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1 AN IYIERNATIO~ . .\L CE~T'.E '?OR 

GDlETTC ::-NG1~E.ERING . .\."ID 3IO'IEC~OLOGY 

LOCATED IN ~ORE IR..l..'l' CNE SI~E _:_ J 
A .. 'l' .\..'l'A.LYSIS C? OP':'ICnS , 

I 
' 



7'~is ~aDer examines the ?OSSi~le ~ays L• whi~h a 'l!Ul:i?le-sited 

"l:CGE3 ::iigt:t ·Je defined, and e:<?lores :he i:nplL:ations of such a noC.e.l. 

i:J. te=:ns of costs, organization and adm.inistrati:m, legal ~onsi:iera.tions, 

and its effectiveness in meeting the 5oals of the ~CGE3, L~c:~ding the 

'Jreadth, de? th and e:'. fee tiver.ess of :he work programmes ar.·:i :t'e Cen c:e' s 

~raining :~nct~on. 



.... 

ICGC:3 :~ ~~ .:.,.Jc.3.:ed ~-i a si...."""iglc .si:2, -;.;i:i i::l:.:g=3.t~C. ::e::;ea:-:.~, 
' ~ 

c!eve:opc.enc iind traL'1i."lg :unctions. ?-::-evious dcc'..l:::en:a:ior.-' J, _. "::as 

scientists and technologists in one ?lace, and :he advantages :his 

confe-::-s on :~c resear·-:h, d.evelupner:c and 
. . - . - . 

:.~a:...."1.i:ig :·_1~c::..~rL3 o: ::te 

Centre has jeen emphasized throughout. 

I':le costs and organizacion of a singl:;-sited :CGC'.3 ara ':Jased :J".1. 

the figure of 50 permanenc scientific and technical professionals plus 

26 pose-doctoral fello~s, and the ad~inistrative and service scaff ing 

required :c support an operation of that ~agnitude. ?~r c~e ?Ur?oses o: 

most recently revised for a si:lgle centre
5 are used as :he ~asis 

upon which the nature of the components of a single centre are 

deter:n.L'1ed and the costs computed. 

2. !he ICGE3 Containing ~n to Four Facilities. ~ach ~ith a11 

Functions of a Single Centre 

3. For the pur?oses of this discussion, i: is assumed :::i.at t~.e :iaxi:num 

number cf sites ;.;ould be four, reflecting :he outstanding .Jfte:rs 

among the signatories to the ICGEB statutes. This ootion soec:ifies 

focr complete facilities, all under the Ir'.GEB admi."'listr:itive •_imbreall.a. 

with four times the staff, four times the cost, and t.he ca\)aC.itY i:o 

train four times as many people. 

3. The ICGEB Containing up ::o Four ?acili:ies, ':Ju: Zach ::::rrpnasizing 

One or Two Elements of the War'.< ?rogramme of a Sing.:!:z:_Sited Centre 

'-· Gnder tl:lis conce?t, each unit or c.am-pus would incl,_ide all research 

and development functions common to all applications of 5enetic 

engi..'1e>aring, ~ut instead of a work. programme in severa2. a:::-eas as envisioned 

for a si.'1gle facility, each r.;culd emphasize a specific a!:'ea. of bio

::echnology, perhaps one most: appropriate to the existing c:ap.i::iilities of 

the hos:: country of that site. For example, one ?OSsible st:::c1cture mght 

be a site in Trieste '.Jith a speciality i.n r:h~ nolecular engi:-.eerin1, of 

;iroteins, takir.g advantage of the computational ex?ertise at :he 

In ternatJ.onal Centre for Theoretical Physics, a Eacili:y i.n Thailand 
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S?eciali2in~ i~ tropical disease vacci~es, one in India con~en:rati~g 

5. 01erall, the size and costs of this ?ersion of the ICGE3, ~hile 

not an int~ger :n1llti;;le of those for a si.:igle site, '-iOuld tie suastantia1.ly 

greater. 

,..,. 
..L.~. 

A. Rationale for the Scientific Orzanizacion of the ICGE3 

and Selection of ~ark ?rograrnoe Areas 

1. At this -;>oint L""l the discussion, it is nec2.ssa.r:1 co loo~ in so;:ie 

detail at the rationale for the ·c.ienti.iic. and :ec:mic.al ?Or:ion o: che 

:cGE3 and c~e staff and equi:;i~ent require:nents it entai:3. 

-i - ....... .. ._ ..I...~ 
:;iossible to split the •.Jork. progn.::mle into di£ferent 3eogra;:ihic.al 

locations, how may this 'Je ~one in a :-ationa '. ·11ay so as to oa.xi:nize any 

advantages and :-educe any drawbac~s7 

7. Several ?reviou.:> documents have dealt with the ;;ark progra~e and 

the organization or scientific cepartments. L-i the original ?!'Oposal 3.1 ld 
) 3 ~ 

the documents ?repared for the Belgrade ~eeti.'1g;• ' ar. organizacion for 

t~e ICGE3 Has ?reposed consisting oi :hree scientific 1nd :ec~ni.cal 

d.epart::len ts, (a) ~olecular 3i.., l.og·~ and 3i.ochemis tr;, ('.J) :1i.c:.-obio logy 

and ~olec.ilar Genetics and (c) an Adv~nc?.~ 3iotechnology Depar::nent, 

::.onsisting of a. pilot ?lant and large-sca.ie fe.r:nenc:ation and ?uri£ic.ation 

acti7it:ies, A "3io-infor.natics'' suppnrting de?art:nent ·..;as also de£i:ied, 

U:c.:.uding all li~rar; a.nd computer services. ·;:he ·..-or'.:<. ?rograr:ime 

origi.-ially suggested incl~ded s~< subdivisions Hhic.h included these 

general inf or:nati.on services, a range of very general :ner:hodo lo~ies, and 

· - dir t d ~ro~rallllI.i.eS ~ihi_1~ these o_roo.osed elements all ..:;ome spec1::1c, .ec e ,_. ·,,, . .. "' 



I 
divisions of :he ICGE3. :~esa ?roposa:s aiso contained some i~oor:ant 

omissions, es?ecially in :he area of cell biology. 

