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I.l 

Ir is nur intention to address this copie from both the 
owners as well as che contractors points of view. Also. we 
will attempt to outline the importante of che role each must 
?lay in the successful establishment of an industrial complex. 

Also, we will direct our discussion more towards the 
smaller projects in the 'Developing' or 'Emerging' countries. 
My recent travels have taken me more and more to the developing 
ateas of the world. These areas'are just beginning industr­
ialization on a significant scale. 

Mr. Templeton and! will divide this in such a way so 
that my part will relate more to the philosophy, basic plan­
ning and the ultima te decision ro proceed with an industrial 
complex. Mr. Templeton '"'ill join also on 'these basics but 
in addition will place emphasis on the 'hard core' Cost 
Engineering aSpects of this concept. 

Pld.losophy of lndu¡¡trializ:ation 

Industrialization in 'Developing' or 'Emerging' countries 
carries many connotations and justas many definitions. 
Ateas can range fro~ cxtrernely remate, severe climates. 
unpopulated desert areas of rhe Middle East to countries 
~uch as Mexico and Brasil who already possess considerable 
infrast::ructure. 

Industrialization does not come without its penalities, 
its costs, its gains and its losses. And great sacrifica is 
req~ired for each changa. Cultural changas which must 
accompany modern industrial development are often overlooked 
in the rush ro join the so-called 'Modern World.' The influx 
of ~otrange expatriares bring with them a counter-culture that 
can drastically affect a fragile way of life. 

Tome, this is a very important decision. 1 have visired 
al:'ens v1here industrialization has almost completely destroyeC 
a historie way of life--with all of its beauty, culture, 
cruelity, honcsry and most of the heritage. Therefore, 
~vcryone should realize that any 'magnum step' toward rhe 
modern world must bring drastic changes. And they must be 
preparad to pay the price: 

Our first assumption is that a country has decided to 
uake this step and industrialize. You must decide what you 
want ro give up for what you expect to gain. Is the goal to 
¡:eel< maximum employment'1 If that is the goal, then industries 
which are labor intensive should be considered. If the goal 
is to satisfy the food needs of the people? Then agricultura 
and those industries serving and using agricultura! products 
should be selected. 

Of course, 
even to define. 

goals are never easy ro set or for that matter 
And fur~her, there uay be multiple goals 

MORE 
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I . 2 : i 
'' which call for interlocking mutually supportive types! of 

industries. l \ 

~~at usually happens is a series 
arly the 5 8 year plans. The resources 
throughout the various sectors of the 
assigned to the various sectors. 

' 
of plants·-mostlpopul­
and efforts are/spread 
plan .. Priotities are 

11 
' ' The sad part about most of these plans is that they 

never succeed. Too many rcsources and too much effort is 
u10cd in t:he planning. The planners worked hard and di'd ¡;¡ 
g"od job. But ::he finnl d~cision ..,.as made by politicar,s or 
manag~cs who's first responsibility was to politics. Thus, 
af::er 5-years, another 5-year plan is again form<.:la~:ed. 

" ' . We are going to introduce chis subject se. thc c;¡e lfirst 
5-year plan will finish with the ultimate goal--a funC::ioning 
industrial complex. \ \ . 

Walk befare you run: \, 

Without knowin~ for sur1 ~. I would assume that whe~ 'a 
'boy' 'hippo sees a girl' hi.;1po we would think 'big is / \ 
beautiful. ' He \<;ould never o;oncern himself about ¡:¡ro·.ri'ding 
food a:1C. shelt"'r for his 'be,tutiful' girl fr::.end. ~ \ , 

Lets look quickly at sc~e of the meanings of size of 
industrial complexes. On Pl/Jt No. I-1 we can see how the 
investment per ton of daily 

1
_)roduction declines as an a=onia 

plant becomes larger. J 

1 
Plot No. 1-2 coll1'ares /. large an,:l a small am:nonia plant 

built in a dev..,lcping area.) While the large plant would be 
constructed bv convencional means at the ¡,lar.t si te, the , 
smaller unit ;;,ould be largc'ty pre-fabricated at a:: in¿sutriai 
si te anC transported to th~· developing area. Please :1oticc 
that ::he principal adde6 cist a-::eas are the ?ermium for 
difficult field constructil'>n and the longer terrn for constr­
uctiwn l.ntcrest and escah¡:ion. 

On Plot 1-3 lets see ¡:hat happens to production costs 
when Wf" are forced to 'tu:rjl do-..rn' the larger unit be cause of 
any one of a urultitude of ,:easons. Plot I-3 clearly shows 
tlray by operating the sma~l plant at f1;Jll capacity we are 
alwr.ys beloo: the total colt of productJ.on per ton than the 
larger plant. Of course, this is over simpli.fied and there 
are ~ny valid reasons fo: building larger plants under the 
prop~r conditi~ns. ¡ 

Therefore, small car be beautiful as well as profitable. 
It is much easier to opE.1·ate a smaller plant and to develop 
the 1.nfrastructm:e as w¡-1 as trai!l o?erating personnel. 

One other example is shown in Plot No. I-4. This is 
1-1hat can happen to prodi.ction costs when a large LD-Polyethylene 

oant must be turncd d</m. Production costs are actually 
~O % higher when oper<~ing rate is reduced by 50 %. i \ MORE 



Unless you are prepared to take one of these 'giant' 
plants and operate it at full design capacity, it is better 
to 'wald befare you run.' We have seen this happen so often, 
even odth the best planning. We will get into this as we 
continue. 

Internacional ~ro)ect fina~cing 

Many things enter i~to this question of induscrialization 
except for the few extremely wealchy areas of the worlci, 
most important c¡uestior. is financing. 

Just as there is 'truth in lending' there is also the 
corresponding 'trut~ in borrowing.' The lender only has a 
s~all staKe in any endeavor--they are lending monies which 
can be replaced. Contrast chis with the stake of the borrowers. 

The ·~orrower' often has the highest risk. For he is 
staking his entire future and his reputation on his a~ility. 
Not only to repay the loan--but his future ability to go tO 
the lenCers in the future for another loan. 

Therefore, the integrity of both parties 
uncier the highest power microscope. And both 
have their 'houses in arder.' 

Basic needs 

will be placed 
sicies haci best 

The basic need~ in mase developing countries can 
ge!lerally be defined as food, clothing a:-td shelter :'or the 
i!l!"l.s.bitants. Aside ::'ro:n climate concii:ions the abse::-:ce of 
sufficient infrastructure to supply these basic needs is 
part of tt.e definition of a developir.g coun:ry. 

Therefore, the infrastructure requireci to prepare t~e 
initial survey of the basic needs may need to be i~ported. 
The first step is to approach the world age;¡cies whic:: supply 
aid to help a developing co~try in :hese i~itia~ studies 
and basic plans. 

Since this inicial stage will have continuir.g impact on 
any industrialization, it is perhaps the reos;: ::.~portant and 
often times the most poorly handled. Nevertheless. this 
first step must be taken befare neaningful and lasting 
developme:-tts car. begin. It is also a subject which deserves 
much more time than we can devote to it here. Therefore, 
we cust assume that this has already been accomplished. 

Step two consists of reviewing the results o: the initial 
study and cornparing assets and liabilities with national 
goals. Nat.ional goald--except in the :Oroadest ar.ci nos;: 
generalized statements--are difficult to set. And perhaps 
even more difficult to adhere to. 

This is a very complex tapie, wrought ;..·ith many inputs 
including heritage, culture, customs, religion and the 
general way of life. Since it requires years to study, even 

MORE 
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Part 1 

Get ready for megaprojects 
' 

Tomorrow's superplsnts wll/ demanrf a streaml/ned 

englneering construction organizat/on. Here's one 

author's v/ew of what wJI/ be expected of such a 
company. 

' C. J. Kurz.awl!, AWJCÍi<ted-J>ullman 
!.:C,llogg. L<c! .. c~lgary. AIIM=na. 

•·d~ 

THt t":""-'""'>~''"l<:J<>• CDC) 
thiu hupes w •~cure "megapn~ee~" 
comtrans need> ~ verr >f>"Ó•i type 
of <Jrg•ni·ution.d slrucu~r" invoh·· 
ing right fe•tures: 

l. Th~ [1(; c•n lunniu" ~• • >in­
gle wmr-•cWr ur ;~s une uf" cumbi· 
n~tion uf cumraCJurs un ~ single 

2. M .. r.aging contr.¡ctor (MC) ur­
g-•ni:::.Hi<.>n MU not in •n advi•or; 
ap~ci•~· w the dient. but is respon· 
•ibk for projc:ct .. xecution wnhin 
the client's guideline• ;md polkie.>. 

3. M • .,a~ng wntr .. ctnr (:o.iC) or­
¡:aniu"ion i< flexible enuugh lO"'"" 

·ad,•nuoge of engineerin¡;-pn>Cure­
mem-constmcdon contr~cwro for 
spe.-iali.ted ponions of the mega­
pr<>JC'Ct. 

4: [ngin~ering "'ithin the m~n­
:,ging contr~etot (MC) org«niz.ation 
is e_xeuned not only by the MC"• 

·t sl..ilff, but ~bo b) engincering 
)n!TdClOts, 

S. Thae h ~entralized pr<>Cu~ 
ment mana¡:ement and execution 
In ~ prvcuremem org-~niz.ation ..,. 

" 

L<lbli•hed and nperienced in "orld· 
"11!i.f procuremeni act¡,;u..,. 

6. Managing contrdctor (MC) or· 
g;miz.ation i.< resp<msible for con· 
uruction managemem. 

7. Conuruction execution is han· 
dled by a member of the joint ven· 
ture m;onagemnu or by a prime 

'''""'"'""" ~ontrdctor. 
B. Construction involves ~11 ,.,.~¡¡. 

~ble cunotruct'oon rewurc.., h¡· engi­
n eeri n g · prO<"u rem e n t-co n stru e tit> n 
comractors, b¡· di>ect hire fm·ces 
and by consnuction subcontr•cton. 

MANAGING CONTRACTOR 
RESPONSIBILmES 
1. cu,m·s exect.ltlon srm 

:t ContrOl Di su.ti funo:tions 
• Pro¡ect admontStrs\IOn 

• Project .,..ster planning 
• Project OOS1S 

• Prcjec1tnances 
• Publrc ene go-.ernrnent retatoons 
s Pro¡eci ~e;tal COOns.i 

3. Conlrol or o~rstlonat runo:tlon• 
• Er>giroeermg management 
• PfCC!.!remenl ma~nt 
• Cctr~suuetlon managoment 
• StaMLIP managamanl 

APRrt. tiiiC VII. -C.l-1 

What ls a megaprojeo:t? lt is one so 
large and comple>. lh~t ns ex.-cutiun 
h...s" major impact "" 1 1) 1he ,.,.,.¡¡. 
abilot¡· and u•~ge of' the engin~r­
ing, procunmen1 and mnstruction 
c.p.~bihties ,.·ithin the are .. of pr<>­
ject execotion; ~nd a major eff= 
on (2) wcial ~nd economoc circum­
'"'"'"' of cummunities "'ithin th~ 
project'• geogr.oph1c are• of inilu­
enc~. 

The first of 1he abn•·e rd.oes lo 
manpo,.·er reqoir~ in e~ecutinn of 
the po·ujen. This is innuenced b, 
the geogr.ophoc loc.uion. But i1 ;, 
:.lw in!luenced b•· pol•lical or na­
tiundlillic in/luences whe.ein CS'-"b­
lished p•r-~meoers require the m~•i­
mum o•~ge uf manpuwer lrum 
"'ithin ~ coumy, Sl.ate. P"'"·ince "' 
nation. 

The secund of the abo•e rel~tes 10 

•och f~cton; "' the cap•biln~· of the 
communities to .oboo>b :.nd lo fur­
nish support bcili1ies for the 1em­
porory but •ignific.ant incre~se in 
popula1ion. hou,ing. •chools. 
churches, and commertial enter· 
pri•es. The communi11· will :.l•o 
ha"e 10 deo~l wnh "outs'ideo" "·ho 
ma)· brin¡ crime, drug or.e •nd, 
abur.e, ~n •·iolate tr.odttiun~l CU>· 

tom• The S'dme cummunm "·111 
then ha1·e w re~djost 10 • dtffeiem 
life-5lyle '"'ilen 1he tempor~ry popu· 
lation le•~e•. 

Synerglsm. In >hort, the meg¡opro­
ject requires d.ills and talen~ not 
normall¡· >~ail~ble from une single. 

' ~11 

' 1 
" e 

" 
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sourc~. R.ath~r. mecen de~nd$ <m 
comt>tning •kill1 ~nd I.ll~nr.s from 
s~tal organi.zatioru b)' a jomt ,.,.~. 
turr DrK"nl:a/J<nl. 1>)· a •~ries of intcr­
rdatcd cont~cu and subr;ontracu, 
or b)' a combinaúon ofbmh. Suc.h a 
~~·to~rg:istic ~ppr0<1.ch J'C"luires direc· 
tion. rrutruclion and supervislon .:.f 
11>~ ovcro.ll projea by u"" common 
unif)'ing organruu.ion--.a m.anaging 
com~ctor-{MC). 

Thc Mm.anaging wm,-,clor'' (MC) 
concept t5n't n~w. The .E:gypúans no 

1 doub< u>ed oome forrn of Me to 
org;anize and e~ecutc building tl>e 
pyri<mids. The engineering rcquire­
menU were m<>St intricate. Speafi­
cations called for nota 40-year Jif~ 
l>:lt a 40-ccntury He •pan. Pt-ocure­
ment of material. and L'>eir tr.lru­
pon from <heir oource 10 <he des~n 
con"r..>Ction Jit~ were an ext~ordi­
nary I<Og:istic accomplisl>mem. Con· 

rction invoh·cd a comple<ion 
:dule to •erve burial-place prep­

:aration of the dien<. 
The py~mid• brought a major 

¡et•bad to the Me profc,.inn, how-

• - --
c•er. bcc;tu>e the contr.~CtOr faikd 
to fully compreh~nd Jiabilitie• as'<>­
CÍ4led with the cnmr.a.·t'¡ confiden­
Wiiry clauoe-th~t is, al! conn-aaor 
personnel had to be put to dea<h 
upon project complelion to prc­
oervc Uu: pyr.tmid's .cacu. 

R..,ponalbllttlea. The MC must: 

• Plan, orpnize and manag~ ¡he 
eltcculÍon of a project 
• u.., corr...:t technology 
• Mcet schedule> within 1hc Client's 
CO>t obJeCÚ~es 
• Rccognize and place in P,.oper 
penpectivc thc project's polaica! 
and lOCi<>-<>conomics consideratiom. 
(S« So>. on pag~ ). 

Tlle EIC is an extemion of the 
chcnt'• •~<~ff. A $tgnificant concept 
must be recognized 'on <hi• re•pon•i· 
bilny. Thc MC ;, functioning not in 
an advisor¡· cap¡¡city to th~ client. 
R.ather. it il responsiblc for the exe­
cution of thc proj~ct within guide­
lin~• or directivcs ~ither ~st;~bli.shcd 

vn.MeMlM2 
HYOROCARIH>H PROCE&SINQ 

~ -·--
~ 

bv the cli~nt or de,cluped b1 the 
Me and approvcd by the dJCia. 

• Pr-ojec-r •d..Dlniotno.tioD. The MC 
eo~<~bllsh es, cxecutes, superv15es and 
controb communicaúon• ch~nn~b 
bet..,een the dicm's organization. 
th~ MC's org;mization. the contr-.tc· 
ton and th~ subconU'i>CtOTi. lt ~~"" 
CJt<~blishe• and monitor• p~T>unnel 
policie> throughout tite combincd 
org-.tn!Ution; that is. hiring, firing, 
'ocatiom, siü kave, promotium, 
demotions and other m.•ri~d prob­
lem• assooat.-d with per<-onnel. 

• Proj~t muter planniDg. The 
MC develops <he master pl&n ouch 
that the project "ill progrcH 
through •·ariou• stag~s to com pJe­
tion within time ocl>cdules required· 
by the diem. Once developed. thcre' 
is the continuing re.pomibilit¡· for 
directing. sup~n-ising and monitor-, 
ing the cxecution of the master 
plan. 1 

• Projret cons. Th~ MC d~velops, 

-



Many megaprojects will be 

bullt in developing 

countries. The EIC wi/1 need 

project managers and team 

leaders with unusual depth 

and cultural sensitfvity. 

""J'>' wnor.moO>. Not <n>ny fl~• 
"'"' tho dopth of o.-g'"'"""" "' 
... rr •u<h • '"',_P"'l«< '"" .. tU 
""'iotaio > ,..,On>hJ< domibuUon 
ond bol••"' of P''"'""'l lo• "'"" 
in-hoo>< proj«U 

11 obo p""'J<n ~ • ><n.. or o<otn· 
bonol>on of 'P'"f\< tn«N<i>«d 
P'"'"' oni>1 l>u<h " """'""~­
"''"· >mm<nt>l "'"""· """¡>k' 
l<niiu<n. <tc.l • ,.ngi< """'ocw', 
'"""P' "''!' b• •d•>nl>~eoo> 
Thoro ", ""''l•n<> olopp.-w<h fot 
.."" or '"""' ""'"· ""rl ••• .,..,... 
~-·"' >.no.-J<d¡o of <och ol '"""' 
"""' "'" .. ,.,,..¡ "''"" ""' , ••. 
"•"•ng tomp;¡n,, 

<>l>bl"'""' >fMl ¿""" """ <Qntrol 
ond r<¡>ortmg ¡>ohn<o tn fulnllm<nL 
of Ü>< cJ,.nt'• •oqui"m<n~ 

o Pn>i«< (Ir...,..., Mon•r mu1< bo 
'I"'"L po¡r<>IJ. m<t, >ondot P''" 
"""'-' mod< Th<v "'i><nd"""' 
wtU bo !n.od < 1>. o numbot of <o<> 
n•<oo" •nd oo«:ontr.<tO'I All <>· 
pond"""' '""" b< tulh occount­
•bl< <<> th< d><nt'o '"'"focuon. Th~ 
'"'~";,., ...,, ·~P'"P"'" r ..... r poli­
,.., 1:>< .... w .. o ..... d"«t<d '"" 
m<mHot.O 

o Pubhc ond IO•<n.m<cl t<lo­
,_._ Alth""¡¡h th< MC t... ""-"'' ,.,,.,,.,;o;r;,.., to publ>t ond g"" 

""'""" ,,¡.,;"'"- ti-• ., ,.,¡>on~!W-

1

'" ~ ~<n<,.llr undorul.rn br botb 
th• <h<nt ood eh< MC m 'cootd•­
"'"" ""'""""- IL io o m•jnt lun<· 

1 

'"'" ~""'" ,rrtru ""' nnly '"«<,.. 
fui <Ompi«<Oil of ti'>< • but '""'"''. '"""""'"~ .fr:~~~ ... g 

1 

oh• full """' nf pmJ'" "1''"""'"'­
lt> """''"""" muoo bo gt•<n lf'· 
poopri>o. "'"'llnioon 

l
o rtuj•co l•1•l '""""'· ~•g•l 
'""""'' """' '"""''" 10 '"' ••g<> 
''"""' •nd ompl<m<"'""'" of • 
e<>OI'O<t b<l~«n MC ond clt<nl. U­
gol '""""'1 """L fun"'"" in oll 
'"" oi con<~ong ond >Ubcot>­
OD<Ung u ...,U., •n ''"""' ,,. .. of 
go.,mm.,~l ond puoiOc ,..¡'"""' 

()po<ftJonot <omrol. Tho MC Q "­

>poOii~o lor m•nag¡ng or.g.no<'­

mg, P""'""m'"'· '"""'""'""· 
ond ""'"'"P· f.o<h of th<>< loor !>u 

"""'"'""""' d<nom'"""'- Eo«u· 
""" ~r ,..,,, ~""'" '"" "'" "''1 k 

, h) • """'""' o/ md<pend<nt e<~on· 

1 
it.o"""'- n .. hctm ,..1.., ;, m••­
d•'"" oh., oh<ir olforu h< <ootdi­

- r.,L.d m .,,.¡,l.,hm<nl ni cnmmun 
¡pul•"'•· proc<duto:> •"d rmruc••­
Gool. «>mpl<boo of "'• PfOJ«< dl'~ 

-

<><nth ood ofl<tt"·•l¡. Th< MC 
mu.t bo •t•lf<d LO "'"'' tlt<>< ind.,. 
pend<nt Ot¡¡>ni.toUOm 

$INGLE CONTRACTOR VS. JO<HT 
VtNTURFO .... N ... I:lEloiENT 

"l<gop<UJO<l< oon bo und<..,.k<n 
"'""by o ""!1< CQntt><Lu• Ot D)' • 
<Oml>.t>otK!n of <On<r.«•<"> in jomt 
"'"'~" n,,. ... d""""' oc~,.,_ 
,.~., ono "'"m~n"~" "'<>< h •p­
pro"h F.<1on olt" '""" k ona­
ly<ed. 

• 5<opeot >ubo>O<t<< of lh< proj«< 

• C..,.gr.tp)"'- ""-<.on of pr<>j«t 

"'"""""' ""' ~"'"'" '" """""''" ,_ ~" on<luon~ ol ...,.g<m<no 

' ~ng.n"""il ond pmcut<m<m 
o (_...,.por.ual '"">e<>onO wh•<h 

""r h< """'""" for '"' pto_i«< ,.,_ 
'"""" 
• <.<;..nom•< """'""' .. ~abl,.hcd 
¡,.,~..., do<nt or.d <Ot>tn<t~t 

o Tim< odo«<ul< lo •<rnmplllh ..,_ 
"'"' pho .. , ol•lk P""J"' 
o Th< <li<n<'> o•~ pll;¡.,_,pllin. Ot 
t . .-qui,.mrnu on th< proj<ct <>'<U· 

""" 
Stogle COftttO,C<O<. Tiw .._,;.,, of 
<h< obo'< <W<> •pPto><h" " oh< lm­
gl< """'"'"" <ontopt. H<t<, oll 
1><"""'<<1 "' ..,;gntO !roro' on< 
'"'"-)' or~'""''"'"- Tho¡· '" 
lully """""'"'" <o wotlm•lJ Ln­
~<th<t ""'" ~•11 '"'bl"""" pto­
<«lu ... •od ruuUn<> Th" "'~'"'" 

On th< ooh., h>t>d. '"PI""< th< 
p<'<O¡«> ~ !Ot<gr>.t.O lrnm oourcm¡; 
Ot ptodUCI>On of '>W O'<t<nOI 

lh<ocgh """"' '"""~" ""1" ol 
p<mf¡u""" o< P"'''"' pro.l.ruon. 
or.m;oon ol f>ni<i>tO p<Oduct ond 
d"po>lll ul "•"< '""""'' f"t <u eh 
• P'"J""• '"' join1 ""'"" •p­
prooch l"'h<tnn ,.,h rn<mb<t of 
th< joim ""'""" • <F'<C•I•~t on, 
•p«tfi< r"'" ol th< P"'J'") "'"' 
bnng oog«h<t > "'"'' ofl<ru•"< 
comt.n.""" of "'""" 

Lo""bon. n, g«>g,.ph« loc.od<m 
fo, th< e>«Ut>On of U.. m.=g<­
m<m. ongm<mn¡ ond P""'"''" 
"'''" '""'"""' ••d "" !'"·poln• ... l 
""'""""' •h><h <n>) h< •mpoo<d 
Of< '"""'' <nl<n<iot<d n.. ~ngl< 
<o<n<.rut< c¡m h<>l lurnioh th<>< 
Kn>e<> ol '" hom< ulf•co lu<oUon. 
TJ.<tc. it ¡,., f'<'"'""<l •nd lup­
pot!mg '"~'"" C.O.puln.,01 ,._ 
"""ion¡ .,.,. «qU"< lh•< 'IC 

"""q•••"" t.. .. oth<t '"'" '"' 
'""''•<tui• ""'"' off~•. r.quonn¡ 
o dnlowxon ol .,.¡1. Tho¡ " "'"" 
"!"'•f•oon< ,¡ '""" d""""'"'" i1 m­
L<tn•oon>l •nd ol """"'""' m 
impot.<d on tho """""'' of penon­
,..¡ Wo con b< bton1ln m lmm '"" 
<Oum~· <o •n<Xh<t. Undot~h<v m­

<Um"'""'· • J"'"' ""'""' could h< 
•d•..,c.goou< TJ.. pnn"pi< m<m-, 
bor or tJ.. -"""' ....... ,. <ow.1 ,,.. 
pon "" f'<""""<l .,,h•n oh• ,..,., 
"""'" htti>Lotmn> "'" deptnd on 

"""'' -"""' ''"'"" "'''"""" .... '"'" ' J>l«• "'' >tC .... rr. 
>'!ion do<! not "quit< <h< 1 
"¡.,.mir.g '""''" f'<"od ol ~ork1og Eoon-omi<O f.conom~ t<l'"""' b,.l 
oo~Lh« on<l anung "'''"""'"""' •w«n d""' ond '""'"""'· ol.l 
,..... "' ""'" ¡:<0«<1 ""' ""'"'"" •'-1h '"""><tuolly •J"'<lk m•/ 
•h<n ><V<t>l «>mp>noc> >r< lO· •loo bt '""'P'""~ m •pph••""" 
'"l><d Of '"""'· fot '''" m<g>· Oto •h< ,.,,¡," ou<h "'""'"'" nJ.­
proj<ru thi> '""""' <h< d""' • """' •PI""'' '" t.c "''"'""',.¡,.,h., 
<l>oO<< of oh< '1<.: oo only • f•~ oh,'"'"' loo!. o oo o""~' <on<~-. 

Vli.·C·l·3 '""''',.. "'0110<..,_""""_ j 
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Flg. 2-\\o\111 ~ rype o! ~toon, -~ t<>n~ra<U>r (MC) QOOtGiroo.\ft e~nng, ~OCI/Iem&nl, <x>na!M:Ioon eno ""'""P 1~ 

.or or 10 ~joint ventore Ho"~·-~r. 
1he client h.ts an inhennt, ~hhough 
'"'' direct, ir11ernt in the economic 
rel•tion• betwun noember, o!' 1he 
_¡.,¡m •emore. 
Som~ form of econoruic incemio·e 

"'"" ~xist between m~mbers of the 
join1 •·emure. This ,..¡J! encoor•g• 
;.nd give _a•sorance that e-.tch mem· 
ber i> "illing 10 place his "cream of 
the nop" peroormel on the project: 
in shon. •hare in the pmfiu 10 the 
e:<lem of va!ued panicipatinn. The 

• 

cliem "'ii! !ouk '" 1hese economic 
incenti•e< 1<> gam hi! ~,.ur-.tnce tha1 
1he prujec1 urg.tnizatiun wi!l be 
s~:~.fled ad~uatel~ .tnd no1 depend 
"'holly nn lhe good wJl, honor and 
reput.otion oí joint venture mem­
b<n. 

TJmlng. Megaprojecu are time ori­
ented bm ~·ilh cenain sign1fican1 
•·arUniom. Sec.ause of the large in­
•·estr'nent required. the appru•·•l 
ph•se is gener¡¡IJ!· more e~len•i,·e 

Use of a single contractor 

is the quickest way to 

start a project. lt results 

in a need for on/y basic 

tJegotíations between 

contractor and client. 
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dnd mure time con>uming. Once 
the -gu" deci•ion is made. 1ime is of 
e><ence for three basic reasons. (]) 
recluce 1he dfeG of inO.tting cos~. 
(2) reduce 1he time •p•n of in•·•"· 
men1 in m~npo,.·er, ~uipmem ~nd 
m~•eridl at no imerest bearing ,.. 
tutn< ~nd 13) •un production •nd 
profit Oc"' as e.trl) as po.,iblt to P'" 
uff the inves1men¡, L'se uf~ s¡ngJe 
conrractor is 1he quicl.est "d)- '" 
st.an the projccl after the "go" deci. 
•iun. Thi• necessnate< onll b.a>i< ne­
goli~üons and underst.t~ding• l>e­
lween cliem and comr~ctor and a 
leuer of iment. 

This .ame •itu~tinn c.an be rrue in 
Úle joim o·emure apptoach cnl)· if, 
sufficienl as<t11•nce is gi,·en 10 1he 
conlt'<ICIOf 10 urganize and nt.oblish 
•he joint '·en1ure l>efore the ··go" 
deci>ion, This nece,.it.o¡es a risl 
commitmem oí effort should the 
fin~l decision be "no go." Depend­
ing on 1he prujen's compleKity and 
1he number of par~icipatong mem .. 
ber! ·., lhejoint 1enmre, this effon 
could be one tU 1hrec month•. 

Cll-ent phllosophy. 11 c.an be as· 

APIItt urea 



The MC's functiona/ 

organization must consider 

geo-political circumstBnces 

that may cal/ for maximum use 
of host-country resources­
both peop/e and materials. 

sumed that thc dien¡ and itl il.aff 
ha• done det:~iled stud ,. and anall'si• 
"'determine a prefe,.,::ed apprmÍch. 
The,e condu•ions can be dJ.«U,.ed 
bcn-e..n chent and comracwr. But 
•he dient de<ermine• m~ coune of 
~cuon. 

THE MC's FUNCTIONAL 
ORGANIZA TION 

A funnion~l organiudon ;, based 
Qn "'"eral •pedfic premi-es or ao­
•umptium. Changes are permi•­
sible. But thq· wiil require appro­
.,.¡~,., <han<;:el in thc funnional or­

,aná.¡,tion ~., herein prt!senlcd. 
Thcsc b<o•ic P'""'¡ ... , are; 

1. The org~niution is for a mrga­
p.c;m as prcviou11~- d .. fined. 

2. Tlle pr<>ject is o/ the inte­
!(r~•ed 'l'~- h is not restriaed w 
>pec'oGc pt<><:e~• uní" lt e<tlls for 
spe<ialil~d majur ani••itie• such as 
<!<-' doprnent uf ra" m~terial 
souoce. transpon of td"' materi•ls 10 
th<· pnxeu si:e, proce.,ing of r"" 
mo1erial1 10 fini.1h..O product.<. dis­
pos:.l of "·aste producL< and tr.m<· 
port of :ini•hed p.-oduc" lo mar~el­
mg >lles. 

J. The geo-poli1ical cir<um­
stances in.volve a natinn~listic spirit 
"hich tet¡ui~.e• sp~ci;;.! consider­
ation> for ma~imum use of local 
re.ources of thc host coun1ry. 

Thr. funnional organization " 
ponr~"d in Fi¡:. J. 

) . PROJECT DIRECTORA TE 

Thc Ol'Ctall l¡enc~al <<>pt'PÍ<ion 
and l>road direnion of thc projcCI 
"''· under thc cli~nt'< proj..:1 dir..:· 

tor and h Íl ;>t] mminrati,·e <taff. Thc 
extem and thc organiution of this 
admini\tt.1tivc staff are thc clicm's 
proro~am·c. 

Agam. bear in mind that thc MC 
"th~ diem's "arm of ncculion." h 
;, ditecLI) rcsponsiblc for can-)'ing 
out thc dien1's policie<. On this 
baoio. the clicnt's projO'<t direC!or 
otaff should ha ve '" ffinent d cpth 10 
es!.itbh•h policy mallero on a Umd~ 
ba•i~ \\Íthout a nc~d to participa!C 
in e~ecution of these pdtidt•. r.:atu­
r:aJly, thJS otaff ,..¡JI iOI'OII'C iu.eJf Ín 
the proj""l enough 10 assure th~t 
~ient ¡x¡licies ·are bcing properl! 
implememcd and cx..:uted by the 
MC. 

Organb:atton. The MC's organiu­
tion ·,. under the direction o("joint 
•enture managemcnt. One mcmbcr 
of thisjoint -enture will ~ the p,;.,. 
úpl' membcr and ,..¡¡¡ repre..,nt the 
joim venture. 

This joint ,•enwrc managemcnt 
place• over•ll control of thc proj= 
in únc projcct ditO'<lOt. He h>' au­
thority and rcopan<ibilit)' 10 managc 
~nd cxecute all phascs of the pto­
jut 1 t 11 his task to com pi etc 1he job 
on schffiule and "·ithin cmt param­
eten cstabli¡hed b\' the diem. He 
must e~-aluate and ~dju" 10 política! 
and socio-economic consideraliom 
influcncing th~ projcct. 

Thc projcct dir=or has thre., 
maJor funCLÍum: 

1. Staff or admini<tr,HÍ\'e func­
tiom. 

2. Monigement coordination of 
cnginecring. procuremem, cun­
sttucriun and stanup. 

3. Exccution or accompli•hment 

VII.-C-1-5 

<>• ~ngmcenng, procur~ment. con- • 
struction and nan-up. 

STAFF OR ADMINJSTRATIVE 
FUNCTIONS 

The <taff or admini<t11i<Íve func­
tior~S encompau ¡¡,., ba¡ic en­
dea''Ors, each headed up b~- a qua]i. 
fied projcct manager. 

1. Project admlnistration man· 
ager has th e follo~ ing basic areas of 
acrility: 

• Communic.lioos--Establish and 
control channels of communic;~úon< 
amung ~!/ le•·cls of thc project or­
ganiulion (contJ11Cion., subcontrac­
toro, MC team and dicnt'• director­
ate staff)_ 

• Per1oooel aod labor <upcn·i­
•in.-Homc offocc or branch off~<:e 
pen.onnel lf the headquarter> of­
ftecs are 10 the countr¡- of project 
origin and not a¡ the MC's homc 
officc, this wilt abo indudc the 
adoption, im~rpret.ation and c~..:u­
tion of personncl policics as dO'(rced 
b~· thc projO'<t-oflgin country·. ¡ 
• Offiu manag..,ent-Offocc ad-: 
mini<ltatl\'C routings. form1 and· 
forma~. pc:ncit. and paper. ll'pt'­
"riter>, •pa<e allocauon•. otfke 
cquipmen<, officc oO'<uritr; the at-, 
tcntion to the d~'-to-da1 routin"' 
and rcc¡utr~ment< ·,·hich ~ontribute• 
to cffO'<tiiC, lll'IOO\h office opera-: 
tion. 1 

. Th. ' • Reprogr.ophtc<- " arca ~m-
br""' copiers. blue lincs. m1 l•rs. 
color P"""· rcduced comPtner­
prinl>. microfilm>. The<e rcquire 
managemem control. 

~. Project public re!ation• man­
a9er rC'Sponsibilitico includc: 
• Government relations-lndud·' 
ing intcrpretalion of go,.emmcnt.l\ 
polici.-, applicable to thc project 
and thc submittal of reporu or prc­
""""tions rc.:¡u'trcd b)· ,-ariou• go,-­
ernmental agencies. 
• Communlty n.Jations-RO'<ogni. 
tion of the projcct'• social and ceo· 
nomic impact on surrounding com­
m~n}ti~s. and •ubsequcmly ad-¡ 
mm"lcrtng 1wo appro.chc>-· 
com':"unit~ de~clopmem and com-1 

munay prmewon 

3. Project control manager ha< re· 
spomibilttic• for: 
• Schedule dcvelopmen{ and con­-, 
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Part 2 

Get ll'eady for 
CONTRACT ENGINEERING­

PROCUREMENT 
-cONSTRUCnON WORK 

The ryp.. of work mo<L suit.able 
for an rngineering-procurrmem•. 
con51ruction conu--.cror Í! JpnialtJ 
wor~. Such work is not direaJr asw­
ci~ted wi<h rhe intrk,¡,cies of process 
unito or 1-hat which i• hea,·il: equip­
mcm cosr oricmed in <Oillra<t "·irh· 
conou-uction labor co>r. Ex<omples of 
specialty worl' "·at~r fron1 óevdop­
menr or "'" matrr-oals snurce de1el· 
opmem 1uch as oil frdd g•nhering 
•rstems or mining developmem. An 
ex~m!'lc of more bro.id-ba!-td "Or~ 
~·ould be solids marerials hHnd!ing 
svsLem>. 

megaprojects 
Pay speciaf attention to management coordinatlon, 

project e~eecution, contract and pro}ect engirwering, 

procurement actMtfes and adminlstration, and 

constructlon organization 

C- J. Kuruwa, A"oc-iared-PuiJman 
Kdlogg. Lrd .. Calgary. AlberLa, 
C:onada 

T llE .,A,AGI~G U>~-. ~ "-'0~-, (MC¡ 
managerial :.cü,·iries can be- brol<en 
down imo four suh-di,·isiono (See 
al•o fi~. 2, Pan 1 . A pril 1 980 issuc) 
Th~ four are: 

1. Manage enginHring coordina­
tion 

Dc<ign •pecificarions •upervis<Jr 
Go'ernmemal reg-,¡JariotJS super­

";'"'· induding enl•¡ronmemal reg­
ulauono 

Equipmenl s¡andMd' <uperviour 

2. Manage l'rocuremenl Coordina· 
r.ion 

Purchasing policies <Up._.n-isor 
Expedirmg poJkie, •upervi<or 
lnsP<'cuon policies ,upen·iwr 
Traffic and logisti<.< 5UJ><'TVimr 

3. M&n'"Je construttion coordina· 
tion 

ConsLruction poliO.,, IUJ><'n·iOOr 
Cost ~nd m~npown SUJ><'TVI50T 
Sch~duJe aud pro~" supervis<Jr 
!-'bor relations oupeTI'i•<>r 

4, Managr Sta"up Coordirurtion 
Trainin~ super,.isor 
Sum.up !.ChedtdinR' supervi•nr 

Responslbllllles. This four-func­
rion organil<!Íon has rwo major re­
oponsibilnie.: {J) ro enablish and 
rnonnor !hr common ground rules 

' ~ ""'d b¡- ,¡,ll contr~ctoro ~nd 
ontranoro in necution of rheir 

ponions oí the projeC!. and (:.'1 ro 
derermine ;;nd give 2ssurance rhar 
the cvmbined "Ork of each exew-

rion group wdl resulr in a rompiere· 
ly inregnucd, OJ><'rable complex. 

