fucls. Desigm of
~ full ~ir-conditioncd sp-ne for wv~mpl., in situations where natural
ventilation vould suffie., covld oc tot~lly in ppropriate.

49. Boforc ombarking on mor. s phistieatcd aystone, it is recommonded to
considor sample 1ir movement or evaporation cooling sywtems, vhich onuld
provide adoquate solutions ~t lower costs of installation, maintenamod,
space nd chergy consurrtion.

In genoral, 1t is r.oomn i to give due oonsideretion $o rcquirements
fore
Comumiontions cxternmal nd intermal
Safety Pirc, pcrsommcl, communioations, ete.
Lighting - iiatural nd artificial (oolour amd intomsity)




13 -

Pipework -Should bc appropriantcly coded ~ccording to scrvice;

Installation and Maintomanee - Labour costs should be balanced
ngningt matcrial costs togother with the degree of sophistication

Roofs apd Bascments - My alsn be considc-ed for housing mechanicnl
plants, cto.

D. FURNKTURE, FURNISHING XD R AND D EQUIPNET
Puruiture ad Jurnighing

50. It is rcocommondod that the planning »f furniturc and furnishing. of
industrinl rosearch nnd development centres involve all relevant partics
since tho design is ~ result of on intoraotion butweon all the aspocts of
laboratory Acsign and oonstruction. It is ndviscable to retain the sopvices
of a planning cxpcrt to act ne ~n intcrface betwoen the Roesenrch and Develop
ment monagement and the ~rchitect in develoning = 1aboaratory furniturc
dceign which utilizes 1ooal skille »nd could be iategrated into the project's
and dosign requiromonta. It is rceommended to nceord congiderable attention
to the seleation of suitatle matcrinls.

|
$1. In thc design of laboratory furniturc it is rccommonded to tnke into ‘
account thc anthropometric difforcnces affecting the proportion of the |
furniturc. The principlc cffcet ~ppenrs to b an the height of the furniture.

It might thorefore bi necessary to modify somu nspects of cstablished

furniturc and equipment standards to mo ot ¢he linitations of 1ocnl industry.

Laad R Aiianaat

52. It is rocommendod that a check list he uged for the sclustion of
laboratory instruments. Fluoments to be included in such a cheek list arc
outlined in Aancxy ¥I. It ic further rccommendod thot o detailed cho ok list
bc prupared by UNIDO for wide circulation in develoring countri a

53. In the aotunl sclecction of the R nd D covimment 1¢ i6 advieoabl. to
sclicit the nssistamcc of ~ consultant who is fuailiar with the technienl
dctails of thc equipment. Tt ie 2ls» hishly L sir-bls that giach ~ ~onsultant
posess - thorough knowlcdge of the conditions ir thic country for which th
oguipment ia intonded.

. In the casc whcre the aogquisition of a 1arg. nuwubcr of sari.d cguipmont
is involved, comsidoeration should be given 1o contrrcting - s.ngl: curplier
with nocess to many m-nufacturors =ad i1 o positior tH provide » sorvics
prograanc. Efforts dseld bo  madc to combine rogponeitility s far
purohasing and procur.rment in e nation:.l nrganization . This would h1p to
avoid the purchesc of aanccocseary  improror and njuetiiicd R nd L
eguipmcnt.

58, It is roocommcndud to oetablish natiomal or internations scrvic
onganizationg capnble of mupplying service facilitine over - wide Arcoy,
therely rcducing duplication of surviec facilities -nd skiils. The procur:-
ment of instrumomts should provide for alcquat. traiving of utff
installation amd initizl oporation ~nd sufficiont sp-r. LAPUS

86, It is rooommcmdod th.t R anc D santris egtablish suivable mervice
workshops which would .rovide the eapacit; to dingros. R and D crusirment
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problems. The minimun staff requirements for such a workshop would be
an electronios technician and a fine mechanics technician.