3. 

£unc:ions 0£ :he centre, a some~hat di££eren: and more logical organiza:ion 

Cell Biology and 3iochemistry of ?la:!ts, and (5) Process Jevelopm.:nt: and 

:1anu£ac:uring. Tl'le firth cacegory above is really :he technology ;.;a:-: of 

biotechnology, and :nay be applied to any of tt:e first four areas ;.;hich 

are ?ri..marily research, in order for ere praccical benefits :o be realized. 

~ost of whac was ?reviously called 3io-inf ;rmatics is incor?orated inco 

es sent i.al, in£ or.nation ser1i:es. 

~ T'."lese four subject areas plus ::ii·::i-engineE:ring technology are viewed 

as ::unoamental to any research and development programmes :overing all 

facets of biotechnology. le is important for che ICGE3 to have programoes 

in each of t:h~se general categories. ~oreover, this breadth is 

absolutely essenci.3.l i...'1 order for trainees :o gain ex?erience i:i all of 

the areas of oio:echnology and especially :hos~ relevant: :J :he :ieeds of 

developing :::ouncries. For e..-.;:ample, the i;nportance of developme:i:s ir. 

agriculture demands a division devoted :o ?lants. A depart::nent of 

i:nmunology and infectous diseases would provide f'.~t1damental :raining 

not only in :he development of vaccines and trea:ment f,Jr tropical and 

esoteric diseases, but training L.1 monoclonal antibody techniques, which 

today ate of fundamental :!.mportance ir1 :1earl1 all ar·~as of jiocechnology. 

Gbviously, all four of the scienti.:ic depc..:-:::nents overlap and are 

interde.'::lendent to some degree. Fe•.t ?roblem:= today a;:·e so simply 

defined c:1ac they -:::oulc.L bt:. entirely addressed in one disci;:il.ine, :10 

~atter how its boundaries are drawn. 

L '). For exaI:iple, the development ·".lf a ::ialaria vacci::w ·..;ould entail a 

~:reat deal of basi.: ;nole.:::ular biology ·~i:h regar~ to ::'.e i3ola:ion Jf 

the appropriate DNA, its cloning and ex?ression. The c1lture and 

::::1aracterization of microor1?;anisms is basic mic::rcoiolo:r;. A molecular 
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~dd:..:i~n :o ~olecular bioohvsics. 

~ere an:ijodies, then an adC.itional ?art:::ershi? ~ouli je =equired. 

7:::e e:<amp:i.es are enC.less. Cn the other hand, i: is ji££ic.:il: :o .::.,~~ 

3. 2:ssenc.ial Vs. ~on-:::ssential ?rosra::-.rnes 

::i spite o.:: the extreme i::r:porta1'.1ce of having :he fu.:..:. 'Jreadth 

:.::e 

success of an:r one ?rogral!II:l.e, it is still ?Ossi'Jle to separate certai::: 

specialized ?rogrammes from each other. Lhis c~n oe done as long as 

those ac.tivities fundamental to any ?rogramr:ie are j?resent i.:1 ev;ry site 

of the ICGEB. 

?rem a scientific viewpoint, t~en, the success of an agricultural 

ennanc:ement project :i.z1vobing ::i.e clonizi.g ::if ?es:: :-esistazi.ce :oxi:::s i:i. 

tlte .:.eaves of a plant speci.::s 'Jut :10t the edible root or frui:, '•oulj 

not require the ?resence of a vaccine development prograI!lI:le. :for -;.'Ould 

a r:r.olecular engineering project demand t'.1e ?roximity of a plar:t '::>iulogy 

group. From a training perspective, however, there ~ould be ~ore 

limited exposure in a si::e concentrating on only one or a :ew areas, 

'Jnless the trainee were to :nove about aoong :he sit:::s, ·,.;hich has its 

?ractical drawbacks. 

13. rhose scientific and technical areas that are basic to all or :nost 

?rogrammes include what were referred to as technique development and 

research services in a previous paper. These i::-;,clude e:qression vector 

development, a DNA/R...~A nucleotide sequencing laborator'j, a polynucleotide 

synthesis group, a protein characterization and sP.quencing laboratory 

and :he capabilit'J for isolatin~ restriction enzym~s. A microbio~cgy 

laboratory with full culture and L~cubation facilities is also essential 

a...~d must include a culture collection, although the straL~s in the 

collection at each facility might differ depending u?on the specific 

projP.cts undertaken. 

l~. All sites would also require at least some automated fer:nentation 

facilities :or moderate scale-up, although it could be possible to 

allocate projects so that full-scale ?ilrit plant and manufacturing 

facilities would be required at only one site. However, provision ~ould 

have to be :nade for transferring projects from other centres •,;hen ready 



additional ?ilJt ?l.ants ·..-culi add at leas: CSS 20 :~ tJ i:'.1.e overall ::os:s 

of a fJur-si:e ICGC:B, not i::icl·Jdi:i.g :·1e S?ecialized ·Juil.dings ·..-hi:::i. :c.ust 

be 'Juil.: :o house :hem. 

facilities are essential parts of the infor:nation and li'Jrary facilities 

and services and woul:i :i.eed to :;,e duplicated at every locatior.. Sl.:.ch 

advanced computational capability is also indispensible to most scientific 

research. 