To assure undnimnr of adminis­
trative eflort. rhe conu-oJ oi 1his 
mordinaring organizarion ;, best 
SLaffed and administerrd b•· 1-he 
~ame MC which adrnini01ÚO the 
"afl funaiom prev:iouoly deoo--ibed. 
Thi• orgo.ni.,.Uon is rh'e principl~ 
membc-c of <h~ joim vemu~. lt ha• 
rhe p<:rwnneJ suppon 3> required 
or available from ol-her memben. • 

PROJECT EXECIJTION 

The execurion of rnginecring, 
procuremem and conllrucrion rs di­
~ided imo 1'-''0 appro.iche~. {!) that 
whJCh c.an be con lr dcteclto rndepen­
den¡ engineering-pro,uremem· 
construction contraCLor< under th~ 
MC', overall comrol. and (2) Lhat 
undenaken b; the MC's project 
otaff. 

· The advantage an MC gain' b:· 
conrracting ,pccific areas o( "'or~ ro 
'rncleJ><'ndent engincering· proc-ur~­
mem-con<trucroon comr-;,ctors a.-.. 
r.,duc..C ,.-orldoaci br direa projea 
staff. thr capabilit)' of assigning spe·, 
cia)iled '-''OTL 10 COII!TactOr> 
lnowledgable in rhe •P«ialt~· arca,, 
and use of comr-;,noro ,.-ho ar-e local 
or-_n~1ional ro rhe coumry of projeCI 
ongm . 

The enginening·procuremem· 
con<LruClion contl<ICLon; "'Ould ~ 
under the dirr:ction and •upen·isior. 
of the M~'s deputy projecr director 
•• ,ho" n rn F1g. 2. (Ser Pan 1. Apr1l 
1980 issuc). 

PROJECT ENGINEERING­
PROCUREMENT 

-cONSTRUCT!ON WORK 

Sorne of the wor~ could ~done" 
L>y speciahzed cngin...,rrng·procure· 
mem-conHrucuon contraC!o~- But' C. J. K•u.~·· U tio. '' ,..,¡¡¡,1.P"'::..-t ""'"' most of thc projecr wor~ ~·ould ~-

"9'"''"1 and projoot enginerred, procured and con·'. 
...,_ ..,¡ "'"P'U<· srruc<ed b¡- rhe .\tC •taff. This re·! 
d<oool<f~C«<fc'l'{)p<r· la<rS opecificall~ 10 the chain of in-~ 
al•"'l C•~t .. ~1 A .. o. d ' 
=wdi'..U,...n K<llow. rerrelare proceu unir. as "ell ._, 
LM. H• ...,. fuoaw""l the inregra<ed off.sne facih!ie>. ~ 
~irv/"' ~ Wherher rhe MC ;, a single con·! 
""""'!'.....,., <u•d"""""" ..,.,_i<., poli<·i .. i• rractor or membc-r of a joint 'enrure · 
U.. u.....,"""""~ «>Uno of '-"' <omwn~ managemen1, 1he dient normaJI,I 
n..,¡ ..._, lol4i .._ibi!~v ¡.,. aJJ ""'"""'' • 
_..r, "'U!._,.,,.., l'""""~"nt 0 ,..,¡ """' ""-~'-' r~e MC <o h~ve prime quah~·-¡ 
.,.,..,¡¡, ,.,,¡,.,¡.:., >oUhi• ~ Co/g<! '1! o,... cauons '" proc:rn des1gn and eng¡· 
ati"ll c.,.,..,_ Mr. K••••n "'"'"'d a nrering. Only worh •uch qu•lifia-: 
B.S.E.E . .uvrn from V.. U.S. ¡..'otvl AMd- Lions can the MC perform ¡., "·orL' 
""V· o BS.C.E. <hgrn fn>.., R•R"-kÜ<!r h 
Pol~t ¡...,~ 4 ..,¡ 0 llf.S.C.E. d<frrt• wit f ully <'Xperienced and qualified 
¡""'" R..._,..,u._.- Polv«chil: ¡,,.~~r""· pers<Jnncl frum i'-' p.arcnt •taff. sup-

poned b~· i15 own established proce· 
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rlur~•. proven techniqu'"' and tools 
of the profe .. ion_ 

Engineering organlzlltlon. The or­
ganization for the enginuring Un• 
dertllling ;, 1ho"'" in Ftg. 3. Thil ;, 
a typical organization chan. )';"ote 
tha• engineenng "'" be done by the 
MC <taff and b)· oubcomract engi­
neering. Personnel for the direCL 
engin~ring ohould be oupplied b)' 
1h~ pnnnple member of the joim 
'·emure. Thi1 member 1hould han­
die the inrricat<" proce .. uniu and 

'so, as a mínimum, ¡he anal\'Úc:al or 
.A~nning of off-sito:' facilities. 

. 

----
1 

- --- - --
-~ 

There are good rea!.On> for engi­
neering via <ubcontractors. Dinri­
bution of the engin...,ring ,..ork load 
""" bt levded out by the~ smaller 
qualified engineering organiu­
tion>. Thio ~rmii.S MC penonnel to 
conuntrat~ on d«•·eloping major 
proceu unit>. Smaller but qualified 
engine..ring cornracror. can ~ in-
volved. , , 

Uoe of •ub-comracton can reduce 
ÚJ« numO.:r of pcNOnnel that must 
be imponed fi-om the home office 
i~to the counti¡· Of project origin, 
and r«ulu in gru1er usage of the 
coumry-·'s resources. 

1 ' 1 

~---~ 
'~ 1-:s- l..:"=- ! l" ;:: 

1 J 1 1 

t.=. ~l"= 

1l 
' 
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- . __ .,_ .. , -·b-
niution for th« procuument func· 
tion is shown in Fig. 4. h is com· 
po..-d of four rn.;¡jor acrivili«. 

• Procurcm«nt administration 
• Major equipm.,nt pur<:ha$ing 
• Sulk m•terial purchasing 
• Traff..: and Jogi11io 

Procuremenl admini•t .. lion " 
thc unglamorou• actÍ\'J!Y of conttol­
ling paper ~<ithin thc oocr¡¡]] pro­
curemcnt operations. lt ín,ohes 
four major undcrUikings: 

• Documem diuribution 
• Compute< input and reporu 
• PurCh.a~ order ~crífication 
• Reprographi<:> 

Althou¡:h ¡¡,.,,., group• rio not 
suppl)· one nut or bolt to the Jüb>ite. 
ÚJ«)' are critic.l in ,upplylng th~ 
paper work and the reporu net­
""'~ to ÚJ« other subdl\·iston• of 
the procurem«nt operallon. The~ 
thu• make tho~ •ubdi,·ision• effec­
uoc in CiiTT)'Íng out their dutÍ«. 

Secause of the J..rg_e volume of 
equipmcnt and matcnal that must\ 
be purcha•..d. inspected, «~pediteri 
and deliver..d 10th« job.ite,the pro· 
curcm"'"' operation mU!t be undcr 
a c«ntrali:ed conltol. lt Ciln be>t be 
administered by an MC (single can• 
lrac¡or or a joint v«nture member) 

.,. -:::::~ -
1 

¡::=:;; - -- ••• ~ 

1 1 _1 --
;;¡ 

lolAY1MC 

., 
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: r.hat is famil~r- with the manufactur· 
.ing cap.abilities of the coumry of 
•projtet origin. Such an MC abo ha• 
;alreo~dl- established and optr.ned a 
·,..orJd-.... ide pron>remem org:;¡niu· 
. tion in ¡JI majar manufac<u:ing cen· 

'' throughout the "'orld. Thi~ wi!l 
.-ing to <he megaptoject organiz.a­

·¡jon the knowledg<' of manufattur· 
ing upabili<ie•. ""orldoad and pric· 
ing >ttucwre on the "·orld market. 
h ,.-iJJ tiring to the proj«t a wdl­
eotablished, experi~nced staff of 
,hop iru!><'cton and ex~dtter$ in 
all majar manufacturing cemen. lt 
will bring to the o~ration penon­
nel "'ho undersl.and traffic ¡¡nd Jo­
gistics requirements for the move­

. ment of equipment and materials 
,from the world wide manut'acturing 
cemers 10 the job •ile. 

Construetlon o•g•nlzatton. The 
organization for con>'runion i• 

. oho~<n in Fig. 5. Thi! chan fo~ 
a prime construction comractor un­
dcn...king thc construcúon activitics 
unc!ct o•·cra!\ dircction and control 
of thc \JC. for • <ingle-comractor 
MC this ~ould gi\'e the MC thc 
<apábili!r of rcaining comtruction 
rnanagc:ncnt rc•ponsibiliry. lt 
~ 'd at thc sarne time bring 10 tbe 
¡ ct a connruction organiz.ation 
capabie o[ unrierraking rhe largc 
wlurne of construction activit) re· 
quired on a mq¡aproject. For ajoint 

' --

venture manaS"rncnt, it would be 
logio:al th.u the prime tCinltruction 
contractor would be, in fact. one 
member of the joint venrure. 

•T!I~ lnelo. The orp:niuuion •• 
portrayed has three b••ic lcvcb of 
project execution. The flm is the. 
sr.¡/'f or adminiurative leve!, which · 
encomp.a•""' construction policin' 
execuuon "ith special emph.uis on 1 

-afety and insp«tion, ocheduk and: 
progre., control, co•t ~nd mané, 
po"'"'' control, and labor rdations .. 
The •econd leve] 15 the control and; 
execuuon of the common or cen· 
tralized comtr-union acrivitiel re-: 
quired for th~ megaproject su eh ao: · . 

• Ma<eri.>J suging arca. 
• C.mp con<truction and operation: 
• Prdabricauon o?<'ntion• ' 
• Connruction toob and mat~nals · 
• Construction ~uipment 
• Transportalion operatiom 

Thc third le•el is ~x~cution of: 
constr-uction. To lake maximurn ad- · 
•·a.nt<og~ of a!l a\-ailabl~ resources,; 
th, connr-uction would be aocom· ·. 
pli,hed by the engineering·ptocu re- ' 
ment-comtruction contractors. b~ 
th~ prim~·contratlor'l dirCCI hire 
force• and h con>ttuction wbcon-; 
tractoro. ~u Under the administra- o 
tion of the prime construction wn- ! 
tractor. •: 
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Sonk>r Engrnoerlng .O.oooclolo 

E .. <>n Aoooaroh ond Englnnrlng 

P.O. Bo• 101 

Florh&m Pork. NJ 0193.2 

C-0 

Oello Pro)o<:l Aoi~IT,.nl 

Srsloms. IIIC. 

M52 Kalr F-~Y 

S..lllo 100 

HOUIIOt1, TX 77Wo< 

CONTROL OF SMALL PAOJECTS 

¡n uoen< yearo, ...,•..,. l.litceaoed th grovth of both 
tho n=(,er an~ sH~ of the o<>-<atled "'ouper prl>"" 
J«to"'. "!he A..loyo&lo.a ptpdi""', ono of the flut of 
the ¡;enerotlon cf bU U cm dolla~ pn>joce. IIU tho 
lua .. t sln¡le pro:ect """'' uu&ortol<"" t>y prtvato 
¡nduury. Slnce thon, .,.ny ""'n projocu havo boon 
announ<e<! ""rld-vldo In the h=dre~ of lllilll""- aM 
In the bllUon do llar rao.¡¡e and -th ott<<>tl"" hu 
been ¡!ven to tho un1que probl- as8""ietod 11lth 
the pr<>ject·""'""'" ... nt of theae ~~~<>Uton. 

In our an~lety tO brin¡ thou •upe< projece. un<ior 
control, Ve ,..Y nove bo0<1 noglett1"1! afiOthor S'""'" 
:n~ problom, o~o "Mch hu Hen wHh uo ter o •uth 
long.c ti•• ... that of lllaftolll<>¡ the oc-calle<! 
"""--scollanoous .... n project''. n.ue pr~J•cu., ol-
thou¡h in<llv!du..lly lovoh!n¡ o '"""' fut!tion of tho 
, ,ou ond ca~itol ln....,stocnt, becouoe of thell · 
o r.«>ber, "'"" aud often dO, total u ...,cl> 1~ 

"""'" capital requíre<Mnto ud col"l.!l<quontl~ o« u 
crHicol '" tho """« uo"' on """''"¡¡ o~On<>IIÚt 
otond~olnt. In """Y woys, thO)" con aloo rlv.l tho 
lar~u projocto In tho dHttc~~ty ~• exocmion and 
tOntrol. 

... ''"'"" 
.;. ¡,,.,., .. 

'''"'" , .. .,,. 
· .. , , .. , .. 

,~ .. , 
, .. , 1 "' 1 ...... , ""' 

la;¡ fv¡J<t '"'"11"'"' 

' 
¡¡,e -100 

l .... 

"' .,, 

•• 
•• 

ó "'""' 

"'"''" 

The<c has bo,..,, aD<I ot1ll io, a pr•• .. U.J <oood tot 
che devc.lo-t of .,.., pn>Joet • ..,a¡e t~cl>o.lq-
for cootroLHo¡ th~,... slllal.L projo~ro. IIDt oalt bu 
th4 probl- bHo vl.th "' for aoll)f ,un, but 1.11 
re<""< yeon, vl.th tho conotn~ctl.oo of tM •<h 
la<BC<. a.¡. in plaDtO, "" are nut1~ to sot thue 
pl&uto o~ oQdlttoaal o..ll projecto oo the DeCd 
orha for od4.1Uo"" al>d techfiOlocicd 1111prove""oto. 
Thh lo tn.c "'" ollly ODSbou, ht ...Uo cffaltore. 
Altor di, - cf the 10ore eoaplu ofto!>oro plot­
l<><mo ore oothio¡: IO<>re tban refloori"" on otllt$, 
""""' of th011 oot oo o .. Il elth<r. They obo an 
oubject <o c:hot>.po aod odditiOD» ofter th<y ore ¡., 
operat1on. (Uofortuo.ouly, "'"ny ore aubjoct to 
thio befen tboy 10 hto oparotiDft!!). 

111>•< lo o o .. ll project! 

WHu rs • Yl•<r PRo¡rn? 

f REL • .UlVEI< S>l.o.Ll P[RCENTAGf Of JIJOC[l 

f ArlnJT!Ot< OR CKoiHGE TO UlSTlOOG Pl.AI<T 

• 1\o.J~TENANCE WORX 

• 
• 

The deflnltlon of aucl> a a•-rol toro u a ·oaall 
projen" will cbviouoly vo.,. troa coa¡>any to o.,.... 
pany. For tho pu<poou of "''" talk, we havo ó .... 
f!nod stLOll projutll a.s belng <hose Job• cootln¡ 
between $10.000 ond JO lll.llllon <loUaro, ond ea<h 
Job lo a rehtively O""'ll percentag.. of tho coo­
pony'• ovorall tapitol budi"t. Theoc prnjcc<s o« 
an addltlon o< • chonge t<> u oxiat1n1 plont .. n,ey 
aro hin¡ dono •• par< of ~>&lnt•"""~>ce, a "pro­
gr.....,d b~d¡o<"', lo, a •peclflc phn lor develo""" 
'"""'• ¡r<"<th, or modernloatlon overo nutober of 
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y..,cs, ~• •• port of a group of oi>tella~eouo S!l>all 
pro.Jecu bud1cce<1 u • "«mtlngency" !te• alonK 
.,,u, ett>er httu defhed capital bud3et u ..... 
Tht-Y abo coul<i bo r<hted tn ohutd""'n ~r turna­
roUDd "orL F<>r tbe r«TP~h of .,..,. ~hc<>Sol<m to­
~oy, "" will be .,.,tt¡¡ a capital budgH 1<"-m u an 
•~ample. Tho prtnclplu, however, opply <<> uy of 
u. ... caugorl..,, 

In '"'"Y rupecta, theoo •-U p~J•«o ue "' d!f­
feront U.an thdr biz brothen, Tlley hue to he 
eni.,.ted, oche<lulod, budgeted, ond projeN ... n­
ag•d• They, li<e the t.r¡¡:e proje<:t$, ore htog 
buUt to mao '""""7 for the """"-'• ond che¡r require 
good people to to.anoge ond control thei~ o,..,cution, 

• 
• 
• SI:HEnVLE S..ORTftRITICM. ,, , llTTlE Tl>tE TO UAt:T 

• 
• 

• 

• 

kcawoo of tbe rob<1vel1 oaall ..,unto of o.opltol 
'""""_..,' hroolved fn o oaall projoct, thr.o h o 
tendency to ,.,dne<ti!U.te the Dportooee and tha 
cempl-.:Hy ef u .... glq and <»atn~lllq c~o.e pro­
jeoto. llat!y of the proj~ct:.o • ..., of o ntv- .,._ 
<uro vith ohon but critica! sch,..¡uJ.co, U a ,.,_ 
oult, tbera 1o littla tl.ooo U> rooot to pr<>ble• Cid 
ut lnto ""U"" eorr•ctive •«ion. 

O..e e! tho bode probleao ofUll h Oc loel: <>! o 
,..,all..atic budgot for both ti- oD<I wtJney, Port 
ef ehio probles o t-. h.,. che la<l< of deuUed ot­
tont.l<on glvon <o thcoe jobo !ndlviduolly, ,..en 
wheo "'""'onoble predtcU<>DO an ..de to ut:.oblt.b 
an .. u .. ce liD<! athddc fot tho budBot, doc_. 
u<10<> 1s rar.oll .. do In o fono vhith ..tll ollov 
loter plftltllog ...,d control. A oeco<><l re .. .., v!oy 
control eati .... too ond athedul"" ne oftu aot o­
vatloble lo that beo.o ... e ..ay <>f theaa proJec .. 
&« of o rev- 11.0tur~ • ..,,.. eotl,..t1llg ond sehd­
'lng offon 1• roquhd to co ... up vlth n .. onobla 

,d1ct1""" ol>d thnfo..,., adequote contt<>l coolo. 
• b olten raUonolhed tbat thre 1o not tt• fOl' 

rhU U<ra dfort. 

But, oven 1f th~ proJO<t ooglneor follootlng the Job 
h~d o good bud¡et eoti:.oto and o<hedule to UU for 
tracl:ifl&, m.ony o! the joho are ao ... n ond ore 
<omphtod in u<.~ ahon porll>do of u-, .,.d <he 
_,.,.., of t11te on.l 10oney budg<Hed lo oo a ... ll, thOL 
overrun<t of dooblo er ""'"' <n eu1ly hOJipoll, """" 
liben probl.,.. are ,.,covered ptior <o co:.pleti.,.,. 
The ""'u•l proble• io oi .. ply thot '"" Und cut too 
lot• te d.o .,.,th1ng obout it. 

Thll bc!.J>p U& to eost ond ochedule repor<iJ>g, one 
cf tbe key probl- relatad te che control of ... u 
proje<ts. llost of you oro f~llar .nth U.e dlfli­
culty on o no,._¡ dngle largo proJ~« of ..... ,.,.,. 
<'--ly =•< -d aclledule reporto· la ..,y uooo, 
we cof>Oióet ounel~e• fortuna<~ H ve hove in our 
hondo the conttul nport vithln foor veW of the 
cloo1q daU. O.. o aiUH rrojoct. chis elcht-
.,.,e~ ''bloe\1-out" l"'<icd (four woel<.t! proguu + 
f<>llr v...U 1«t1ng th• d•to usoooble<!, an•lyud 
anO bned) vould (OI>d oftoa !.<o) .macceptat>le. In 
fa<:t,"" a ver¡r .... u preject, wit.~ a n.o ..,,h 
t<>tol •cllodule, the jol> vould b~ c<npleted be/o <e 

the fint teport wu lse.,.d!! So, ~viowoly, o 
1Nch d.Hf•not rooportia¡ opproaeh a ulled for . 

Unfort=ot•ly, raawrces opplied '" those ..,..u 
projoc.,. o« oloo oteaD far lea• thoa prorided <m 
""'UiVAleDt tJVenll 1o9estaent.s for U.rger proje<ts. 
Supel'Vio1on, pcoject ...,..g.,..,t, procure ... ot, ond 
CODt<a<:ting ne usually o.orrled ""' by the ext..t­
ial pl•nt erganh~ti<>n as o part-ti.me job, ofton 
ohond oñth opeuu.,... 0<1d .W:nte.....,<o t .. o«ie<a. 
Ao a noult. otoaclard projoct ..,.. • ._,, ol>d 
projoct control tech<ll'queo oro usually not beta¡ 
ut1Uud""' thcy """1~ be "" o lorpr p«>J•<t • 
A.bo, beo.o..ae of thetr oi .. ""d rebti.,.,ly l""' pto· 
file, o100.ll ptoj•ou t011d to •~•*'"" for Icaa .....,__ 
•&-lit ntontiot~ ao.d hace h .. &UppOrt th&ll tho 
ara:~r projecto. 

Pinally, cften, exeept in o ~e,..,. ¡lobo! ""Y• the 
otewardohip reopoosibilitica fer oach 1< .. 1s not 
ohar. Sinea ...,Y of thüo it- on por< e!._,_ 
""""~ budgat, they .,_.-. often treated as ouch. le, 
te be ccvtowcd antl""-lll lil<e on operating coot, 
ratber t~co.~ 100r1thly or v-kly. In""'"' cueo, the 
plan< ... ""11•• oomin.o.lly hu overol! ot.,..ardshtp 
rupoca1bil1ty, but tbi& b ...... u, delegoted 
l<><>oely to othera, vho in turn P""" 1t on. lo ..... 
... can ""'""• ic'o not """"ual to _. ... o diotinct , 
oplit Jn reop<>n•1b1H<y berweea •~gi<>oerinl, <OTo­
•truction, end/er ma;Lotenance Ucauoe of tbe opeU· 
ting <>tpnlzotion of the pi-t. M o ,.,W,t, H 1s 
difficult <O pl.up<>1at opeclfi< reop<>tiii~Uities in 
o...._ll jobo. 

heed oñth all eheoe pote.ntial pr~l-., ta 1t 
p<>0$1bio to aana.ae at>d onnnol •-11 project•, or, 
baut10e <>f the roa5o"" obovn <>n th1o ,._gr&ph oM 
IUOY """* ..t.lch ¡•., oure you yeuradvco could odd 
fro. your ~ e~perieoce.o, auot "" oceopt le<1 of 
<otl<rol •• hin¡ U.o 0<1ly ruliotic conel..,.i,eDl 1'< 
loel thot control 1o poulble. but·oaly vith the 
oppliu.cion of o ayoteas opproe<:h, ut111zta¡ ao"• 
bu1c projeot '"""ogemont aethods ond tochnl~u"" 
""ic.h can be relo<ively oi.aph <<> M...,lOp U>d "'" 
•d, ovorall, Vei'J' eoot4 cflecti- . 

\lhat au ao.e of tbe tningo "" <at> c!<ol 
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WH!I (M i/¡ J¡g? 

• 
• 

• OOCUt.E~T / f 
• 

• 
• ASIIGN <l[AR·CUT RHPONSIBI"!TIES 

• Cows 1 0<0 COOR~I N•TOR I!OL! 

o BE U•CT!CAl. 

flrn, ve need to set """"elveo crganhed. Stllll­
dard pro<•dures and pol!du ope<lfi~ly gea<H 
for"ot.O.ll projecto n..,.d to be developed, wlt~ _,... 
oge010nt lnvolv.,.,ont and auppon. Theno'o o """d 
to d<>c.....,nt clur lln• of orpn1&.~~t1"""1 ,_...,,_ 
<oll<mO and rupo1,.lb1lit1ao. 

,.,.¡ to lnsuro th&l a dedp &Del ""*CIOtloa bula 
~ ... bo•n ""t.bliobed for ct.e projoet. H ono hu­
n't, than tb.,..o rup""-"lble tor eveotua.lly ut.b­
IUhlo.& <he buls '"""'be ...:loto #t <~<Mm oncl clo 
H """• bdore tha j<>b 1o planoed .ond budgeted. 
lf tbe .Job lo beln¡ atUI"-Uted nd oonaln 1t ... 
~"" be progrnoed beforo sn O""-nll Ut~~~ hoU 
h ut~liobod, ve need to ovold -IDK t.Dedlote 
ha"'y eo..,a-nu. lnoteod, ao au.._d bulo 
&h<>Uld be do....,lopod, &~&In, by thou vho wlll evo,_ 
tuoll~ be utahllohlng the !lnol bulo. Thlo mr­
..,.)1)· c.an be d""e t~ o o~ort pertod of o day or •o, 
or aven ot a otnale .. eetJng \o"ith dl tbo p.rtho 
l.nvohed-

Th< """'' otop h <o doe,...,cnt thU 1< 
~. f1,. or &S&UII&d. n.t. 

tor • """"'"" nf '""'""""· omo•thln¡: <l<wn forc .. ono ;,;,~;;,.; 
o .. lo ..v.n ""''" thorou¡tlly. A ...,co 
oon, of onur3e, 1o rehted to tbe foct 
OooU ..,u¡~· used ter ouch crttlc.&l p...-p,._ ao 
~:.b!uhlng tbe budget, tht oc:lledule, ond bonco, 
tho control tool8 toc th ex.eut.1on of th< projett. 
In fut-.,v$.n¡; projHts, o deoerlpti<JD Utt1"11 .,., 
..... n poJee<>. tho dloeipl!ne of doc,...nt.tton to 
~aolutely oooentiol. 

Mother .roo vhere opedal attentico 1o noeded h In 
the .Oreo of utl,..tln¡ -thod.s. lletauu of tho. 
\¡ ouat.er of projacto to be utl .. ted and tho 
sh t18< tr._ no.-lly lnvohed, it h l~ortont 

that tloo opprootb tO esti100ting botlo coar and ao:bod­
ulo requltei!IOn<> b< oi!loplo and relotively quick. 
ConaldoUn& the vort.blo na<ure of tho vorl< bolog 
uti-tod and the rna=p naturo of .,., of <h "0t~, 
dnolopl~& any «allotic approaeh to not eooy, but 
lt con h doPo• Tho lor¡o n"""•• of jobo hin& .,..._ 
eutad onn.,.lly h thlo coo< lo an od~ant&l<, olnoo 
1t provldu a broad ~ .... of hhtorlcal dat~ lor tmy 

aVOU&in¡ ta<l\nJq .... U&ed !O davol"''iDI th• -·!-t­
tng metho.a. Whatover opproaoh 1• usod, the a­
port&t thln¡ to , _ _. lo to -· the &nd pro-­
du<t •t.pla, llex1ble Ud quldi .. 

For aim.llor reuo:w, thuo 1o olso a ,..,d to dowlop 
a ol~>¡>le ceportlng oy<t..,., ou vh!oh prn·,ide• the 
ll.lni"""' info.-.atlon NQoúrod !or aoaly5lo ond ron­
trcl lo o u-ly fasUon, b~t one vh.l.o:b 1o n~t """'­
whelming. lle vlll bo provldin¡ on oxampl~ el h"" 
thb can b~ done ut111tiD& "" integratod ODd na­
peno! ve control ayt.t.,.. 

~ ...,ntion-.1 Utlier, 1t 1& Haontial tO o&slp 
eio.orout re<po"'ibilitioo to aoch fon<tion..a.l do­
part-nt ond to aao:b IDCI!vi~ua.l havln¡ ..,~ trnool""­
..,,., vt<h the prcj"«· Idoo.ll~, ono """ld l.iko ro 
havo a tuk torco for eoo:b projecr. with o !'roject 
llaDOpr, l'roje<t EngiN!ot. C"" t f.::JJi..eer, So.l..,duler , 
etc, but t<mstdering the overogo projo« ohe, thto 

te not prootieal. H"""""'• the tulr. forco <:onoopt 
ohOold <><>t be rojecrod out-of-h&nd. tlo«o ""1 
vecy vell be altu•ttO<>& vbare o ?rojltt An.o.J.yob/ 
Control group, coo.sioting of ono or -.o« !ullti-
0<08t/otbodule ""31.-...oro can be jPIItlftod to hat>:llo 
all of the • .,.¡¡ pro.Jotta bein¡ 1Jopla.ented by o 
<<>"'P""Y. 

Whero thio cannot be do,.., at m.lnl .... , """olóoroo­
tion oboul4 be Jiven to th• uoi,_,., of o full• 
tiM .... u projocts ~oordUotor. Thi.o po.-..on .. ould 
be cooponoible f<>t eoord!Utl~& budgot 111>d odl~~le 
preporatton, c.oat ond adl..,¡ul~ TOportl"i, .,.d coot 
and achedul< a~oly&io. He vould ~bo be t .. ponoibl< 

·for p.epartn¡ ovcnll repon• to u¡opcr ,.....,_,., 
hovi~>& """"11 ot,....ardohlp rosponslbillt}'. 

In -• ca .. , whe"' thro oto litera.lly <loo.em oc 
"""" hundro.a of omaH projeets irrvolved and the 
projeot llnll Hdd e~g1n,..n follooñn¡ th< ~crl< ..,e 
ntaeroU$, ten oc aore. th""' juotlfteoHoo of o !ull­
t1Z< coocdln"'"' can often bo u.Uy ua.de. The 
to<.;o.l '""'!""'« con ,,....¡., the •~. aLnce or Ieut 
101 of each in<I1VIdua.l'• t110e ohould b..., bun al­
l~catod to the funettono """ to be dono by tho <:<J­
ordinator. 

Re&ardlou ct what tho or¡aolr.a<lotl flnally •"-"" 
up loolo.log liko, ..,nthlJ rovt'"' -•tl"P oro o 
aust. Smo.ll prcjocu boYO too """Y intorfaoes, 
There'a ...,..._lly too oouo:b oplit rupomiUl1tteo, 
.,.,¡ they """* too fost <<> bo o.ll<>~~od to go from 
oran to flniah ... tthout all <he partl• 1""olYOd 
oot <lttlna C.,.,.. ot l<>Mt once a ..,,.th to rov1.., 

th< '""' and oo:bedole "'"""' cf eadl projett. H a 
eoord!n&toc hAO boen uolgnod, he 0011 o:boir U.o 
..,nthly -•tinp. lf oot, then tho perooo vi <hin 
tH <OD.pany rupoooihle for prepar!ag the ovoco.ll 
ototus roporto to aan.oacooent ohould run tbo ••Un¡. 
Tho U.pon""t thin¡ 1o 1.0 o«~lly ...,., and revl"" 
and theroby ovoid ''bloei<out~ l"'<iod.s ..,d unplea.o""c 
ourpUa .... 
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':\<e ftnal p<>int> vhich n .. d <o b• kcpt in mind ond 
•·hi<h u< c••<n<id ¡ngudlento to ony •ueceulul 
O<.>!: proJc<ts c<muol •yu..,. :f the syot~ Oou­
n"t vork. ".t vil! l1kely bo bouuoe 1t ~..,no< puc­
ti<al or boca .... it dld not i""olvo ,.~11•'""•' or 

h•o ...,.ogement oupp<>rto. \lhon developlng any 
•~ thO!"<·'• uouolly o órivins !oroo to ma.ko tho 

oyn.., p«h<t or o .. rly oo. w¡th oaoll projetu, 
o¡¡oin b.couoe of thoU o! u, tholr numbor ond 
thir •hon duratlon, "" o~ould oot be otrlvin¡ for 
rorfeot!Ofl •• .,u<h •• "" oh<>11ld b• lookln¡ ot th 
rractltal old< - hlf o loof lo bett<r thon nono -
ond on<e tho <yoto"' lo "orklog o(,d wo h•n '"""tyOne 
lnvolvoó. lndudln, ,.onoge..,nt, then itl>¡>rovemonu 
J.ad!n~ to porlottiO<> tan be i"'!'l•.,.ntod, basod on 
oe<uol e><;>orlonco. 

\."e vi U ,.,_. look ot o pra<:t!cal ox...,ple o! uh.ot O 
tv~lal inte¡ro<ed connol ·~n• for ""'"'ll proj~<:to 

'·'<'·' look liko. 

ln aUHi<m to the ...,., ... u, ooluUo"" "h1tl1 hoV<t 
ahuO; b.,..n ment!cmod, there ue oo.,. spedUc 
tool< ond t<ti1<Úq~e& \lhltl1 o« o111ple to dovelop 
~nd vocy e!feotiv~ In oo~lns th~ burden anO !n­
enas! o~ the eHeni..,.ne .. of ... n proJ•et .. nore­
•ent. n.o root of our talk todoy .,ill ducribo o 

.•Yot--basod approoth for óoio& th1o. 

rr~= vhot hoo becn u-id &o he, ,.e con Ht d<nm the 
lllAin !u<uto• "" "ould Uke to hove In o o>Ull pto­
Je<to control oyote11: 

• 
O!!!RFD f(AT!!QES 

• 
• . .. 
O fAST ACC(SS TO DATA ,,. ~!PORU ~ROllUnD !HSlAHnr 

• Sl~PLE TO USE EHECI!VELY 

• USE FOO CDNTRO~ OF AHY ON[ S,.._ll PROJECT • , , 
~ND FOF GViRALl tO•lROL ~106Rlft FO' Oll •RBJEtlS 

· S1!.ce wo tan expoc• to h~mdle o lorge nombet ol 
, ... ,n projecto a!IIIUltoNiouoly, ony connol HOto• 
.,..., be ololo t.o ho,dle o lot of doto quici:Iy al><! 

~!."-'ll· 

·Sinco we c.an't afloró to cake o lot or t1.,. t.o pre­
pare input (lor cxomplo, ftllln& out cod~nR ohecto 
nd wa!U~~ for \:ay~nch). doto .... , bo ~r.put eu­
lly. ¡f P< .. iblo, ~• weuld U\:< to l>e able to uo• 
exlotin~ fo"-. ouo.h a& t11111ho<to •~d purthiOO 
~rdeu, for """ 1np~t. 

-~- ' theo< .... n p<Oje<to move ao rapidly, we ..... t 
le t~ ~t tnlontatlon out ol the oyoto10 ~~1<:1<­

I, .nd uotly. wltll meoningful n.poru ovailoblo 
l~oto.~tly ,. onyoM <.eedlng th.,.. .. And theoo ro-

p<><to ohouló be !ocm•uod and prevido o lovel of 
detall thot l.o opproprloto. 

•Sin<e o,.,ll projoot ~•n~g•~•nt uouall• involveo 
"""'Y peoplo lD vuiouo Oo~OrtiMnU fo< vh .. thio 
10 o ~ott-tt .. • funttlon, any •Y"'""'· !f 1t h to 
be ocoopood onó uood, ...,., be ol.,ph and ... y to 
""" offootholJ. Out ay><""'"""' bo a gerNinoly 
hdpful tool t.o c•errooo, e< lt \llll b< unu .. o, 
obuu~. or <r .. t• oven oooro probl ..... 

·Md flnolly, ou oyatCI!l '"""' oddruo b<>th ol 'he 
oapecto of .,..¡¡ projoot ,.onog .... nt - the problo~ 
of unosln& eoth omdl ptoJect onó tho probl""' of 
,..Nig1ng o total progrr.. cf ...,.~ .,.¡¡ projotto. 

...., thot we'vo got o.n ldu of <he deohoC futuTU 
lor out o~~~&ll pToject control oyote~. 1«'• thinl< 
ebout tho opociflt ~•pabili<lcs ~• v<>uld UOa <he 
•r•<= to ~ove: 

• 

• 

• 

S~•·, f•O'lCJ fpbTRO' Sr'Tto 

PROJEC! AEPRUE'lED sY SIIIPU ( 5(J J.<T)"'llJES) 

N(H<OR• 

f01 EAC~ •ETWO~' A<TIV!TY ••• DE'l•E o¡;q,>c¡S 

1(0UJR(0 lO CO~PU!E !T !H REOU!RED :J.li.E 

""""""•' 
COdnUCT!OM [001-Hl 

MT!;R!J.LS 

~·-
~tE !H T>t( CO.OPUT(R, tttT"""• l•TEGIUT!NG 

R!5DURCES, TI M[, IND CDST jECOMES "MODEL- OF 
PRBJE<T 

·Naturdl1, ter thlo group, o ooot engtnoor1na capa­
bil!ty c"""'• Uro<; a!>d by thl.o w• mean on obl:uy 
co oupp<>n ouT con oot1.,.t1ng, con lereeutln¡, 
coot analyoh and tos< control actJv1du. 

·On• upeet of tost tourol U.ot l hev• foun<i to bo 
particuhrly óiffloulc ond uouwordlng h v:reodl­
ture fouc-ting. l1oot M yeu probol>ly 0=- !ro .. 
your """ expor1onoo hw tHno-oonotmlDK tilo prepor­
otiO<l of upendituro prolll,.. lo, """' tll.,- oro ol­
..,., boUfld to bo "ron~, and h"" "'"oh tilne io opont 
uylll.l! to n>concllo th.,. to ottual CJ<pon<iltureo. 
lt vould Úrtai<ly be groat ce havo a •Y"""' "hi<:ll 
oould do all <hat. 

·Plomúng and aoheduling ac<lvHI<o ore n••ntld to 
proJect ... ne¡oment ond len~ theC~>dv<s well <e o 
oyl<...,-appr,.oh. ~ """Y ol you vho han uaed 01>0 
o< 1n0ro ol th~ ovallablo ·~u.,.. how. you oan ~o 
o lot I>OU than ~"'PO<e borohorto. PropH pbnning 
ond a<hod~llog """' be oppliod doo to III&DI't"<r 
(ou<h as ong1neer1ns, supuvioion owl fiold labor), 
IL1«~1ol.o onó conotruotion equlp<;en<. ~'houvu 

oyot.,. "" ""' for our ""'"" proj«tl muo< g1vo "" 
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tllcoe eop&bllltioo. 