57. The expert group recognizes that it is outside the scope of the terms
of reference of thie meeting to deal with the issues relating to promotion,
development and organization of Industrial Research and Development in
developing countries, which are in fact already receiving the cloese
attention of UNIDO. But the group also firmly believes that any effort spent
on oreating buildings emd facilities could be fully fruitful only when the
objectives and the funotionel purposn of the research and development oentre
are clearly defined. In order to achieve this, the expert group re-
emphasizes the need for, asd recommends that UNIDO should assist developing
countries in establishing the short-term and long-term goals of new “/or
existing industrizl R and D centres, their objeotives, scope, programmes
and suitable orgnnizational patterns.
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ARNEX IT

AGENDA AND SCHEDULE

I(M 2} September 1974

Registration and administrative matters
Opening sessjion

Organigation of the meeting

a) elolctim of officers

b) adetion of the agenda and schedule
¢) organiszation of work

Presentation and discussion of General 3ackground
Papers

Comtimiation of presentation and discuasion of Ceneral
Baokground Faper

Tussday 24 September 1974

Presentation and discussion of Additional "ackground Faper
and Case Study on " Selection of Location and Desigrn "

Presentation and discussion of Additional Background Paper
and Case Study on " Lay-Out "

Presentation and discussiom of Additional Background
Paper and Case Study om " Construction and Decoration "

Presentation and discussion of Additional Background
Paper and Case Study on " Pacilities, Heating, Air-conditioning,
Ventilation and Lighting "




09.00

Afternoon:

14.00

Afternoont

15.00

10.00

Wedne September 1

Presentation and disoussion of Additiomal Background
PamruﬂCmStndym"thuﬂﬁMM'

Presentation and discussion on Additiomal Background
Faper and Case Study on " Equipping "

Ceneral Discussions

Thursday é &aolbor 12]4

Drafting of Recommendatione of the meeting in
Yorking Oroups

Review of Draft Recommendations

Fri 27 Be 1

Closing Session

a) Finalisation and Approval of Draft Recommendations
and Report of the meeting

b) Ad journment
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ANNTY TV
mmmmmmmmmw
A. OVERALL REQUIREMENTS POR RUSFANCH AND DEVELOPMENT CENTRES

The Punotional Organisation: .

A definition of the various funotions that will conmpriec the facility.
A suggestod starting point ie an organization chart followed by tuccines
descriptions of the functions.

The omnel complenent by organisation relating
%o some !m{ca! %c ons ¢

A statement of the personnel to comprise the funoctions within specific |
time fremes.

A suggested starting point is the Punctional Organisation Chart.

m Mc MMt Stateomont :

A statoment of the basio equipment tc be used in each of the functional
areas comprising the organization of the Centre. The concentration

&t this point should be on that oquipment that might effect the buildings
design, 0.g. size, weight, temperaturc and hunidity requirements,
sensitivity to vidration, vidbretion inducing, general environmumtal
ocansiderations including safety.

Define the types of spaces that will b required to moet the functiomal,
persomnel and equipaent nceds. Fxpress the needs of these spaces as
modular incremsnts as far as powibdle: bearing in uind that a building(s)
should be devoloped around antioipated necd for the function and
oquipment .

Speee Mlatianehip:

Establish the prefsrred relationehir of the functional olemunts with

due regard to communal uses, e.g. food sorvice, lidrary, stores, shope,
eto. and to utility demmnds, safety, croes - contasination and influences
( fsolation )' ete,




B. TYPICAL FUNCTIONS IN REFRRENCE T0 ONCQU.Z.70N

By

Non-laborat ory Functions:

general ~dministrotion

conference roows and auditorium

firgt aid and medical offioe

literary and industrial information centre
training and productivity cenire
tachno--economice

vperations research

marketing

computer torminal or facilities

others

M- F0Q MO0 O OB

Staff "clfarc Punctions:

catering sorviccs

hotel facilities

reorcational facilities

living or residential arcas (when noeded)
transportation and packing

othors

Lo JC- 20 -T- I - g ]

Laboratory Munctions:

e —

a standards and quality control

b general testing

o motallurgical testing

d oonstruction and building materials lahomtor{u
e tood science laboratory :
f mochanical design

£ clectronice inetruncntation

h large unit opcrations

i pilot plants

3 otheors

Mﬂim Services Munctions:

a building maintenanoce

] work shops-carpestry, sheot metal, machine
¢ shipping - recciving dock

| stores

. storyge

4 others




C. LATRE UITARUA

% itoctural :

Basio oriteria must be cstablished for the design of the structural
systenm with regard to floor loadings, gcographical influences, c.g.
seiemic and special foundation probleas, wind loading, etc. and
vibration isolation problems tc be coneidercd.