. ' . ~nile :10t absolutely essenc:a2. :'.::ir all research ?rogra::nmes, it woul.d 

'o.:: hi5hly desi:-ei.ble cha: eac:-i facility have some ca;Jaci:~; i:l cell 'Jiology, 

includL•g both animal and ;:ilanc eel.:. ar:.d ti.:;sue culture facilities. Aga.::..n, 

from a training perspective, these techniques are so fundamental :o a large 

fraction of the scope of possi~le ac:ivities i::i biotechnology, t'.1.at it 

would ·::ie remiss not to bclude them L'1. a parti::alar facility, Al5o, 

':lecause of the =apidly changi=.g nat'.lre of ''-.no.,ledge and its applications, 

it is e..."·qec:ed that tr.e projects :omprisL"1g the work ;:nograrnmes of the 

·1aricus sites ·..-ould change with t:i.:ne. :here£ore, i: is ;:ar better to 

build ;;irogrammes and facilities that are able to accommodate change 

easily. 

t3. L"1 terms of personnel requirements, of the fifty scientists and 

eng:inee:-s in a centre at a s:L."1gle 5L:e, 17 c:ouL:i be desi.~a~ed as '.JeLmgi:i.g 

:o cssencial programmes. T::i that number, one 3hculd add ::wo 

microbiologists and tr..70 cell biologist:::, as essential. :!oW"ever, 8 

of these 17 are associated with pilot ?lane and ~anu:act:uring activities 

and t~o with plant bio~ogy. This leaves, then, a ~ini~um of 11 

3cient1sts to rJn the basic technical programmes to be duplicated in 

all locations, To those figures, at least one bioengi~eer should be 

added for fermentation technology, if ·Jnly on a small scale, ~xcept 

~t the one site that would have a full pilot plant. 
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and tec::i.n:.cal. ?ra:'.essior:al s.;.ots each site c:Juld ac::.on:tlodate, anci ·..-ha: 

overall r~quir2wents ~f t~~ ICGZB. 

=~=-=enca:i·:Jn faci.:..i:i.cs al.read.y, for Jiooass -:-Jnversi.;Jr1 3.:lC. 8C~e:-

applications, but not ;nuch ex?erience ::_., adva.nc.ed i::.d:..cst:-ial gi::::ieti.: 

engineeri:lg, it might seem suitable to put such a facility in a ::ievelopi:ig 

counLry. 

~~ fore.goL~g :.:nplies an ~d.ro.i:i::'..stra~i.v~ c.ec:s:.071 to ?=oviJ.~ 

::iake use of the level or industry a~ready present. ~ere, the chances 

of developing a more successful industry from one of convention3.l 

c-.apabilities would be good, but the li~elihood .af openi:ig new areas of 

':Jiotechnology would 'oe low. 

The opposite argument that to locate an J.dvanced. ~i:.oc ?lane i:i. a 

country with-~ such capability, is tha: it would introduce a new 

technology in a geographical area where it did •ot exist ~ef ore, ratber 

than rei:lforc.e a ?re-e..""<istL-:g capability. I:i either case, :he de!!ands 

on a split location for C..'Ctending the benefi.t.:; Jf a variety of training 

to those from all locations are great, since without some conscious 

effort, the four sites Jia.Y become ?r:'...marily local traL•ing facilities 

rather than truly .i.nter.lati.::mal ones, Io the extent that each of the 

four 3ite.s are si:ill ?ri:narily internationa1.. rather 6an :utional 

tacilit:ie.s, the reason:L:lg behind spec.Lality ::acilities especially 

suited to the host country 1 s :needs and capabilities ':Jec.ome.s le:=s 

valid. 

23. ~ith regard to those facilities without a large 9ilot ?lant, ~ost 

of the resources would be expect~d co be involved in research and 

early stage development, rather ti:ar. those aspects of biotechnology 

directly relevant co establishing an industrial capability. ~r,ile 



addi:ional inC.us::.-ial ex?er"ience. illus, not onl:: '.oi'Ould :ra:..nees :.:: 

a frag::iented :ccr:3 :-2ceive a sooewhat l2ss ·J:-oad e:qosur:e tc j:'...J-

:ecjnology, approximately :hree quar:ers of :hem would ~iss out 0n ~n 

as?ect of f'..lndamencal i::ipo:-tance ::o industrial developoent. -:-:-i:.s ·..;oi.;.l..i 

require so~e additional provisions :o ?rovide :rainees wi:~ industrial 

:raining, perhaps iirec:ly in established industries. 

capacity for tr-aining of a four-site centre ~ould je considerably 

$reater than for a single centre (al~eit more expensive). If one 

assumes forty (.+0) scientific a:id techn::.cal professionals at each si:.e, 

then 123 trai.1ees (32 at each site) could be accommodated at any one 

:i::ie, rau~er than .+O. :he effectiveness of ?roviding a uniform 

~echanism of the Centre's gover:iance and administra:ion is established. 