·Th< capoblllty to !orecut and connol tlle pro­
ject's oche~~lo u vcll .. <rHicol aotui&! a, 
of tour ... oloo HnntUl. 

·¡nolly. ve vo~ld lih to be &blc to "" d""" tho 
·•=• ond effon uquired to od=lnlatu tho un~ 
oubroutl""~ lnvol,..d in our &10011 pTojecto. 

Lrt'o rocop thb f1¡ure foro""''"""' by notitlna 
tl>ot "" hove ookod for o o-.all project contr<>l oya­
,.., vlllch •d.ll ¡lvo uo all th projcct """""1-nt 
copobilitleo ve vould llke to havc (ond .. Id"" do!) 
for l<>rge projoeto. Md, we kove ... de 1t ""'" dil­
fitult by o•klo, on tho prov1ouo Urure !or tilo 
•p .. d, oue o! 1nput ond output ond !lulbllley ve 
ponlculotly nud !or ... u projccto. 

N"" that "' kn""' whu vo ""nt tn o ... 11 projoet 
control oyoto<c, "" '"""' hcc tho q,..otle>o: ••¡., ü 
.,., .. lble to put to¡~thH ouclJ o oyoto.,7". Wcll, 1t 
is l"'•s<bh on4. In foct, i<'o ...,, oven oll tilo< 
Ci!flcult. Lot'o toh o look ot h"" !t coo be ~ene. 

Thore are tllroe uocnti&l JUicloliD&II to thl.., ov­
prooch: 

• 

• 

Sn•l 1 Pog r•ri [muRQ! <vsxrM 

fi111DF! IHF< fQR llfyHQfefHI 

UH ""0ERN "JHTEMtTIVI:" COMPUTEA Sl'tiEM 

PE~MITS DIRECT C-H!UTIOH iETWEEH MAlO • MD OW:HINE 

tl•E ~l.rLt H[TVORK~ 10 REPAESEHT A"" 
PROJ[CT DATA , • • PROVIDfS COfiPUTtR W!T~ """DU • 

0' EACH PROJ[Cl 

o Uu &PPRO~!""TIOOS/S!~PUf!CATJOHS AS 

&PP•OPRIATE TO PROJECT S!ZE AND CDMPLE•!TV 

·l'int, tole• ~d~•nta¡¡c of te>doy'o intoroctive e,._ 
p~t<r oyotno~, vtlidl put the -•r of !ull-Oiu 
e<aputero litcr~lly ot your un,ntiv-· by Ull!o¡ 
tonD.inalo vith o keyboard and ~;Louol d1$pl.,, you 
con ,_,!'úuto dlnctly Yl.th tllc •Y•'"'"• lt.,hl in 
~oto, co-..ndo or qout1ofl&, ond souiog bo<k •­
oulto on tho ocu.., or in printed fono, audl llko o 
tiont calculatcr. Wo'll 10 b>to !.h10 in..,,. do­
coll !n o few minut ... 

•secood, uo• a •l"'l'le n•twor'lt to r•v•"'"""' nclJ pro­
jet<. Mtvorko crt&bl• you eo erute on ootuol 
100dcl of .. eh projcct, o ...,de¡ vll!oh con h !iud 
(ltko a ~ud¡u) n.- "ht<h un <honge •• tho project 
pcogrouco. We 'U havo IROU to .. y about cb4 l.o­
t«, toe. 

·oncl Thl<~, boor 1~ lllnd the noturo o! th oaall 
pto~<et- cootrolo .._,be effectlve, but they nocó 

t b• preci... for o~0111pl~, on o projc<t thot 
Ho tour "•ello, óHoHcd onolyob o! lOtll-~""1" 

producti~iry tronda ,..y not bo torrtbly ... onin¡ful-

but o quick lndi .. tlon of odl•dulo •llppogo tould 
one eh óoyi So"" M•d to be ~lllin¡ to 11h• up 
"""" of our <herl•hod dopoo of projcct cot>e<Ol nd 
looK for opptD>.Uootlono ond olooplJ!tcotlona .,hi<h 
Ut cuT omoll-projeot 01tuot1on. 

Mov lu'o tUe o tlOHr look ot on lntetoctiYe ,.,.... 
putor oyotem: 

Wp Pm!(q Cponv• Srm• 

~. lou"CI!V' C!lr!Oqirt \IIlf• 

'"'" s ..... 
I"Dot-•• "1 (lt""l_.. 21 

~ ...... , ',,, ..... .. 

.. ... 
s ..... ,., .. 

"D"'""'""' p,.,.,, ••. '""" ...,..., ......................... ....., • ., 
,..,..,,.. fo '"""' co: .ctrss .,"''"'"' '"''*"'1100. 

lihot "' uo here in thlo faure h •• ClW>fl• of 
"d!Otrlb~ted prncuoin&" ¡o vh!cll the eosputu syo­
,.,. t<7MT! out of H.o clout tn che Ono Proceoolng 
O.put110nt on4 10n rtght to the point ot 1.'1>1dl U.e 
...,,¡, lo h~ d""<· ThU 1• done chrou¡h thc un 
cf re110te unDindo, eoth of vll1<h hu o k.,boord, 
v:l.ouol dioploy ond{or prtotor. 

IauoJino, 11 you "Ul, o oyotOD In vllich U.e 110ln 
co .. ~utor cont&l"" the doto bue Jor tho prcjott, 
thoc lo, "" crganJ_ud ut of doto deocriblng eooh 
ond oll the o110ll projcct.o bdn¡ .. no¡ed. '!ho doto 
buo olu hao • lot oí oup¡>orUn¡ h!o,....uon. , 
Connettod co the moil! e.yote"' ore tour ro100to tor­
llio>ol5, eoch locotod in on ot•• o! projoct aan.ogo­
_,, oet!\ritiU•. Fcr e><OaJ>lo, th pJ.o....,l.ng ond ••· 
ti1Mtln¡ ¡roup b ..aln¡ tbe oyot.,. !<>~ plo=io¡, 
optllllhln¡ lUid oatt.atln& tite coot oí ooth cuo 
ul>der c<m~~tdorotioo. n.o p=J•ct ensln .. rlng group 
io uain¡ thO oyotu to pro¡>.oro pr<>J<OU r<potu, 
onolyu pr<>blm ..... ..,..r <oh corn<t!vo octl011, 
and tO bop 110nog..,c~t infonoO<!. ln the Ueld. th< 
ouporvhora ore ooln¡ tho oyota f<>r deroUo.l plo"" 
oad budpto ~olotln¡ to th<ir •pce!Uc jobo, e.nd 
thqo e.re·e.loo !n¡outtlns. manhour ..,d pcogrua doto. 
Aod In the i'Tocure...,t Dep•n-ot, tb" "'"""' !.JI 
belng u .. d to h"P trock of l"'rtkau <>nloA ond 
ddlvcrl .... 

llhot !.JI truly om.a<!ng !.JI tkat oll ch .. • ottl>riti .. 
con be ¡olng on ot onoo Yl.tb all uolog tho •­
doto b .. e. reoultln¡ In o ¡root i:pt<>vc-nt ln con­
oiotcncy ond •!Uctency. 

Let me l"'lnt out thot "" "'" ""' hero to ocll """'" 
puton, but "" ore here te uy thio: Look ot U.e 
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n""' gonuatlon of minf- and "'l«o-<O<Dp~te« lor 
part el t~e $Otutlon to yo~r •-ll-project moo.ago­

"'~"' proble~. 
~"" ht's turn to th cont~pt of th lnt~grat.d n•t­
~ork ID<>del- To h~v• e .. uningful oystOIII-baud con-

·] syot•"'• wo IOU$t be obh to "'P'~'' uch project 
i 10.1the1Utlcal voy oo the com¡mter con unMuund 

.. , but lt hu to aho b< a voy thot ve un undu­
stand. Thh co••;mtu .-!el • ..,., aloObe uoy to 
papare, input ar>d upóoto. 

l""teod 0 ¡ tuming to tU """""' uchnology for tMo 
~ort of our syo<n•, ve uve foOI>d ouccou in one of 
the oldeot technlquu. No d01>ht evory.,.. boro \s 
hoúllar with ne<vor~ ano.ly5h and CPH. But hove 
~ou evor .,ondou~ - lolhy do wo o!Ü.y """ net><orQ for 
och~dul1n1f ~Y ""' ..,.. a •loale network to tepre­
oent oll che ,..po.cu of o projut by iocludina the 
'"'""'«• ti.,. ond coot dota requ1nd lo< each oc­
tl v:lty 1 

• 
• 
• 

• 

D'S!"'" rwuu IT!rs 

P~ .. MIN• .... o S.C..U.ut.IN~ 
[QUI~~fNT 

SuacOMTR~CT ~01'11 NI SlltAT ION 

• 

Any projoct. lorgo or n-oll. <&n k r~p<~oented by 
a s\mplo nuvo<~, anó by "'~pie "" mean a netw<>Tl< of 
SO oetiv!Uoo or leu. Once tho notwork hu been 
deUna.l, ve can óeUno tho reoouT<cs roqutnd to oc­
coaopllsh ueh octlvl ty - reoource• h<i"ll _,power, 
c<>.,..t<uctlon equl-nt ... cerhb ond. o! couroo, 
cooh. You con oloo think 0 ¡ u- •• a ruouT<e 
ogoinot wh!ch the othera ore b.olanced . 

lf "* hva the r!ght ooltvan, th\o norwork, lnto~ 
¡ratlng rooourcn. u- ond eoot hetoMo a -.!el of 
the projoU on out """put<r oyatom. 

Just thl,.._ for o -·• """' "" can do "'t.~ thio 
computar 100del o! a proJ•ct. We can dehno a "oto­
tic ooodel"', u~od in tho plOftning ougo, ..,hith io 
our hudgot plan- the bulo on ""ich tho project 
""" opproved. We con also goMrato dyti.O!Ol.e ..,.;el& 
u tho proJ•ct progTU$<O - 0 dynaaic -d be\ng o 
coot onó schedule lnrec110t, o cunent nport, or 
oven • hypothetlcal CNe .rw:ly of vhot o.i¡¡ht hppeo 
1f o parUcular thing occcur...,d. Vlth on tntoroeth-o 
<OO<putor oyotem, thh 100dellJbg excrciH 1.$ qulcl< 
01>d ouy - ~U.o<tly right tnr the .... u proje<t. 

We now hove thO deaiuhle •ituation ,¡,ore "" can J.ot 
the ~oro¡out•r do what 1t oSoes b*"t - ar.d """' ve do 
"Orst - the .,.ny •imple but ropetltlve colcul&tl<mo 
•nd dato monagHient proeedur<!& requtred to control 
• p<UjOCt. So, le<'• u·e wh&t happew; llhen "" lot 
the oyo<e,. do the n...,¡,er-crunch!niJ for our ..,ltltuóe 
o! ... 11 prcje<to. 

Let'o beat in mlnd u we ¡r¡o throup:h tilla llst th&t 
cur ..,,,., for o-..11 projocts lo, "leep 1t si011>l<t 
&od do 1t faatl". 

During tho pl&:lftirtg ond O;ftUo&ti<t' phau, our oyo­
, .. cao help hy perlocming all o<.hodull~ tunctiono 

Hn• Ir [Ao RE IISfD 

• Pu.>oltl ... 

• (nP'-'""" 

. ~~~. .......... , ..... 
• s..c ......... , "'"''"· 

lt¡' "" 5r¡n~: 

··-··· "'"'· ....... ''""'"· .......... 
... , ... '""' 
-'<!1.1-'l ..... 

•etu"' ,..., .. ....,, 
O(IIAI .... 0<10-'1100 

P.O. "'" 
"'!'"' .... 
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>CO~ ¿_. boc<~an prep>'dtlon, r•>e~rco )aO•lhn¡;, 
.~.- "",:üal ;>.,¡, anah~h. lt can al.oo OHit><~<e 
;,,.,, ~~< ~Qcip,...c.t co>t~. since tl~ app)Hablo 

r ''"' cao b< •••il•- otored. lf material costo are 
... ,.,,. ,., c.;c. uH th• 'Y"'""' t~ pr•~aro an< O~cu­

-,, th,- ~-.:~ue for th• P'Qjeot "-"<1, "'"'' H 
o< tbc •cl-,edule and <o>ts, the '"""'"'en pre­

_,. tn, u~.o<l!urP foaca.:. 

Qo<o • pro_lect h undol"ay, mar.agce>ont ond control 
bv ;,e~~•~t ued•<>n¡, analy<<o an~ re¡>ert!ng con bO 
H0t«"od. B)' po<lodlc updotin~ •·Jo~> aotual otart 
aoó llnist¡ <at•o, actual Olar.'1ours o~ent, anó To01aj,.._ 
io¡ do,nion for each a<tivi<y, co .. plete •nd comp>e­
h<nsiV< pr~sr•so reporcs c~n b~ propHe<l ~~ry quick-
1~. ~.ar in ~>ind onco ogain th~ ii<I'OTt»><~ of u•tng 
'~"~ ~¡.<Jt;u~ -~~unt of áeull or sorOist!cO<ion. Uoo 
_1u<< ~n~u¡;>. co ~o e!leotho. 

Tikc< ore oddHlon~l job< tobo dono wbil< <'o pro­
!•<t '" ""·ÚT"ay, such as ,..<erial co~<~ol ond oub­
<~o¡ran a"':~Jnistrotion. Ths• Job• inv~lve o great 
acoun< of tic• anC: pape"'ork, w~ich ••~ be re¿u«d 
b•· e~f<·ccluo ~•• o! eh• '>""'""· hcopt)on r~ports 
un be ~enerate¿ •O=ing material not Y« on orOer 

or not )'et recdved, oc """cor.tractOT jm·olceo tha! 
Or< too high on< n .. d co b• chec•~d. Tbue Uporto 
focuo p~plo's ottentioo onC dfMU whOTo <h<y ••• 
needod, and help pHV.,t< the muHitude of oo.oll 
projeCU fr<>a: g•«in¡ bog~•d d""-·n in popotvcrk. 

Of ccurso, "'""Y other a,p!tootlc-<o> ore po10übl~, ok­
pen<ling <>n th~ panicular situotioo. 

lt h """h c<>noidoorlng to~ <ho ovcrall i"?Tove.,.nt 
In ooordina<ion an<f co.,umcation u~lch occun "'""" 
all t>eople lnvo)vod on th• proJe« uo ~s1ng uni­
!on:. Anrl consist~n< oyot..,. onrl ;·"O'"~'-'"'· 

•S,..]I projocto d~sone te be ,_. •• oerio..,Jy and 
noed pro¡eet mana¡;""'""' di"olpl1ne .,_; technlq""> 
Just as la<~• proJe<U do. BNh or~ar.luoional 
and tecnnical oolutton• ore ovaila>l• to hprovo 
the ~•r.age~ent of omdl projectS· l"•rti<uhr ot­
«ntlon should be paj~ to tho ,__, 10neution ol 
inu<&ctive ~""1''-'teT oyst<=i uhich ~•• oop!1ioti­
ooted project '"""•&•~•"' <«OnJ.qu .. ~raotl'O.O: for 
"""ll projnto ior th• !Hot 11""-
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• 

~Check project progress 
' 

with Bell and 'S' curves 

Today's project control systems-CPM, 

PERT and Activlty Network Analysis--are 

powerful but complex too1s. In contrast, 

"S" and Bell curves are remarkably 

simple, yet ettective 

A.rttlur E. Kerrtdpe, 
C-E Lum!l!W Ce, lioustan 

•'S" .o,NO BE.LL CUil\>ES can't ~place 
p=ent mearu for p!anning and con­
tn>lling project>. Nct tMl th~ idontify 
critica! path• ot •peciñc t~e •poi> 
:-oeverthel ... , the la.:t that the¡· are 
quan/ilali~ n.ther tlun qualit:l\i= 
can b., an iWCt-

Aher aU, many planning and 
schedr.ili:lg probl=• ar<: q~U~~tltaUn. 
Fo: ~pie, S,OOO i..omeu-ics must 
be pruduced in fivc montlu, or 50,000 
ton> o/ labrica<ed píping mus\ be 
e"'cted nver the >aiDe period. In 
ti>tse ~. it d.,.,.n't .ully matter 
which i>oTtletria or whieh pi= of 

:pi¡>< '""" =ted by a opeciñc date. 
Tbe imponant thing ;, to know 
.. -heth~ the job is bc:ing handled 
columetric.al!y u a rate approptio.tr 
for the time opan. Thi> io wh= "S" 
and Bdl curv.,. catl be valuable 
adjuncU 10 the rnc"' eotnple>c •)'S­

ton>' Thoy C>.n k de~lcped rapidly 
and h>.~ gn;>t tl">:ibility in their a¡>­
,Jicaticn. 

Vi•ual impacf, The visual impact of 
"S" and Bell curves may k intluenud 
by changing tbe hori>on~l or vertí-

clJ IC>.les. M'oot of <he figureo in thU 
artide havo ec¡ual vertical atld hcri· 
zon~l .oca]e:s. A largu horimnW seale 
will Banen or elongate the curve:;. A 
!arger ve,..;ca] oale wi!J inOOIUfO the 
olope and the peab and valleys, 
whLch moy b. des¡rable for drarnatic 
clfect. 

A ba..i< "S" curve (Fig. 1) U dtawr> 

• 
• 

• 

-~·­·- ........... _ .. __ _ 
-~- ....... 

:t;~¡ 
·:k~ S: 

'' • ~ '' ~ ~ N ~ ~ '~ ~ .. __ _ 
Fo¡¡. 1-TI•••• uample• oho"' baaoo B•li 
&nd "S" cu,... ,~..,.,. 

Match 1979 

on a gnd ""'h a hon:ont.al a>:is ohow­
ing perccntage ealendar time frot::t O 
to 100 pert=t a.nd a ......-t:ical axis 
Jhowing pei'Cen~gt complctior. lrcm 
O to lOO percent. A:!y singic activity, 
group oí ae<ivities, or overalJ prcjoct 
exp=sW in the (o= o! an "S" cu...,_, 
"'"-'' 1tan at 0,0 in the bottom lcft 
h•nd comer atld to be compl.!tc mus: te=.., thc top rigin·hand c<>mcr a·. 
100.100 The rhape of thc cu.-ve ¡,.,, 
twe!Il O ~t a.nd lOO perccnt """ 
M an indicator of =¡;:ar:o.tivc pe:. 
lor:aance a¡,d effieicncy. 

• 
Slmplicity, Thc 1~-;;ple:st "S" cw-ve 
" a •traight fule u shown in F¡g. l, 
curve A. An "S" curve ohows cum;.la. 
ti~e valu"' Iro:n (1 to 100, and >ts 
ohape lho~~ \he lilte o/ progre¡• or 
lo>dlhg at cach p>Ínt in time. In "'' 
a!ity, it " li!l'lÜy feuible to apply /ull 
loading in>Qntly an¿ to l:laintai.; a 
coru<ant lo..d thrc~ghout ti>e timr 
>pan. D•~ally, thue muot be an initial 
l~ad-in period for mo~i!W.tion belo!T 
peak offort oan be applied ill!d a tai]. 

off periDd ~. the cnd. Fig. 1, 
curve B, lhows " typical O)"rrunelrical 
"S" curve which h~ an ~.....:1 bllildup 
and t.ail-<>ff. 

lñe Belt curn ;, dcri""d lrout thr' 
"S" cu~ and 'h""" thc ~ o{ 
n:rtic.al mov<mont o/ tho "S" <'Urve 
(the ratc el PT~ m- loading) !oc 
a finitc intorv.a) o/ time. In the cue 
o/ the <traight linc ~s" curve, the 
>Jope or lo•ding i.< con•tant indicating 
o consW>t elfort throughout the tcW 
period. Thu•, the dcrived llcll curve 



Departme~l 

'" Process , 
" Projeel 

" 
" ~ 
" ' 8 ., • 

Civil 

¡" 
" Po pon¡¡ 

" 

10 ro 30 40 SO M 7C 80 90 100 
'lo calendar l•me te mecnani~l eom~letoon 

Flg. 2-Tnea• c~rve• ore !ypo~ol DI engor."nng worl;. 

' 
/ ¡, also a n.-•ght l~ne. Th" ohape of 
¡curve i> normally the moot efficiem 
j ~nd hence the most desirable whon 
, rdated to man?<"""r loading. lt may 
) nOL nec.ssarily be ><> fo~ doUar u-
1 penditutci ""hc:re it may be mo~ de­
' si.-ble to deler expend1tureJ to tOe 
1 Lo1 .. t pouible date. 

1

' Tbe Joading curve developed /ron. 
a •vmmetrical ''S" curve lhOW> tbe 

• <:<ln;....ntiona] Bell lhape with a sym-
1 metrical peak cons.ider:a.bly highec 

than the avCJ:a.ge. Thi> inditat"' a 
low<r r:ate at the beginning and end 
with the !l1aximum rato during the 
central period. 

Symm•lry. "S" c..,.,. ""' ""' U<U· 
all)· >)mmetrical. They may be /rnnt 
end loaded or bad end loaded :as il­
lU<tn.led in curves C and D in Fig. 
l. An actual "S" CW"-'<: might folla..· 

ar.y shape within t.be grid but ..,.¡¡¡ 
pmbabl)' fall b.rw..,n the c:t~m"' 

of the rwo .. S" curvo shown. Tht 
cl=r the "S" curve is to thc 45" 
stra.ifht line, the g>U-L•:r ;. :he dtgrtt 
of resource leveling tbaL has bun 
achieved and the gtta1tt the theon:· 
tita! diiciency. 

''S" CURVE APPUCATIONS 
• Engineerint by rnanhoun or by 

physital CO!Opletion 

• Dra..,ing¡ by number or wcighted 
value 

• Requi•ition> by number 01 dollar 
value 

• Purcilaoe orde" br numlxr or 
d~llat value 

• Conwuction by manhou", b)· 

VII.-E~l-2 

uniu of wor~ actiV>t)', or b;· pnysical. 
eompletion 

• E~pendiLure> or cuh flows in 
dollan. · 

"S" curve> can !>. appli..:! e<¡uall; 
effecti...,)y 10 a ,._,;ery of mi<cdbne­
ouo activities or Ítem• ouch "'' 

• Material take-clf qu;u,tities 

• hometrics dra,.-n and <heeked 

• Cubie yard> o! urth e.>:Qva«d 

• Cubic yardo ol conc~le placed 

• F..,t ol pipe placed 

• Fott of cable irutall..:! . 

The ''""' common "S" curva ¿ .. d 
for o=r-all project r.,.;e». are for 
Engineering, Procurement, Moierial 
Delivery and Conwuction. 

Englneerlng curvH. Fis- 2 contain• 
a labuW •pread ohect clistt-ibutinr 
er.gin...nng planned pm~ ;u,d 
manhour e~pend•tureo br di>ci;ilir>e 
from prnjee< stan 10 mecl-.anieal com­
pletion. The figureo oho..· the ¡:oercent 
rr.anhou" expended and progre>.~ 

~<-hieved in each .ceriO<! and cumu­
lotively. Superimpo>ed on the spz=d 
sheet U the u:nc irJormation e>· 

p~ued in the {orm of "S" and S<:li 
cu~- :O."otice ho"' mucl: rateo ;, 
thc visual impact anci info:marion 
giv= by the cu"'es th:l.r, b; L1e 
figura. 

ln a normal pmjecl, '-h< wor~ fiow• 
through Proces.s, Equipmen: Gro~~~ 
(V.....,) and Mechanital), Civil a:1d 
Structural, Plan\ Des'op, an6 ftmll¡, 
ln>tru~enu and Electric.al. Till$ f;?Í­
<..11 re\ationohip betw<en tM "S" 
cur-.·e> for the •·arioU> engmee:'~-:.• 
disciplines hoid• lor mo>t pmj<'Ct.l. rf 
the prop-= for any one Ci>cip~ne 
runo lote, then •11 oucc.eedmg ¿,.;. 
piine> ,.,,,,., be affected omd ,..¡¡¡ aho 
b. fort~d to run ia.te. 

lf plan""d ma.nhour ami prorr= 
curves Ot<' pt<'p~ 11 the ot.an o! a 
pmjc<t and actual manhour expendi­
tur~ ar~d progrea n:corded •< each 
repotting d•te, any d~iatior. frum: 
plom is vtry vi>ible. Even more Ím·) 
porunt, schedule ilippage in cno aru 
can be euily trend~d to C\"aluat< Lhel 
potential ÍmJ>'lCI u pon tho schedule) 
o/ other aru>. , 

Individual disclphn• eu.-.n. Fig. 3 
•hows individual dilcipline curve! 
plct1ed over the ~dul..:! compieticn-

"' Muoh 1979 
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Flg. )-Note tne conmnt on trleloo normol 
ond u"""ceplaboo englnutong cu,.. 
onap ... 

<ime for thc diocipü..,e. ln thtst 
cu,..,.. 100 perc.ent c.ompiet.ion relcrs 
to complction of >clu:dulable aetivi­
tie> within thc Khtduled ~ompletinn 
timo for the dilcipline. For o:ngineer­
ing dU.Cip~nes, thi> is nonnally at ~ 
point whcri 90 to 95 pe=~• ol the 
<:~anhour; have been expended. The 
final 5to lO f"'rtent of the manhe>un 
""" noqllin:d fur engineering dose01Jt 
and foll"'""·up of '-endor and ficld 
GUt:ne>. 

&siCi.lly, <1-u~e ty?ic.al curve •llapa 
eover all en'""ineering disciplines. Fig. 
3, curve _! sh<>W> _a fast buildup, urly 
peak whtch ~pplte• for P:ocess, Me­
chanical, V.sseb; and E.qutpmer.t cfu.. 

192 VII. -E-1-3 

ter an enb-ineonn¡; dis.cipline fm <O::n- i 
~ parison a¡;aimt phyr.ir..:ol achievemcnt 1 

and ma.nhour Q;pe!tclttun:. Fint list 
\he .octivitieo and estiuut~ thc man­
houro for theoe activities. The 
"'wcight" el a:t act.ivity is the ratio 
o/ thc activil) tnanhoun 10 the total 
discipline IDanhou,... ""l'ruoed u a l 

ciplincs. Fig. 3, curve 2 shews a nor- ~ 
m.a] buildup with a long even peak 
whic:h applieo lar Pf'Oject o.nd Suppon 
E.ngineering disciplines. Fig. 3, curve 
3 oh-. a Jlew buildu~ a:td late pe.a).. 
whith applieo lor thc ma.jor Oralting 
disc.iplin ... -~-

O.nerally •pe.;.king, a pl•nned "'S" 
curvo for any engineering or drafting 
di>.ci~line wiU lall l<>m~w~en: within 

1 this envdope. For prelimmary plan· 
ning purpo5c<, thi• typica.l Wpe ef 1 
""S" o;urve can be assurtted for na<>·¡ 
hour. rnanf>"'-""r and progre:ss p!.a.rt-. 
ntng. l"'eto that the normal '"S"; 
cu""'' produce corre•ponding Belli 
Cut"\IQ when: the peal ís about 1.5: 
times !he average. 

Next prepan: a bar chan schedule ! 
ohowing the planned periocb for the i 
acttvities. Tbe planned pcrccntagel 
completion ier ea.ch acrivi\)' at ea.ch ! 
reperti.,g period is marloed above tite 
~- Toe planned weighted pero:"'" 
cotnpleti.,., is the multiple ef the"ao· 
ti'"ll)' pen:ent c.ctnplet< times th• ac- ' 
tivity weighti.ng. The vert>c.a) tota4 
for each reportiog petJod gen.,..,. a 
wcight perocr.t planned prcgras "S'" 
curve .., ill"'lr.lted. 

Unsultable curves. A4o ohown in, 
Fig. 3 are curve ohapeo una..:~p:.able, 
for enginee~ing dilci~lineo. Fi¡;. 3,¡ 
curvt A ¡, too oteep and toe earl}"-, 
h show• an uttt=hn:ic .,...U: ef 2.5j 
times the average with a long >low. 
tailoff. Fig. 3, ct!l'to"e B ohows two otecp: 
ponion• ""tth a central fi.at """"· Tbe. 
derive<! Bell curve oh-. two ohort ¡ 
term peab with low progr= achieve· ¡ 
ment ovu the centnl port.ion e! the 
pl"ojoct. Theoe curve ihapes >.hcw i:J. 
efficient It>al>pc..,.r loa.di:Jg. lf the~ 

1 were produccd en:her ..., planned er 
actlla!, t.':iere is sotnething <eriously, 
wrong ,..,,¡._ projrct p)o...,ntng or per·, 
ferrr..ancc. 

' Pllln, measure, re port. Fig. 4 illu>·' 
tTate< the met.'tod o! preparing a 
planned, ..,.;ghted progre;• "'S'· cu"-c 

.... , ... ..., 
~ ·-· ........ 

At the ti..:ne wh<ll the plannee "$" 
curve is pro:~, the B.U carve gon· 
e.-..ted should aho be c:xa:n.inu!. This 
wil) ohow the pl.a.rtncd manhour and 
tn&n~r expendltuz, Íor eac.!: re-­
porting period. Any O>:cc:ssiv-e pt'.ab i 
or fluctuatiom lh=l¿ be c.o.....,cted by 
adju~ting the bar dan sci>edule to 
achieve :non: nom Jo,_¿¡ng. 

Periodlc recordin¡¡. At each n:pon­
ing penod, ph)"'ic.al rornpietien for 
each ac:ivity ;, n:cord<Od. Tnio ph)"l-" 
ic.al pereen: ccmpletlen il n::cltiplied 
by the ac:ivi<:• ~gitting. Tne '""' 
o/ the>e multtple• ;iv., the total 
physical p.:n:emage cem?Oetioc.lor tll< 

ever-all di•ciplin~. ?hysic.a: compl<· 
tten and mar.ilo~: expe."tdJture, ar< 
plott<d en the ume ic:-m wilh o!-.r 
p!ar:::~e¿ ¡orogr= cu:-w. A COr.tpari­
>en be!we<n the p!...-H~ed peree:l: cc::::­
plcte, the phy>ica.l pen::ent complett, 
and th< ¡>erccn: ma.nhow- ""pendit~:-c 

• __ , 
f.,;~~~i=~~::~·: ... ;--::,-~ "L -

Fl;. $-M.onpower loro<:u1in; con 1>• 
aono frorn """'-'· 

Ma.rci, ;979 
193 March 1979 
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¡ will quiclly sho"" th; productivity and ,.j~d planned progtess curve ap¡>ro>ci­
[perlotm;<nCe trend. It is then pouible m:oting te th• sh.o.pe e! the prev:icus 

1.0 fcrec.;ut ovcr-all completion and planned "S" curve and meeting thc 
o""r-aU xnanhour ex¡xnditure. ~ui~ completion ¡>eint. 

Thi> method ol doveloping planncd 

1 

progress "S" curve is a b:uic m.:thad. 
Many ,..nati<m• can be dono ma..~­

uallv or b)' computer with networlu 
1 andjor bar charo. 

3. :--icte th• cumulative pcn:en: 
completion n:qutred at thc cnd of 
e<~Ch month on the revi<ed planned 
progress rurv<:. 

1 

l
l Manpower torecuUng. Fig. S •ho..., 

how cui'VO> can be u•ed 10 ioN:=: 
manpowr.r ~uire.-nenu. Normal!y 
the planned progr<>s curve i• pN:· 
pued aiter the manP"""' req-uire· 
menu h.o.ve t>een determined and 

4. Tabulate for cach monlhly re· l 
portmg perico: t.'>e required peccent 1 
10 be cornpletrd per :nonth which Í5 
•_'>e difference bctweer. the c=ulativ• 

l
]e...,led ,;, ev= Out peah H~, 
sometim<> during the ptogTe» of a 
JOb, when the end date ha. been fixed, 
and progr. .. and manhaur expendi­
ture> h.o.ve varied from the inicial 
plan, it is n~·-y te redetennine 
the man¡>e"'V requirements to mee! 
the original ochedule_ The steps are 
;u foliOWI;: 

T. The current po<ition U the end 
of the actual pr<>gi"C>S curve, ...,um· 
ing the method o; m=suring phroical 
pertent completio~ ;, n:alistic. 

2. Frcm thi1 p<>int onend a ,..,. 

5. To predict thc nw:nber of men 
required per month, talte the teta! 
foree:ut houn ba..ed upon produc­
LÍV11)1 a:Jd porionnance 1<1 date. Multi­
ply the tolll houn by the percent to. 
be ccmpleted per mooth and d.iv>de 
;, b)· the hou,., worked per month. 
1 his will ¡\ve !he number ol men 
requin:d p<f month. 

F.. Revie1>1 the nwnber of mm N:· 

quired thus cakuL•ted and oven out 
th~ nwnben if thero <LN: large di/l'er­
ena:o on a Jnonth·to-month ha,;._ 

Co~IIIIIJO<I 011 p•go 1g5 
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" 100 

Corree~ 

reiOtoOM~I~ 

betwean owe 
curves & en~ 
progress 

!O 20 30 '0 
% calenoar ¡,me to rn~chan,oal com~e~oon 

'" ·········- · En¡;. orogress cu•oes 
Acceptable owg curoes 

- ---- Unacceptat>lt• owg curves 
AFC • Approoed FO! ConwuctiOr. 

Fl~- 8--'rhese """'U shov. 
th• rel•tiono~io bolWur. 
drawtnp olart/APC and on­
gtn ... rong ~rogrns. 

7. Confir:n tlko: t.':e n=bo: o:"'"'" 
indicat<d can b< l=llitir.aUy o¡:¡plied 
lO the jo~. If t.':e '"'"'""" in¿;cateC 
·., gru.ter than c.;¡r. ht oOtained or 
reali<ticaU~ app.iied to thc j<>b, t.~o::: 
the •chedule >áll ¡.,ave to be e><· 
<onded. Alte:-native.l~·, i( I!lore mee. art 

.,·ai!abie .,_.,d can be appLed to thr 
job !han Í> rec¡ulred. Ít ""' b< pos­
sible to reduce the so.'>eCule 

Master proj&c! schedule. Ftg. 6 
>h<>w> a typjcal b:tr chart master proj-, 
ect s.ehedule. Sto.njcor>:plete ciate> and 
rela~o:uhi¡>! between the \"3ciou•: 
major activi~e. ar< cxpressed "-' ~ 1 
perce.~oas• <>1 calrnda:- time to ::><· · 
<:.~atúcal oompletion. j 

Super...:npo>ed o;o the b-o.r c.!ar: are¡ 
··s·• tu'"""' for Procurement. Eng¡n=· [ 
tng. Material Deliva¡-, and Co,-.;::-~c­
tio::, which are no:r:-.all¡· coruicie.,..dl 
the hy p~ m<.a>u.."=er.: c..;.:-ves • 
fo; ;.n overn.l! proje:t Tbe rela~on·l 
ship between ti>< '"S'" e~~ ::nat6eo 
Ú>e t"e]ationsl-Jp bet~en ti> e e~¡' 
ponding activi:ie. in th~ \,a; ~-­
Wúre>.> tht bar ci:ar. ... ~0""' >peci.~o 
>ta< • ...,¿ fi nisl: da:"' ! o:- """.;,.;.:,.,., ¿,, 
·•s'" cu~ 1:0ow ,..~:..ired ratc e! 
pro.,-es> a.nd •=~!>.:!vc comple:io:.. 
at Vafi<>U> 'laf:"' of t/le pro}oo· •. 

A narrow band. 7M ú»p< ~: :.Oe 
"S" curves, :;..e;:- ,..k..:io::s;;.:;: :.o =· 
other, anC :he:: posi:oon "it': re,:-... ..: 
to .,,.eral! pmject com?ietio:. i..:.! 
"·ithi..-, a ia.irlr na:-ro"· Oand lo; :..:.: 
proJett>. ro-: e~a,-.cie. ?=c:=o::JCr.: 
Lnt.nee:i~:;. >..~ci :>.ia"rial ;)eh•·e:; 
o]] •hould Oe es.en~a.J:,. oom?ie:e •: 
:he SO ¡>erO<n: 70 p."reo;-,·. a;_¿ [J 

pereom poim•, reJ?"'"-"'Y· L::-~e '-' 
to fx: oai~eC b> s·.;,,-~n¡ co,.,,..4,::,0.c 
mu<:.'l oa.rlior !!--•"· ~~ the 30 pe:«~= 
poór.:. I\ ~:-t;· ene o! :M ''-e>• t""-'e>. 
:ooove.s •iO"rllfica::<Jy out o' j:¡ ~~•oe, 
::oe~ c:-.e .,,·e:-ali schei~l, ,_,.;n -oe ~­
fecto¿ Tne '·Y?':.a~ ~e:atio"-'~?> ¡,.... 
, ..... ,.. tnesc ··S"' ""''""' ::..•ci Uloir 
pcsi~oc. :n ,¡,e overa.ll pmjec: (Ot:::.?it· 
:io:-. p:-t>1"ÍÚ e~co];e~·. dau. ior p,... 
]:r;,ina:-y ?l•nn:~;. _..._;.., :.:,. ce.-,<-' 
he:p to chec·. lne rea.::.r:-. o: a.~y ¿,. 
taiieci plan• deveio?<=ci ¡~, a •?O"óf,c 
project. 

Orawirrg summary schedule. Fi;;. ; 
ill~strat<=> the ?l"e:l«'""tJDn oi cira .... ~ns 
•ummary !<hedule curve• >how:ng. 
érawingo '"'-"'ed and Cra"-inO' ;...ucd 
"Approved for CO!'.>\ruction'" (A.FC).• 

Com!nuoC "" l"o~~ 2011 
' 

VII. -E-1-5 
Marrh 1979 

1 



~----•• ••••-u'-Wr ,..,..vur1~:;.;. 