The architecture should be as required for the functions vith regard
to geogruphical influsnces, technical capabilities, indigenous
materials, ainima) maintenance, cxpansion, etc. Generally material
for the buildings should be sclected on the basis of rcady availabi-
lity, durability, and low maintenance factore. 'hile lowest initial
cost will be important the cosi over the expected life of the building
may in 0eme ocasos be a nore useful oriteria for selection.

Nechanjon

Basic oriteria must be eatabliched for the design of the mechanical
systems, s.g. heating, vontilation and air conditioning, piping and
piwmbing. This should include statements of the temperature and
humidity conditions to be maintained in the various functional arcas
with particular attention to the scientific appr atus rcquirements,
and climatic influonces as they may affect the architecture and
consequently the mechanical systems  Statoments as to the project
services required such as vater, special treated vatcrs, gases,
vacuus, waste, etc.

Attontion is called to the special requirements of soac apparatus
for services, both in tyre and quantities. The elements conprieing
these systems must bo intograted with the architecture in a manner
to miniaize interference with the functions ( primarily in sound and
vidbration ).

Systems should be employcd that may be easily mmintained Ly local
craftemsn with sone spare parts inventory provided as a part of the
oonstruction.

Kleotrion):

Bagic criteria for the electrical systems wust be ustablished that
will enable the engineors to design the systems. This must include
peofound 1ighting levels ( with due respect to the architooturc ) for
the functiomal elements; gcneral powor loaling and snecial powor
loading for apparatus; eNOrgency powor usage; landscape lighting;

the building sy.tems, e¢.g. mechaniocal and elevators; epecial isolation
and grounding for apparatusi and isolation fron NP interferonce of
apparatus and cquipment.

Total energy systems, combining the mochanical and eleoctrical systen
requiremnts, sheuld b evaluated particularly in regioms where local
20urees of energy are marginal.




&gct! and Mic¢ Protection:

Critoriu must be ectablishcd for the provision of safety and firc
rrotection systcm~ that arc comacnsurate with the local comditions.
Farticularly rcucte sitec nighl suggest the provision of the contres
own ambulunce scrvice or 2 emall Jispensary for haanlling of emergency
pitumtions.

Pire protection systows muet bc rclatod to the various hasarda to %e
encountered in the functional arcas 11 sites should be provided
with firc protcction, loope ( containing hydrants ) with fire hoses
provided az gy be required due to local fire fighting capabilities.
All sites chould be provided with 2t least two ingress-egress peints
for emGrgency pPUrposSes.

Mre detoction and alarm systcue with control nonitoring should be
conridered.

Appropriate signs snd colour codings should be employed to desigmate
specific hagord and safety conditione. Frotection and scoure proce-
duren rmuct be develoned for nor fire related accidents, c¢.g. biological,
radiation, pae rcleascs, ete.

Commuinications:

The remuirements for commnications within and vithout the infra--
etracture shoul: be establisher Normal telephone and inter-communi-
cation or paging requiremaents bvetween the various sectioms of the
lahoretories should bo apecified ae well w8 any speoial provisions
for nresent or futurc raquiremenis for computer terminals, closed
circuii ™, telex, ctc.

3itc Infrostoucture:

Site developucnt wiomld sccount for all cequirements of the laboratory
buildings. Roads, sidewalke, parking areas, watcr services, storm
drains, lighcing ctc ull should re adeguate for the functional
activitios of the institute. The aitc infrastructure should be so
oricnted to fnacilit-te appropriate disposal of solid, liquid and
gageous wasies  The various clemerts should be positioned $o take
full advantage of prevailing winde to minimise interference with

other clements and the surrounding area.

™o centre chould enhance the environment of the region




1.1. Quigkde oomijtiapg

( 'St owtside conditions prevail in the area, ihere the building
is to be Bumilt 7 )

- maxisum, minimam and average outside temperatures
and relative humidity in nrevioue years;

- radiant sun capacity and the movement of sun
during tho year:

- specia) local wheather conditioms, such ac sand
storms, smoke, huricane, ctc

1.2. Ingide oomditions

that requirements do the instruments lave ‘v wegard to:.--

. air temporeturc ( lcvel and accuracy );
- relative huaidity ( level and acouracy )-
. ajir movement;
air purity:
maximun and minioum sound levels;
cleanliness:
- pressure;
- eleotrical fields;
: vibrations.