C. Selection of ~laments of a Split ~ork Progcai=me 

25. As the previous sec:ion i:nplies, the selection of the research 

?rogrammes in a split as ::ipposed to a sL"lgle ICGE:3 requires 

account not only a set of ?rograu:mes of suffici.;nt '::ireadth, relevant 

to the n~eds of ~ember countries, bu:: :he expo~ure of tr~inees to 

sufficient variety. L1 comparison with : single-site centre, a 

component facility :n.a:i still :.ie 2ble t.o ha·1dle a relatively -;.;ide varie:y 

of programmes. For example, without a full-scale tiilot ?lant, a cent::e 

of 40 scientists and technologiscs would have 28 µosi:ions to be 

distributed among the research progr.::.mm.es selected. A sin~le-site 

centre of 50 scientists and :echnologists with a pilot ?lant, on t~e 

o~her hand, has approxi:nately the same ~umber to be distrib11ted a~ong 

optional programmes. While it is important that at least one location 

conducts a programme in plant: genetics and cell jiology, and one in a 

~j or- area of microbial engineerLTJ.g (both 0::!.eemed fixed in a singla 

centre), there still remains considerabla roam for breadth and 

flexibility in a site with ~O inst:ead of 50 ?rofessionals. In the 

pilot plant site, there is correspondingly less, but still enougn for 

at least ::wo very di£fererr ?rogramme areas. 
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illustrative ;n.!r"?OS2.S. 7":-ic nu:..ber ac :ually ~hase~ ~.Jill depend -Jr .. :::.ar .. y 
-- ' ., 
~na.ct:::'Je:- a.c :ua.. ..... 

nu~ber is ?OSsi'ole ~nder suc'.1. a struct~re, a Jasic choice ~ust be nae~: 

Joes one try ::,Jr :he same 'Jreadt:i. in each location as i:-i a singl.e 

centre, with ?erha?s one or t~o programmes curtailed somewha:, or coes 

one ta~e aC.vancage of :he greater c;.ur:iber of skilJ..ed ?ersonnel :'.lat 

can be supported overal: and concentrate on larger, specialized 

:irogrammes, one in each of the f·our sites, ::::ia.J. could 'oe done ·..;i:i :he 

?ersonne.:. and resources available :o a cen:re if i: were :o 'oe located 

at a single site? 
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v.L· .. ""\. -J. .... L...1....l.. .. i..... ..... -..j.:...:..~ 

~'.. i.:l.e concept of an ICGEB estaQ.:.isht:C in 1-l? :.a fcu~ geographi:a.:. 

i.ie:nei :'. c of the offered by each of :he 
. - . . . 

countr~es :rem ~n~c:i., 

offers :o ':lost the ICGEB are c:i:-rer..cly outstanc'.izig, can be. :-ea2.izeC.. 

~uviously, t':le nu~ber and 
. - . 

s~ze o: :::i.e. co~ponencs o: an :cc~~ will 

23. T'ne fol.lowing analysis ;f costs is ?rovi.ded as a guide :o e.s:i::J.ati::s 

tie scope of an :cGE3 that it ~ould be ?OSsible :o create, Jnce i: is 

~:1.own what: resources are available, both initially and for :::i.e. annual. 

operating costs of the ICGEB. The ~ost recent figures esti~ated for 

the costs of a si::J.5l,o-site centre wit'.:1 a complement: of fif:y scient:ific 

and engineering p:ofessionals are used as a point of comparison. 

A. Land and 3uild:.ngs 

29. I~ is assuw::eci :h:-oughout tha': all necessary land a:id bui.:..C.:..-igs 

will be provided by the host country of .;ach individual si:e. T ._ :..s 

further assumed ::1at host country offers include the construe ::ion of 

the specialLzed facility needed to house t~e advanced pilot ?lant :J 

be installed at one of the sites, as W'ell as any ot:i.er specia.lized 

accoi:!!Ilodations ~ecessary for certai.< types of equipment. Se.cause :he 

costs of land and buildings will var1 considerably dependi.~g on :~e 

country, the portion of each offer for this pur?ose should ':Je ieduct~d 

from the total offer before available resources are esti:nated. 

3. Fi..-v:ed Costs 

30. The fixed cost5 at all locations include all laboratory .aquipment, 

computer facilities, librai-y equipment, books and back issues of 

periodicals, computer software, office and laboratory furnicur~, office 

equipment, tools, shop equipment, and vehicles. In general, :nest of 

t:hese costs are ':Jasic to any facility, even if ::he number of scientists 

and technologists is to be reduced from 50 to ~O or even 35. The 

principal variable, is laboratory equipment. Even there, most 0f 

the equ.ipment required for the ICGEB is 'oasic to a variety of progr:i.mmes, 

regardless of h0VJ :nany pe')ple use it. C'or that reason, the only 



f.J:- :nor: :ha:i ha:.£ u£ ch~ £i:<ed .:oscs 1.Jf a centre a: a sir:g;le l'.JC3.1:i0n. 

necessary ::o house i 1'" --· is CSS 6 ~. 

ci:::e i:i 198.:. o~ 1985 when tl':.e equi?me':'l:: =ighc 3.Ctua_.ly ':le o::::de::::ed, · -

is :i~ely :o be =ore. Fer comparison, a 1.5 cubic ~ecer ?ilot olant 

"..;as ~onscr..icc2d for a °Jiotechnolugy .::vmpany ir:. ~he :Jni:ed Stac.2s =.:i. 

1982 for CS3 12 ~. i:lclading the specialized building needed :o ::ouse 

it. ',.jnile constr~ction coses in most countries would be some~ha: lower 

most of :hese costs are subsuoed .:.n the lands and 2uildings :igures 

and do not appear as ?art of ::he fixed costs of a pilot ?lane. On t~e 

other hand, such equipment and its installation would cost significancl; 

more in a developing country than in a developed country near the site 

of its JJ.a.nu£acture, perhaps as much as 20~ more. 