,00 

90 

80 

70 

' 60 
• • E 50 
o 
o 
~ • ,, 

30 

20 

" 
o 

Total construction eleCtrical 

" 30 • " 

% calendar time in constructJon 
Flf¡ • ......Conttruet~n er-'1 """'"' may too• tike tfuo. 

The major carcgori.,. o/ dnwings and 
lh01r numben. &re listed on the ltf¡. 
lland úde. The numbers of d,.,..,.,..,g¡ 
to be ltarted and Wued AFC art 

spread out acrou <he form ~­
oponding to the activity period. c:stah-. 
liohed in "<he prnject &elledule. The 
colwnn totals are <he total numben 
ro be JU.tted and isrued AFC in each 
period. From tb...,, the '"S" curv"> 
can be goenonted as illum:a.ted. 

As the project proceeds, <he actual 
number of staru :ond AI'"C ;.,,..,. u::. 
be entored and compared ag:a.irut the 

an. ThU >iulple but tffective metbod 
.elp> as.ure that ovetall drawing 
~ ;, m:úntained to meet thc 
~uin:menU of <he ptnject schedule. 

Fíg. 8 o.ho""' t.he drawing surnmary 

198 

scbedula (in heary solid line) super· 
im¡>ooed on the en¡;inecring curves for 
the dnfting di>cit-l¡nes (rderente Flg. 
2). -""= th.o.t tbe =gineerirlg di•· 
e~pline p~ cu!"Ve:5 fa!J right be· 
'-"' <he tlrawing start and draw• 
ing AFC "S" curves. Thio Íl where 
they •hould be. 

Unacc•plable curves. Fig. 8 abo 
•ho'"" unacccptable drawing '"'"""" 
iir, heary doned line) in rel.ation 10 

the draftin¡¡ diocipline progr-ess cu~. 
í"he lollowing polnU art unaccept· 
a:.,¡., 

1. The drawing ,tan cw-ve ;, too 
~ptuni<ti<. Dnwing staru ohould not 
be made tOO ""'tly and too last. Ptog· 

'!JI. ~E~l-6 

res. can.~ot be m;,;nt.,bed oincc it• 
'~"' ,....l! ahead of th< ensinecnng 
Qe....,lopmenL 

2. The drawi.ng AfC curve i> too 
late. Thi.s ;, running tOO fat behind 
thc pl.ann«< prog<=. 

3. Th= U. IDO .... ~de a pp ben.et:!l 
the drawing •tan and thc drawing 
AFC curve in the early phues. Th.is 
mean• the dtawlng-s are started and 
left !neornplcte loe too long. n,;, 
usual\y micou incllicient operation . 

4. The ond portioru of the ourv'-': 
are IDO clo,. si!owing a.~ unzafutic i 
cxpeotation Drawings cannot bel 
started an¿ iorued A."C "~thout ade­
qu•te time in be~ for tbe acrualj 
drawtng, chec.Jring, revie><· and futal...j 
izing Delon:o ÍISue 1 

5. Thc aveta<le sierpe of the dr:a".j 
f • 1 . ' tng curves rorn •tart to cnmp e<o~n u 

oli"'t from the tt:qU~'>'d <:nginetting i 
discipline progTCS> curvco.- Tn goen«.--al.! 
<he ratc of ptng!U$ tJ! the dtawing 
production has 10 be egua! to or 
peater than the ov<ra!l ~gineering 
progres; curv=.. 

The co,...ect n:olatlontbip bet"'«n ~n 
•~gineering d.isci¡>linc prngress cu:-ve 
and iu dnwing ,. ... ,., and draw'..nl' 
.\FC c~rv"'" illm:tn.ted i.sl óe irBett. 
F;n,;,ly similar ~ of curve; can 
k generated fot equiyment n:oq,.;.;. 
tions. <>utci:a>e orden, and Geliveries. 
Again," the requisiuon and ?"r&.a><: 
o:á<'< CUZ"V<:> mus' 1-.a"" a fu;«! rda: 
tion•llip, one to tbc other and o.ho 
to the progreu ol th< cn¡rineer-mg 
discipline>. 

Conalruclh:>n cuJ"Ye&. Fig. 9 ihows 
typical Gorutntcuon Cr.o.it "S" =d' 
&ll curve.. Tbe actual shape of Con-· 
"mctlO<l ""S" =d Be!! curva diffe,.., 
from thO>e of the enginecring disci· 
p!ineo. Nevert.hcl=, tbe trvenl.l con­
cept for tlleir ;>rel""""lion and appli· 
cation is tntirely similar. In a nor• 
mal project, con.stntcti011 wotk tlOW> 
through concrete, •tecl, equipmen<, 
piping and eleclrioa.l as •howr. 

Thi> typical relation.s\Up ;,~. 
the '"S" curve• lor the ,·arious Con· 
muc:ion Crafu hOldo [oc mes< ¡:roí· 
e<U lf ptngreos lor any one cralt rum 
late, then ail >uc....,ding crafl> will 
be affecu:d and will also be forced 
to run late. Plann«< manhour and 
prop-ou C<>rvc:s m~¡· be pnpa...d at 
the start oí ,¡,., project apin" whleh 
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~c•~al manho~r expen¿uure and 
pro¡;tes< acllieved t..o.n b.: ~cordeC lor 
>ehedule control and lorr<mtin~-

Plan and traclt.. Fig. JO ohows use o! 
"S" curves for romtruction planning 
and =cl.ing- In jlal the .ame """)' ;u 

there ;_, a telatoomhip botween th< 
eq~i?ment ;o.nd dn.wing curve> and 
engin~ring progress curv,., there is 
a ilici1ar relatiomhip l>tt......., the ccm· 
strucúon progre.. curve.. Construc• 
tion cannoc proceed until AFC dr.~w­
ing. and material.. a,.. ,..cetved, 

A good way of pl:a.-,ning and moni· 
toring construction prog=s ;, to plot 
the AFC dra..,ing release and equip­
ment delivel)' "S" curve.s with the tor­

respondin¡- constnocúon craft curve. 
-<><>d planning aUows an adeGuate 
..a ume b.:tween receipt of AFC 

dnowings and material and planned 
«m•tructicm progress. Therealur, if a 
record ;, maintained of the actual 

"' 

1 

1 1 1 ~'= ' r 
1 1 1 _l.--;' 1 
1 1-~- 1 1 ¡ 

AfC dra..,inr rcl<a..., and ae~ual ma· 
tonal deliv.ne., Ü i• po<oible to d•· 
termine ahea.C of ;ime whether or nO! 
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comtruttÍCn pro!;'= <;.>,~ b<: :r."-'n· 
t:.ined. 

Ftg. 10 iliustra••• a .. lection of 
only four o~-. of tllr many corutrue­
tion crafts and activi:it<. B~t it U­
a¡¡ uception:Jiy efiectivc anO .....,;¡)' 
loUowed mothocl of =cling corutr~t­
tion progre>•. A fu~ .. , oí the.e curve. 
oet out on one wall of a field p!..tuung 
office can be upda1ed l~guontly. Any 
d~viation from pl~n immediatel¡· 
shoW> up the potemial impar::r upon 
•ubsequent aetivitie:s_ 

VII. -E-1-7 

Slrnple but usalu!. The difficultH:s 
oí pla:ttt ccmtruetion toCa) dem.v:ci 
that thr m0$t appro¡>riate of thr ava.il­
otble eompreheruive opecialiud cen­
tro) syst<nu b<: u,.d_ However, do nct 
seorn the <Ímple approacil. "S" and 
Bell curva ¡;an be applied in eonjune­
ticm with any syste:r.. Their message. 
;, undrnt<><>d lrom top rn.onagrment 
to ¡unior supervision • 
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l. !."TRODI.:CTI0:-.1 

2. GE.'IERAL L._ FORMA TIO.'J 

a. Company. Po!icy 
b. Intent 
c. Respons.ibilities 

J. PROJECT SCHEDULE 

~. Proposal Phase 
b. Process Design Phase 

COST CONTROL OVERVJEV 

OUTLINE 

c. Planning/AnaJyticaJ Phase 
C. Production Design Phase 
e. Construction Phase 
f. Projeet Completion Ph.a$e 

~- COST ELE.\.\ENT.S...SYSTEMS APPLICATION 

::lpen Cos: Job 

a. Estimates 

J. Pr.oposal 
2. lnterim Conrrol Estima te (ICE) 
). l:liti&J Approved Cost Estímate (IACJ 
4. First Check E.stim¡¡te (FCE) 
j. Prod~><:tion Check Estímate (PCE) 

b. Project Control Estímate Bas~ Form 
c. Client and Pr.;,je<:t Cha;¡ges 
C. P:ojeet Con Status Re~a 

!. C!ient Report 
2. Ke!logg, Report 

Fixed Price Job 

j, 51..'.\\.\IARY 

The ¡n¡en: o! the Co:it Control S>·nem is to conteo! and monitor cost. T~e con::-~!"! 
costs . .,<:SI be acc-:>mpEshed at the working leve! •••here expenCitures are ~ein~ 
Oncurr~d. UNE PERSO ..... NEL CO.'-lTROL COST :>y (¡) per/orming :.~ei: special:;­
:-;>e:a:,;:>n "'Íthir. autJ)Q::zed cos:s and schedules (?) predicring sigrdicant changes 
~e!ore :he• occu•, anC (J) implementing changes o.~Jy u~n au:h.xiu:io-, :;,. :.~~ 
P:oje<:: .\l,;,nager. 
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There ;y e se~ecaJ ESTl~l.;, TES prep<ll"ed throughout 1~ ¡rojee:. The o:;~:.l.lity of ;.,ese 
est¡m~te~ get5 progres.s•~ely bener with job de~eJopment. 

For open cost jobs, initially a Pro.,osal Estima te is prepared, i! req~esteC: ~¡ !:"'e 
e !.len:. This 15 followed ~y the !nterim Control Estima te, !he !ir~ control es:1ma:~ 
Jor the job. A CONTROL. ESTl.\lATE establis~es the working b~dgets for 
departments. The lnterim Cotltrol Estim.l.te is replaced !ly the Init1al . .O.;:>¡:>ro,eC: Cost 
Estima te which is replaced by the Fil'$t Check Estimate, the fina.J con~rol est1mate 
for the job. Following !he Firn Check Estimate, the Produo:;tion Check Estímate 1S 
prepare(!. Th.is i.s not a eontrol estima te t>ut .m estit:\ate prepare<:! late enough ir. !he 
job to p:rovide tM most e.ccurate prediction of final job costs. 

The basis for opentional inputs to the~ estimato:s is documented on L'le PROJECT 
CONffiOL. ESTIMA TE SASIS FORM. 

Sigrli!:cant o:::hul¡:es to the c;ontrol estim~tes or the working budgets are OO<:umenteo, 
authot"ized or rejected on CL.lENT ANO PROJECT CHANGES. The inten: is to 
highllght antio:;ipated cha.nges in a mirlim<.tm amount of time so that e!feo:::ts on c<:nts 
and sc:hedules can t>e minimized and optimized-

PROJECT COST .STAnJS REPCIRTS are prepared on a periodic basis througho..:t the 
project. They pro~ido! a means of c:ontinually appraising actual anC prediCte.:;! C<lSH 
against autnorized costs. 
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lVlAl.NTENANCE 
TRENDS 

U.S. Jdin~ry maimenance costs will ÜlCJease 
abour 19% in 1981 over 19SO.In add.ition ro inf!at.ion, 
U.S. rdinery crude avaibbility C{)ntmues to c;¡use 
mamtenance problems and althou¡;h cruderons were 
down in mid-1980 and w¡Jl prohably continue iilto 
early 1981, mamtenance cosn wlil increase. U.S. 
petroche=cal maintcnanee CO'ilts will be up only 
abou1 6% in 19Sl over 1980. Befare the next big wave 
oi pet!"{lchemical expansion st.ans, possibly m late 
19SI, many u.nits are nowoper.:nn¡:at reduced capac­
iry anda number o/ older units are ¡,.,mg shut dowo 
whicb will reduce somewhat t.'!e normalmc;rease in 
m.ai.ntenance costs U.S g3s processing mo.J.meoance 
costs, on the other hand, w:ll ~e up about 35% 
bec.a.u.se of addmonal capaclty and more etbane re­
covery whJch incre.ases ma.intenmce cose;. Howeve~ 
beeause the total gas processin¡; m.amtenance costs 
are Jow relat¡ve to refinrng or petrochemiCJ..ls, the 
35% gam wlll not contribut~ S>p>.J.bc..mtly to tot.al 
U.S_ ma!rner:::mce costS. 

ÜutSide the U.S., rcluung costs wil! be up only 
:abou: 4% over 1980 and omside·L'.S. peuochemical 
mam1enance cosu wiJJ be dov.'n abou1 10%. One of 
the m:a¡or re:asons for t.':tese figures is that new ciau 
recerved L.""!c:!.itates tbe total ¡;ross investhlent lD ~otll 
rehni.n¡; :and ¡>e!l"ochemicals was somewhat les; than 
ind1cated b)-' previously available <4ta. Howeve:. 
maim=ce COSts for gas process1n1 outsidetbe U.S. 
wiU be up about55% beca use thelargegas processmg 
uc.irs in the Mlddle East th:at have come onsm:a.t:>m 
the last iew years WJ.!l now requi.re ratiler oigmD.cant 
m;1l0tenance work. 

Maintenance eXper.dirures esnmared for maun:als 
:md equ1pmenr listed m tbe table are 19El aeru.al 
costs e)!d uding mst.lllat!OD. Maint.nance labor costo 
are h1ghet th:m the cosr fornew construction bec.ause 
tile equipment mu¡;t be removed and dis.assemOled 
Mamtenance labm costs in this srudy ue ~ti.Jmted 
at 60% oi the rota] main1enance costs m HPI ph.ntS. 

M;ti.nlen.ance costs lis red m the ubles oo prece6ng 
pages ;ue b;ued oc estimated maintcr:aoce cosrs as a 
pl'lttnt of gross i.nvesc:ment. 

U.S. refining mainrenance costs ue curren ti y esti· 
mated at 5'/l% of thc gross mvescmtnt in rcfin!.ng. 
Outside·U.S_ rdinrng matntenancc cos1s :are esri· 
mated '" 4% ol the gross i.nvcstment 1n reii.ni.ng. 

U.S. petrochemical costs are esti.mated at 6% oi the 
gross iovesc:menr in perrochemic.al plants, whereas 
T.:ainrc;:¡ance coSts lor petrochem,~:al piaras out­
.ide the U.S. are estim.red :at 5'1.!% oi the ¡;r<lSS 
i.n•·esttnent. 

U.S. gas processiog p!ants are esumated at 3% oi 
the gross iovestmem, whereas outside U.S. gas pro· 
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ceu.i.ng mai.ntenance cosrs uc estimated at 3'1.!% ol 
the gross mvesc:ment. 

Solic! fuels processmgpla.nts .ue not mduded tD the 
rtamtenaoce upendaure t.ables beca use there are no 
commercial plants in the U.S. anci few outsicie tbe 
u.s. 

In U.5. rehDJ.Og, cons1derable cap¡t.al expeoci.Jrures 
will be made lll the next 5 10 6 yean <o u;>graCe óe 
bottom of the barre! intO hghter prod~.:crs. When 
rclmtr)' engincenng depanmeots a::e conceo;:-ating 
ot:maio:downstream cap¡ul expendaures, en~eCI· 
iog manpower will not be available for ex!m.og t!ltits. 
.M.o.i.ntena.nce depanments will conccr¡trate 011 equ¡p­
mem reliability ro keep eXIstiog units tn oper¡¡tiOO 
Tbe »me philosophr :applies ro L'.S. peuoche=cals 

Europeru~ refinerie5 cootinue to operare :at reC:uced 
<;.).pacity "'hlch reduces l:l.ói.l1lten:ance cos:s. They will 
foUow Amen<;.).'s lead 10 coovenrng the¡r íuel oil 
onentd reh.neries UltO hght ends rehne;,es 

Considerable aneotion will be ¡pveo to trauu.ng 
maintenance engm.eers md craftsmen in better lech· 
niques for pump and dnver dignment. Because con· 
siderablc dlo:-t has been made in recen¡ y=~ to 
u¡¡¡;ude alignmenr merhods for compressors •nd 
dnvers, mai.ntenance costs on these llerrls ~re drop­
¡¡io¡. Howeve¡. pump maunenance cost; 3IC 3 w 4 
umes as m u eh as compressor lllaUltenance costs :¡¡¡d 
we can expect to see ma)or atttotlon g¡ve::1 10 reduc· 
ing pl!lllp.maiotenaoce cosls while mcrusing over.all 
plan1 reli:abilit}·. 

As eoergy costs contioue to climb, worldwide 
refioery and peuochemic.al operation; will be sub­
jeeted ro greater and greater ¡¡ressure' by mo.nage· 
ment to reduce tn~:Ig)' costS. Much of this efíort will 
be borne by the m:aimenance depanments be<:¡~use 
they must retroht CXIsti.ng process units ro achleve 
encrg-;· reductions. };ew and 1mproved rech.niqueo for 
insulatmg proce.os h<;.).ttro will be tried o.n a sc.ale 
neve: before a<rempted. lmproved he•t uan;fer in 
cxcha.ngers will be studied exreos¡veJy. 



' 

Probo>bly ~he mo>t im;:on~m development in 
ma;otcnaoce will be the mstalbtion of micro­
processors to monitor many ruare \rariables t~ was 
previously po$Sib!e. rn addltion ro su.ndard tempera· 
rure, pressure and flow conditions normally moni· 
tOred by the process operaton, m¡croprocessors c.o.n 
monaor v1bration levels in all rotaung equtpment or 
cenaio]y in critir.,:ll m...clu."ln :u well u corrosioo 
rates, flue gas condit10ns, ai:r coo]er and cooling water 
qua.liry. 

In the U.S., r.here Í.l a dcfmite trend tow:ud govem­
mcnt regulations requiring zero dischuge"from cool­
in& <owers. This wil! be accomplisb.ed by lncre;sing 
the solids concentrations in recirculatiog cool.i.ng 
tower waters subsuntu.lly o•~r wh~t it would nor­
ma.lly be With blowdown. Some of the coo!mg water 
will be d¡vened toa hallk of ccntnfUges 10 conten· 
trate the so!ids removmg all waiiir which will be 
recircula<ed ba~k to the coohilg tOwet M.ainteru.nce 
depamnen<s will be faced W:ith a subsuntial work 
load m mamtaining a zero dlScharge cooli..ng wate:r 
system, but microprocessors coupled with appro­
pnate sensing i.nstrumentation will make the iob 
t=nageable_ ·h 

' MAINTENANCE ~ROBLEMS 

"' Burel-type compressors are being used to an 
mcre.ased extenr bec.au$t the tarrd design confi.nes 
gases more effecnvely than hom:ontally·splir cases. 
Howeve~ banel·type ma<:hines must be removed 
from theii foun.Unons for tmal matntenance. Sorne 
oí these compressors weigh up te JO tons w.b.ich 
presmts a field and shop protlem- In adcinion, the 
barrel·type compressor consisrs of" bundle con· 
tamed wtthin the pressure walls oi the barrd m.aking 
ilignment anci posinve pomionmg diilicult. 

TI)ung pad-type thrust bear.n¡;s are u~~ed in most 
!arge pieces o! rotating equipment. Levelingplates tn 
this type beanng present majar problems m deter· 

rnining the ;mount of wear on the leveling pbtes. 
Althoug.h the leveling plates are normally surbce 
hardened a lew mils deep, wea::- ts a majar problem 
that could be \mproved with new thnut bearbg 

'de"gns. 

Manufacturer's instruction bookJ are often 
iiudequate for matntenance requiiemen~. Many 
process piaras ;ue wrinng thtl! own mamten.o.nce 
gwdes for the mechanit. usiog35mm slide. illustru· 
i.ng the deuils of compressor and pump repai¡ ' . Pu.mp problerns connnue tO be che ma¡or source o! 
mainten:o.nce repaus in process plan~. One of the 
reasons is that there are simp!y too many pumps u::~ 
proce~~s plant to apply sophlstu:.ated V!branon mom· 
toring methods as has become common place wnh 
expensive, large compre.sors. Howeve~ a new tecb· 
niqu~ using high frequcncy acousuc surve!l.l..wce is 
bem~ used su<:cessfully to derect a fl~w or l:JCipiettt 
faihae that could Jead to complete fallure a few d.ays 
or weeks latei Equipment ra.nge:s from a relatively 
inexpenstve penable monitor to a computen::d 
incipient fa¡)ure deto:ction (tfD) system tbat c:o.n be 
jusufted lar large mvesrment·intensive pl:o.nt>. 

Coupling problems continue even though the CU:· 
rcnt gener.auon of .analysis equi.p::nent, mdudrng re;l 
time specmtm analyzers and shalt orbtt display¡, 
provides a betrer understanding oi tbe sourees 01 cou· 
pling vibration.Most coupli.ng problems cause vibra·. 
tion be~use of a reduced·abihty to compensate lo: 
misalig::¡.ment. Al; dnvers become large~ coupling 
problems w¡Jl probably in~rease, requu-.ng a better 
interpretation of Vtbrnion ciara proVtded by " new 

. generation of analys1S equ.ipment. 

Pump sea] iailures .are prob a't>l y i:le numbe: l c.n:se 
of pump repair. FaiJures can usually be rraced ro 
improper seal seleeuon, pump a¡>plicanon or =· 
proper operauon. To increase pumpreliabih ty; tbcse 
arcas w¡Jl receive considerable atttntlon in iun:re 
years by the mainten..o.nce deparn:nent. 

UTTT _A_1_? 
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DESIGN TRENDS 

INSTRUMENTATION 

lnsrru.ment.nion cominues its rapid growth in the 
HPI as technological improvements conúnue and 
oore plamsue ]e;unin¡; to imple:nent advanced con· 
no]. Government resmctions ar~ ~!so pro~iding 
meen ti ves for new applie<~tions in the aru:; of pollu· 
rion and soaftty monJtonng/COntrol. Machinery sur· 
veillance sysrcms are gro"ing m sophisncation, 
provi.ding microproccssor·generated data lllterpreta· 
tino .wd enhanccd c..thode-ray tt.b. (CRT) d.ispbys. 
New tCs! insuuments ar~ simplifytng elecuonic 
mainrcnance and aidmg cquipmer.r inspections. 

Engineers are husy learnmg w apply the new 
m.icroproceUor·based distribut al conuol systems m· 
uoduccd in 1980. Ncw desi¡:ns will concentz¡¡te on 
UDproving CRT display c.apabilities. A slgnilic:.ont 
nend as a result of disrnbured contrOl is gre.ater ap­
plication of diiect d.tgitil control (DDCI. In DDC, 
microprocessors periorm conuol calculations a.nd 
~eod s1gnals d.trecdy to cootJol valves. A few yun; 
ago, dign.al control was al.most entirely su~rviS<.lry 
with computers sending comrolpcmts toanalo¿; con· 
trollers whlch ~rformed the actual COntrol func· 
tinos. lDc~sed rchabiliry of di.Stnbuted control is 
!IlO.kin.¡ this poss¡b]e. • 

Demand for process comrollers will illcre.ue ahout 
15% in 19Sl. Digu..al control!erdemaod wll]mcrease 
abour 20% wlule dema.nd fot pneumatic analog con· 
trollecswill decre.aseby about JO%. Ekcaonicanalog 
conrroller shlpments will remam about const.o.nt. 

Most new insuuments introduceC in !981 will be 
:malyncal. lncreased eiiorts to lilljHove process eff¡­
ciencies and morutor/comrol pollution m S¡l::e ol 
lower qua!ity ieeds W1Jl creare the dem;;nd. A few 
manufacturen now offer on·line oct;;ne, boiling 
p010: a.nd BTU monnors, and til~tr numbers will 
m crease in 19SI. Other analyun; norm.ally associated 
WJ.th <he Jaboratory wlil be av--..llable ior flcld use. 
Availabiliry of "smgle package" anai}"Zers íor mow· 
1oring gro:ater numbers of componems, particulatly 
for pollution monitonng. will also increase, Ano· 
l)o'Zers mcorpor:ltmg laset t~chnology for multipk 
comp<;JD.~nt analysiS ;u-e also under development. 

D~ta deljuis¡tion equipment manuherur~rs will 
have another good yo:ar in 1981 as enginee:rs probe 
deeper llltO proeesses. More f1ber optic multiplexing 
and dat.o acquismon systems willlx avai!able ofier· 
ing more data transmission per <able and no1se 
unmunity. 

Transmi:te" will also rece1~e advanced des1¡;n 
ttention in 1981. More produces w¡ll be available 

.. ·ith electronics to compenute for non-hnear 
calibrHJOn curves and perform square root and 
tempeuture/pressure com~n,.tiOr> calcubtions. 
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Tl:.is revolution in illstrumemauon is changrng tht 
way processes and control systems are designed. Tne 
resulting: change m engineering responsibilities and 
reqwrecf knowledge cannot be overemphasued. ln· 
strUmen!<ltioo must no"' be considered very early 
in process design. Process engine.:rs are being encour· 
aged to look lor illsuumen1atioo solutiono ro process 
problems. Therefore, process engineers must keep up 
10 date with illsuurnen¡¡¡noo devdopments a.nd will 
h.ove an mcreasing influence in instrument selecuon. 
lnsuument l:'!lgineers must fatill]jmze themselves 
"'ith HPI proct:sses 10 help detel'!llllle which vana bies 
should be contrnlled and the best way todo it_ ln· 
cre.ased illtegrauon of these 2 engmeenng disciplines 
wiiJ be requirel in J98l. 

ROTATING EQUIPMENT 

Eff>CJency and reliabiliry are the do=ant /orces 
in rotatl.ng equ¡pment design. These goals wiiJ be 
accomphshed both by improved Irl.llciunery des>¡;¡¡ 
anó gro:ater us. of more adv;ooced mstnJ.Illent.atJon lor 
moni1oring and conaol. Cuneo• cesigr¡ and spec1· 
fication trends m elude a slight increase L., the use of 
luge reclprOcating compressors because ol l:u,;!¡er 
proceas pnssures. t-;ew capacity conaols a.re aJso 
mcorporatcd to permit comprcssion of ocly toe 
rcqwred deromd by these units. 

Ci:ntrifugal umts, however, eontinue to Com.itlate 
thc HPI coropressor a.nd pump mo.rket. Tnese llllits 
ue also going through design cho..n~es to improve 
efficieney. These include tighrer clcarances and 
smoother pass~ge~. As a resu!t, theywill be avail.able 
Ill smaller sizes than they are at tbe pres.ent. 

Gas rurbme d;iver manuiacrurers wil! be lool<int 
in-.o core exotic ma1erials 10 increase eff>eiency and 
provide more power rccovcry applic.a:~o:¡,s. Power 
:e.:overy, in putlcular; usudly mvolves severe ~~r· 
vice condiuons witb mater.als bei~~.g the h.mning 
!actor. c., rurbflle r:~.anuiacrurers have dso begw¡ 
StUdies on the effects of usmg synthetic fueb. 

Specification pr;;ctices for turbo·m.chinery 
mcreasingly emphasLZe efficiency. Mechani-.al, m· 
saument.atioo, el~ctrical •md process Cllglneen; are 
being encow-aged towork more d0$dyto lllSUJe tbot 
rurOO.mach>nery lS better roatched to the process. 
Specrf>t.allon " a rrade oíí berwcen mim=ing 
rnergy losses from o\'erst:lng anci bottlenecks from 
uodersiz.tns. 

El cctm motor manufacrurers continue 10 1mprove 
the elficieocy oí their designs through better insula· 
tion and core materials. Soon almOst all manubcnu· 
ers will o/fer "h1gh efficiency" desi¡:ns. 

New •dvanced instrumentouon ior madunery 
monitoring and control will be muoduced !!1 19Sl. 
Microprocessor·based surge control systems are 
being developed which ecable compressor control 
closer ¡o surge lim!ts. The number o/ manuiacturen 
offering electron1c variable speed motor dnves will 
increase. These can offe1 Slgwficant saVi.ngs by m.ini· 
mizing energy loss. 



The use of new monitoru¡¡¡: equipment is greatiy 
increasing machmery avail.abi.ury. Acoustic monitor· 
ing devices can prcdict pump and motor beanu¡¡: 
fa.i.lures, as well as othtr poss¡b]e problems, by ail.:l· 
1 yzu¡g high frcquency sounds. Flaw ~ndi tiona cm be 
detected long beíore vibratJOn and d¡splacemeot 
moruton indic.ate a problem. V¡bution specm= 
a..n..;lyzers WI.!I be ava.ilable w!lh enhanccd gra)lh:c:s 
and computat.Lon.al abilities. Some a.l.ro:.ady provide 
3-d.imeD.SlOn.al re.adouu ro a.id vibration ano.! ys¡s and 
balancmg. Coounuous !ube oil an..alyzen to detect 
we,¡; pamclu in oil ve bcCOI:Ilin.g les~ el<'¡ICmlive and 
more relia.ble. · 

STATIONARY EQVIPMENT 
Heat exchangers will ptoba.bly see gn:ater demand 

rh.&n most statiooary equiprr.eor m 1981. 1\:ew m.<e­
rials aod more efúc•ent designs are increasing 
the airead y long list oí heat recovery applic.:mo:u.. 
Tax credits for these projects prOVJdc addinona.l 
mcennve. 

Furnaces and boilers wi!l <:entm~>e to bcodlt from 
new eqwpment development New bumer designs 
offering grca.ter efficiency, less ;>Ollutioo a:¡d the 
ability tO burn a greater variery of fuels are being 
innod..,ced. New cheiD..lcal ann.íoulams, corrosion in· 
hibitors and d.Jspening ageots will also be used 10 a 
greater extcot 10 1981. Fl wd.Jzed bcd combunioo JYS· 
tems will be available from more manuiacturers. 

New coouol systems incorporanng s~<~ck g3s zoa.. 
ly¡:ers aod electrorucs to perlorm efüciency calcula· 
tions willlower fue! requirements, prOVlde pnmouts 
lor govemrocnt compliaoci purposes and distribute 
htat load ro the more ellicient boilcrsand furuaces.In 
mulnple boiler aod fuma ce insto.!lauons, e/ÓcJCot 
load sha.ring can save large ~mounts of fue!. 

MATERIALS 
In relinery crude lW.Ít vatul:.Ol rowen, 1'ype 410 

stain..less steel cladd.Jng is co=onlY uso::l but tbere 
was a recem report th.a~ crac!L'; o~curred 10 the dad· 

di.ng o/ ene towee A caution has been issue<:i th.at Tr.>e 
410 sta.inless stee! cladding should not be used ú 
inclus¡oos of alu.minu.m or titaniu.m occur in tbe 
c!addJng because thrs material will suifer S65'F 
embrittlement. 

In rehnery ptouss vesse)s where hycirogeo bliscec· 
mg is known to occu~ such as high preSSW"e se~a· 
rators and mtermed.íate separatnrs wn.1 hJgh part:ai 
pressures of hyd.rogeo, dual·pha.se corrosion i.J::.b..ib:· 
tors are beeo=g popular aod are suc:essiul in col'.· 
uolling hydrogen blistering. 

For non·hydrogen serv:u.:e at J.()(}()"F, 'llOSt meoa.l· 
Jw:¡psts today would select {;\;"_625 ova Type 3'-1 ,_: 
tbere were a choice between the rwo for o pressu;e 
vessel material. Although it has been est\::O:Oteó. 
that L'\1 625 costs about 30% more tha.n Type 321, 
the as-íabricated costs should be a.bouc the saroe 
although delivery may be a probleJJ:>. 

Refioery iumaces are frequently insubted witb 
casu.ble refractones. TOday, Sta.tnless sreel needl"s 
are added 10 ca.scable reiractories íor str.:ogtb a;¡d 
erosion reS!Stance. The tnajor failures reponed have 
been e o. u sed by poor a.pplt~anon rather than maten-.! 
fa.tlures. Coouactors a.re being ca.utioned th.at a ciú· 
fereo< techruque is required for gunned apphca.Uoos 
of oee<.!le·rcinforeed refractory thao is used wtth 
standard castable refractones. 

Widl chan¡jngprocess condiuons, refioersare con· 
cemed that the m.,enals of eoostroction useC ..... .,th 
the ptocess eqwpmem h.ave a s.:úe remairu..ng lile. 
Soplusticated compute! programs are bcing in•taUed 
ro digest onstream mspeerioo dau. .m.d cakulne the 
corroston ra.re and remain.ing life. Impection dato 
are collected using cortOillOil probes and hyd:ogeo 
probes. Also, oostream ultrasoruc inspectioo data as 
well as x-ray are cnllected and fed tO tbe computet 
Previously, all this dato w.o.s coilected :md mo.lyzed 
manually which oot only tncreased m.anpower but 
reduced the number of in.spectioc pomts possible 
th.roughout the process wtits. 
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TOTAL WORLD HPI OPERATING 
EXPENDITURES FOR 1977-81 

$667,000,000,000 TOTAL WORLD HPI 
OPERATING EXPENDITURES IN 1981 

Sector u.s. . O.U.S.. Total 

Aeflning $133,750,000,000 S401,2So.ooo.ooo ss~s.ooo.aoo.ooo· 

Petrochemicals S 34,62o,ooo.ooo S 86,380,000,000 512",,000,000,000 

Gas Processing $ 3,330,000,000 S 7,670,000.000 S 11 ,OOO,OOO,OOiJ 
• r Totals S171 ,7oo;ooo,ooo $495,300,000,000 $667,000,000,000 
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ENERGY 
REQUIREMENTS 
FORTHEHPI 

According to "U.S. Energy Outlook," p11bhshcd by 
Enon In Dcccmbcr, 1979, r.he demaod for energy in 
the Un.ited S tates will be 40 million b.:m<:l:l per da y of 
o>.l equivalen! in 1981. Convening lbs ro eJJergy 
terms, the U.S. wi!l require !7.7 Ql.lads lq~dnllion 
BTU or 1015 Bnlj. 1be dcpam:cent of energy esti­
mares !.ho.t 35% oí ¿j¡ U.S. eL.ergy cequ¡rcmcou are 
consumed by indusuy aod we estim•te th.l.t 25% of 
all industrial eoexgy will be rcqW=! by tbe HPI in 
1981. Exxoo esnmates that U.S. energy requiremeots 
will grow-l.J% pcr ~ durln$ tbe nen 10 ycan. 
Although the U.S. growth rate m encrgy demand is 
lower than any othcr ind•Jst!Ui azea oi thc world, 
it is also thc highest single ene.-gy consu:ning uell, 
currendy accounting lor 41% of the world's energy 
demand. 'axxoo estimatts th.ot tbe U.S. will require 
only 33% of the tot.al world energy dema:::d by 1990 
be c .. use of Anlenca'! rdatlvcl¡• slow eoergy det~Lll.Ild 
growth rate in thc 'SOs. 

Tbe HP! will continue iu effort ro reduce enagy 
consumption by mother 15% ~een l980a.nd.l91i5 
which will be in add.Jtion ro eh<' 20% reducnon 
ilieady achieved over 1972 encrgy consumpnou 
ratcs. In th e last pan oi thi.s decade, 1t 15 quite possi· 
ble that HPI com¡la.nics will CO!lVtrt prote$S heatel"$ 
a.nd power boUers to coa! firiog insre.d of oil .or gas 
ftnng. Oil will then be upg::aded into more valuablc 
li¡;ht matcrials for tra.nsponation and rcsideotial­
commcrcial bu.ilómg hemn¡;. By thar tulle, Cc.ll.l will 
be relatively lnexpcns¡ ve lS a fue] source for the l:u-ge 
cnergy requiremenrs oi the HPL 

Maíor cffom will be made by individual process 
plants ro operate Ul the m os. economical energy con· 
scrvation mode. Microprocessors ami ccmputers w' JI 
be used as lnliÍOr rools iD reducrng rotal energy con­
sumptioo withW a plant beca use they .>id ~m! o¡>c:r· 
arors in main~g an opnruum eoergy b.o.Iance.ln 
additioo, we -willprobab]y sce cooversioos of clectric 
morordnves ro v..n.hlcfrequencycootro! which will 
allow pumps ro oper:ne at optinlum spced for bctter 
energy cfficiency. 

Process he.ters and boilers will ~rate very OeJII 
stoichiometric conditiOD.li with muc.b lcss U<;e$ air 
beeause microprocenors will cons:antly morlitor the 
hring conditions io heaters and boilers to prevent the 
accunJularion of explosive lll.Utures. More insulla· 
non oí air prehcatcrs ro reduce fue! coosumptioo can 
be expectcd along with other heat recovery in the 
form of steam from suck gases. Maior effons row:u-ds 
complete sea.li.ng of heaters aod boilers will be made 
to preven¡ o.ir !eaks which reduce cfficieocy. lm· 
proved bumers will be iostalled for optimUIII heat 
d¡smburion within thc furnace aud baile~ 

----~ 

ENERGY REQUIREMENTS 
FOR THE HPI IN THE U.S. 

OUAOS (BTU x 10'5) 

1981 
REFINING 
Purct\ased Electriclty .... 0-29 
Purehased Fuel , ...... - .. 1.s·, 
lntemai Fuol ............. 1.69 

TOTAL ...........•.. -. J. S 

PETROCHEMJCALS 
Purclulsed Eleclricny ...... 0-27 
PurCilased Fuel .......... 2.23 

TOTAL . .. . . .. . . . 2.5 

GAS PROCESSING-
NGILNGISNG 

Purchased Electncrry .. 
Purchased Fuel 

. . 0.008 
0.07 

Interna! Fuel .... 
TOTAL 

. 0.67 
...... 0.75 

TOTAL HPI .............. 6.8 
% OF ALL U.$. 