2 EEMM M
Caloulation sheuld be made in comjunction with the architect,comnerning:-

- the orientation should be determined bearing ir nind
the radiant sun capecity;

- the necessity for windows should bH etablishod:

- She Wilding should be positioned so that it has
the least rediant sun oapacity into the window:
the type of shading should be decided;

- et material should heuded for walls and roofs,
cemsidering the heatlose and storage capacity of tho
ssterials;
what are the functions of eaoh unit or room and what
oconditionr are required;

- does the HVAC sywten have to run M hrs per day or
enly vhen the room is onnupied;

- rooms which meed a high sophistirated AC syctem
shauld Yo grouped together and shionld met have o
direct cenmeotion $0 rooms vhere squipment which is
preducing heat, dust or smoke is installed.
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The outcome of para 2 should be o draft building design and a
room-book, which dcscribes thc nececesary conditions for each room.

EVALUATION AND SELECTION:

Together with the architertusl deaign, the sclection of thc relevent
HVAC system has to be made under the following headings:

raloulation of installatior rumning costs for different
unite and total HVAC systems,

congideration should he given to the availability of
know hotr for installation and maintenance components and
matcrials in the specific country;

congideration of the planne! and unplanned expansion

of the lesearch ard Development Institute

DLSIGN O' THE IVAC SYSTLM:

At the dosign stage the following itcme have to be considered:

the air inlet hos to b zo positioned that exhausted
air ie not being drvmn in;
the air inlet should be positioned so that it is not
affoeter by dust, sun, suokc, ete.;

- reliability of the HVAC systemc is emscutial in the
rooms where the equipment needs a specific conditiom
(iat. processing cte);
consideratior cshould be given to the zoning of the”
building to give aderquate contral;
cneryy Tecovery rvstear mar be considercd at the points
where 1 high rate of outside air has to be brought in;
grarc parte and filters may be slandardised to avoid the
ncod for large storage cpace for HV.O parte:
it should be rcumembcrec, that some replacement parts have
a long delivery time ‘v, developing countries, because of
the av:ilability of snarc parte and engineers;
any machines that (rcate fibrahon should not be plmodd
near to the J:boritorics znd should be installed on
rcparate flcore, not directly connected to the ther parts
of the building:
in the laboratery aroa the duct work chiuld be designed to
allow the possibility of installing other equipmont later;
the cuct work should be lesigned to incorporate nccessary
fir: safoty dericen, taking into account the ueses and
occupancie- f different ureasj
+11 services should bte inetalled for vasy access and have
suf ficient rrovision for later additi mal servicos.




1. maens:
1.1. mt!ig conditions

- is a piped water suppl:r available ?
what io the chemical structure of thc availablc water ?
what ip the tomperature of the wator 7
is the water cupply guarantecd or hac therc to be an
independant syster ( bore hole, wator ctorage, stc.) ?
is the duilding located in a wet urea requiring surface
water drainage 7
ocare ghould be taken not to pollute the local water
supply by dilcharging wasto into the ground;
can the soil/effluent sywtom be accommodated into an
existing mains system or has a onocial effluent
treatmont plant to be provided ~

- type and quantity of storage.

1.2. Inside oond:tiong

The maximun amount of wator is needed:

toilet:
kitohens
laboratorics
rilot plant
office

nc exaot requirement froa the client, recoamendations

¢ system have to be divided into separatc systems, c.g.
- rainwatoer.
i’hat are the requirements for the water in the different places *

temperature
pressurc

softrnesa

cheniocal struoture

As » guideline any type of water, hot and col’ can de used in:

teilete
offices

fire systems
sids rooms

Water with a cheniocsl structure which does not include microbes should
e weed int-

- feod preparaticn areas
Soft vater should % weed in all placcs where you have to scrve technioal
instruseats or waehines in: -

- 1ladboretories

- pilot plants, etc.
ater of apprepriate tespereture should Y% used in:-
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DUILDING DESION.

T™e major queations for tho water supply systems in buildings are:-
where in the Building are pirc cysteme to bde installed ?

in the floor
in thc wall or at the wall
at the ceiling

Acccasibility is iuportant.

LOCATION OF SEN/ICLS:

For coet reasons it may be best to group together the areas whioh nved:-

hot w tor ( if it is not possidlc yom have to caloulate
whether a decentralised water heating systea
ie cheaper than a centraliscd one )i

soft water und/or chemically treated water ( a ohemioally
trcated watcr systoa is highly expemsive )

chillcd water ( the ncccssary insulation is expemsive );

1f possible roons requiring specific drainage should be groupnd
together to ensure economy of the drainage systea.