3.l.. ?ixed costs are first show'!! for a si:igly-sited IC~ZB, :..oc.ated e:.:::.e:::: 

in a developed country or in a developing country. T::e fi;ures 5hown in 

Table I reflect t!:le higher costs of equi;:imen':. in a developing ,::ountry. 

The three right-hand columns of Table I show cost estimates for cje 

three different 5tructures of a r:rulti?ly-sited centre described above. 

For four sites each having all facilities, the fL~ed costs are si~ply 

c;;o ti:nes those :or a site in a developed country plus t· .. o tUi.es :hose 

for fixed ,;osts :or a location in :i. developing count:-:r. l"he :nodel of 

four sites, each wich forty scien::ific and technical prof~ssionals and 

only one site having a pilot plant, includes a slight reduction in the 

costs of general equi;:iment and other laboratory equipment, but a 

substantial reductio~ due ~o having only one major pilot plant. This 

figure is offset somewhat clue to the requirement that min.:.mal 

fermentation equipment will be ::::equired at all locations. 



C. ?ersonnel Cos:s 

3~. ?ersonnel costs were computed 0riginally on :he ':Jasis of the 

wni:ed ~ations salary 5tructure in 1982 ?lUS a ?OSt allowanc~ t:Jl. 

Vienna. Ll.e figures for a single l:Jcation in a develo?ed coun:::-y 

are :ak.an .:rom the documen:: cited previously· for a ceritre of 50 

technical orofessionals and 209 employees total. The ?ersonnel costs 

r:or a centre of :::i.e sa:ne (..vnfiguration located in a developin~ count:-y 

are somewhat less due pri~arily to the lower ?Ost allowance for developing 

countries. T"he fig'.J.re in the second column of. Table I for ::irofessional 

and sl<.il.:..eci sala'-;- costs are compu::ad using the ;:ios: all.Jwar:ce ::or 

India, resulting in a reG.uction of approxi:nately 25;; coopared :o the 

figures computed for Vienn.:;. For Thailand, these figures ·..rc'...lld '::Je 

about 20~~ lower than the Vienna f i3ures, I::i additi0n, approximately 

SO workers in jobs requiring skills readily available in ever,1 country 

might bt. ::ecrui:ed from the host country, For developing cour:t:-ies, 

this cou2.d. :nea.-i ;:iersonnel ·coses for :hese ;JOsitions of ::ier'.1.aps onl? a 

thi::-d of :..rhat they ·..;culd cosc i:-i a developing. country. -::'.aKen :oge.:her 

and usi.1g these assumptions, the reduction in pe=sonnel costs for a 

single-locatJ.on ISGEB in a deve~oping instead of a developed count:-; 

lS US) 1.4 :1M or about 29~~. I£ the host country could ;:>rovide ·:Jther 

amenities, such as housing and transportation in lieu of pa:-c ::>f the 

salary, t:ie ~·r.st burden to the ICGEB might be lowered even f:..irt'.1.er. 

(It should be ~ept in :nind, however, that these reduccions are ?artia2-ly 

offset by signi.ficant:. increases in both fixed costs and operatiD.g costs 

tor a centre located in a developing country, 

33. The personnel costs for a four-site ICGEB, each of the size of the 

Centre. proposed originally, are a simple multiple of the coses for a 

single centre. For four facilities of 40 scientific and technical 

~rofe.ssionals L.-1 each, :hE:. costs 0f :he scientific and technical staff 

(144 out of 209) are reduced by 20~~. Ho'Never, only a ver,1 slight: 

reduction of che administrative and support staff would be possible. 

That is, within rather broad limits, nearly all of these other ?OSitions 

are relatively independent of the number of technical staff, Tile 

library will be t:he same, , ... hether there are 40 ur SO scientists and 

bioengineers. A :nachinist, sec~rity guards, a ?ersonnel officer and 

dishwashers are sti~l required, with about the same ~ork load, even if 

the scientif i.: operation wel'e reduced 'Jy half. Therefore, overall 

personnel costs would be ooly about US$ 3.4 ~ lower than for 4 complete 

facilities, 
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D. Operating Costs 

3~. :or a centre in a single location, internal operating costs, 

:!.ncluding the expendable supplies used by both the laboratories a::d 

.,f:ic.es, ec;_ui?ment :nai.J.tenance and repair, the costs of :i:eetings, 

j ou,_, ->.l subsc:i;itions, •,;ill generally be ::m the ord.er of 20 - 30~~ 

higher for developing countries. One should p2rhaps also fig~re 

in an intangib:Ce c..:ist due ::o delays, including ex?erinents that ::iust 

':>e repeateC: or cannot ·:ie done 1oine':1 ;ilanned due to t::i.e unpredic cab ility 

of receivi~g 2r~cial ?eri5hable ~eagent3 on t~e. Howeve=, i~ is 

di.:ficul: t..J i::'lcl"i..1de such event5 in an accountL.'1g scheele. 

35. For the various :nodels of :nultiply-sited centres, the internal 

operating costs (other than personnel costs) are related to the number 

of ?ersonnel, but not proportionately. The CS$ 2.7 ~reduction shown 

for the operati..~g costs of four sites with 40 technical professionals 

at each is essentially all due to an overall reduction of 40 scientists 

and bioengineers, ?2.u::i the savings in supplies of operatir1g onl.y one 

pilot plant instead uf four. This is offset somewhat i.n al.l of ::ie 

multiple-site models by :increased external ope::-ating costs, wr,ich would 

be many times those of a single location, due to t~e :increased necessity 

for staff travel, telephone and computer conferencing, and the 

admi."1istrative complexity such structures would entail. 