INOUSTRY ENERGY .... 25% 

1986 

..... 0.28 
. 1 58 

..... 1.86 

..... 3.72 

..... 026 
.. 2.32 

' .. 2.6 

..... 0.006 
. . 0.067 

' .. 0.68 
-. 0.76 

.. 7.1 

. 23.5% 

. The table accompanyiog thedescnption illustrares 
the various iorms of eoergy rcquued io e.ch oi 6e 
~e seg:menrs of thc HPI. Enerpf requuemcors ior 
che salid fuels processio' Jndustry are oot l.llcludeC 
becausc the iodll:lltry will be io the de::nonstranon 
pbnt stage dunng 1981 and sutÍ1ciem dota :u-e nO: 
owo.ilable on the act\l$1. co=crc:al seale p]ants pro· 
posed. Purchased fuel1s the highest energy reqll!re· 
meot for perrochemic.als and is also high for rte re~­
mg rndustry; howeve:_ reboenes ~e aille ro use ~­
consideraillc amounr of iot~mally-generared fue] 
which is not a s;Ucable product io the fuels ma:kc: 
oor usefu! as a feedsto<:k ro peuo;:bcmicals. 
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rtt'l unKATING COSTS SURGE AHEAD 
The composite price of U.S. c.rode oiJ h s]owly 

moving toward th~ world price and OPEC is likely 
to raise crude prices in J9Sl. The change to coa! for 
power generatioo l.n the U.S. from natural gas or fucl 
oil will oot be signili=t lD J9Bl, which will c.au&o 
elect.nc power cosu tO increase subsuntially. OPEC 
crude pnce incre.ases will ha ve the >4.me efi ect oo Hl'l 
feedstocks, .Jectricity ami fue] cosu outside the 
U .S. Wcddwide infiatioo adds ro these costs, which 
sil:llply meuJ.S that the cost oi fuels :md petrochetni· 
<.:.ah wil.l be passed a]oog to tile consumet 

Curr~tly, we estUnate that wor!dwide operning 
costs, uclustve o[ bbor co:;ts and cap1tal deprecla· 
r.ioo, for the HPI wtll ,o.m.ount to about $667 billioo. 
lD tbe U.S. data ;uc n•ai]ab]e ro malee a more precise 
estun.ue and operatmg costs are Ehowo m T2ble L 

Outside the Uoited St<~tes, opcratin¡ wsts for tbe 
~Citen> S tou.l about $401 billtOn forrefmeries, $86 
bil!ion for petrochemical pl:ants and SS billioolor gas 
p:oces~ pluts. 

Data on p:a~ 29 g¡ves more detalled estimltes ior 
1981 operatil:Ji e~dltwCs for c.'lem.icals and C.O.Ul· 
l)'l;tS used in the HPJ, putlCu.lUIY~sthey:apply 10 the 
United St:ates. 

h the U.S., upendJtures ior chem.i~s and t.al4l· 
])'sts will toul ~]most SS billion in HPJ opeuuons. 
Ouuide thc U.S., spcnding for chemtc:a]s aoC 
cat:alysts should total about Sll billlon. A putial 
listing of U. S. chemical &.nd cata! yst ex:peodiru.rcs for 
$Cgments of tbc HPilS shoWil m t:abular fcrm. 

TABLE 1 
1981 HPI OPERATING COSTS IN THE UNITEO STATES 

!lem 
C<Vde O~ & l:'ltermediates .. -
Eieerri~•ty & Fuels ... , .. 
ChemocaJs & Cata!ysts .•.... 
Corolainers & Packag•ng ......... . 

Re11nlt19 
S122.000,000,00D 

9.400,000,000 
1 .aso.ooo.ooo 

270,000,000 
'230,000,000 Mi&eeiJaneous . . . . . . . . . . . . . . . . . • 

Petroehemica!s 
... ,,$ 24,000,000.00U 

6,700,000,000 
3,000,000,000 

650,000.000 
270,000.000 

Gas Processlng 

.... S 1,100,000,000 
2,000,000,000 

90,000,000 
63,000,000 
n.ooo.ooo 

Total& •. ...... $133,7SO,OOO,DOO .... S 34,620,000,000 ... S 3,330,000,000 

PETROCHEMICAL FEEDSTOCKS AND 
INTERMEDIATES 

A smprismg]y he:n'Y pereent:a¡;e ol petrocht!Ili~ 
feedstocks and mte':m«hates is availoble on the cpen 
mArket- about 45%. Expendnurcs for these leed· 
srocks and intermediares toul about Sl4 hillion for 
the U.S.A. and about S 53 billioo ior the rest of the 
world. 

The sale of al] these eommodities to th~ HPl fol­
Jcws th~ same pattem. No HPl buyer has less clan 
3 souxces of supply and usu:ally has 4. Also, about 
70·80% of the busmess lor these st~ple:; is fai:ly w~ll 
apportion~d :amoog the suppliers, Wlth litlle prospect 
of eba.nge in r.his pattem that exists berween the 
vu:ious suppliers. This is pnmarily beca use the pnee 
ni these items depends so much on transponauon 

ts. 
rlowevCI; the remainwg 20-30% is very eompcn· 

ti ve and acnvely fought over by all of the ma)or SliP· 

pliers. Advancing from No . .: supplier wah JO% ofan 
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2CO:.Oilnt'o busrness toNo 1 u.:ppl.ier wtth SO% oí the 
bustn~S> can be proftt.:able, indeed! Bec:.use ;.nce anC: 
deJ.¡very ue I.Diporta:lt, the purchasing ageot ilas to 
be scld beca use he funwons as an expedne:to On the 
other l:!4nd, techni::al sen-ice, qualiry and dei!Very 
are extreme] y liDporunt to those who will use these 
items in the manufacture of their fuel, ¡>etrochemi~ 
and lubc products. Any failure to cover thesc people 
con be very costly to ynu. 

For your guitance in adverttsi.ng and sdling these 
CODIJllod.itleS to theHPI, a breakdown oithesepeople 
by iob fuoction aod buying mf\uence for 8 cheiOJcal 
and r2w m:atenal classúicanons is piesented on p.age 
39. This chart shows that the Technic.al Serv:ice, 
O~ating and Researeb Depanments ar~ extreme] y 
i.rnporuot m th e selection oi suppliers lm these com­
mociJties and, we repe.at, any b.i.lure to eover the$e 
pt<Jple can be very costly 10 you. 
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CHEMICAL CONSUMPTION BY U.S. 
REFINERIES -1981 ESTIMATE 

J1ema 

Addltl~n 

Lead Anti<iloek 

Mllllons o1 

""'"" 
....................... S .., 

Ol!>ars tor Moler Fuals...... . . .. .. . 200 
Fcr !J.Jbricant Products .. .. .. .. .. . .. .. .. ' 350 
For Oltler Prt>Cuas ....... . 
For Processmg. Water Sida ............ . 
For ?rocesslng. Dil Slda ............ . 

Solld C..bllyaC. 

<00 

" "' 
Cl.taiyu¡; Cracking .............. , ..... , 1 90 
Catalyti<: Relom>ing • .. . . .. .. . . . • .. .. . . 70 
HydrotrNilng . .. .. . .. . .. . . .. .. • • . . .. . . 70 
Hydrocrack1ng. . . . .. . . .. .. .. .. . .. .. .. . . 20 

"" ... Sulluric Aeld · .......................... . 
c.wsnc .............................. . 
Mlsoellaneous ........................ . 

'"' ., 
"" 

lbtllt ... , ............................. S1.85Q 

CHEMICAL CONSUMPTION BY U.S. 
ANO O.U.S. GAS PROCESSING 

PLANTS- 1981 ESTIMATE 

MIUions ol Oolllllil 
JTEMS u.s. o.u.s. Total 

. .S20.0 .. . $20.2 .. $ 40 2 
16.9 .. 16 6 .. 33.5 
6.5 .. 6.2 .. 12.7 

AC11V81ed AIUmioa 
Sod1um Hydroxóde 
Amines .......... 
Copper Chlonde 

Sweetening .... . 5.0 ... 5.0 . . 10.0 
Glyeois ....... , ... 12.5 ... , 2.5 '25.0 
Sieva .......... .. <.9 . . . '·' . 9.5 
Water Trea110g 
~~ ..... . 5.5 . . . ,, . . 10.9 

Otfler"ll"eanng 
CllamicaJs .... . 5 .• . . . 5.9 

. . . 13.7 
Total .......... . 78.1 . .. ,_, . . 155.5 

Leed Anbknocl< 
Compounds . • • . . 3.2 . . . 3.5 . . 6.7 

Mercaptans . .. . . . . 1.4 . . 1.4 . . 2.8 
Kerosenes . . . . . . . . 1.3 . . . 1.3 . . 2.5 
Absorpt1on Oil.s .•• , 2.2 ... 2.5 . . 4.7 
LubeOfls ......... 1.6 ... 1.9 .. 3A 
Me!tlenol .. .. .. .. .. 2.2 . .. 2.3 .. 4.5 

Total ........... 11.9 ... 12.8 .. 2•t7 
Grand Total .... ,$90.0 ... $902 .. $180.2 

PETROCHEMICAL RECUIREMENTS FOR SELECTED CATALYSTS 
(1981 ESTIMATED) 

Synthesis Gas Preparallon 
(NH3, CH30H, ele.) 

u.s.A. 
MMLbs $MM 

Western Europe 
MM Lbs SMM 

J.ap;m 
MM lbS S MM 

Pretreatment ................ 1.72 .... S 2.1 ..... 1.75 ... S 2.5 ..... 0.56 .... S 0.7 
Re10rm1ng ................... 60.30 ...... 17.1 ..... 65.00 ..... 18.4 ..... 18.30 . . . . 5.0 
ShlftConversion ............. 10.10 ...... 16.8 ..... 10.60 ..... 18.0 .... 2.91 ... 2.4 
Methanallon ................. 0.85 ...... 2.5 ..... 0.85 ..... 6.1 ..... 0.23 ..... 0.7 

Ammonia Synltlesis .. .. .. .. .. .. 4.00...... 5.2. .. .. 3.30 . .. .. 5.6 .. .. 0.84 .. . . 1.4 
Methanol Syntfles<s 

H•·Pressure ................. 0.06 .... .. 0.2 ..... 0.05 . .. . 02 . . . 0.02 . .. 0., 
Lo-Pressure...... . . . . . . . . . . . 0.13 ..... . 0.5 . . . . . 0.13 . . M . .. . . 0"' .. .. 0.02 

, Butadiene ..................... 0.21 .... . 
Styrene . . . . . . . . . . . .. . . . . . . . . . . 3. 70 ..... . 
Ethylene OKide ................ 3.38 ..... . 

0.5 . . . - . . . . - . .. . - ... -
5.< . . . . . 3.00 . . 52 . . . . 1.53 ... 25 

27.9 . . . . 2.33 . . . .. 19.1 ...... 08.2 . .... 5.8 
Acrylonllf!le . . . . . . . . • . . . . . . . . . . 1.95 ..... . 
Vinyl Chloride Monomer......... 0.57 .....• 

13.9 .. . .. 2.87 .... 205 .. .. . 1.65 .. 11.8 
>.5 ..... 0.89 .... '-' . .. . 0.41 ..... '2 

Polyvinyl Cflloride .............. 3.79 .... .. "' .. . .. 5.60 .... 3<5 . . . . . 2.13 .. . . 13.2 
Polystrene .. • .. .. .. .. .. .. .. .. . 1.85 .... .. 2.3 ..... 2.03 .... ... . . . 0.68 .... '.5 
Polyet~eoe (l.D end HD) 

Olcldes ...................... 0.43 .... .. 1.3 .... 0.57 ..... 1.7. . .. 0.18 .. ... 05 
Pero.OOes... . . . . . . . . . . . . . . . . 6.98 ..... . 23.2 . . . . . 9.30 ..... 309 . . . . . 2.95 .. ... 95 

Metal Alkyts (Merchant and 
Captwe) .............. : .. . 25.2ll ...... 69.7 ..... 33.50 ..... 92.9 ..... 10.50 ..... 28.9 

Polypropylene (TICI3 only)....... 3.90. . .. . . 21.9 . . . . . 4.10 . . . . . 22.9..... 2.60 . . . . . 14.7 

Total S MM $236.6 $2852 $101.22 
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Hl'I 
ENVIRONMENTAL 
MANAGEMENT 

Worldwide HPI eoviromnent~ spending will total 
more than $6.9 billioo m 19111, down silghtly from 
S7.1 bilhon in 1980. A "'gniD~nt change f10m l980is , 
in the category"Land and Other" ITable 1) -up 2B% 
for the U.S. peuochemical indusny as it atrempts to 
respond to the demands of ]eg¡sl:ation- especialiy 
the Resource Conservauon and Recovery Act 
(RCRAj. 

Thble 2 shows where the mooey will be spmt, 
along with addJ.tional money gomg liiiO environmCD­
ul controls for processing equtpment. C..t cracking. 
for ex.amplc, will incur costs o.mountin.g tO about 
JO% oi the totlll speot. Other ue.as, and thc percen· 
u.ge of tbeiz expeodirures allocated to environmen­
til, include: scacks !lü-701; fiare g.as recovery (75); 
liare system ISO)¡ new floating roof tanks [201; 
hydrocracking llD-30); regenerative caustic systems 
with sWiur recovery I25L suliuric acid IJS): cooling 
tower (501; sour stripper:s .md/or oltifuers fSO). 

Among industnes, the U.S. HPI r.mks fint in EM 
investment. says the U.S. Departrnent oi Commw:e: 
Sorne 106 penochem..ic..al comp.mies reponed thar by 
·"""lld·l979 rhey ha e! spent $3.36 billion- i.n a S·yur 

nod- on new pollution control facilities: (And 
,,ey are speoding 5.350 million a yur ro ID..liot"-Ul and 
operare these facilities). The corolla.ry ógure for rchn· 
ers '" Sl.96 billio.n. 

As more demand.Ing regulations emerge, the co!t of 
cornplance rises exponentially. In the U.S., the 
eXpcnditures levcl inere.ased dramatic..a!ly <Jter 1977 
1n response ro the more stringenr requirementsof <he 

• 

Cle.an Air and Cle.an Water Acts en..cred that yc.u · 
CheiDic..al M.o.nufacturer. Assocution (CMAI esti· 
mates thar another $3.5 bill.ion will b.. spcllt by pet• 
rochemical manufacturen between 1980 and 1985. 
Refinen and nuUiótl gas ptoc;esson will spend about 
S3 billion ID the sa.me period. tf pi(lposed new regula· 
oons from EPA go unchallenged, this tllp!tal COSt 
estimare increases 57%! 

The petroche=c..al indusrry .o.cwunts for 12.5% of 
o.lJ U.S. pollution control cxpenditures. Refmin¡ and 
n.arurótl gas segments of the HPJ account for abaur 
10%. And e.ach dallar of ¡ovestment for pollution 
control ad~ 2Jc ro annu;¡J operning and ~te· 
nance cos!ll, according to CMA. 

f<:lr sorne cornpan.ies, rhc percent¡¡ge oí capital 
expenditlltes devoted ro EM Cói.JJ run highez than 
20%. DuPont, for e::u.mplc, esum.ates that u .,.ilJ 
Spclld Sl billion through 1985 for new plant, "--!d that 
33% of thls money wilJ be /or nvezall envuonmentai 
regulations. The comp"--!y ins~lleci Sl7 millio:::t 
wonh of emisstons contro!s ata Tex.as City planr 3" 
yean; ago. Now, o.zone non·anainment there will COSt 
DuPont ""'odditlooal S27 million. 

By m>d·l979, U.S. petrochemiul compa.nies h.ad 
inve51ed more than S lOO lril.l.ton ID solid waste bcili· 
ti es alone. Thcy COH S50 million annuUiy to opcrat~. 

Ugi:;lation is the ¡mpetus for rnuoh o/ the EM 
acnvity worldwJde.lt will cost the U.S. pc:!ochem· 
icalmdusuy about SJ billion )ust tO u;:.g:rade suriace 
ímpolllldrnents of landlills under the RCRA, esn· 
mateS Un.ion Carbide. Me.anwhlie, in the rtfuili:ag 
segment of the HPI. it ¡s reponed by API tbar reimen 
will bear the brun' /75%) of the petroleum indusay's 
overall expendltures. 

The HPiwi!l h.ave particu]arly h.tgh spending b·cls 
du:ing the next 5 ro lO ye.ars as th e response to le.;:sla· 
tion marures, .o.m! as numerous eXpansionlrevamp 
projectsget under way W¡th Ü¡etn will come the need 
ro r:::Ute these projects envlronmenu.lly responsiVC. 

TABLE 1 
1981 HPI CAPITAL EXPENOITURES FOR ENVIRONMENTAL MANAGEMENT 

Mlllions of Do!iars 

A>R WATER LANO & OTHER TOTAL 
u.s." Refrning & Natural Ga.s PIOCes$ing $ sos S m ' " S 697 
U.S. Petroehem,r;als 376 '"' "' '" TOTAL U.S. S 881 • '"' S2D8 $1,588 
O.U.S. Re!ining & Natural Gas Processing $2,525 $ "' ' 16 

$3.4-85 
O.U.S. Petroehemicals 956 '" '" 1 B72 

TOTAL O.U.S. $3,481 $1,427 '"' $5,35$ 
TOTAL WORL.O HPI S4,362 $1,908 s8sa $8,928 
% OFTOTAL. 61 " " 100 
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TABLE 2 
MAJO A AREAS OF HPI SPEND/NG FOR ENVIRONMENTAL MANAGEMENT 

'" 
1. Bag hllers 
2. C~sed pre:g.sure and 111l•el >llives 

system 
3. CO t>oilers 
4. CrucJe or res•dual desutluruatiOn 
S. Dust suop.-ess<>n systems 
6. Eie<:trostal.ll;: pte<:iPIIators 
1. Em15S10n and amb.,nt a~ 

monitoring 
a. Env1ronment.a1 mon~onng 

equipment 
9. Faene nne,.. and baghouses 

1 O. FloaUng rooltanks (convers.won lO) 
11. F.-el ~ oewturizaliOn (amll'l&, 

etc.) 
12. lnc•nerat<m ol.,aste gases 
13. lncreased ;liOOeSSUlQ ror lead 

rad1..C110n 
14. lnstrumentatiOn 
1S. L.aak dolle<;IM;ln S'¡stems 
16. LPG OdOI contmllac~llleS 
17. MoMonngequ,pment 
t8. Odor contml 
19. Samp¡1119 equipment 
20. Smoke conlrol or fired r.eaters 
21. Smokelen liare systems 
22. Sour H.o slnPQer O. H. I'IICI:Miry 

lllc~~ ... s 

23. Sullur re(:Overy plants and 
systems 

24. Vapor recovery sys1ems 

WATER 

t. Activated cart>on absorption 
2. Aetrltat&d sii.Klge p!anlll 
3 .• Air lloranon 
4. Ballast ano bilgeo shore tteatmenl 

tac~R"'S 
5. CaustiC ltllallng (spent) 
S. ClanticaliOn 
7. Colleckln systems- Mparate 

-..r. ele. . 
a. Deep wall O•sPOs.al 
9. Environmental morutonng 
equl~m 

10 Flocculators 
11. Fiotatlon equio<nent 
12. ~'lancal Mtators 
13. Mon110rs 
14. 011 recovary and handling systems 
15. Dily w&Sla t111atr.>ent 
1&. 0•105tion ;:10t111s ancl ....cflan.cal 

aerators • 
n. Saml)ling equiPI'Nint 
1 a. San~~ary -ra.,. :rystems 
1 S. Slud;IO .,....mering equiptn!lnt 

ro. SI!.Oge larmmg 
21. Sti.Jd.ge inc•r~~~rators 
22. S pant caust~e lfealing systems 
23. SP•~ Doomt ano ot~r s~ cleanup 

ec¡ui!)tnent ' 
24. Tank boMm <l1sposal ano 

tteatment tacU•ties 
:zs. Tro::l:.lmg l¡[[tr plant.s 

LANO ANO OTI"'ER 

1, Ballles (~oise reducuon) 
2. Envoronmentai.":"lOI"Ir!Onng and 

s.ampling eq~•pment 
3. EqUipmen! r>elia insulat•on 
4. Fll'8 walls or tank <l•kes 
S. lnc11'1erato"' • 
6. lnsu1at1on 1 
1. land resrorauon. 111vegeta110n. etc. 
8. landseaP<I'IO • 
g. M .JI'Ie rs 

10. Noise lnS'.rumentanon 
11. NOIM P<Ol«;:lfiooe EG~•;>rnem 

(personal) 
12. San•tBry lancl Mis 
t3. Sc,eniiiJl "'bufeMg 
14. Sohtl waste 1\aul•ng ano <l•sposal 

IIQUII)tnGt\1 

" 
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PROTECTION/ 
SAFETYAND 
10B TRAINING 
TRENDS 

FIRE PROTECTION 

Mass1vt capital expcnditu:rcs 011 HPI fae prorec­
tion a: e ~ected for 1981 - about Sl.l5 bllllon i.o the 
U.S. alone, &nd another S6 billion elsewbue. The 

· driVU>gforce for tlus capua.l O\! da y 1S the so:mngcost 
of HPl losses. h ukes almos! twic~ the numbu of 
dolills iD 1981 as it did in 1974 to replace, for ex.am­
ple, a burned·out processiog unit. So concludes 
lndustnal Risk lnswers, major insurer of HPI facili· 
ties.!Rl also repons that SS e oi eac:h premium doll.u 
no,.- goes to pay oH losses. 

Anotber inf)uence oo !981 tire proteccion ~di­
tures is <be expected surge iD ;dmery modll:tc.otiom; 

-·····-, .. >"·~-·~ _.~ 6'"""'11'; ~Uó!OU<y <>! Oe.iiVJI, 
sour crude oils.ln thepetrochemical soCIO/, a number 
of oew p)ants will be under coDstntctioo- large 
ones that will caU ior ma.nagem=t ro go the uenra 
mlleu on ~ protection. 

W¡th these devclopmcnts will come the necd for 
modem fi.reproofi.ng insubtion IWd claddin¡, v,•h•es, 
coouol in:;tru.mentation, deluge systems and explo­
sion-proof decoical gear. 

Rougb.Iy half oi the fue protection cap¡ta.l invest· 
ment will he lar vapor <ktection cquipmcnt, arres­
ton, r:xtinguishi.ng agents, sensors, ptpe ucks and 
sprinklcrs, fo.am dclivery equipment, all cypcs of f¡j.J. 
szic conaols and opcraung e<¡uipment, hre uucks,. 
hoses and n=lcs. 

Systems to pmtect norage facilities will be the 
subject of special anention, as the value olleedstock 
aod product rises exponenti.ally. Of pamcclu intn· 
est, m this are:~, are new systems developed for 
tnen gu blanketing o/ tanks and sub-suri .. ce 
foarn inj~non. 

Additional Joss-prevendon dollars wil! go /m 
repbccment p:acking. ¡;ukets, fitungs and oriler 
sensirive equipment that has " history oí ccusi:lg 
fues, explosions and detonauons when ¡¡ íaih. 

A more complete listing oi HPl fue prote~tion and 
fue fighting materia.ls, eqwpment and SCl"VIces >! 
g:ivcn lll•Table J. 

. TABLE 1 

Alarms 
Arrestors 
Barricaaes 
Books. manuals 
Boots. rubbar 
Brea!hing apparatus 
Brooms. f~re f•ghting 
Chemicals ror f~re 

ext>nguishing 
Closed circun TV 
Clothmg 
Coatmgs .• 
Compressor. air, portable 
Controls 
Covers. self·dos·,ng 
Deluge systems 
Detectors 
Dry chemicat extinguishe!3 
Electr.cal equ1pmenf, 

agents 

~RIIVWEJY-TREIIDSI " . _..._ .. ~ 

HPJ FlRE PROTECTION/FJRE FIGHTING 
MATERIALS, ECU/PMENT ANO SERVICES 

E~inguisn,ng systems Hydrants 
Fa(:(; masks, protec!lve lncf<cators 
F!le door closing devices lnhalal0!3 
Fore doors lnstructlon.al materials 
f'ore doors, fu~ble links Instrumental ion 
F1re eX>! hardware lnsutal•on 
Fire-explosjon na.z.ard Ladder accessories 

avaiUation service Ladders 
Frra trucks Masks. Protective 
F1rst aid matenats Mega;>honas 
,~,. Monrtors 
Flame retardan¡ bU>li:llng Noules 

matenats Piping 
' Flama retardants Powders, dry chemical 

'~· Pubtic address systems 
Generators Pumps 
Ground fauM clrcurt Purificat1on equipment. air 

interrupter RaO>o. two-way 
Ground'1ng devices Reseua equipmem 
Headwear Respirator accessor.es 
Hose R espirators 

Resuscflatfon tra¡r~er 
Resuscr.ators 
Rope 
ScaHoldmg 
Schools, f"e 
S>gns. iire securrty 
Simulators, training 
Sirens. Slgna!s (see 

ala;ms) 
Sprinkler heads. valvas 
Spnnkler systems 
Static control f.orie 
Static electrie detector 
Slat>c elae:rie eliminator 
StatJ<: alae:ric groundars 
Trainingaids 
Truc"s 
Vacuum. wat pickup 
Val ves 
Ve hieles 
Vent>lating devices 
Water detivery system 



SAFETY AND HEAL TI! , 

Personnd S.ÚetY óiJld bealrb. will be the urget ol 
$800 million rn U.S. capital expendirures. The focus 
on heahh connnue•, as OSHA mtensúies emph.asa 
in that ares. Health ha5 dominated the agency's con­
ccms si..Dce about 1976. Added pressure Stcms from 
thc Toxic Subsunce Conuol Act. The resulr WJÜ be a 
"boom" year for marketing ol analyzcn, det::ctors, 
sensors, respi:ratory ec¡u¡pment of all klllds, protec:· 
ti ve clothing, fust aid and rescue equipment, toxicol· 
ogy and l:yg¡ene hterarurc, and health"()nented l:r.Ú.D• 

ing prog:r:uns. 

Expenditures in 1981 for personnel safery and 
lle.a.lth will be m u eh Jarger outside che Uoited S cate~. 

TRENDS IN HPI JOB TRAINING 

Traíning aCÜVlllts will extend far beyond the 
health·care type ment10ned above. ln the U.S., HPI 
compan.ies wl]J invest about ~0,000 10 train each 
new operator rn 1981. Similar outl.ays can be :mtl.ci· 
pated Jor enrry level cnitsmen and teclull~ proles· 
sionals. 

How will tlm rraining be designed and adminis· 
teredl As in recent yea:n, lecturing will be deemph.a· 

si%ed in fnor of multi·media, intera~ove sysre::ns 
iD which rraiDees test thci.r skills and knowledge 
tiuoughout ehc program. Much o! thc inseucr::on 
will be self-adminisrered and sell-paced as more pro­
gr=ed instruction =renals come on hne. 

Supplementing c~tom-tailored u:uning modules 
will be many !mm "ofí the shelf," ddivered ¡_¡¡ a 
variety of forms- from lilmsmps and shdes tO color 
videot.ape. 

Workbooks, text5 an<! rebted lnerarure will be in 
gre.o.< dern.and, especiilly if Wntten for novices and i! 
re.acii.Jy ttanslat.zble into other lang¡.:ages. Thls is to 
facilit.ate the growing market in u:chnology c:.1.nsfer 
tiuough tra¡oing. 

The yeu 1981 w¡Jl see a record expenditure for 
traiomg matenals, consultatioo, equipmect •nd 
scrv,ces. As in the pan. opcrator train:og­
especial] y- will be individu.ali.zed íor e.acll plan t. 
'l"lu;; lack o! unifonuity le.o.vcs the door opeo lor • 
host ol opportuñiues for training-maten.al scnpr and 
manual writers, consulting firms, publishcrs and 
audio VISual comparues. 

There is also a growing markct íor lugh quahty 
t-eminars and shon C011ISC5 that can meet the con· 
tmuing educ.otion necds of tecllmcal proiessicnals, 
&nd for the "how to cope'' aspec< ol compli.ancc with 
hu.!rh/safety/enviroomental laws. 

VIII. -E-1-2 •' FlftEtSAmY 1IEIIIS j L- ____ ;_ \ 33 
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1.4 

to discuss t:his subject, and I feed very unqualified to 
hardly describe this phase, we must assume that step cwo 
has be en accornplished, to sorne more or less degiee of success. 

Steps one and two cannot usually be accomplished without 
outside aid, However, every area of the world--no matter 
how remoce--has its entrepreneurs. These may"range from 
the s~ll boy selling water fron his sholder bag all the way 
up to the Royal Shiek. These people are gamblers, but they 
are willing to cake risks. And above all they know their 
carket and they know their customers and they can con tribute 
to these developments. 

In speaking befare the Society of Chemical Industry in 
The Hague this past October (22 OCT 1979) on the subject of 
"A Positive Attitude to New Producers," Mr. W. C. Tho:nson, 
Director Shell International Chemical Company concluded with 
these remarks: 

"European chemical companies have not been renowned for 
failing te seek o~t opportunities fcr profitable ventures. 
With the balance of advantage en costs of production for 
sorne chemicals shifting towards new areas, I wculd expect 
to see an increasing number of European companies taking 
positive steps ro associate themselves with new producers in 
their ventura." 

"That we have the skills to do so, there can be no 
question. That we have the enterprise, I have but little 
doubt.But is is funda~ental that we should seek te obtain 

··' · · a fair reo:ard for making these available to the rest of the 
worl¿." 

Xr. Thomson had mentioned earlier, ''The notion o: r::aking 
room for new producers in the markets of Europe is complete~y 
alien to the tradition of ferocicus co:npetition in the chemical 
industry New entrants must expect thereforc to be 
treateC exactly as other cocpetitors in the induscry. "~ 

Mr. Thomson also presented two :.nteresting il1ust::.-atiO::l.S 
which bear directly upon the ?roblems o: inóust::.-ial:.~ation 
which we have reproduced here as Plot No. I-5 a:1.d P1ot !-6. 
In P1ot ~o. I-5, European costs have been indexed to 100 for 
1979 for comparison. The di!ference in the 1979 projections 
and the 1974 projections ::.-eflect the doubling in the price 
of naphtha for Europe and the increase in the Arabia~ Gulf 
location factor from 1.2 times Europa to 1.67 times. ?reight 
costs have been assumed as the same with an increase in 
duty of about 40 ~.Notice that with these increases a~d 
holding the cost of energy constant in the Arabian Gu1: tb.at 
production costs have shi~ted to favor the developing areas 
except for vinyl chloride monomer. 
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Feedstock cost 

Lo7tion l 
Europe $250 

llUII 

E11r0pe $125 

Gul! 35.t 

~,.;omparatlve costs of chemlcal production 
in the Middle East and Europe 

Ethylene glycol ]-.S· 

197S 

) '"' with 1S74 assump!ions 

lndel, Eurape 1979 = 100 
Ref: w. C. "Itanson. Shell Intematicnal Cha:nic:al Co., 22 Oct 1979 



Principal assumptions for 1979. 
J-c; 

Fe~d~tock/fuel • 

Naphtha in Europe at S2501tonne. 
Ethane in Gulf states at 35c or 165c per mili ion Btu. 

Capit.al 

Loca tion factor for proeess plan! (alone) erectecl in Gulf e q uals 1.3 S ti:nn Ecrope. 
E~tra infrastructure eosts in Gulf rai~e the overalllocalion factor to 1.67 times 
Europe. 
Loan finance (100%) in both Europe and Gulf states. 

Manpower Cost 

Cost per operator man-year in Gulf s:ates equals two-thirds cOSt in Europe. 

Plan! loading 

Lont run plant loading equals 80% in both locations. 

Different assumptions as were applied in 1974 

F<:edstodJfuel 

Naphtha ,n Europe ¡¡¡ S1251tonne. 
Ethane in Gulf states at 35t pe: million Btu. 

Capit.al 

Locotion factor in Gulf equals 1.2 times Europe. 
Finanein~.by 100% equity. with real re:u:n on cayital. in both Europe and Gulf 
states. · 

Manpo..,er cosr 

Cost pe: operator mon-year in Gulf statcs equalto that in Europe. 

F.ef: \.;. C. Thcrrson, Snell Internacional O!e:nical Co., 22 Oc:t 1979 
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Planning an industrial COffiplex 

When beginning the study of any industrialization on a 
significant scale in a developing or emerging country, the 
first assumption must be that there exists a Central Planned 
Economy led by the Government in power. 

It ~st be ~ully understood that this basic assumption 
carries no endorsements or condemnations for Central Planned 
Economies. This is simply a statement of fact. ~e find that 
because of the ~ny complex socio-economic and politico-economic 
circumstances which exist, it is required that central planning 
cxist and function for any industrialization--on a significant 
scale--to come into being. 

Out purpose here will not be to discuss .the developmer.t 
or organization of the planning agencies or as they are often 
known--The Ministrys. It is a simple fact of life that they 
do and must exist and that their functioning is the initial 
step towards industrialization within developing and/or 
emerging countries. 

7herefore, we will ·refer simply to The Ministry and 
emphasis the ÍITPOttant initial and continuing role they ~st 
play as we proceed fro~ project evaluation to conception to 
commissioning.and finally to obsolensecence. 

We will illuStrate the importance and application of 
all facets of Cost Engineering as we proceed ver"y rapióly 
through the vast and co~plex exercise of conception to 
obsolescence. 

The Ministry and the Contractor 

This first Flot No. II-1 highlites the importance of 
this relationship. It overlooks the details and corr.plexities 
we shall discuss latter. 

Planning an industrial comulex 

• Requires clase cooperation bet"oi'Cen The Ministry ané the 
Contractor 

• Starts with a 5-year plan (or si~ilar governoent goal) 
e· The Ministry develops the ~aster Plan using ?lanning 

studies by Contractors (and others) as inputs 

The Planning Study usually includes these basic tasks 
(Sea Plot :-.lo. II-2): 

• Market study (domestic and ex?ort) 
• Feedstock availability study 
• Site survey 
• Definition of possible feedstock/product co~o~nations 
• Techno-econo~ic comparison of selected combinations 
• Selection of optimurn combinations 
• Detailed analysis and specifications for selected 

systems 
MORE 



II-2 

o Feasibility Report 

~ext we must consider another importan:: part in this 
exercise, and this is--
o The Makeup of che Study Team 

This is the most importan::. The best and oost qualified 
individuals from both The Mir.istry and ibe Con tractor must 
be directly involved. They ~st develop mutual respect and 
trust so chat all transactions will be completely and clearly 
~<derstooC by all concerned. The Leadership in this Study 
Team is often a deciding factor upon the success of the . 
Industrial Complex w:b.ich is the Goal. Often personal traits 
can become as importan:: as technical qualifications. At this 
stage in planning there will be much compromise and perhaps 
modifications of methods and oeans toward achieving the goals 
escablished by The Ministry. The people involved muse be 
flexible and trustful of each other. 

~ow let us look somewhat more in detail a:: sorne of ::he 
different co::!;?Onents or groups "l.'hich cooprise chis Study 
Team and what they muse accomplish toward che cocpletion of 
the Industrial Complex. 

On Plot No. II-3 we ahow sorne of the activicies of the 
Market Study Sub-Team. 

• ~~ster Plan defines gOals/possible produces 
• Analysis of domestic denand 
• Effecc of proposed Complex on pricing and the domestic 

econo¡;¡y 
• ?rojections for future do~estic dem~<d 
• Analysis of regional de~and 
• Projections o~ poss~ble export carke~ 
• Projections of total market potential ~or proposed 

industrial complex 

You can readily see che importance of the overall 
Master Plan--it actually establishes the ult~~ace goals eac~ 
of the sub-teams must attain. 

Also, The Ministry plays an important role i~ perfo~~ng 
the domestic demand analysis. Ofcen, other agencies or 
Ministries must supply 'per capita' and populac~on discribu:ion 
data so essential to a market study. 

The econometric model established for inte:::nal p-:::ici:'>g 
J:Just be obtained direccly fror:L The Central Planning Minist:::-y. 

The Social ~inistry can often supply importan:: inputs 
regarding the acceptance o~ che new domestic produces. This 
can provide insight into possible future gro,.•::h in do:::estic 
rlemand. 

T~e External Affairs Ministry will cer:ainly be helpful 
to :::,.e study team in analyzing regional demand. Often, 

MORE 
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• • 
near-by markets can go negelected if there is incomplete 
effort. applied in studying regional demands. 

Export markets are rather special and usually a team 
will call in outside Consultants whose resources can help in 
the analysis of possible exports. 

Once all of these efforts are completad, then the 
a~alysis should indicare the total market potential for the 
proposed Industr~al Corn?lex. 

The next sub-team is referred to as the Raw Material 
Study Team. 

• • 
• 
• 

Feedstock availability study 
Pricing analysis 
?~ocess comparison of plants based on alterna te 
feedstocks 
Transportation analysis 

In a~ e~erging/developing ccuntry with vast domestic 
availability of hydrocarbons, the desired feedstock for the 
Industrial Cotr.plex may not necessarily be availa~le. This 
may call for additional processing or another type of complex 
to supply the desired feedstock. 

Establishing transfer prices, even in a completely 
i~dustrialized country, is often difficult at best. ~e have 
observad how suddenly a natural resource with absolutely no 
value--flare gas, for example--sudde~ly ~ecame a valuable 
and highly priced co~dity when an internal need no de~~d 
developed. Any viable Cornplex must establish realistic 
prices for i~s raw mater~al oc feedstocks. You just ca~'t 
fool Mother Kature. We do not necessarily pretend 'woYld 
p~ices' but rea~ cost prices in ordec to preve~r problems 
developing latter. 