LVALUATION  SCLECTIOF - DLSIGH

™. bacic Jata in 1 and ¢ has to bo cvaluated anl ‘iscwssed with the
architect in oricr to achieve maximum vconomy im desigm. The folloving
roints should be considered:-

availat’lity «{ neoc~ssary epare parts;

thc pressurising syrtem has to be so designed to

cnsurc o supply at all times;

the pumped supply for emergency showers, fire fighting, ete.
should be comncctod Lo an caergency electrical supply if
available;

the pipcd systeme should be ressc “bly over-sised to

give additional future expaneion;

the type of wasto systen, treatment, eto., will depend
upon size, location contours, stc.

It nay be neccesary to caleulatc the cost and requiremsnts for
diffcrent syutens nrermitted

Ir laboratories, pilot plants otc considerstion should be given

to provide regular tee-off nointu to give flexibility for the rwiure.




1. EQURD.
1.1. Outside

Is a maine supnly avallable or does a propane supply have
40 be installed?

~pejde

In laboretories generally a ocupply will be required for kitohens
otc. gas or electrical oquipment should de ovaluated.

For other gases it is recommended that local safedy rogulations
and requiremsntis aro congidered.

The cost of piping for instance, 1uy b considered agminet

any hasard.

EVALUATION , SELECTICN AND DESJON:

™o following points should be considered:--

- should the gas suvply de centralite’ or localized 7

1f 2 oentral propsze installation is proposed,
adoquate tanks should Yo provided to givo contimuity
of supply.

all pipevork should Lave flexibility and provision
for future additions and should be adequatoly protected
by safety valwen, otc. .




1.1.

D. ELECTRIC FP

REQUINEMEITY -

Outside

Is a mains supply reacily available or has an overland supply to
be trought to site.

Is there 2 need for o new trancformer station and voltage stabi
lization, cte.

Is there pover of different voltagec availaltle feoa city swpply ?

iy lnsi_rlg

In laboratorics, j;ilot plants otc., thought should be given to
provide flevibility and futurc additionas.

1f no information is available froa the client regurding loads

and comnuctions thon the appropriate recomsendatione or regulations
£ electrical services nay be used

BUTLDING DESICN:

Concideration chould Le given to the typcs of supply required in each
building type amd the woy tlic sorvices are 0 be accouaodated.

Cabling cosin chonld be evaluated i rolation to costs of modifications
in the building plan

Doth varying vrlt..ge suppl’ts may h¢ required in laborstories, pilot
plauts, workshope, etc.

2ingle voltage supply only ma’ be required in offices, litraries,
ftoree, cete

EVALUATION , SELXT IR 4

The following poirte «'omld be c-neideruc

rooss with 1 high fire risk chould be scparatcly
connidered;

the syotea shouls he designe to provent carth leakage:
canmiderati m should be given to ¢he nsc of tropical
oquirmnt if ncedud,

emergency Jenerating of power muy B¢ requived for the
winimaa capacity and o.y inelud. the following:

fir. fighting :unpe

-~ emorgoncy lighting

- smoie vemtilation sysiea
spocialised arcas




POSBIBLE CHPCX LIST ¥OR THE SELECTION

OF LABORATONY INSTIUMENTS

functiones of the Lictrument

ranges and choice of units

precision

priority of Lasic or advanced apparatus

space noode

environmentcl requircments

facilities neoded ( c.g. prussurc gesuge cf water

arl gas, stability of vcltage, cto. |

s.urocs of training

vervioce souroes

scrvice life of cyuipments

rhilosophy of spare inventory

level of operator training

oriteria for sulooting supplicre

coanomic considerations

dosirability of stundardization ( c.g. plugs, sockets,
currents, frequencies, dosign and tolorances of
volunetric apparatus, thermomst.rs, etc.)

sources of further inforaction ( standards, catalogues,
poriodioals, bool:s, bidbliographies, automated rcforence
csystems, otc. )

srafety concidorations

¢ot advice and asmistance of locil suppliers of
motorinle, apperatus, furnishings and scrvices

find experts including apccialists, vho have a
thorough knowledge of the comditicne withir the
comtry in:-

- proouremsnt nn! commorcial Tucetions

- legislative 1 qgulations

- tronsportati ., adminiitration, intermediate
storage of deliverios

- sorvioe and ropairs

- treining