S. Training C:osts 

36. The figures shown in Table I for training are the indirect costs 

cf training and are assumed to be directly proportional to the number 

of trainees, wherever they are located. This figure includes additional 

supplies and audio-visual materials, the indirect costs of increased 

laboratory space, and the additional costs of services provided to the 

trai."1ees by the ICGEB. The costs of the trainees' stipends are 

assumed to be borne by the sponsorL.•g country or institution, conc:ibuted 

to a training fund to be admi."1istered by the ICGEB to ensure a degree 

of uniformity ir; the compensation and benefits received by all t-:ainee 

scientists and engineers. The figures shown reflect the varying 

capacities of the various models to train individuals, ranging from 

40 at a given time in an ICGEB at one location to 160 at four 

equivalent sites. 
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Overall Costs 

Ji. It shouli be ~ept i~ ~ind t~at the figures shown in Table I are 

ba3ed upon :Jany 3.ssumptions, any of which :ia;1 '.Je challenged. In. aE 

li~elihood, all of :he costs will undoubtedly be higher when :he 

ICGE3 is actually establisi'led. The relative differences ar~ the be3c 

esti:nates one can make ·...ri:'.:in :he const:-aints of :he assuopr.:i.:ms 

at :his stage of ?lann:".ng. :'~us a d.:..fference of 10:~ should not ]e 

considered significant, whereas differences of a factor of 2 or 3 are 

sign.i.f icant. 

38. The big differences occur when one attempts to split the ICGE3 

~hile ?reserving essential f~nctions and retai.,ing 3. ~eg:-~e of breadth 

L1 :he work ?rogr3.ll!!Ile at each location. ~ith four locations, each 

concentrati:lg on a speciality area, the costs of operation are more 

than three times as high as that of a single, ccnpleta facility. 



39. T.;.jl~ II 5i,res a rou:;h.!.y qu.d.n:itat.i\re e"'1a.:.·,..lati0n of the ·::3.paci:y 

~£ :he -ra:""ious :ncdcl;:; ""'- che ICG:::E discussed i~ t'.::is a.~al:.rsi..s =o ::.ee: 

ii.s~uss~d ·_::i..clude traL":i~g, :-es2a=::i., :;;r:J:ess a:J.d ?r-.Jduci: d~ve~·J?"::.t.:n.: 

and cesti::lg, info-:-:na:.i:Jn i]jd:iagem.ent, anC. t~c ?~:Jwoti.Jn o! Jiotec=::-to:.='g:,,.. 

The e::iphasis of the resear:::h and d.evalopment ?rcgr3.:lll:lt'S, :rai::i:i.g and 

:echnology promotion is, of course, to be upcn tie needs of ievelo9i::g 

ccuncries. 

;'.;J. In all ;irevious .jocu-::i.encat:ion, tL:ere has i:Jee:i a stress on ;oxcellence 

i:.1 r'."le professionals who will staff :he ICGIE, and it :'...s this staff 

:hat will ac:ually can:-·.z out research and the ::rai:i.i...1g of indi ri;::ua.:.s. 

The quality of resea:::ch, development: and trair:i::g wi.12., :here::':or.e, 

largely je a reflection of the quality of the scientific and technical. 

sea::. Thus one nust evaluate the q1__;alicy and dept.:1 of these :·.i::c:ions 

o:'. :he ICGEB in ter.:is of the ?robability of. attracti..."1.g ::-ie ':>est 

scientists and bioengi.neers to the ICGE:O under :he various ::iodels 

?reposed. 

41 It has a1'..1ays been assumed that a single, .~oui.plete facility in 

a developed countr;, su?ported by :he local universi:y and .:.ndustri.a.:. 

i...1scituticns, would be cap~ble of a:tracti...1g ~ staff of world-class 

i.1dividuals, 3efore sui;;h an assumption is taken for granted, one 

:nust also as~ if there is a Director with the abili:v :o or3anize anc 

bring together such an assembly of individuals, and whether all of 

t:-te criteria that would attract these scientists and technologists 

are ?resent in the ICGEB ?roposal i...'1 whatever for::i it is :_::rese.1ted to 

the rest of th2 world. Can one rea:lv get crucial supplies easily 

withou: customs delays? c~n one get quick, efficient equi?ment service? 

All questions of this sort must be answered affir:natively. So, the 

location in a developed cotmtry does not, L.'1 itself, 5uarant:ee that 

the world's best will floe'-<. to the ICGEB. ~ny additional assurances 

· .. ould h;;.ve to be made in advance, such as a conti..1uance of fi...1ancial 

support for at least five years, the commitment of ot:-ter outstanding 

individuals to come to the ICGEE, the cultural, educational and social 

amanities important to the staff and their families, and access to 

their colleagues around the ~orld, 
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deve:ooing and two sites in de;;eloped count-::-ie.s, :he si:ua;:icn is ::uch 

:iffe.rent. De?ending on the attributes of the faci:ity at each site, i: 

:nay Nell be ?Ossible to attract first-class ?rofessionals to the ::GE3. 

3ecause the sites ia t~e jevelopi...•g countries are. associated with :~ose. 

in :ie.vel.Jped :.oun:rie.s as part of an ICGE3 ,_;,mbre.l2.a, ·..;ith frequent ::-ave.l and 

Ihis is, of COL\rse, speculation, and it is one par: o:: :his anal::, 

is :e.al~.y very difficult to eva:!..uate.. 