Any feedstock or raw material study will surely clisccver 
alrernate feedstocks. These should be compare('! 1-.·ith those 
originally intended anda careful ?rocess a~alysis per:o~ed. 
If any changes are contemplated, now is the best time ::o 
consider them and not after the Co~plex is co~p:eted. 

The feedstocks r::ay no:: be located a'- '-':.e op'-i::'l=. Coltplex 
site. Or, the transportation reso;;.rces to '"-OVe the proCuc:s 
to the consumer ::'!SY not be near either the feedstoc~ source 
or the resired marketing areas. Therefo~e. ::ranspo~:ario~ 
resources ÍO!: both must be carefully St'.ldied ·ay this sub-tear:-.. 

Site surveys migh: appear to be a very simple task. 
However, there should be a very syste:;¡atic .approath :o si te 
selection. On this Plot No. II-5 '"'e show a very abbreviated 
version of such a system. 

• Site surveys 
• Check lis t 

MORE 
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• Site CO!!lpari~ons 
• Transportation/Shipping 

This sub-team must acrually visit each proposed Complex 
site. The Check List must be applied eGually to all propase¿ 
sites. This subject of Site Selection is very complex and 
could very well be the subject for a full weeks intensive 
study. Time does not pennit a discussion of the Check Lists. 
However, these are available from many sources in rhe 
published literature. 

This sub-team must then sit down and compare each site-­
its advantages and disadvantages. They must then select the 
optimuc site for the Industrial Complcx. 

'..llien considering the Transportation/Shipping aspect of 
ar.y proposed site, this team must consider getting the 
original equipment and materials with which to construct the 
Industrial"Complex to that location. They must consider the 
infrastructure needs during construction and latter the 
operation of the Complex. Also, the products must be :::toved 
out continuouslv to t:he cor.sumer. And feedstock ffillSt: be 
moved into the Complex. 

Environmental co:1trol for each site will vary considera":lly 
and these must: also be taken into consideration. 

Let us assume the Study Tea~have all been doing their 
job well a~d their reports are in hand. The M~nis:ry ~ust 
now wake sorne difficult decisions. They have befare t~ew 
the reports a~d :indings o= several study teaws. W~en all 
these data are compared with the Master ?lan, we come to 
r:.e o.ex!: cross roacis as sho"l.-n ir. Plot No. I!-6. 

Selection of jossible feedstock/product cornbinations 

• i-1inir.rum econor:'lic si:o:e for alternate f!ow scherne 
• Feedstock availab~lity/pricing 
• Projected si:o:e of market 

Now that The Ministry knows what feedscocks are av~ila~le 
and their likely availability and price alo:1g with So:;>e idea 
of the projected market--some important decisic::-,s ca~ be made. 
Alcing with the Con-crac::or, they can study feedstock/product 
combinations. The physical data for each site also e::-.ters 
ir.to this process. And when and how shall all this product 
be maa.eted. This is indeed an important ;:>hase in 
Compl~ Planning. . 

Even tentative agrecments reached at this stage will 
have direct implications throughour the remainder of the 
study. lt is here that the Contractor and the other Consultan::s 
working closely wi::h the tearr. fror:l The Ministry can !:".ake an 
importan:: input. 

The Contractors expertise can be quickly brought to 
MORE 
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play ••hen stuclying alternare flow schemes. 
the many other variables into the equation 
Ministry of the available options. 

He 

""' 
can introduce 
advise The 

this 

• • 
• • 
• • • 

The next important step must 
is outlined on Plot II-6. 

now be faced head-on. 

Block flow diagrams/material and energy 
Analysis of available technology 
Utility and offsite requirements 
Investment cost estimates 
Operating cose estimares 
Economic comparisons 
Sensitivity analysis '(feedstock/product 
produccion level, and total investment) . . 

• ' balances 

price, 

And 

A well qualified Contractor can make these comparisons 
rither quickly for The Ministry. At chis stage in the planning, 
uncil the scope is firmly established for the Industrial 
Cooplex, estimates are usually made on an order of ~agnitude 
basis or a:: bes:: plus or cinus 15-20 %. This pen:J.its The 
Mi:üstry to make rapid deo::isions. Of course, tbe basis for 
ai.l che estimates and cor:".tJarisons must be unders::ooC by all 
parties concerned. Frorn these will come the guidelines fo:: 
the final analysis wbich is Ciscussed latter. 

This tudy tean froc The Ministry along with the Cor.::ractor 
and other Consultants are now at the point where fi~ 
committments must be made. T~is is really the selection 
ste? as shown in Plot No. II-7. 

Fianl selections 

• Selection of o;¡ ti= FEEDSTOCK 

• Selection of optit:lum PRODUCT 

• Selection of optü;;un SiTL 
• Selec::ion of optimum PRODUCTION RATE 

• Selection of optimum PROCESS cO:.FI GURA Tia:\ C0X3I:\A":":CO:;s 

All of the data collected and analyzed alo~g wit~ trying 
to conform as closely as poosible with 7he Minist~ys 
overall plan are used in these final selections. 

When agreement has been reached on t~ese selections 
then detailed analysis and a co::¡plete set of specifications 
for the selected system is prepared. 

:A'ot No. II-8 shows the final culmination or this 
planning effort. 

Feasibilitv reoort 

• Provides basis for international financing 
• Provides basis for proceeding iremediately in~o tne 

bidding stage of the project 

MORE 



II-6 

At this time The Ministry is ready to call upon the 
finance agencies. He can present them the package from the 
Planning Study and seek aid in constructing the Complex. 

At the same time, The Ministry can use these same 
documents to open the Complex for tenures from qualified 
engineering and construction firms. 

. . 
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PLOT No. 11-1 

PLANNJNG All INDUSTRIAL COMPLEX 

REQUIRES CLOSE COOPE~ATION BETWEEN l"iJNISTRY AND 
CoNTRACTOR 

STARTS W!TH 5-YEAR PLANT (OR Slf".!LAR GOVERNMENT 
GOAL) -

~1JNISTRY DEVELOPS MASTER Pj1 AN USING PLANNJNG STUDiES 
BY CONTRACTORS (AND OTHERS AS INPUT 



PLOT llo. ll-2 

PLANNJNG STUDY INCLUDES BASIC TASKS 

1 11ARKET STUDY (DOMESTIC ANO EXPORT) 

O FEEDSTOCK AVAJLABILJTY STUDY 
' 1 StTE SURVEYS 

O DEFINJTION OF POSS!BLE FEEDSTOCK/PRODUCT 
COMBINATIONS 

• 
O TECHNO-ECONOM!C COMPARJSON. OF SLECTED 

COMBINATIONS 
1 

O SELECTION OF OPTIMUM COMBINAT!ON 
1 

O DETAILED ANALYSJS ANO SPECIF!CAT!ONS FOR 
SELECTED SYSTEM 

O fEASIBJLlTY REPORT 
i 
' 

• 



PLor No, 11-3 

MARKET STUDY DETAILS 

& MASTER PLAN DEFINES GOALS/PQSSIBLE PROOUCTS 

O ANALYSIS OF DOMESTJC OEMANT 

~ EFFECT OF PROPOSED COMPLEX ON PRICING ANO OOMESTIC 
ECONOMY 

O PROJECTIONS FOR FUTURE DOMESTIC DEMAND 

1 ANALYSIS OF REGIONAL DEMANO 

~ PROJECTION OF POSSIBLE EXPORT MARKET 

D PROJECTION OF TOTAL MARKET POTENTIAL FOR 
PROFOSED INDUSTRIAL COMPLEX 

\ 
1 
' 
1 
' 
i 
) 
' 
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\ 
PLor No. 11-4 

• 

RAW MATERIAL STUDY 

O FEEDSTOCK AVAILABILJTY STUDY 

O PRiCING ANALYSIS 

• 
1 PROCESS COMPARISON OF.PLANTS BASED ON ALTERNATE 

FEEDSTOCKS 



PLoT No. 11-5 

S !TE SELECTI ON 

O SJTE SURVEYS 

o CHECK u Sr 
--

• S!TE COM?ARISONS 

f TRANSPORTATION/SHIPPJNG 

. . 

• 

• 

• 



• 

PLor No. 1 1-5 A 

SELECTION OF POSSIBLE FEEDSTOCKIPRODUCT CDMB!NATIONS 

O MIHIMUM ECONOMJC SIZE FOR ALTERNATE FLOW SCHEMES 

1 FEEDSTOCK AVA.II .. ABILITY/PRICING 

O PROJECTED SIZE OF MARKET 

• 

'. ' ' 

• 

•, 

• 

-

• 

• 



• 
• 
• 
• 
• 
• 
• 

PLOT No .. Il-6 

TECHNICAL'ECONOMJC·cOMPARISONS 

BLOCK FLOW DIAGRAMSIMATERIAL ANO ENERGY BALANCES 

ANALYSIS OF AVAILABLE TECHNOLOGY 

UriLITY ANo oFFSITE REQUIREMENTS 

iNVESTMENT COST ESTIMATES 

ÜPERATING co$r ESTIMATES 

EcoN.OMIC. COMPARISONS 

SENSITIVITY ANALYSIS (FEEDSTOCK/PROOUCT PRICE, ' . 
PRODUCTION LEVEL, AND TOTAL INVESTMENTf 

• 



• 

• 

PLOT No, Il-7 

FINAL SELECT!ONS 

.o SELECTION OF OPTIMUM FEEDSTOCK 

1 SELECTION OF OPTIMUM PRODUCT 

o SELECTION OF OPTIMUM SITE 

• SELECTICN OF OPTJMUM PRODUCTION RATE 

• SELECTION OF OFTIMUM PROCESS DONFIGURAT!ON COMB!NAT!ON 



• 

• 

PLOT No. 11-8 

FEAS!B!LIW REPORT 

O PROVIDES BASiS FOR INTERNATIONAL FINANCJNG 

1 PROVlDES BASIS FOR PROCEEDING IMMEDIATELY INTO 

BIDDING STAGE OF THE COMPLEX 



lnternational · 
Project Finance 

Know finance scope 
and structure 

Conslder thase :tapects of tlshs relell'ent 

to supply and sales, constructlon period, 

operating proflt margin, and polltiCJIII 
~nd e:rchange Jncontrovertiblllty 

E. A.. Tonel u, Stone & Webner E.nginn:ring Corp., Ne-o· 
Yorl, 1\',Y. 

J,· TKI. I~TEL~.-.TlOSAI. fidd th~ propon.ion OJ "true" 
proj,;a f.nancin~-projecu fin.anced by ltnden wilh­
out fu\1 re,oune to :he projea'• ihareholden or other 

's¡nrnors-is 1mall, but growing rapidl¡. F.ven in the, 
íiúrd World and ~lilt Bloc cowmies "'heu pro. 
j~ciS :i!n norm.aUy fnunc«< apinn goV<:mfDC11t¡¡uar· 
ara~ on the corre.ponding Jna.n1, the~ is emergrng a 
gTo.,.·ing ¡racrcn in financing planu--including lhwe 
tlu.t do nm ~t;tve a foff'Íg-<1 joim ventuTC partnen:offl.llk­
<:r-~1..'1 c.nly ¡upplcment•l host country financial&up­
pon in the f,~rm of <;trlólin underuking¡. 

Sene of thc toJlo,.ing comn•enl$ rnay only he par­
ti.all¡· r~le•·~m 10 Cl5C5 "'here th~ own~r. oft~n a Third 
W~rld ~c.vernm~nt ageney, w;or>U 10 build • proj= ,...._ 
¡:.,die.< of emnomics or co•t, ~nd ha< the rredirwonb.i· 
ne,.wdo<o. 

PratK"!ion aought.. lf the debr fmancin~ of a projm re­
''"' !or tepavm~Hl primarily on the ca.h flow of thc pro­
je<:t iuclf, in .. ddition to proveo technolo'i)'. owner$1 
'?"""'" with ao.:ept.able ~~standing and ¡¡. hospit.a· 
bk poiit;u! ~ nvironment, pmentiallenden will iruat on 
prot~cticn agaimt: 

1. Suppl¡- .. nd ules riJI:.s. 

2. CO!u¡ruction period ri1h. 

3. Opcrating risks. 

4. Oper.o:ing prn!it m~rgín ri1ls. 

S. Pc.litk.«l.ood e><change inn11wertibility ri•h. 

Supp!y and PI" risks. After analyring thc ¡>rojea"• 
"'wnomir fcuibility study, pmential lcndt-rs wi!l nc~• 
veril y long·t~rm ra"· material/en<'rgy suppl¡· and prod· 
uc: offt.:~~e agrc~mcnu. Idcally thc•c agrcemcnu 

s_b.odd indud~ dclivcr-it-or-p~y (i.c., i~ you rlon"l c>c­
~vn-. you pay lliSlead\ and Ulke...:>f·fi"'Y lt.c .• you p.ay re­
gardlcu of "'hethcr thc product i• a...-,.i)..blr for dc]j,·ery 
or "'hethu you t.akc delivcl)) provi•ioru. prder,¡bl! 
with spccific s~.aning dat.e<. 

L'.S. supplicWoffukcr¡. in p.atticu!ar, ~re rcluct.ant 
lO •grft w thev typn of clau~-n. Th<:)· reprnmt ~ di· 
rca ntthcr than a comingem financia) obligation. The~ 
are thu• clauificd ao 1uch by th.-ir audnon. 

Prin\ary con.id-eratlona. Wbcn a~T;~nging the finan<· 
ing pad.J.gtc with pri•atr•scoor ownerJI¡pon$0rJ. nruc­
ture their t•arious undert.al<.ings so that thcir ~udno" 
wül clauify them as footnotr contingent ¡;.,bilíties ntther 
than dircct liabilities •hown on theit balance 1heeu. 

The price provi1ion• lf>"CÍficd in lupply-offta\:.c 
agn-emenu are usually a major bonc of contrntion. Off. 
ulena.im eithcr fora p~ictablc price Jtruaureor for 
a tie to int.el"fUtional markct prices for th~ product. Sup­
plien n.atur¡¡Uy •·•am 10 maximiu thcir rncnues and at 
lc.<t covcr thcir cosu br an ade<¡ua1e margin. Lcnrlc" 
.,..¡,h w ~-ec the rclation of 1upply lo offt.a~e prices nruc­
tured w that an adequate project compan)· oper-.. ting 
profit margin and cash flo,.· are a50ured. 

' 
Con•truc:tJon period rlaks. Con overruru. complctóon, 
dclays aod plant Of>"r¡¡bility in accordan~ ,.,;th contract 1 
•p.-cification• are the princi pa1 riol.. are;u 1 

• Coa. ovnnuu often are provided for b¡· a cost o~e•· 
run iUndby agrecmcm (i.c .. if co.u e~ceed a prcdeter· 
mine<! target, thc owncr$/sponson agrec 10 inject more 
equity apiLa) or oubordinatcd dcbt into thc project 
company to covcr the additional cosu). 

More unusu¡¡.) is a formula price offtake agrecment 
which includcs a factor to cover amoniz.¡¡tion of the ad­
dition.al fUlancing r-equired for con ovenuns. 

Lump sumlfi~ed price tum~~y tonU"llru are another 
possible solution. Howcvcr, the contr¡¡ctor may k bid· 
ding in an inflatiorUJ)' cnvironment. The pl.ant location 
may ~ in an are>. whcre b.i>torical consuuction <ostS are 
no: ¡¡.•·ailable or impr..O~-e. Thu•. tb.c contingency mar· 
gin thc comractor ha• lo indudc in hi• bid price may 
ma~e the projecteconomic:aUy unfeasible. 

Lcndcrs gcncra!ly in1ist on coSI oven-un •tandby 

MCI'OCJ'.!'POH rROC~SIHG r>ECEMBER U711 
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EvaJuatlon method. Fír.t w~ n~cd to con~ider the 
method of e<:Ol1omic eVO>]uation of a risky projea. A 
m~'ri:o.d of method,; are mainl)· vari..alions of two major 
d.asser-lhose that oomider the time value of money 
and those th<ot do not. In the H'COnd cl..ss "'"llave •u eh 
nandar.:U.u "P-'yback"or·p~you~" While th~e are still 
u•ed for simpJer problems,m03t analysL< use one ofthe 
time-va.Jue-of-money appr<»che>. Th~can ~divided 
into "net pncsent ~alue" or"preoem wonh"; or"intcrnal 
r;ne of return," "retum on investment" or "d&oumed 
c:::h flo,.- rate of rctum." We ,.;n rder 10 thes.. ¡wo 
Jubciaue. :u pre~m worth (PW) or imemal rate of 
return (IRR). 

Whi!e the twt; method s all' very similar, they differ on 
hm .. - they use the rate of d~ouming and the implicü 
auumption a,.ociated wilh tJ,i¡. In thto '""'""·t·><·onh 
method, a discc:.:ru UtC is •~Oected (subje.::tive ~·d arbi­
t:<lry). Ali revenu"' anC ~a..u are dl>cour.ted kok lOJ 
¡om~ common ref~re:>Ce point i."! lime: 

PW•!R,I(J + i)• "' 
In th~int~mal ntcofretum meL~od. we do noto.elect 

a discount ,.,:e. Wc rol ve for 1>e n~.te lhat "ould rna~e 
• the pres..nt wotÚI .:..;actl} et¡ual to zero. V,'hen we con­
sid~r thc inítiaj invesuncnt, thi• then gives the n~.te of 

." inlc;eo;! sucit !Not thc roe! re~urm O\"er ume jw.t "j>.il) off 
'l.i".e mon~ge aod the inter-e.t on o.he lo.o.n." 

' PW is tao.l Khiie there is •till mnttov~roy o~ wl;kh 
'of thu.o 1wo m~thod.s i< apprcpli.ate, JRH. '' n:ore pop­

·!~r. lt doe• no1 require •dectin~ ~ &"'-Ount n~ and' 
; .. ., • ., ":oonling" me..... un- "'he!'f: more ;!':tan one pro jea 

. u bemg con..;dcrc.d. However, we fnor the!'W method 
; for Ll>: follo,.ing reasoru. The 1"? method• can give 
'¡ oonflkting r~ulu ~nd !he :e~.:~luuon gener.Uiy sho"'• 
lh~t •.he PW noethod Íl ¡¡,., coiTo:<:t approach. 

1 rw i:! abo more coru.el"\lati,-... This i.s bec.au<e of th~ 
' implicit auu~p;ion ;, boó methcxh. The PW method 
¡ _,sumes ;hat net n-<.!rn; aff "reinve>te-d • at the di.<oum 
j l":iilr ,.-!;,iic 1he !RR method a..•umes the returm are 
: "rein,eo;ted" al the interna! nte of =um. This is not 
' usu.l!l)' U'U<' in the Ot~ of IR R. Ji the cakulat~d IRR is 

1 
'·er} ;,,,., we would uot rein\·~st ;, another lo..er. And if 

, ;, ;, high. we mighl no: f:nd o.nother good pmjea. 

) 
; t:;;mll.,~ot.:; di;;ocountlng. Th~ oecon<l item i• th~ u~ of 

1 
wncinuou• di>eounting.l ol the dJssic.J meihC><:h, PW or 
J!Ui, ilie diJCoumin¡:: is pcrfo,_.-med al fu:ed point• in 
timo:--usu:tlly anntH\ly. Thi•, tn eso.ene~. aqul:led ;¡J.] 

j ~turn\ :tnd all eo>L• ""'re Jggrt'g:ated to eme poim in 
' r.ne. 

l. Th~n m~ ",'let inecme" ••as de~nnin«!. In realny, 
m~re U df~n.i•elr a continuous flo,.· of ft.::ods. There­

' fcre it is !!!<>r~. realistic. znd as we shall•e<: easi~r. 10 me 
1 comm~·)US discouncing. lf we ta.le L~e discount baor, 
· Ji( l + ;y. ~nd divide the time intel"\la.J into sm¡,Uer 
' e¡, it en be sho,.·n rnathrmatically, rhat in thelimit, 

.;f,ntimmus discounting, the dÍ!<;ount fanor be­
' G,m0 ¡ ,-~. whererU thecontinuousdiscount r:uean.ol-
1 OS"'" w an ann,.a! diocoum ratc, í, 
¡.~J"(!+i) 

1 ¡¡¡.~ B 
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• 'V ' 

Thc uoc of continuous di.srounting le~d• toa majoc 
innovation in ~roncmic ~na.Jysi•. that o! ·a..h profile" 
ana.Jysis. Jf we tale our prcsent wonh lotmul.a and us. 
cnntinuous discounting we haYe: 

' 
(2) • 

(At thi.s point wme readen mar remark that they havc 
not done ;m y c:alculus for many yun and wooder how 
todo iL The quid •. uuwer U that you do it the ume 
war you did yean ago. Thc mon- approprbte an­
swer fo!lowi). 

An eumple. To give a ~imple ex~mple, con~idcr 30 oil 
weil lh.at ha.. an initi.ol no"· rate of Q b.arTeb pcr da¡~ 
o.ellinj! ata price P The flow dcdmeJ ata ratc of ¡;. Wc 
CUl then "rile the pre•em wonh of the r-evcnue from 
th~ wc:J o•·er Íl! economic Jife a.: 

(3) 

Byapplyingltand~ solutions 10 thisandothcr func-1 
tioru, nWnly dnwn from Lapl.acc Tnnsfotm Theor-¡·.¡ 
"'~can rewrite thc present wonh of the function ;u; ¡ 

PW (Revmu~) ,. PQ 

' + g 

' - r·"•IJ [) '] (.) '. 

While il! result ma;- look more complicatcd, it is a lot 
easicr to cakulate 1han c51imating th~ averaj!c f!ok· pct 
yur for ~ fair numbet of J'UOJ and ¡hcn di<eounting 
and adding toge1her aJl th~ umns. For rn.onv common 
cuh f!o .. · pr-omes, including dcpreci.alions ~f various 
types, 1hc Standard form of the result has been deter­
mmcd and tabullot~. More imporuntly, we hav~ 0 .; 
tended theo.e no ... pro fiJes tO indudc risk so ;as 10 '¡ 
JimpJify those calculalions as ,..¡J] be illuslrated in thc 
next ..ections.'· • 

• 2 1 
n¡ 



.. 

1 7ABLE 1-Equat!ons lor probablHst!c d(lSCI'!ptlon of 
1 project economlc. !!le, to obtaln ••• 
] pruent worth. Exee!'pl from [3, <:J 

¡ "-' EI~ .,..,"" ot - M>rtl'l 

j R, 

E[C<Im) 

,, - ¡;) 

. 'e 
, .. 

V(l'l,} 

,, [· -

" 

' ) ...... ~ . ., 
•·•11>·~ +e·•] 

- .;-··] 
J 

i>~·2(r-pl: o··(r-g¡ 

• III. -B-3 

Befo~ wc do thc prcscm wonh analys.is. we must 
decid con what di.Kount nt.c WUK. TI:úsdetennination 
ii indcpendem of the proj«'!. Two group•, viewing the 
same investment opponunity may lcgitimatcly app!y 
rwo l"ltdic:aily diffenm tates. 

Also, wmc an.a!ysu incrase thc discount Tille if it is a 
"risky" project. Thc~ is no logical ~n for doing so. 
Using a l"llnl¡C of numates for the ma)Or par.uneters ¡, 
the appropnatc way to accoum for ri.sk. The fact that • 
projea is perceivcd a.. bo:ing mon: risky docs not affta 1 
the "cost of mone)'" 10 fmance it, 

' Severa! ~. To establtsh a rcnonablc d;.., 
coum Tilte, we can apply oevel"lllapproache¡. Fint, if we, 
wcre ro take the requircd inH:stment funds fmm K>me 
<Khcr form of in"CStm~nt-nving> or J«Untieo, we 
could uoe the interest r;ue of yicld on tltOM' •• a lower 
bou,.d. Thi.t is known :u a "lost opponunity cos:." We 
would hl'pt the n.,... pmject >oould "e...-n" at )""'' as 
much inteTelt as we were gi'ing '..lp. lfinM~~d we "ere 
to bonow the funds, tben the conrr:>.::lcd int~Telt rate 
would be our lower bound. 

Mon: appmpriot.dy, we Jhould use the conr.ept of 
"neYl bestavaib.ble opportunity." l(we do not inYCSt in 
thi> pro~ what is O:lr next ~ alteroativei ThiJ rwv 
'>ot be usy to determine. So we can use oome sui'!'Ó­
gates. Fir>lt, if the organiution publishes an annual 
repo:-t with cithe:r five or <en ycar •ummAJ')· of finan Cal· 
activit)'. an average rJ.te of rcturn am be esúrnated from 
the equity on the balance •h~t and the net remms or. 
the income •tatemen:.. This giva at le.ut a t.nget val u e. 

A quicker approach based on oorne surYeys of what 
otganiutiom •ute that they use a.. a di.Koum !"llte,~ is 
simp!y to put the factor at twice thc prime interesr. !"llte. 
There is no strong rationale for this method, =a:pt that 
many comparue. kecp balf of theit net retums u re­
u.íneci eoornin¡;s and dubune the other half as di,·idend' 
,., stockbolders. This make• their vield equi\·alentto th• 
p_rime ~nterest ra<e and auracuv~ from an invesunent 
\'lCWfOIIIL 

CLOSEO FORM R!SK ANALYSIS 
FOR AH HP! FACILITY 

To illuslr:lle the use of closed fo= rUk analysis we 
>oill apply this rnethod to the problem of e''llluation of. 
the invenment of a hydrocorbon processing facilitv to 
be loca1ed ouuide of the United Sutes. ' 

For economic analysis, this project can be described 
by the required inve•unen¡, revenue• and cosu over¡ 
time. the economic life, and the ulv:agc v:alue. MilO-' 
W\.ed ,.;th each of lhe>e factors is a r.a..h flo...,'elapsed 1 
time rdationshif which we will simply call "cash flow 1 

profde." We ...;.¡ uoe thne ash flow proflles <Ogelher: 
wilh a prob<tbilistic deKription of the variable<, i.e., cash 
flow arnounu and time. lO build an economic model that 
will<wiJt us in evaluating the economic retum and risl 
characterUtia of the pro jea.. 

V•rlabln, uncert~tinlties. Let w consider the underl)­
ing sourcn of variabilny and unceruinty that come into 
play in a pmblem of this typc. ' 

lf we first mnsider cosu, we no1e thln we can break\ 
the cost componem do"'" inlo two major c:;uegories, 

DECEMBI:II 11Tf lfYDfiOCAIIIJON PROCESS!Htl 



TABLE 2-Summary cllnports and results 

ü-~ ·-· ··~ ~- ·-- -_.,._ "- :010"4 ~ ~· --- • ., ~ 
·~. ~olmu" -R••, Ro"'P'!óatlg. 

"' -w 51.7- ·z.~ 10 -67.5 mil 

"" ·~ 
""' -(fn;o-,. .. 

~0'.&1 PI'CIK' 

-· .. • • -- -~ tu ...... ,. ___ , .... 
c:~.pita.l inveumem and optrations and maint~nance. We 
define capital invt~tment to bro <:<>sU ~e~uired to Í!litiall)' 
put the ¡>l.ant into oervitt, and opcrations and rnaime­
runt~ to be ongoing ~osts a .. ociated with kttping the 
p'ant in producuve s.ervicc, 

Gener..Uy sptúing, capital in~e.unent cosu ... ~11 be 
expcn<ie-J ovcr a r-cbtivdy shon titnt ne.or the loc_gin­
ning of tht projcct. Opcrations ano.! tn;rintf"'flance colts 
will be ¡,,,urrtd throughout the life o[ L':e projcct. Un­
«"'"V.imy in th~ capiul cosu componen¡ Cln oc.rur be·. 
;;ouse of sud: !actors as (1) infl~ti<l'l, (2} <trikts, 
(~) n:aterial dd>vtry ddays, ,.n:;l (4) h<.d weather. Vari­
,tbilill in oP"rations and mainter.ance cosu m;. y bt due 
10 (ll evitonmtnt.:l.l cffecu. (2) worl:.er productiviry, 
(::) infiauon. and (4) prcjecrlife. 

Tite kng-th of time over "'·hich ~ pr.:>j<:<l io eronomi­
co.l!;· producti•·c i< >..nown as tU "economic life." Thi> 
ptriod of ti m~ ;, stt fcle~t 10 variation becaus~ of factors 
•u eh "" (1) prenl3tu"' wearing out of equipmem, 
(2) tecimial nbsoltscence, (3) unanticio;ued de<erio­
ration in roar~ctS. and (~) expropriatio;, by a foreign 
!!O>~mmen<. 

On ¡j-,., r~~nut >id~. ::;ash flow' may be afftctrd by a 
reductd demand d u e u• eomrecitivt productS, variation 
;" the s.enir:~g prict uf !ht ('T<kluct, cate of market F""ne· 
=tion, and gove-rnmental rrgulations. 

When theo.e faaon au cnn.idcred collectively for the 
e--aluaúon of a capit<~l inve>tmrnt proj<:<1, <:<>nlid~rable 
vari.ltior, can ~ ~'"l!pc.-!.ed in the ma.sure nf !he ...:o­
n:>mk VIO"".hÍíle» o[ ót project-

Thl!l t~r.togalou ptanl FoT illu>trative purposes, ,. . ., wlll 
ron•it!n a propo5alto build a hydwcubon procasing 
fllcilily "'" the f>criúou• i.s:and of Notogafou. a aatk:tn 
with ;·~M resnurc~' but a '"m~whaL ho~tile ~nd unpre­
di<'al,J~ gtwemmtnl. 

Th ~ r""luÍrtd capital invtstmcm in thi• proj«< ;, esti· 
n<Hed to havc an expecttd v~lue of$1 blllion (1979). 
!-O<'wn·~r.lhis amount could .-ar}-' as m u eh as lO pen:em. 
Tlle cxpttttd con>truction time for the plant ¡, esti­
rn3t~d 10 br- ¡¡,-~ !·can but coutd be aHhon "' r 01.1r years 
oras TIIUCh U •ix y~ar¡. 

Operati<>nl and maimenanco cosLS ate e~pe~ted to be 

--ü-- - - ''""' 
,, 

' 
., ._ - 5650 1'1'01 . $36-i~~lO" 

' • - ~ "'"· 10;2 • lO" . • • - tn mil 17.8>10'' ,. :10 ~ '"'d 1110.89•10" 

' • l<l"ilcwr:~ -80.\lrill_ _ .... >10" 

'" = 10 linllo<f.l • 03.7 m1 •••O" 
. . 

~-3m.:. s:l51 • •o" 

five pcrcent of t.'le capital investnoent costs and will 
rern.ain .. pproximately' const.ilm for five years. Theoe 
C<ISU ,.;u then increue at 3 rate of 12 pertent per v ... r 
until the end of the projett !ife. (This rate would "'hect 
tl•e prevailing rat~ of inflation in the coumry). The 
range ofO & M toStScould be ;u rnuch as - 15 percem 
to .;.,35 ptrccnt of our initial estir.Latc. 

The plant is designed for an Of"'Tating capacity of 500 
X )()& Kflday of product. but it i• expected to begin 
production (;u-ound year five) at 50 pcrcent of this 
amount and build up to c:~.pacity in fi, . ., yeau. Revenue 
from opera.úons ,.iJI be generated by tbe sale of the 
produa ata price of $4/mcf (1979). Ho~r. tht price 
m•) var,1 ;u mucha¡ ±$Jimcf. 

f.xpccttd emnomic life is 20 years. Howt~er, thislife 
rnay be reduced by a factor of two due to the risk of 
u.1friendly Lal.eo~tr by the Notogafou govemmem. 
Li~e .. ;se the actual economic life may beexLended by as 
muchas JO years. · 

W., will no" tr.mslate this informat.ion into a form 
that is convenienL for use "'Í<h our ri>k analvsis model. 

MODEL OF THE PROSLEM 

G111phiC11I Model. Base<:! on the de>Cription of the prob. 
lem devdoped in the previous se-cuon. the fin• ""P ;, to 
develop a gnphical ponrayal of the variouo llow of 
funds. Thes.e are shown in Fig. l. 

The initial invesunem is i negati"e c:ash t1o,.,· that can 
be realistially assumed to build up slowly, peak out ¡¡t an 
early poim and then ~.apcr off at !.he connruction ;, 
finished. For this factor,"'" e hose¡, unimodal function 
with the peak at 1-112 yean "·ith the tOLa) expcaed llo"· 
of funds over five years to be $1 billion. The vari.ability 
in these parameters will be tteated in the mathenuti­
cal model. 

Next !.he Re,·enue ponion St.ilru at 50 f"'TCent of 
potenúal. rises to that amount m five )<:ars and thcn 
rt1llains const.ilm for the ,.,.¡ of tht .-conomic life. As 
win be shown. it will be mathematically convenitnl 10 
break this into 3 pan.s: R 1-a const.ilm block of revenue 
at 50 pcrcem of poLtntial for fivc yun. ll:-a ramp or 
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I ·S42.2 -15-11.7 3ZS E(NPV)220.3 407.8 585.3 78~.3 
$><11)11 

't!'Un¡;,;l.ar ..,oion o~er the um~ timt" im~rv:al, and Rs 
-a bTocl of ,.....enues at full C1l pacit ymer the remaining 

: economic !if~. 
We Lrea¡ the Ofl"rating and n>•.Ímen.rnc~ cosu in ~ 

: sirtib.: man..,er. Again i: ~ conw:nient to br.al thi.l 
jfaao; imo two !Cgtnenu: OM 1-a bloc~ of con~l2nt 
: COSI.'l during the firs1 fi~~ yean of Operation a::d Ol"f1 
'-m expooemial in.::reuing l>lodt of co.u overtile eco­
: no:nic life (lhe.e co.u ~le al a r.ueof 12 pen:ent to 
· reílea .«>me me;uure of inflation, etc.) 
' We cou(d h~,·e rnade :tll)" scrie1 of aM~mptioru with 
reprd to lhoo:: flo,.- of fund.. The ~"''¡xne he"' is to 

'i!J:ntrale that any !el c:..n l:>r hawll...-1 foU.rl)· e;uily and 
]alw intorpora1e rUk. Abo. w~ h~'" not expliciúy ~e­
l ¡¡.j].-.:1 de¡ro:i;uion _or taxr:s. "fhi.l _i• done ~in! y for 
brevit¡ o, prewmauon. Thc ana!yslJ con be e~tner con­
l'dcH•<l"" bdng "before ta.xr:s" or that the~~c faaors ne 
•o.:h•u"'ed in thr O i.!J' M co•ts. 

lhth~tica! modd. Based upon thc ¡;r-.tphic:;ol de­
ocri.;¡dcn of the revenue• and coou ¡¡iven jn the pre<ced­
i:lS" •co.tion. we now turn to thr con~crsion of thi• 
iruorrnztion imo the m;nhematical foros requi.--ed for 
•nzl•si.l o[&.,. probJem. 

A ";:e<>d mnd..-1 for 1he Wta! invCJtrnent il a unimoJal 
~h tl<>"' prof<k thal is desc.~bcd by lhe function: 

1, -R~L-1' (5) 

when: the tirne of <i>e maximum rate occur> •l 

:-!lg (6) 

Thtrefo"', 
;- .. )1: 
t • 1/L~ • .G7 

Aho, lince E [10] .. $1 X lO• wc ~"--""" that 

"· 

E[/~]= SI X 101' • f~ R•r" ~ l X }1)9 
(7) 

E íR)"' 0.53 x 1()9 aud th• range of R is obtained 
b}' sushstituting / 0 D l. 1 X 109 and Jo • 
0.9 X 1()9 <O get 
.-ta X 10>..; R "".58 x 109 

which yields 
V [R) • [(.58 - .48) X 1()9)1 ,. 8.3 x 101<. 

12 

The rew:nue from lhi.l project begiru in year 1ix when 
product.ion swuat 50 percentof <:~paoty. i.c., 91.25 x 
!01' scflyr, and increaoe• Jinezrly up to full capa.city of 
!82.5 x 101' scflyr beginning "~lh year eleven. The 
revenue for thU periQd mooy be rc:prc:..,nlcl by 1"'0 
funaiom, a constan! cash flow of amoum times prH::e 
91.2 5 x ¡1)9 scflyr and a linear!y inc~.ISing =h flow of 
rate of increase in kroduction, 1 8.::5 X 1 01' scflyr times 
price. From ye.n e ~en 10 the end of the projcn, reve­
nue Ls comtant ata :-ate of.pri'e times annu..! produc· 
ti<•u &ummoori>.mg: 

H, = {f> X !iiJ.2!i X \{)9) + 
p" (18.2;." 101')(1- 6¡ 

for6c;¡.o;]¡ 
R,,. piS~.!; x \fog 

for 11 ...: 1 "' projea life where 
p .. price in dollanfft.! 

Operations and maimenance cosu zre lo bcgin wirh 
plam operatioru in year six ~nd 10 remain mns<anl 
ror fiw:¡r:ars. The"' lhe!C (OSI! will increas.e at ~ Tate of 
1 :?~ or the remainde¡-of lhe projea life. Therefore, 

C0.o¡ • .O!i/0 for yr:an 61hru 10 
Cov ... 05lo• 11 t• ~ JO o for 1 O "' t "' project life. 

PROBL.EMIMODEL SOLIJTION 

We now wish tocombine lhe!C c:a.sh flow reJationshiP' 
with • probabilistic description of the project fionol':lic 
lil'e to obl2Ín the expected value and v2rÍ>nce of the 
P"'"'m wonh ofthe project. To accompli•h thos w~ ""ill 
U"'- lhe equations in Table l. 

No<e thatlh.-.e calculations represem not only ¡ dis­
couuúr:g to pre.ent time, bul ab-a the weighting bphe 
prob.abi!itiel lhat the vanable willl21-.e on \'alues within 
lhe =urned range. Table 2 shows these ,-alues for the 
cumple problem fo¡- ¡j discoum rate of 20 percenL As 
-.rill be shown. the variJnce ofthe p!<'sent wonh will De 
u•.-d lo <¡Uantify a measure of risk for <he proje<:t. 

TABLE 3-Major pleces of cash flow: expecteá 
pre-sem: value, Yllrlance, standard diJYia­
tlon and eo.ttielent of varlation 

........ E[PW} VAII[P'W] SD[PW] = 
10 650~10' 36.24" 10" 602 X 1 ()< .00, 

R,., 601.4x100 11S7•10" tOS. x 10' .)~ 

~ 372.7x10' 190-69• tC" 138.26• 10' ,, 
""" 911<1.1 ~ 1 00 J1C-55x10" 176.:3 .tO'> .181 

""' 601~10' .64 X 10>< &x 10' ·'" 
"" 43.7x10' 4 •10'" 2(h10' •• 
""= 10:3.8><10' 4.64 •10'" 21 Sx10' = ----·-"" 

o~e~YBEI'ItiTI HYlliiOCAABON PAOCESSIO«i 



RESULTS ANO CONCLUSIONS 

The resulL< of using lhe dosed·fonn melhod for risk 
~n~y.is a.-c. U:at the "'P<''Ied present w?rth of lhe proje~ 
,. $221l.!o mill•on and lhe ~ of th!S presc:nt worth u 
"351 x JO.•• This ""Wnd number is a hit mind bog­
)ing. and ;, not o11e that has an~· imuiti•e appeal or 
insight. Rather w" mun work wnh the S<¡Uare root of 
tilis number.lu10wn 01.11 thesw.ndcrrJ~ which ha. a 
value of $187.5 million. Again. lhc num!xr rnay not 
gi•c any immediate insight. But 01.11 '"" s~ Stt, it can 
provide a .. -ealth of infonnation. 
Th~ standard dc,iation is a measure of the "•pread" 

or variability of .-esu\1.1 about the m cm, expeaed. aver· 
age •·alue. From the bowsof probability md suiliúcs, we 
lnow that appro::im.uely two-third• of a!l result.o will ~ 
"'ithin plus or ruinus one sun<lard de,iation. l'or lhi• 
proj.-ct, UU. rnearu th.zt t.'1er~ is a tw()-thi.-d• p10b.abih;;y 
¡hat the a::tu:..l preo<-nt •-al= will !x bctween $32.8 and 
$40í .6 ;r.illion. Thilo iJ quite a sprea¿ bl.l.t stiU poshiYe. 

Standard normal dlstrtbution. Funher we know r.hlu 
95 ~rce:n of all results are between p!m or minu• two 
•andard d~•Utioru and a.IJ:::.os< :olJ ~ults ... m be be­
rween plw or minw three nandard deviatioru. (V>' e are 
m~k.ing an implidt ¡usumption that th.., pmt>.bility dis­
tribution of t.'1e p¡-esenr wonh an he modded by ~ 
No:mal distribution). Next "'" '""" eotima:e th.- poob~­
bility that r..O,e pro jea will ha"" a ncf"ú"e r=• vai~e. 
Using a Standard Nonual Dir;tribunon table, thi• proba­
bility- is apprmúmarely 12 percem (z.<e Fig. 2). 

Wenow ha vea "ftd" lor the"odds" or n<kinessofthi• 
m~~CL We c.an carry thi• •~y$ÍJ one <«=P funhe.-. We 

Abor.ll the ai.lthOr~ 
C. D•u. z: .. , ;., ~ ,mon¡.U ~.....,. k10< E"­
h);,¡ At!t!ly,!.<, IR~: .. Ho.,.Wn. Ht ka.i majo• 
n-op."-'ibib<i"-' i~ !.lw a"""' of ...,......;"!/ «· 
,.,.,..,><.~ 4""""" ""'7Y wluol!O• """'""'· 
P""' <o i<""'"'' E--rn -'n<do$. P.. z,~, 
..... "'"'"'"' d•- O/ Q~ """11• 
f""9"'"'' an<i "'''"'"''" p~f'"'"' of ,..,.,.,,.;. 
011! .,_,,n.,.---,"ó' al T!u V•i........t~ afT=. 
Ht ,....,..,,...¡ ;.¡. B .S. d-vr<• '" .....-Mni<a/ ... fi_,.,,._, o>ll! ~¡, JI .S. o'ld PA.D . .U,.....'" 
uod>umol "'9'_..,"" frum 1-"' u,..,.,.,,~ of ,.,.._ 

W~:.LU•C. L....,io ~4>n.la~I<Ú<I•/~"""­
:i,otoy pro(<'""""! <<h<<>l•o• ud '"' 
E.C.H. Bo .. r.-! Projaorrr !"'" P"'f"""'""l 
l'ra<t~o· o1 TO. u~,...,.,;¡yo,CTum al A'""''"· 
¡;, .,. ~l.!o o m=beT oj ~J,, ()p<...U.•• R•· 
..,.re~~ G""'p r• V.. a.¡.,o1..,.,¡ qf M«:loo•<· 
cal E"'ri~· Dr. L.oow/to.o ~>of"'-'• ~u m­
¡,.,. qf ...,...., •~ '""""IY '«>'""'"" ood hao 
wu«ll<od on ,.,.,.,.¡ p<>:ml> •·<latod 10 rh• .u. 
"'11~ ,.,J,..,,.,., H• ¡,~¡,¡, ~ B .S. ~'" ,,. 
dw~;.,¡ "'11>.....,.;"" from,.;, Un'"''"'" or }1,",,,.. D<l.,.. M.B.A <k!rr<•f'"""'- x~..,... u.,_.,,_ •. o...; M.S. ••·d 

I'J..!J . .ks>•uo r• -""'""" ...-.rehfr9m e- /""''"" <f T<d..,¡. .. 

a~ relating !he risliness of the projea <O j¡¡ standard 
devi.ation. We can nen cakulate rhe c«/fiCÍml ofvt:>'Íb.­
Uon. ThiJ is !he ratio of the stando.rd devi.ation <O the 
expect.e-d va)ue of preocnt wonh :ond for this projea 
is 0.851. 

To gct a feel for wh~l thiJ numbcT mo:aru, consider 
the foDowing. lf the COV wen: les. th~n O.~S5.lhen we 
would h.a"<' a "saJe" proj«t sin ce minus three ot;oncb.rd 
deviations would still be hrely positive.lflhe COY~ 1 
a!::out 0.5 Wl: would h.ave about ¡ 2-112 pcn:ent probabil· : 
iry ofthe present worth being negati,·e.lfit .... -ere near 
1 .O this probabilily jump• to about 16--1/2 percent. 

lnslghb; tt1 rllks. The intennedi.:ne resulu of our 
analysis ~Jso provideo wme i~ighu in:c the ri•k aw•· 
ciued wilh !he projo:n. In Table 3, we have li"ed the 
upected pT"eS<"nr valuc, the variance. standard dev;..­
tion :ond eoefficicnt o!" varUtion of the m.ajor picces of 
c:;os!t llow. 

(For the toden who wo:~der how d:e numben an 
hanJied, ~ few rulo. On.i}' variances can be atlded 1<:>­
gether ~nd lhey ~re always positive. SD'• cannor be 
added. The expe<:te<~ values can be cornidered either 
positive (re-venues) or negative Uc and OM) and hence 
must be al~braic:illy combined. ThiJ ¡_, why the "bouom 
line "'"'E [PW] "" 220.:< X ]Qf> Var [PW] • ~51.53 X 
10" :ond SD [PIV] • 187.5 x 101-). 

From !he t.lble "'""cm see that the major conu-rbution 
10 lhe''<ral'iability are the second paru of OM foUowed hy 
the comparable pan of revenue. This i•logH:al beca~ 
this is where we b~ve the large.st uncenaimy as 10 the 
economic life.ln like manner. the lo,..est '"riabilitv iS in 
the initi.al invemnent bccau"" there iol= UT!CenaÚn¡- in 
the cost and true estimares a.ssociared wirh thi• phase of 
e . ' 

'"" proJo:ct-

A goocl q~ntltative analyals. In summary, we ha•·e 
dcmonstrated ho.,.· a projea involving a major capital. , 
invounenl in a ~trochemical pl~m to be built ir: a 
foreign rountry can be analyzed. This an~lysiJ can t.ake 
into account the riskiness ofmt, pro jea associ¡ued with 
the unceruinry in the 00<1 :ond time estim.atn. The"" 
esúmat"' and their range c:an be obtained from the 
knowledgúble people in the projea. 