~~- To offset this possible. inf:uence of a ~ulti?le. site. st~~c:ure, 

the di.::::useness and dilcition of the research [Jrogr:l!Jllles :nay actually 

deter ,J:her excellent :LJ.di7iduals from joi.J.i::ig the ICGE3. ~-iot:-ter 

questiY~ may be asked: Are ~here enough outstanding individuals in :he 

wc1:ld ~illing to join an international centre. to meet the increased 

stiffing requirements of a siting structure in several locations~ It ~s 

probably the case that there are not. At best, one may be able. to :1ave 

one or ?Ossi':Jly t·.'10 world-quality 5roups at each site, ':Jut not in all 

areas .it every location. :his dilution effect would 1ef i~itely work 

aga.:.....'lst the self st~:nulating or synergistic effect of havi::i.g a "cri:ica.i. 

~~ss'' (to quote the original proposal
2

) of excellent people working in 

one pl.ace. 
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... o. lac~ of diversity ~p ... ~ -· .... """'----

t~e ~cdei with a ?ilot ?lane in only one location. Three-fo~rt~s of 

?rogra:rnne of rotation among the various facilities was ~ndertaken. 3u: 

this would have many other logistic drawbacks and i~pose an added strai~ 

on t~e trai.1ee and ~is or her family . 

.:. 7. The sa:ne considerations with regard to cr,e diversit:: of c'."le ~raining 

nogra:::I:J.e also appl;r to :he di\rersity of ' . 
t~e. resear·=:: ? rog~arrrrne. - : ~s, 

variety ia a single location as it is to t::i.e trai.'1ee. 

~8. The capacity of the ICGEB to develop an effective prograrm:;J.e in 

?recess development ari.d testi.'1g also is a reflection ,Jf: the qua.J.ity of 

the bioengineers who can be attracted to the ICGEB. ?or c::i.is reason, 

one r,;ould axiJect the effort to be ver,r good at a site in a deve.:.oped 

country. ?erhaps the overall effort would be even better in a four-site 

:CGE3 with a pilot plant at each location. This would, however, depend 

on getting enough qualified peopl~ to staff all four faci:ities. T~ere 

is at ?resent, a shortage of skilled bioengineers, who ar~ in great 

demand on tI1e growing ;.;orld biotechnology industr7. 

~9. :he :f.rnportant function of infor:nation management is critically 

dependent on t~e existance of a good efficient communications ~etNork, 

as one finds in dev~loped countries but rarely in develo?ing countries. 

The ICGE3 is dep~ndent on the quality of such services in the host site 

and cannot create them, except with regard to its in ten.al functions. 
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Since some of :he si:es ~ould je loca:ed 

should be able :o func:iJn effec:ively. 

5J. In order for :!:le ICGE3 :o really live ~? to i:s ?romise, ~= must 

je able to fost2r the establishment of a local biotechnology i~dus:rv 

resources avail.ai:>le in the me!:li::Jer count=;·, once it decides ho~ ·Jest to 

use its ICGE3 :rai...'1ed scientists and engi...'1eers. In chis case, i~ is 

di£f icul: to choose aoong the models, e..~ce?t jy virtue of the fact :hat 

the four complete site model has four ?ilot ?lanes instead of one. 

overall capacity to ?t'omote local indusc·ial development i:!irecc:ly, at 

i.'1 the cJther ?t'oposed str"J.ctures. 
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o_. Perhaps the '.!lost stri~ing, obvious difference jetween an ~CGE3 at 

a single locacion and one ~ich several cocponencs is in the 

administ=a::ive complexities created by such a division. If indeed the 

ICGZB is c.o be organized as a si..-igle inte:":lacional organization ;.ii.th 

a single Director and Boa:::-d. of Govenors, there are seven.l perspecti·J"es 

from whi~h one :nust analyze c~e a.C .. LJ.i::.::..s:rative ?rob1 ·~ms -..__~hic:h N~ould 

occur. 

- 1 o_. the first 1.5 slil.pl:r ;:he case of adr:J.inistracion. In order for the 

organizacion to ca::-ry o• ... r it:s functions effici.ently, i: '.IlUSt be ;:ianaged 

in a ',.;ell. org::lnized 2: c e:t .=ec tive way. Experienc~ tells us that this 

is not so easy .:;wen for orga·.1izations in single locations. Li~e :nost 

of the :natters discusseJ L'1. this walysis, adoinis~:-ation, too, depends 

far more on the skills 0f the administrators than on a particular 

organ.:!.Zational model. Ho,,.;ever, by separating an organizatioc into sites 

in fou::- different cauntries, with differenc mone::ar; systems, ra:es c:f 

inflation, languages, i~ rels of compensation, ar.d r,.;ich very :::iany 

fundame.ntal cultural differences, the ci1allenges co any adminis :r:J.ti'J"e 

system can be enormous. The ea.se of administering a single sire is 

unlikely to differ significantly, whet~er or not the site is in a 

developed or a developing CC1tlUtry, 

53, sites, simply the communication barrie;: of discance ;..,:o 

li~ely to make it difficult to overcome a sense of isolation ~rom che 

sister components. It would be imperative for each site to have its 

01-ltl sem:i.-indepe:ident admin:l.strative organization, including a laborator1 

director or chief administrative officer responsible for operations at. 

each site. It should be possible to manage the day-to-day activit:ies 

in this way without difficulty, Mo5t difficulties ·;1ill 1r~~E. when cc

ordination of activities among the various locations is needed. 

54. Periodic overall ICGEB inter::ial :nee tings, entail:i.ng additional 

costs and travel, would probably 0e oecessar/, especially in co

ordinating the training and exter:ial information functions of the lCGEB. 

Obvtously, organizing meetings, where people have to come from great 

distances ~ould be ~ore c0tr.plex, 
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wel: managed organization a.:-e much grea:er ::ha;J. :or a si::gle :acili:y. 

~;i~t ~:.it very carefu:. ?lanning .;1.nd co-ordi2.a:ian of a6ni:iisc=ative 

activi:ies, :here is a. danger of a highly i;J.efficient organization 

developi~g with much administrative waste, du?lication, and the lac~ of 

~now.i.ecge am.:mg the various segments of whi'!.;: each other: is doi....-1g . 

.JO. ?erha~S t~e most Cifficult administ=ative matter is that Of 

finan<:ial and :none tar; matters. 1::1 ter::is of ICGEB salaries, is t':i.ere 

to ':le a co:nm::m sta.1dard agaL'lst r..;hi.:h all are to be ::1easured, ·..rit':1 

~onthly adjus~ments at each site to reflect differences :~n exc~ange ra:es: 

~here is also the question of which employees might be recr·.iited from 

the local labour force. Should :ome or all be ?aid accordi::1g to local 

salary scale~ or should all employees be compensated accordL'lg to 

international organization standards. 

57. A summary and comparative evaluation of adl:linistra:~ve and 

organizational de!IlE.ndJ are shown in Table III. 

VI. LEGAL CONSIDERATIONS 

So. Patents filed oy th€: ICGEB should not pcse a problei:r. Patents ar: 

tiled by one or :nore inv·~ntnrs, 'N'hich can be persons or an organiza.t:fo,1, 

in each country in which patents are sought, regardless of the nationality 

or residency of the inventor. The assignee would, in all cases, be the 

ICGC:3 in accordance wit'.1 paragraph 2 of Article 14 of the Statutes. 

59. le :nay be mentioned that all sites of the ICGEB will be tt:"eated 

equally in accordance ~ith Article lJ of the Statutes as regards 

immunity from legal process, inviolability of the premises, exempcion 

f:-om tax&tion including cuscom duties, privileges and immunities of 

employees of ICGE3 and of representatives of member states, co-operation 

~ich local authorities of the host states on certain legal issues etc. 



which the advantages or disadvan:a~es Jf a ~eographically-spli: ::GE3 

!Joes one :noce.:. ;:iffer over..;helmi:J.g ac!vantages over all o:'.':2rs? 

success of any aspect of the ICGE3 a: any si:e will dep.nd on :he talents 

of the individuals staffing and runni.'"lg tt:.e ICGE3, a:id thei:- ability 

to work :ogetb.er in a constr".ictive way. 3ecause these C.epend ;ni:::aril:; 

on human qualities Ji£ficulc to ;Jredict in ad';ance, oPe ::r..a.3t :nake 

certain other assumptions or look at: the ?roblem in riifferenc ·,.;a::s. 

;..;i:h the exceptior. cf costs, which ca..J. '.)e es:imated on a !:"acior.al ]a3is. 

any comparisons are ::iecessarily subjective. 

62. r'irst, one may assuae that equivalent people are put into d.i£.:2re~.t 

situations and ther:. may ask how :nuch ':letter or worse would tii.ey : 1..:nc :ion 

under these varying circumstauces. Or, one may examine :hi=. de.manes on 

the ;:ieople l.~l differL."l.g situations and a.sk ·..;hat ~or: or ?e.rson is :-iee::'ed 

to perfor.n 011.tstanding or mere:..y c.ompe.tently under each. ::ii:he:- ·..;a:1, 

one is faced with the conclusion that i: is ~ossible. co achieve :he 

ICGEB's objectives under any model, but that, overall, it ~ould be mare 

difric~lt and most costly to ~chieve the~ if one were to try to establish 

the ICGEB in several sites. 

IJJ. It. is '1'ithin the realm ·Jf tJOssibility chat enough highly talented 

?eople may Je round to staff oath the administrative and scientific 

and technical ?OSitions at an ex?cnded, multi?le-si:e ICGEB. It i.5 ~ust 

that it is much less likely than finding the~ and inducing the~ to c~me 

to a single :acility. 



:nust :.onsi·.ler noc cnly wha: I.CGZ3 c~n£i5~:-ati0n ~!J.d. lacatiJn.(s) 

most ?robable. T- is difficul: enough to establish a new organizat~on 

under the best of circ~stances. ~~ is, there.fore, i::J.?era:ive :ha: :he 

to maet the objectives in view of the resources at hand, be the one 

:ha: is ?L.rsueC.. 

'J~. Clearly, 2. :.=ic:i.cal :ac~~r :..n :he decision on location(.3) 1.3 :':"le 

matter .Jf fina::.cia.L resources. One muse consider not only t":le outstanding 

offers frocr ?OtentLal host countries but consider whether or not the 

resources fr::im any or all of t::i.ese 0££.:rs ;.;ill be fully avail.able_ ·:he 

mu~ti?le-site ~odel was suggested 2s a means of utilizing ~ore of the 

offer1:!d :esour::~s :ian a sw.all site · .. ;ould ':le able to do. 3ut :o -.. ::at 

~o. ~oat other sources of funding can be identified for the continued 

support of the ICGEB? Before the ICGEB ~~ll be able :o begin ~ts actual 

ezistence and. offer ?OSitions to ?rospective staff members, the fi.:ndir.g 

::iver the first five years •,.;ill have to be identified. Pec!)le ·..1il.l. sL-:iply 

:i.ot accept po::.itions if their futu.re is insecure. 
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