These are su~ecúve and pro~rly bia""d (on experi· 
encc) estim.ares thar can be convened 10 prob2bili~ 
distribuúon•. These in _renn are combined 10 yicld the 
expect.ed val u e and varunce of !he presenr worth. Th• 
variance, and thus Íl5 off•pring, sundard deviaUon' 
gives us a quantiutive measure of "rüklness" Such a 
rnea.sure ;_,superior to more •ubjecú"<' qualir.;rti•e esu­
!lla'-"" such ;u "safe bet." "risk~." "d--- ,..;,;,)·." The 
a!ternative to using a quantitative analym is ro rely on 
jun judgmcnt and hope •omeonü imuition is right. 

~~~ 

,_,. 0 l.~- ......... ,._ ht Ofr; H-- ·-"--)'" ·1<0- , ... .. ... ,08_ 
,._,.,,,_ ~ J-•"" •~•·•·! v., -ü,.._.,b,....,••.., .,..,.....,....,, ...... r ......... 
1-..' ,.....,..., Vól • -~ >. '"" J, .. !,_..¡::,:::,, 
't-.C-D . ......_,.c ... ., ....... o.·A .. _. .. .,..,....._n 
.:.,..... ,____ ....,...._. r ... ,.,.......,__ ....,-u .. ··-,,.,..,_ 
~=~ '<-.c.n ,,..._, .. e.,. .. _,..._..,.,,_.,..__,....._ c--c.oo.no.--..·-··,..,-'--, .. ._.,. ___ .._ ... ...... , .. _ ~·· ,.,. . 
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!nternatlonal 
Pro]ect Flnance 

How finance impacts 
profitability 
C.&l> rle>•Y l!as a d,.,r.ttlt;c infiUO'fle& e,~ 

project scf>iodu/e Qfld on /l.a "'oney to !>e' 

.-d~. T/;is can 11/SIOI)' <hOWI l>l>w to 
cr..re an ecot>C>mlc mO<Jfll tor upital's ros. 
m con•trucfion. 

J. L. Jan- •nd P. 11. Alo.,ln, Pullm.m Kdbg¡:, LL<I, 
L<•n<l•"'· En¡;l•nd 

11~ <W>-<>>!1<. ~o"' L ""n¡:lh< do.....,n<.O "'" r,.... 
R'<-<l>o<! ;, ""fui fo• p¡,.,n¡: LnO<ndawO!hipo o.. .. .,, 
1"'~""' f'"'"""'· ><h••Jolmg. >"'<~ ~ronool>•' ", Thu "· 
d<~.,nnm>ted h<" '"' '-'~'"'"'Y ''"'S'"''"'""'''"' 
"'"~ "-O•M•o.<>uf, "~"~•1. mu<l<m I,)C\l-t<>n·p<•.d•! 
""""'""' pl•r.t bo«~ on ""'".,.¡ ~ .. ''"""""""- Soo L.­
fo" ,<ltin~ in•o o¡o«>f"' cf lh~ a>< ""d). kOo ".,. 
.:...,, Kltr.< imf"'"'"' ;,,..,.,,.,. .. ..,¡ l'"..,.¡""" <>1 
guod "'".'"'' mon•¡<m<n>. 

--..-...... -...... -~ .... 
................ _ ...... _,., ,_,_ ......... _ 
._._. """"' ........... , ,.,. ""'""" 

'"" uloiJ, onco <ho "''"'"'" Lubmk! '" H el ,>L.n• ¡,., 
"""" ""~' <nJ wntmu fur ;,. pro¡'tt "nplconrnl•t .. .o 
"gn<d. iL" "'"" do,.nbir LO p•«ll<>< ~"ip->•<nL ,.,,¡ 
"'"""" .. <L•< ""'"" P'~ .. p,.,.;;;,, ''""~···· '"' Ln<HD>8 <i<f>n«< .,.M•n:l• of ~·•IHrl- U•.- .... n o> 
''-''"'""')" •o nurum;u L~< <>l<nd" Um< opem in ...,~,. 
n«nn¡, pL'<O<L.Lt<m<nt ••d "'"'"""'"' ~h·"" "'""" 
ornmh<" , "!"'""""" <mofii" And Lh< r<L<>IuL"'" oL 
''"'"'"''n"' LO'"' O.ncfn of<h< P"'Í'" '" ",,.,¡, ;,., ' 
tm¡oonon t ~"'" of lhr prOJ<<l "'"'"'!<"''' L<• J "'"' ,¡,¡,.,.. 

Doi;;.ro to P'""1'<' ><hffiul< "''"' '" • """'"'' "' ,,., 
Of ¡u.~"' <On<O<m m ,...,.. fr""' pru<n:lur.ol ""'" 
"'"'"U Ln>¡>eoed Uf>On <nr pmjrcu .. m tL• ""'"'"'"[ '"" 
'<>tmrnt r,.,,,.,, Hrrc, wr'll <On,.dor t>i.k drl<>> '"" 
•m<, •n """''" of thm pouttLic m•gn>wolr ••d '""' 
<ff«< cm """11 P'"J<" ,...,,,,.,;o.m_ 

BACKG~OUNO TOlN$TITl..'T10ti-U 
P~O.IECT F1N.fiNCIJt(l 

Fot <h< ~Ion• .,.,., ''"''"~ fundo w Finol><< hn pro­
.L""· lhm m "''"' iLo>tot.OLIUOoLI >OUrr<"O "1"' •Lin~ ljj1 

• trul, inLrrn<tton•l ><.>Ir. 1 h<) f,JJ '"'" lour '""''" c.n<­
P'rir>. <.o<l> ~•lh >¡>«>>1 chmcm~oiu ul ~ .. n '"'"' 
>nd r .. ld>"' •ppli<.>>on_ Thn< "" lw<.>odly •• r.o!.L. .. ,-

1. Com-..,Lol S...X.. Th< ""'" <r.od'""""l ~""""ni 
<>.p,coJ fund>, <h>r•ctrmn:l wd" b'' '<l<ti•<h ol>om 
!nao ,.,.,.,J, and non·];,.,) '"'""' '''"' ~l<l""'~h 
,.,, "P""'; , .• '"' " "'"" ., ... <> ... ' " .o , ' "''g' ;, ' "' 
k.c~ of <o>mmrr<..J or poJ L\OC.OI "''"' "'"" in pwJ«l m~ . 
p; ........ """_ 
2. ""'-o! E&pon C..diL P"'f'""'n>- Th<>< '"" Lo•<· 1 
"" •nd '""'"'"!< > ""''"''1'"> <'P'"""f w•<l>•nd ...,,_ 
,-,., Th<irloLL<LIOmnl." O.u<d "P"" th< '!""';"'¡ , <·m- 1

1 "'"'""" •n•l d•><ounL «tiLLo« m<dr .-·•il.obl< '" thcm 
b• g<:•crnmem "'" «nu-.1 O..n>L- Thw th<~ '" "<<p-1 
"'"""' poloLL<&I inn""'" ""' oend"' «il«L Lh< '""""' 
<r>d< poiL<><t of lh<ir r«p«!L'< ~""''"""'"" [_,"'"' •«" foxcrl '""""' o>-rt "'n:l""' "' l<mg 1""•><1• Thr> 
"" gonrt>lh ttn:l to P"""'""g g<•<l> ""' '"'"" 
f mm oho <OUOL<~ of on~"' ""''- E'" m pi" iL>dudc ohe 
U.K_ t•l"'rl !:r<d>< G"'""'"' O.p.ot"''"'"' iEU:D¡. 
l' ,S_ E.. pon lmporL ll<nl.. <LL 

3. ,..-...._._. Ald Orgu¡iu....,._ Th<>< "' ...,..,,;.n, 
to•~rnm<nL L<> gu•·rrnmont '""' •nd m <hrr<fur< 
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• u.~- fiwJ•, ,¡,, ""''"""' "'"'''""~' "''1"~ oo,... ·¡¡"" ,..,¡""" unbmWu ... <><!..-:_ L;.;!o ,.,..,,«! from 

'"'" '"""''' "'" b< t«hn;.,!l\- od"l""'· l>ct ¡,... 
q<'<Od • th<> '" nm. ~.j...-o;oP ~1 t..dt M th< groun.J• ni 

f «<:hn¡; al ;,,Ódrqu>O> '"""'.d b1 tO<ionJ<"· llolo>bl< 
' ''""' :, lh<t<lc,.. k¡¡o •·llilt '""'~"'o"'"!'"""' ~n•L 
: .,,¡, IU<h ><<'<Ion 10 or1ng th"c bodo in<n lr.t •-ith th< 
· •....-.r"''"'"'· In .. ;.•m< raid'""" n<>< f>""'bi<. Thr 
;'""'""Of "''"'h.- <0 in~>L"" """"K lmm ""''¡." 
1 """"' "' P'""'" hio P"' form"'" gum<ot,.,_ 

i •. ~~ ~~-· ·: ::.:. ~; .. · ~~~ ::::'. :.~~:~~~~ ;~~\:"~~:~ ':·; 
p<o•.l ni l>d <>r~!OLiOr..l <.on ,.,, • """''" or ""'"'- In 
<h< """o! Wor;,j B•nL oM "'"'" l><V<Iopor.<nt ll.onL 
p><:;<ou. ''' "v-"r"""' <h•ng< in '~"'<'''"''""'oh« 
om; .. ;,..., ""' '""'" "'"«! meam, ,..,,...,. o! th< ">'d· 
clmg <)d< ého,-, tul>'"' ""' o><<mu<«i-

F.,u•u:•ly tho foil rl¡;or nf '''""' P"~.-Jo,.. ¡, "'" 
>ppl"d oo••~>ll,..-d,,.._.,•,.•n>h """"" '"''"'$10.0W 
'"••lu<.A ,.:,.,.,olio!ttd""""' m <h< '""'' f"''U>T«<~f 
tr.< «>ni n« or ~ o"k' ''"'"'' ! ,..,,.. • ' "~"~ uf '"" < h ''"' h· 

"" 
O<don~g MO P"~'·'9· lü•mK "'""" • '""~'""· i1 ;, &.,., """"''}" 10 pi•« • f"m pur<l>.l><<>nltr '"" 1,.~, 
• oo~n ""'!""'""'-;»•IÍ<ulorl) fur «¡uopm<m il""' 
'·he>< ~o),, <•y ti."<"' <oiOul Kh«<uk "'''¡"! ~''" ol 
fi.'m pe rch"< otdm •" pl.cffi on Iom<. • '<ndnr "'"' 

""' ""' ''~'"'"'"'" """' • """ n "'" """' ,,., t.,.,, ,,.. 
< <i•<<i 1 1<-rd"' t 1hr r• oj'<l mu" """' .,.¡¡¡, • m <·"" 

""•il•bi< ,.,,,. 1n ou hft fo• '"" pu<po><. 
In tb< ..,,., of fononbn( h¡· l<atolxul (>""" c...tn 

l'r"i"-111>• wht« f'"'~'""l",.,."' hmil ""'/or.d> .,.,~ 
•blo 10 1 fl>«i p<Of>O'""" oflh< """ nf goodo •nd ,.,. 
•·iceo llfp<a-11)· W.SJ<:¡.¡. ,,;,;u, <qoipm<nt d011n !''". 
"''"" m•¡· 1uffor unl<n '""'"'' "'""~'"""" '" 
madt tltll« fr<>m lnltmol capiul '""'""" 01 lrom 
IO!>"Up financingoo th< tomm<rci;oi morln. 

D<lol"' in m<ical «¡uipM<nl do•.., ,.,...., .. ""', 
"""'""'"""' <fl«"~ Sot onl¡ i< '"" P"'J«' """f""'" 
"'"' afl«<«< di•=:~·. "'" '"' .¡,,., r,..:~, t..<. pu>•· 
m~l) in<o <nf'"''"'"S ln< tfl<<l on <n~'""'""' 
prog«» ;, 001 Ot>> oou,.1 ~'" oight. bu! " "" b< ''"'' t 
Un!e>P<n<lo<l>"" th<ir wu1k "ri<th 1n Khtdul< <h< 
<ieJ: .. r, of d"""'l"' fo, hovght·¡., "'"'·"'"'"1 >uch,. 
P•"'?'· <ompmson. ,;, «>ol..; •••• .. onon~n 
l>;ilm. <"<>Olto¡ '""""' n<.. "' .ffem~. ll"uhou• '"'" 
1""'"!'• lh< deuiltd de,.¡o of found-.;.,o. ~~,., . ..,k 
steol~or~ •nd '"'""""'"'"'"" """"' v·~•«d 
lmouthly. Thi> t<!ul<o in futth" dtl.,•s '" p'mng 1he 
fon•l ?"''""' o:den for bulk "'"""'"· !"~>O¡ . ....,¡.,.; "'· to02l b& of ,...,.,..., '"'"""' ¡,.. •=P'<· 
«d umil d ellli«< d.,i¡-n " 10m pl<1e 

lmpooct"' ""'"'""' Ooloy. Thu¡ ,¡ '""'"'"' ""''•" " no1 •voolohle for down porm<nto on OOuohl·lt\ <quip­
''"·'~ lh< <ompletion d"t fo< the plant ·~1 ««"><!t.. 
• n "'"'" ni «<U<IIo In< dd.1 • in placn' ""' pu«h•>< ...,. 
d«."""' o/ lh< "'"'P"""'"""' on ti>< <n<oool polh ¡., 
d<liYe:;¡ •nd <oectoon 

Pm;<« fm>n<m¡; conmointo <..>r. """"'lt '"•!(lhen 
<h< pmJN;I "ht"dul< No•· ¡,·, ~uon11lt 111< <if«'! of 
>•'Oh dtlo)> on p<oj«t p<0fi01b1l<1>. · 

C"'-SESTUOV 

Th< «1olu !<pont"d hm h••·e b<en d<n«d hom 
coosid«•no" of 11>< OP<""'"'i «<>nom•cs "' ' 1< """•1. 
modorn 1.!00 '"""P"-<1" ''""''"'" pl•n• b<«d "" 
""""' ~" ¡..,d.,<><l.. n.., •mi." "'"o(, '~"'P"· 
n.o .. ..,"""' o1 '"' .rr~ of P"'!«' 1m¡M 1m•n"''"'" 
;,fa,~on O<<r>ll P"'''"<' <"<01>001><> 

ln">u<h an '"'¡~.,, mn> W•~ "'"'"PI""" m """" 

"-'1· fo< '"" t<>mpl< "'" "" t '"'" '""'' •· "". , ,., 
'"•''""'"'""''"'" ni''"''"'""', r., ..., f>O'""'' Th« 
'" ~•n•itt<l O.lo• 10 tnobl< '''"""''"' •d)"""'"'l 1;, 
lhe f•gu1<1 toO. mad< 1u '"" ""' ·~fo< '"""""'· 

• AU <mmcm• "'fUi<«! ''" '-'~'" t "" "' ''" "'"""''·"· 
'""o! /mili"'''"''"' '"'"" '"'"l'" 
• 0..-..llt<om I«Ul>'"P''"""''""'"' ,,,¡.. ••¡'""*''' 
O!"""'"" ind<,.....dtmk od ''" ·'"'""'""' "'"" "" ~'"" 
<h•>«l•n•m""" 

• ~''"1 ""'" '"' "' """"" .... "'''' .. , .......... ·'"'' 
"'"'"""""' """""""" ........... """"' """"lh.ol 
"'" O>a;~) infr.101 U<IUII "'"''" •tlf ... lol,¡><h«f. 

• 1 ""'·" li>«l <·•P""' "'""'' i""Í'"' 1 ~ 1 ""·~·,., """ """· 
l'llO b.,lo. Thi! """'"''""'" o·n~"" '"""· i>"" m'""'""· 

III.-C-3 
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lnternational 
Project Finance 

When engineers are 
on theteam 
Hfte'o wiN!t '"~hnlu/ professlonal$ 

'11-><1/t' kno"' about OOw óank.,. slz• up 
e pro¡...,¡ lec wl!lch a loln /S 5<>ughf. 

GOIII: ro bridge !he commun:ulion gop 

•nct improva lh• r1ecldon4rntklfig p~ 

~ • ""·"''"""'"'"·'""'~""'" 01 ''", dw o,r,_ 
""'"" ol ''"~''"' fin•""'"~- 11! ~'"'" •h• "''·¡"' '""'od- · 
m<ion> • t>.on<" ,....,~.,"' m "'" """'"" n .. """~- (l) 
Jn-<~ • hr P'"""' r, n...cm~ h.oo """"'" "' popu!,.r •'><~ 
(<)«>l.>p..,h<nd •d .. n<>~o<of th< m•thod 

1, O.fi""-loft_ """""'' f, "'""'"~ U > !Jp< o( loa.' ~b< o<bo. 
11>< p>~""' af L~t f""'"""l ~ •nt><lpoo«l /""" tho 
pCOJ<o. 1 ""''""'" r<om Olt<n th<loon" >l'U<lurtd '" ,¡,., " "noo O.ü'<! e~ !ry cho full ¡,.,~ ood cr.d• ofth< 
o~"" Ot>p<m..,. of ~.< P"'J<CC- Tim l<od«> oon on1y 
koo~ !o tll< f""i<a fo, a¡:»\'Out Jn >Ud, > <> .. th< o~n<r 
d< .. i noo "P' cho M«· h ""1 1>< "go«< by< 0<"'1) 
fu<m<C ""'""' '" up IL.y "' >p<>nOQ<) IO<OO!<rocund 

""""'" "'• p<Ojrct. 
Tho boJrow<T • "'""' ''" U.,io«l lo t!.at COIIIU»G<d 

'"'"' p~~....o• of thr pr~j<ct fm••< i•g plu> '"1 onu .. l 
"l""Y io•ooo..d inoo oh< oo,.,,_,,_ 

l't~. 11>e lcod<r muu onon .-cl~ h<>o·ll¡ ""• 
pro_¡..ctioo n,. ;, r•<P"..d b• '" ""i'""' '"" bo•«l 
on •llumpo'on> prmod•d by hirn l'or oh"""'"'"· cng;. 
n«< o:xl O.ni«r "'"" >«ni.,.,_.,.~ • ,,..,_ 'l.o:ob<n 
ol UU, ,,.m ,...,.,.,.;,n.und e><h oUo<c _ Th<"" ;, on In· 

'~""' oqu"Y mi.;,. '""""'"ion of '"l' n<• "'"'""' 
o.-<f ;, " noo oppropn•<' foro b.onl. 10 .. oum< '" <quoty 
ti. l. 'Thd d ""'> com....m.f b&:ol rore. 

Tl>t »or,l. mu" ,,..lpc ,~,;.,_,, ""--''"-'"~ n>l,, •nO 
<O"'"'"•iton< ond d<'<'"''"' • hido >1< >«<P••blc. h 
mull rdr h<";¡,_ on onP'" ftom 1 h< <n¡¡in«<· Afl<t <h~ 
.X<<mun.a""" ;, modc. ,!;, Don l. ~ill <h<n opply<h<•or­
-• pr-oj<<! n .... .-..;.~ • ..-toniqu<> lo •hofl ony """'"'?'' 
obJ• .,. «)u'"y ,.¡,l. tn onoohor P"''' 

Ill.­
..............__ 1 I"C ....,. ..... ,.,. 

,_ -
• 

I·T 1 -­~ ...... -------
-_r:---

Lp -­··­---__ 
.... __ --· -­~~----· - ·-­----""·--................ ..__ 

TI< E BANI<ER'& VIEWPO!m 

l. eo,p~..;...,_n,. ;, <h< qu .. tion of •·heoh.r olo< 
proJ<ct .;u O. conllrUct<d fot th< co<L on!Pn.all~ pro­
_1«1«1 •nd. if th«< '".,..,.uno, •ho •iD 1"'-

lui>O '""'""" <hc qu.....,.,. •iD oh< pro;.a •-o<l oc­
<OI'<!on~ 10 <h<tln¡-mol <loo;gn? w;ll" ptod"" th• prod· 
Uct >cao<01ng oo O<ig'"ol >p«olicouonl • 1th 01>""'-'"8 
ro>u "'Lnc ~;,¡, <h< ongo"'l ""'"""'"'' Tluo '"' • 
...... ilf .. Id ... "'"""· 

2. Equi<y-Ho• much o.;¡u;t)' '"'hk>n u in th< proj«>' 
Ho• m•<h mon<) h•>< ""'l;looldot> m•~!l<d in 11' Tloc 
.,...,~, of <quffy •ill ""'-'nl '''l d<P<""'"~ on <he 
<trongoh of """""""8• pm•·",d<d by <h< <pon>Oro "' 
oth<r fin an "•11¡· "'~"'"" blr 1" ""' 

3_ ~l&rto<-h 11'>< outpu< ce..~ b) "lc' <o>n=«>< 
Jf 1<1, wh01 01< th< t<tm< of lh<l< conoroc"", How long 
do oh<n hm? Whao ,.¡., pri<' i1 pm·id«l? 

1t io unuoo>l fo• o Don< oo»>umc U.. mul« ,.; ... 
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lnternational 
Project Finance 

How banks aided Brazil's HPI 
A monetary ".oackago" was put together by 

se11era/ banks, Jnter-Amerlcan Development 

Bank tinanced scquisltlon oftechno/ogy 

and purchase of equipment to be bought 

through bidding 

G. E. U(lnles, lm~r-Amnican De•·elopment Ban~. 
\úshingto;l, D.C. 

H""- L><> .<L<'Il "' •L !!A-~~-' ("a-h "' the j n\e>·AJH~, ic oll1 
D~•·elopment Hdnk) •dect ~nd pnoce" Hl'l-rd;u<"<l 
loan noquesu' Ho-. are a typio.l HPl project's fimnce :ar­
rangcmeras handled af,.~r ;oppro•·aJ! In answering 
···~..- ques!iom, 1'11 be¡;in br disu,.•in¡; J¡.onk .ttnh<ll Í·: 

'iJJterí';,ce wilh go1·crnmen'-'. Tlli> io lolluw ... t h~ "" 
• ,,•¡ case s<lld~· 1 rum Brdzil. 

COPI!:SUL ·.A 11 Nlntln; ehelle~ 

l"""""'c~9•uhlhtd~,_..,,,.,.,..~. 
,..,, """"'~ ., ~ Gtar.>o <10 SU, 1S & lo~ .th,..... pial'll 

""'"•" by CO~ESUL. Como&Mi& P&t<o~u•moe& do Sol. 
COI'ESU!.'s OQ<.Otyian""' 51~ Dy.-ET!IOOUIS ... a-~ 
""' <>! f'ETROSFIA$, lhe Nlbotlaif>81rol0'"" """'P""'' and ~9 por­
e""! b~ F18A.SE, a ... -...v o! !lonco 11111<"'"'"' do~ 
..,.,..0 E~. m.,.,...,., O..otr»<••• llank 01 arW. Pma-
1'61 ,_ rTiaWial: -lrom. po~ ~-Md ,... 
·-~>o-~-The-- "'"'-~ .. - .. re­
lum<JI-~--fry~­Mil too oy pipe..,_, Al,...,._,., -tflly tcacl<lr'lg, lh,. plant" ex-

• -od 10 ~---e :t-. !nllow"'') e<>"'UUII ptOd'-'C!i"" """"OI!y. In metn<; 

••• 
oo/v'l'o>l< ~- • .,.,_ 

·~~~ 
·~ f>O"l'"'•"·'<-!uone .,., 
.,. ......... ,11> • .-e 
.. r»,••e "'""""" 
""•"Y­
-"" -· --~~-

·~· 

Annuel meeting. o, an : .. uaraiiJ~,;s, Jl.or>k :outll<,-iiÍ•·• 
meet wilh the pl~nHite wumn ·, \Jini>l> ~ ,¡- r;,,.,,. ~. 
)ÚtÍon~IJ'J~nnin¡: ()fli~~ 111- rl!heJ ~'\LIÍ>"I~m :~l<Oill"· 
l'rujecu ol mutu"l imer"'l :.r.- ¡;.,._.,¡ in 1" iurir 1 ¡;,.. 1 h.­
CUrTen; ) e~r ur f<>r t he inun.-.li:.t elv loliu>~ in¡:: 1 .-,.,-. _.>,,¡. 

élliunal pus~i [)J.- P' uje< "· " lou>e pi" nning ;, ""' "' '" ¡, 
1·~nced. ~re pu1 in 1 he pipdi11e f(" '"1""'1''"" 1 • e.u '· 

The next Slep depenrl, r>n the defíl,... ol"pl.umiu~ .rl­
re~dy d<.me ~nd •he urgen<~ ~n;rched 1" 1he pr<~_i<:<1. 1! 
planning i> nu1 oufficienlh ;rd, ~ll<~<l. 1 h~ < uun1r' "''" 
1 equi:sl ~n uri~Plln/Íun miui,;., 1 ro m the B. m'-· · 

Pro)ect commlttee .. ".r 1his poim.the 1~,.,.,,._.,. ""rL• 
out plan• for inlurm~lion "' ~ indtrd<"<f in a fe.~>il>ilia 
st<>d)'. Mur~'"'"'. ~ f'r<1ject (~mnnin.-~ " illl,., 1 r>nue<l •" 
th~ r«omnten<.ldtirm of rhe tlrmk·s Lu:ul CutllmÍII~~­
This projec1 gJ"ml¡> <nill:n~l crmduct ;m •' 11ah ,¡, mi11irJn 
~nd ,. ill prep~•·e ~ prr>jecr r·e¡>rm for .,,,,¡,¡~, :n i• "' h~ 
th~ b..mL ·, tup Tl\HII.r~emenl. Tbe mis<ion wrl! '"'d 1 • :r 11· 
al;-ze and repon un ph•·•iul. <echni<.JI. fju:r ru-i.rl. ;,,, Í• 
wtlun~l. ecunomit- ~nd le~.rl ~•J.>en•. 

Th e - urient;rti<>ll "'"'"'" .. '""'-1 df'flh '" .rll pt oj~< '' 
Sorne projecu ma)' be •ufficienth· :.d"anced and need 
no f ,;nh er orientotion prior lo analysis. 
Th~ in! urm~Jion "<•dierllr~ :tll ··an.JIIIÍI IIJ '"'"" .. ¡, ,, 

refleniun uf thc pn;jeco >e.,;,, "' 1,., l;'~l'·""'¡ h~ ,¡,¡, 
¡rruup and subsequeml~ ·~·-i~"ed .ro ,,¡,"' ¡..,~¡, ut 
management. Th e repon 1 hen sen es as <Jne uf the bases 
for decision b) the Board uf Execmo\'e Drrewm. 

Proposal report •. .>, 1' pi<orl 1 epu•·• "" :m ir>rl1 "' ri:rl 1'' ,,. 
jm con,..ins the 1 ullu" in..:: 

T. An e•...._uli•e '""""·'r~ ul1h~ pr<>_ien-

2. A fr-dnlC ,¡ reft-rente fm-¡he pr·<Ojetl. ''' ¡<tmide :1 

picture ot' th~ 111agtt·,,,de. impon.rrlle :.nrl hi>Jrrr-:-· ,¡ 
!!-'"'" th rrf ind U<lf) . urn~rll pwblerH• .rn<l "1'1"'" ur ti• 
tie•, restr~inl> ur ¡,, emil '" umkr " bidr il "'" l,, lt"> el 
of lechnnlr¡gic.rl d~l dopment "'" 1 <>L lln ,¡,,;1,, 1 l.rt '"' ' 

, (Simibr inrormo<lir>ll. btrl ·.,,a.,,.,..,. deJ.ribl 1.11lri•111 i• 
5I udred " ith 1 el;roion '" lh~ >LII>In'tro,- of i 11rhr•11 ' < nn <"'· 
pr>nditlr; Lo tlr e pro¡.,,.,)_ · 

3. luformation on the borro.,·er ~~~d ~•ecu1or. ,-ho 
m~> be the "'"'~ or diff~• em entiti~s: in th~ btter c.a>e. 
par't ofthe illformlltion sought ,..¡¡¡ be p>nicula ri) a ppli­
c:Jhl• 10 one and pan panicular!~· ~pplicable 10 lhe 
oth~r. The goal he re " lo ¡;ra•p a cl~ar und~r$landingof 
the legal. fin~ncial and manager¡.) ch:.r<~cteri<liC> of 1he 
enlities ,.¡th whom the BanL ;, ~bo"' todo businns. 

III.-E-1 
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•- On< m bct~ ,,,...., .,, ru"h<r !lnrl,..¡ k;,n ,.L,. 
,;., IU J>"loocj f>'<WDO op<r.on..n •• p~oiocl~ .nd ...... 

...... w<U .. 11>< "«......," """"""""-
S. -'~••'" prooptru [u< lh< pruo.iu" •~ P""''"" 

-hoch •'j[ 0<1ulo f..,m oM P"!i«' ''"" io><h•d"' 1"'"­
p<n.tnt •nd pwi<m<l "'"' of ~'''""";""- ""'"""P 
"""- "f><>" · •nd ''"'""" ol •h• P"""" •1•1 muleo ,.,_ 
~<lorodu"l-

~- ·' u .. .-,,,d """'"""" .. r oho ~"''"' '" he Ji. . .,,,.,,.¿ mdudon~ "P"'' '"" <>nm•'<• "'""'·''"'~ 
<<»~-•nO • nnot>ung pbn. 

7. ·' d<Uil<d d""""'"'" .. ,, .... _,¡, .. "' """'""' 
oftO..~. 

i. r.,.nao~ P<"l«'"'"'b."" "'- •h• 1, ,;.._, .... r.,r '"' 
<><eUW< ut bo"u•<'· ol oppJoC.Oh!t 

~-A>""'""'""'""~""'"""" ni ,¡,, "'"'" .,_ 
p<e> ffi fo ""· "" P'""'" ~-''" " J:, . tln• 1 ; " d o d , n 1 ,.,. 
m.non mu•o b< '<'!"'"" O• <l<><lup'n<>ol "'"""'"""· 
buo nm """'""" b)' '""'""'"'"''''"'"" <•1 ¡;,,.,,..-;.,,_ 
De-.oo<o-1 loa,._ ThM< ""'"'·"' '"" ,....,.. ,,.,,. 
<•<<>- '" ~"'""d oo ouppor, ,-., ~~w .nd ""'"''""' 
<1<-.lopm<no "' • """ ""'non h- r .... ~;.'ll ........ 1 
fi'OJ<'C"- -"olot.u~~ 1~< "'"""" ~ ..._. <h••~· d"<lo'j>­
''""' :O.n• for "•du~n.l P''"" '" ~'"'""' "'"""'1 
ftcm <0< o<d'""" «P<~•I <OCI '" h "'" .,.,¡,.,.,,, ""' 
fund< IH). B.,.f, Íonph """"''" '""" «~·'! """' '"""' 
(l1 '" 18 ""'' >nJ '""'"' ''""' '''~'"'' '""'" ''"" rommm.•l ""'' liHI ""'" • «fl«""" nf 111< h•n' ·, 
'""uf~""'";"~ 1)>< fundl. ll ~ ><S<<,. o<< 1 "". Th< 
,_,,. P"'"dmgfor <ht >«<md h•lt of'-'lcnc!.< r .. , 1979 
• ., ' 9\i_ ,.., ,...,..., O..Loncto~<d Thol., ~.looornm· 
"""""'""' f., on <h< un,loiO..'><d p.on of t1>t loon. <u<· 
,....,d, U~li. P<' onn•m 

In ltlonl ,..., , oh< lllll ""'" h"' p,--.,,.,1.,1 •11 ni oh. 
lo"'~" '""'"~' r<~uio<n~<oU The '"" fo,,. ''"'<In 
><>h·.-d th< '"""'1""'"'"~ pn!>l<m ol "'·"' ,¡,,¡,r. "'''". 

""" "d""8•· ,, "''"' ""'"- """"'' '" '"'' '"~' """ 
f<r<> lflll h>< ""' "'"" •"'' "' po .,, "'' ,n ''''' '"""" 
"''""~· "Q"''""''""· ,., "'"' ""''"' '""''' ""1' 
<>Lh<< "'""'"' n! n"'"'"'X "' ~''" <h< P"'''''"' ~ •""' 
""cl' oo bt d....;,.,btd l.ot<t • ,11 ""'" ''""''ni ""~ ,, ~• 
'"'"'"-
e;"""; _,_, ,., •. Th< .Wmoniotoooh< lood 
• «¡oi..,; in <h< '"""" of lo.n •pplocat""'' •nd ti>< ••· 
pm·O,;oo of cu>t<m 'l<»n• ;, h,..,-_ Tlm• IUH "''"' u..­
''"'" n<h" mc•n o U> '"'~ lh< omolll"'" '"'", ( ,¡.,¡.,¡ 

The deve/opment bank p/ays 
a central role in getting the 
project owner together with 
the right "mix" of lending 
institutions 

ni.-E-2 
• 

Ot PIDV'o'" lo.no "' ¡¡r-Am<'<l <o ~ ... 1 l""tri.l '"'"") '""" "<.:t-"""' B•nl,_ ,..,..,.., .,.,.,._., b.oo\.. 
>nd loc:ol dM clopto< m bon l. Th<~ . "' '"'"- <"••• o,,.,¡ '" 
un.JI« bo<T<>otr>. Th< lo.n -.,.,,~,.,¡- ¡, """' ;.,¡ In 

u..'"""'' burt-o•to ""'' ;. """""""' '""" ''" llll! ,;, 
h•ndl< "-

Tho ·.,, .. ,.1 O.mo•« ·'''" ,,.,,.,¡¡,,,.,"""''m ;.,,¡ 
ru "'"" 1 o h< 1 ~ , """ ;,.,,. .• ""' 'IC , , " ' ,. """""" " r 1 "' -
··~ "'"""'' '"" 1<><.<1 <l<n ""' "' ''"'" "'"'""'"' ,,. 
qw<O. A<>d th< ul¡ln>o« '""'""" "' 1.-»<lic"" """ 
tnbuO<o «p<Íl' , ,.,,...,. '" wmlm~'"'""' .,~¡ '" ""'"1 
«<¡• ,.,,;.,.,,_ ""''"" '"~ ¡,.nd ,,,¡ b.nkhn •'-

Oilto< ........._ ID8 •ill ''"' lund o«iwOAI ''""'"'"' 
p~o•nd p><·im<llm<I>L '"""' l't>t '"""l""~rme! 
P"')ttU 104! ><" t lO 

• '""""! ... ~"'""" '·'" ........ ,,, '·~"''"' 
• '"'""" >»dio• "" ''"~ v• '"""" '" ''" ,,..;, "'"" ,, 

'"'" "" ""' lh< mo>< '""''''"'"Í """""'" ,¡ li""" mi 
.'" o<arulorm oh<no ;n.,, «">>m<IWI "'"'·""'"' ' 

• Il<• ,Jop «•>~bilih ""d'" "'""'" lmu>< ""''"-" .~, 
=>$o •nd lo ~<lp • pMP=I'" 1•• n_,.,. P""'" ' 
lu.n """"' l<>r • 'um"'"''"'l P"""' ' • ~"'"" "' <lunon.,. ' ,.,..,,.__., "'" ,,,,. '" "''·: 

""'"'"'""" "''"'" ,¡ ... "'"'"""' "' ~"""'""'' 
S<><l>< ol <h<'< lo•n> '" d11 <n '""" <!oht' • •"< ¡,, : 

p,,g-,.,-,,. • h<<h <nd up ondudm~ '"""" '"" "''~"""' 

Co.n-nttry ''"'"""""- n.. """' ""' lorlp '"' 
"""""" lo loca•< "«ornpi<IDtnton- ¡,_,,.., ... ;., .,¡d• 
<ion '"U...< •h'""' 1{)~ "'" fl'"'"'' ""''"""'· ohi> l.ond 
of ""'"'""'" ""' "'"''' """""" "' •pJ>f,;•'* n...., ob.""'"' ol th< B.o l.·, ''""~"·'"''"'"' ,;,.ncmo fiD" 

grom """ "'""'""'"'1 P'"'" ~""'" .,1 """'"'"" • : 
• r,,,_ '" ,.,;, ,,, ... ., "'' ""'"'"' '"""" ;., '" """' 

""'" lo "'P"·'' '""'"' "' '" ;,,,, "" "'"' ,¡,." "" 
'"'" """' 

• S<rund, '" """" th< "''- ''""'' 1 <1>< '""" .,,..,_ 
""'"'· •nd b• ~' "'""~ '"'P""' lh< 1<1 "" l•w •O. P"" 
,,.....,. "'"""'"' 

• fnulh. tn Nn>nbut< oo ..,¡,.,,;,.., th< ,.., •• .,,~ 
<fi<CU<<P<I> •"" oh< Jln•ncr.<l ~'"'•'••" ul thr "'"'' 
n•l b<xo<"" "~ P"'JOT" in> ul """" lo<to """" "' . 

Th< """"""''"' 11 ,,,¡,.,. bnt '"" "'"'"'"'· '" ,, 1'"'­
'"'P'""" "K""""" fl<~< "'" ¡.,,.,,,, ;,.,,,.,,,, 
'"'.," ''" '"""' '"' .. "' """ "' '""'"'' ,\ '"' '"'"' '"'""g ''""" """ ,,,. "'"'""""' '"'''"¡" ""'·' ,. ..... ' 
'i>'l"'O lo Ulhtl 10\llll01n"» 

4¡¡.-...nl In p,,,.,..,... ·n,. '""'"'"""''"' f"""''' 
'"~ Ptocn> ''-"" •"h •n , ... .....,,.,, "' P~<><;J>I<, '1 bt, 
P""l"'<'"' ""'"''"" ""' .. .,...,.,. "'"' " '"" ,,¡, • ~ 
lrnd...-"' Ir"""' "' '""'<" '" ""''~""' 1,. oto< 1'"'• "'" l<okd«<nbtd. _ ·, 

lo'"''"'"",¡ IIJM > .m,ol"" ,.¡ ''" '"" '"'""'·' 
'""" .. "''"' '"'"'"'' "'''" "'·"'"" "' , ... , .,,;, , .. ·~·" ''"""! 
ni " 1>1 "'"'""' , hio h ole• "'"-" , '" i<"''"'' "l'l••n<•· 
""' '" P""l"'"' < l<n•l•" 

T<> "'"" compo•aioo. Lh< B.o~ in>"" fm•n6.1 in- -



...,,,;.,. <o o~bmu off•n o! fin'"""r lor ,¡,. lull 
.,,.,,m ol tht <umpltm<n«<,-, '"•"· ·¡ "'" ull<" •1< 
I"GU<>L«i on • fomo ..,,;, 1"0< B>nl "f""'l<h< "'"'' 
,,.,.¡ tondo~klno <>f ooth ullm ou b<- "1"' ,,.,.,.,.,,,,¡, 1i1.m 
'"""' •PPI«,~~ otod« ~md•o· ¡;"""';"~· ""''""' ,¡,. 
ll.on • '• p<m«; ¡>.<<;u, ' , <o lko,-uwo" .,¡ " omp.or•blt <n<ht 
n•nd;ng Wh•·? In oh• fino pl.¡;-o. <IK lin.o""'l ;n~;,.,. 
...., ....,.,. .. ,,. btn<'Íol d tht 8•ool • '"'""'ni <1>. 
lo.on '"'!"...,· t.lo,...•«. '"" R•ol "•olio> •. "'"'"'' "' 
•PJ>•<nol bo th< ll.o.rd ol lh«oo<> 1•< pn•-..1• "' P''"' •· 
uo~· d<fin<d p•n .. r th• <"G"""" o;"·""'"< '""""' 
,¡,;, fm•l •ppw-.1 ""' 1>< ~" <n ,¡,. ¡;,.,.,d,,l """'"'"'" 
"" •n<o'ltd no "Uiog•Lou" '" go•ho,od .;,¡, '" ~m ·•1 
'"' r.,.,.n<tng \ot<m<dh, th< dtwl ... ,. durin¡; ""' 
b""'"""' •nd dur;no •h• '"'--'!'""' r<p.>•n><m ;, 
.,,.;re"''' b) '"' 1 oa 

Tnt "'"'P'"'""' bum-" nhon n ,w. "' '""''" 1,... 
lm<rml' I>J O..O.o"'"' ,¡., '""'"'"'" 1"~ ..._, '" ''" 
~nd<n Lo lh< lnl<rn•«<o•" p«vO" .,¡ l!l~o fl)¡ ¡,... 

<~ ... <1« """'""" '"""'' ·'"'~ ;, """1"''"''" ""'""" 
P'"'f><"" • londm 

ANMPI CASE 

l!lll h•• """"''P-''"' ;n ""'"' ¡«n><h<m>c.d_<i<"O<~ 
"''"""" •~ t..~n Am•'""'· r ... mpl<o: "''""~'''"""'B .. 
t.~ Bt;o""' on Ar¡r<nun.. ,.,.¡ ;M""""" ""' ollord ,.,,_ 
"""""'""'' ""'""' ·~ llr.t~l m ll•h" .,.~ RH> l'r••~•• 
dn ~ul. "''"""'''', -n,, '""' rn" ;,¡., •1 .;ri< '·" ,.,, 
uf'"'"""""~',;,,.,¡,..,, '"""d «•~tLio<r ·,., f><"" 
, hnno"'i p< ,.j,n• .,¡ "" "" n,, ~~, '"' L' 1,, ;,.,, ""'" 
'"''"'""", ... ,;d ....... "''"'".,, 

o l..r¡<·oal< pi<><Juruon of ""'-"" '"'<""td~«•. in: 
• •mglo pi>n~ lot <Onoump<ion by O<><til ÓO"'"""';un 
oodUW><> 

o .~ .... n.p;.nn<d "'"'o/ <«hn-"Ofr" ontf<r 

0 .\ p>up« '-'•<Id 1" "'""'"'" .,¡ 11•<'1"•,¡,,. ,¡ 1 '" 
o,; •nd al nwbo "'"' "'~•m< 

o Pro< ><lm~ ¡,, Lh< nt<do uf hcm.o" •n<l ph"""' ;n­
frummur< 

• A"'"'"""'"',;... ,,,¡,,c.,<-~upm,n< .~ '"""'"' 
~.Jmdu•;n '"8""' 

o f'"'"""g b· "'"'"r'• "'"' '"' 
Th• M• on p.ogo 89 !<•<> ,¡,, O.•i• doo.~< ol oiK !><'· 

""""""'-'1 ''"'''~ bting boih >t """"AJo,.... m 1\oo 
G~doSul. 

lololn- Htt&o;lnv ""'"'.:.• A """" f•« "" n~ <ompl<> 
'''' "'' <>1 th< C(lPL'l'L <ort pl<to1 1""'"" '""'. 
opohdtnj;l) !.rg< r ........ g <h•lltn~tl. 1\"'"" n( '"' 
l.><«;""""''"'· ,t.,~ot S~JS mdhon Jor 1 ho' "" pJ•no. 
'"'"' "-'""' of n"'"""~ "''" uppt<l. 

Tht <"G""l pt>rtion of oht ;m·<.,m<n< hoo '>ttn pro­
•<Otd ¡, owo '""'><' promih<nt in <ll< &r"'r,.n '""" 
_,, · ~~ !''"''"' 00 PETRO(IUISA (lht p<l'<><h<micol 
..,t.Ud·o,-,· o! PHROBRAS oh< ,_.....,.,.¡ ,.¡ <om,.n•1 
,,¡ <~ ~""""' b¡ U~ Dl. ¡l:•n<o J<:o6un•l do Dt'"" 
t-olo""'"'" l.{onomi<O, th< ""'""'1 d<t·cl,pmono 
Wn\, thcough "' '"b"d"'' f'JSASF.-ln>utn<~ B'"' 

""· ~- A > "" ""' '"'" <o • l'<nt,.ip; ""'' 
III. • 

Many sources of capital were 
tapped to build the huge 
$845-miJIIon COPESUL 
taci/ity. The financing 
"package" was complicated 
but worthwhile 
Dowbotraan>. 5oth PETROQUIH •nd ns;.sr .1,. 
pon .. ;ipot• ir "1""' of .. ,.. .. , or <11< ~"""'""" 
plont<. lo •don.,. ,,; "' "'!•••• :»-""""'..,., U. COP~­
SUI. a,.;DE n pfO'><i<n~ • ""'~·t<mt mn ;, k..l noo­
rtn<}. Th• lomgn '"'"""S' f """"'"R '"~"'"""'"" 
ot< be!n~ m.-. lo> mtdoum •nd lung-""" lo""'''""', 
;,not¡· ol wurr<o. 

In •dd;úon to on JOB IG!In fot ''G""'''"" ol .,O•I•n• 
«<:hnolo~. •long·O<rm ID.ln •. ., g;ono<d loo oh< pur­
<hU< O( <Guipm<no !O "" ><quof'td [, '"'"""OOI>ai 
"""J>n>""' t..;.dmg. Thtl-.'orid llanL ~no.,¡ o ""'g· 
,.,., lo.on f<rr .unw., pu._, In O<ldn.>o. • <OO..,· 
"""' of f'<O<h fo'"'""'' '"""""""' bt>d<d bo C<<d<t 
L"""noO h•< g<>no<d o <«d., line w"" uonl oo bu¡ 
go;oo, ond """"in F"'""· 
~'"" '"" ""' o/ f•nonang p•m·od<l lx>Lh <Oo 

,,.,;,~ orod oppo"''"""'· tll< form•uon ond '"' "" of, 
oht f.n•<><mg P-'<ko~< '""'il ''""' <ump;K"""' Bo1 
•u<h <ompOC.ooru or< ""'rth"hilt. <on<ocl<nng d>< .,.. 

,....., '""'"· 
e-....,..-. To 0..«, pn<<> el <htmoaf <n<'f· 

...,.,.,., •nd fonal ""''" p"><<un> m B,,.¡¡ lu•< bttn 
fi•«i O)• '<gol-'000. Thio U LO p<mt<l O r<>toh•i>< tol< 

ol "'"'"" ti><,."""'"'~" o( monul•nonn~ •nd 
m.<tl.<tmg Thi> """8'"""' " >dRun,.t<rtd b•· Cl P. 
th• inL«-mi'"'"n•l '""""' ol pr;"' ' 

A< oh< Umt oh• Bonl. "" <On..Otnng oh< looo •p¡>;. 
<>"""· onk IDt S..o l'>ulo pottoch<•rna> ""'" ••• U. 
""""'""'· Th•'~«on6 ""'" •• C.--..n. B•h,., ••• 
"'" eorn¡ktoon. -~• • muk. "'"' ,.,., f•• "'""'" ~f 
'"'""'"',.'"' of •·onou¡ l.ond• .-nd '""" "'" r .. 
wmploc.o<oom Frnm ro"" K on< ,.¡., P"'' '"' ""'pro­
du<<t .,.d' dofl<r<m oot for >noth<t. 

U""'"'"Y m ... Od. With '""d""' of>«ond•nd no• 
lh•«< """'"'' ¡><lrn<htm"-'1 m>noi><Oo<IO' ""'""· 
•od <h< J""'>abd"' "'" IOmt bu>on • ;u¡,,,. "'"'""" 
ot """">up¡>om. <h< !rodol.00..i m«hoxl <>( """"' 
pt~" bt<om., un•;,lt1¡, '""'''"'"" P'" "'"' ,J 1"'" 
du«•>n •'<il '"' x>dth, Th• d•p•"-"''"'" ''"1'" •·oll 
'-" •1 l•n« no1 onh· ¡, <h<l< '"'''"""'"' "'1""'""""· 
bol •l•o "! difftr;n~ ·~" ol pl•m,.nd d1ff« '"~ .,.htd· ' 
ult• of d•~'"'"'"", 
n.,, .m bt """' mott pro.;Jum '"'""r"""" 

th•n up oo """. n.,.. ..-,n "" '"' •ddmo"'l <ompl><•· 
•- o/ '""""'"8• of '"""""'"" .,.,..,.¡, "''""1 11>< !""f'''Ph« •nd <<>mmomol ,,.., ,_,.,.,¡ •. .,¡; 
..U, o/ Li><th,.... p<L«>:h<moal """" 
T~«>pt p<rn<•n<ntl¡ "'"h tho no• pnang pmblt''" 

"'""" "'"' from '""''""""of "'""' """' """"r.,. 
IUt;n¡ "'"'"· Br.wl "111 do«lop • do·n•"'" qu'"""'' 
'" < mod<l of oh«mnotm ·, p•otoch<m«>l ""'"', 
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Btl'<'Od th< U<' '<l '·'"' for th< '"" plant •nd ,¡,, 

>e<ond·~<n<'•<•on f'l'"'"'""! planr. "'" '"'' for ~<< 
forr:tanon of '" ondum"l ~rk tu '"'""moda,. th"d· 
1'""'"""" pl.n4 
4cQuioJtion"' _..,"'1!1· Th• <..OPnuL ¡>fam ".~ 
OUlgJO"'" of • g.aduol••d "'"dr >«umui<,;, 0 [ Oi>" 
<r>ung <>J><n<n« In s~ .. cil, othrl•n• n»nul"'"" 
"""..!" • ><fiut"' bo-pe<>du" Thu "'"'"'"'IR\~ 
•hon • p.tmloum c<f.n<" in th• ~ roulo ><<' ••> 
modtfo«< to '""'" bo -produ<t "'"""'- Tho op<'r.· 
'"'" H> follow«t !» ~"""'"'"' '"'""''l' •OO.• '"'' 
'''" "'"- 111 ""'"'"' dntlopmrnt ,,_, tl>.on ¡, .,.,, 
'" pl•n. ,¡,. P""~l·tmk•l "f><'-1;..,,, o! tht '''" ~'" 
>nd kd "' oh• '"''""'""""'ni' ~"' U.IIJ "'""'"' toht. 
""' pl•nt D1 P"''"'""""' bo;;u, ,¡,;, h ><amd up<r;. 
nono •" Jg72. Tht "''h.>!"'""" •• • P"t<><homic.ol 
""'"· 1 "''""''"' '" p<oc<><homk•l plon"" "'" onn.. 
<<>>ofS2bolbon. 

T11< '""""""" ~- of u.,n,.u~ ... """"""' '"" 
!lit '11h><L1n• ¡rtu..,¡, of P""<><~<mi<>lrr . .,ln¡ ..0 10 
<M pbnnins •nd '"""""''"" al'"' '"'"nd f""o­
<h<miccol <omp!<' ""' C>m•c-,oi. BoJ•,"• Th" <ompt<, 
indud..,, pi"" fo• '~'""'""!'""''al .I&O.tKJO '""'' 
~·•• of<th\ '"" .nd • "'""' u\ 0\ "P"'""''· n,,. '" '"""' ,¡,, 2; do'"'""""' uno<>.,_,., bo..-.1 ooo .. a, on 
'"" lo.:..oll}· ~"""""<ni ono•motd,.,.. •"<~ "'"'''""' '"""" 
pluo ..... ,..¡, b"'"i"' '" huno"'"" ..... """' in a,.,,¡ 
"' imf"''l<J. 

Flnonclng. <lo .. notroom pionto. Fo•>ci~" <><h•ng< 
""""' of r,,., of<l•< <lo• ""''"" p:.Om• ~loo'"" IDQ<td 
~"""""'" "on Broto! •«< foo.n<td m p.m b! >n JOB 
J<wn rum«< oo I!>OKo ·'"";..,.' d< r.....,,.,...,.;""""' 
[<'"'""""'" 

TU.· E· 4 
• 

Th< d<vdopm<n< of <h< •~o n•uun:.r P«""homHool 
"''"~"'"' i>ad. 11 on< "''ult. <h< dloa uf bu,ldon~ '" 
"" gro • .-ing !TO<Jp of f"'""'"'l •i<h ""'"'" '" th< 
d..;~. con,..n.-;tion >nd op<,.tion of okfm """Uf'<· 
<u>Ut¡ plonu !ot ~ "" w.J'-1 <hot tho >Oill• '" tl..­
., .. <OUid b< ._......,¡ ond ohould b< mor< •O..· 
>p'"OOd Thiol«<to <h< d<.olopm<n< of o d....,otrd. c.or.· 
fuHy d<>ognrd plon lor tlo• ""l"'"'"'" o) <th¡l<n< m.o· 
uf>«unn~ t«hnok>sr !mm obr..,d fa,""' no• <>ni\ in 
tloo th"d not.,n•l f"'f<><hemi<.ol <Om'"''· bu< ,¡..; m 
r"'"" """ ThH tnnú<r of •«hnolof"- ;.,¡.,..., tl..­
<=wn¡ of J><""""'l ....,..Oing fo• CO~ESUL. ,.¡,..,... 
...,rl.mg for lh< R !e¡¡ Dopotor><m of ?iTROIILI~ 
'"" ulli ""''"'"'""gr .. ,...., "".1"' s,.,i: .. ,, •ni"'" 
""'""K firmo 

O..,gn m<thoO• indu<itn( man"-11> >nd tnnoput<r 
P'"W>"" •·ill O."' ho•< b«n ,.,,.¡..,.<d ,,'-"¡¡'" 
p<n.onnol ...;¡¡ •·or< d>s<J¡· •hi> d"'!fll<" of "" """ 
ru,,;.,. pl.om In odd"""'· th< t«h"'*'!l <>oo>f<t .,¡¡ 
«numuo" Ul uf>"d>ono piO<<>> lO<'"' Y<"> '"'";,. 
.X,o of <1>< •«h<Jolou .,.., f.l\oMrd in pon by •n JOB -En"'"""'""'"' P<O!Kto.n. [n, "'-'"m<nUI prnt«ti"" 
~ <m< f "''" <lo>' <<>op<rotoon ;..,,...,., tho """"'1""'"' 
of tl..- cnr< pano <Uotf'>O>. COP[St:L. •nd tiO< IU'< 
•uthont><>. pi"' d .. , ufHi,.,...ndon~ ..,tlo lh< d .. •· 
..,,.., plonu aboo.t tlo< d~tribo""" of '"'I>O""l>iJ.u<>. 
Thi• "'"""m"'"'"'""""'"¡ prot«toon "oh"«! bo 
tloe '""""'"""'' fm>Octng "'"'"'·" "'"'"''" b>· >UiUtoi<'clou,., tn <he'"'" <<>n<ro« o.,,. .. n /!lB ond 
COPLSUL. 

l'nm>'l" '"'"""'"' of '"' '"'"""'11' orwblt;o,.lo¡­
".;d,..¡,,.!"will b< uDdorulon"' tll«om:>f"'nd"'! 
plonc b< u lh< «>r< pbn < .,. ""' al , he '"'"*"'!< P"'" 
«-uong pbnu Th< T<>ulung oreoO<d ,m.,nu mu>< 
<anfOl"rn <O f.O<nl >nd '"" "gulottont b.for< <h<'" 
<.on l>< "'"' "'thr «nttal """"1 plont. oo b< op<•ot.d 
b> COPf.St'L. Th; d<U~> of th" pl.ont ru.-. not b<oo 
foil¡ d<oolop<d. """"~ ., .. ...,.., tl>.oo th<¡ t.. fiord., 
thu um. The d...,,.. •"di ,..,.,...., •• tlle """" of '~' 
~<.0 ...,~., ,.,,;,.,¡ from lh< """"' pl.on" 1t i1 on· 

""""'"'· '" '"! "'"· ''" b<...t., ,¡,, ""'"""' ro,,.,. 
tU') """ ood pmd<m ~"""""""') """"'" ~~ 
'""' ';,o '"! mollunroun• "P'"""'· '''" '""'"~ 
ploiH •·oli tndud< • ,.,i., of """""'" pon<!! 

A <mosph.,:., polluu.,; Eo<h pi.¡n< •·ill•"""" "' "" '' 
<ornpO.n<< .,,h "'" "":1 frd<r.lr<gnbt....,.ln -~ 
'""'lo .ru.. <11< <nll« «>m~> ...U b< >unouDdod b< • 
p«"nb<lt. . 

ll"ltntstruotu,.. Th• ~"'" o/ Rio ¡;r>odo do Sul "10 <"" 
ord'"'" d<'<lopm<n< of the """"" infn!lru«ur< 
Phv~'-'1 "P'<U ,.;¡¡ ind,cle rood>. t">tl""'d conn«· 

'"""· •·•"' ''""""'"'· •nd """""' '" .,.,.¡, ""'"' Th< hu=n ..,., <>11> lOO".,,_~"'"" ohm~. tll< 
<nolhng of b'l< numl><ro of <oro"'""""' ond Op<W· 
tng P<""""<l. fo• "''"'pi<. dur1ng <h< ""' J~JS 
'""'"~h 1 901. ,¡,,,. '"JI L< ' n,<d tn """ <bo"' ".lt~O 
>Ull<d P<"''""'' >u<h " "'""'· '''"'"'"'"' ood ,,. 
<1'-"'"· L..oer." ¡,.,, 1.800 '"•in<d p<=n• •ill b< 
n«drd for moin""'""' ond tilo d"«t ""'' of ""'"" 
tion• • ,...,,.., ,_, "''""'""""'""'" ......,..o..-.J u~,.,,.. 
-~a.._,""" .......... e-"·~ ... ....,..,.._,. ...... ,.,., 

' ' ' 



Major factors to consider 
in project financing 
For v genersl understsnding of project 

rJn3m::e ISSL!es, consider these observetlons 

from various authors who hs~e deaft with 

thesubiect 

C. H. V•rv•lln, Hydrocarf:o<w Pro<;essing Sl.ilff 

' I'~OiiL'T IJ~M<tl'<v--broadlr d.-fincd-i• any finonc­
in>: b.ased on the project'• d4b;Jity r-:other than m. the 
sen<"Til.l tuniD 01 credit of the equit}' particip2ms. In 
othcr .. -ord., the c.ash flo~· and credit worthi,es• of the 
pn~¡,.a are sufficiem tO induce lende" '" loan mor.· 
·¡· ... Th., pre>j.-et mu¡l "'~:el 1he rooVrj•klreturn anal: 
•'• oí allp~rtiO'$-Qwner. ao1d Jen<le.-..' 
1 n 1he r•rr>ee" of •rái'lg lendrt.l, the OOrro~r '""" 

~:m•ider ~ nurr.bc-r of fac10n mat thr iender wiJI fulh· 
~~· b.!fure panicipating ;,, tinancing .<n-angement:• 
(~~ T•bk l). Banlo od.inarily requir~ a deuiled ap­
prllil.al of ,u~h elemenu. Mc;reo,·rr, te<hnical profes­
•ionals in~oh·rd in rhe financine a>pe<:t> of proJeet de­
'''"lopmem ot ma:~<lgenoenl should t>c fu JI)- famili.r ,-;¡¡¡ 
t•rm• 3nd co:-Jc=p<S u>ed br han k• ~nd mher lending in­
,.;-,u¡io"' (S., e T abl .. 2). 

~~~~~~~~-­
TABLE 1-lnternational fln•nclng ot HFI projeets: 

MIIJor le.:torato con$ld&:" 

lr>ftlal P"'<<UIOI .....O.tll•i r-1! 
<l l <>C01it>¡¡ 1t>o mo>'llf1 
O ~"11 ~rod...;ll~ hlllt>o morl<et 
O Seise!~ ~ 10m110 M tt.. moO'Ioe> 
0~-,_,IO~I><O!K' 

D .... rtalrig OC>I-~-~·­
C TOSI mar1<11<n¡¡-"' o,... -
o N0ntet1TT ~~~bol ...... .,..,.'talO,"' ptoduel "'""'"""~~ 
o Temur.o!s .....,SSI.I)I '"' ~ ~roduct morl<e>ng 
Flo"'<>cl"{¡ lor ptocen .. tlllallon ene! ptC>tas< oelecll"" 
Q '-'>co~y av- ,..,..,a~ Q"""'Y· Qull'"'ly, 1'11011 ""'~ a~~ooct 

~ .. -
0 L.ocat¡. ·- ~:: qo,...,., ~. --- aflm 

poo<as .......... 
ct.t.:.ly ..,._ OQ-tl<)'. Quat1hly, p. a mld'lar. 

loe! p...,__., 
e Tl<flj t>orner~ lar .._,e<l ""''""""· -l•-lObO• ona _,_ 
o ~ ....... , and ~ pei<:>es ""~~CW~G .nportS 
o~ trans!"' ,...,...,.,. -"--Jii.,._t...,oaoog 
o Cunorcy , .... lUlO> ....... on; t"''''Tol ~ 

o T~ ..,_ rhl.ronoet ·-~ o1 PIOC!uctS 
Fo .. nt!~~ c:<>no!l\letlo~ olt~ ¡>roceao plont 
Ol'i"•n•~~~~~m-
" wo.. ...... _ .. m¡:¡onO<l 
o .....,..,. ...... , .... , •••• mpot10<! 

D ~~ ca'..Oiyots tfld ma•e""ls <Nt'9f 10 proces> 
o $paro oqu-.p<nen¡, ;.ono """..-o 
o ,,.., <>poration"' trio p<O¡ed 

Tñe contn;cts. ljow du lend~cr• a"es' credi¡ risk; Tb~ ~ur<h .. 1n9 """ ox~mng pro¡OCI oqulpment, matotlolo anO 
!>m]e-ct nedit nructurr. ancmpteJ mo!t frcq,.eml_,. in- .. ~-.llobor 

L _ ' L- ::Thtd<:W'Itr)'~ 
..:·~r¡x¡rate¡ a numocr o[ .. ~· wmracu ""'ween •P<>n<.ors. e T~ ~ 
!er.<!ero, o;tpplien of ,.,,,, m.ateriab. ~nd purcha>ers of e "'-w-....,.,..,..1, 0ch""e...-...-cm! p:o<lutt> <lnigned to address me principal ri•~-· e--~-·-
~ ey ~or.tr•cu t!lat m.ake up this paclu.ge includ~: e Pool PI'Od'-"'OS o•portolor OQ..,pmont • .._ l•mpo<1tG) 

o S.~or"' Pmduc:to lO< cr«l•ts 
~- The Joillt V,!,ulu"' Fonn~1ion Ál:"'""ment b~· ~---~lpoll'f'Oie<:l .. clet""""*'by"'-'t:lng 

··•.-en m~ v3rio~· pann~.-. ~Siablishe• ti• e perceno.;oge e~· .. - t>y..-.g"-• ............ 
nwr.cuhi¡:, rigfm and oblig~tion1of "ach pan y. h spello ~=":'0:,~~- .....,..,. .. ~ 
(>:11 the "~' derisions w\11 ~ r-c.ached and ciiopu1e• •el· e ~1 -.r.¡.-p¡¡~taiO<~I 
l)td. l< m .. S, b.: equi~ble 10 all pan ie• panicularly in rhe 0 o.m.r.~'P rewntG ~Y'~"" P""l' 
.-vem ,_,¡ < l.~nged oo ~dver.e circu mil anre<. Cool Control 

2. Th .. Co-mpletion Agne.nent requi;-es the p.tnnen ° """•1•U•od'"• 
_II•J'UI gener-~1 uedit ~hind rhe fund1 l.:.rrowed by the ~ ~~""=®e<•lioto 

11 V::flture until predetermir • .-d open1ing and fj. 0 ~""'--.""""ncl"""';~ •• ~~· 
1o:i;.l cri~ria bav'" Wn met. Su eh obliga<ion ¡, gen<"r· s.loo<!l"" <JI awroptlo!o on;o~Mrlnf¡ con....,"'""' oompan1 

l.llJ}' .,.¡j.fje(! b¡· .l fiminÓaJ guar.tnt« Of prjr,cÍp.al ,jfld 0 E:<p.r .. ~ on ¡><o,ect 1)/Pfc U<\der .,.,_f1!10n 
!;nteo ~•t or a purcha.., nf a-..-1' agreem~m. Thi• cu1 en o E••l~a'"" ot ~'"'"""1 
l¡t.e riü th~l tlle inve•ton for un5e.-n circumstances "'~) 0 -'""""' ot-•-•~ porlornoanu '"""'d 
· cE .. "*""o!EJC'ooaeaocl~ ¡.,~,¡.,_ to a::O~ndon the ¡:rojea. Thi• would lea•e 1he L:C.::::::=:::::..::::::.:::::::::_:::c._ ________ _j' 

! III.-F-1 1 
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~-~----=:--::c-::--:--:--------
TABLE 2--Gioss.ary ol projec! fin•ncing terms 

1 

• ~~a .. -"'-' ~-arnounu ~ islecl on o ~rry·• 
tl&'tr:oo - .. -ltle-orlho""oilo¡,q __ 

• cun ~"' klr<:"''l P<I'I)CIHO, ,.., proN befare hll<H IN~~& oe­
P'"""'"'""'-- ene! "''<"U! duo. 

o Cetwala.No;-~a¡~a&....,oeiO..,._,Iocal =- inlc>trH!y ~ = ...... - .. , .. .., •.. 
Cf>o"$tt....,. Ot ., lho- ""'"'"' •••. 

• ComJ>Ie100<1 de"'~IO!'S in C>OITlP'ehon ol const"""""' lnc!!Or 
o<eep!or'Q lto!>ng ol o lo<>ily t>e¡<>no' Iba orlglf'IOIII)' ~ 
largeldalo. 

• r _.._ '"" '""" - "' -. ...,. fom'y ov-'9 "' 
ma>e ...,._ ol o futuro Calo.~ I.W<I<! •• o P""*"' P&t 
"""""' appllcoblo¡"" rno """'"""' amo...,, ollflo looos. 

• Cum.r>ganl ~&bo~o -•· u O;>po&e<l to o-. ""''"• li­
&boi•'Y no'7!'1dy liO!ec!.., 1ho o>:p~anaroty--"JJ· 
"'11"~.,.--

• ~~""'-"'*<~"'~·-.."'''""""'!he 
""11•-.aly~pr.,.._ 

0 O..l,.,·rt-0'-po)"--1•"" ""PI'IY "'l'-.e<1U. ,..¡.,¡,-¡, .,, a MAna.tl 
c..onrM""'m 10 poy ca!f1 insllhd " "'-~ - t<>r """'" 
~~....,- .. ~-""'~ .. 

• e-~ ;:..yaCio .........,. .. ol)t .. ""' ""'""" "' "'" .. .,..,.. "" ""'~-
• Dr""'"~"" L..:~if>g pold !roma reooroi CMdrt bypr-n•"''l 

lo :no """'*"~' bl'>k Y""' d"~ pluo :ho ...,O<Oring ~ra. 
""" ~'*<l ., ,..uc_ 

.. tlr-"!! ......... Ur-lJCs ...... """"''~ ""' .... ¡ .... 
OL'PrO(I!ng -~·""" ~ yo..,r cQ~ r>os to 00 
CCN.rllr~·"''l- by""'""""'"~~ 1>1'1)'"' ,!¡¡ """""" ....... 

~ F:rsr ~"'"",.¡ l"tr-t'r.:.n- r;oaus. rn l>et"ormonce r..,..;ey l.iCo 
~ "'" froonOf"""ry <:> ~ paje! .,...,._~ ., ~ ... ,....,. 

~ ... -""' """'"" ~ lrlat,. 0$ "'"""""V"" .... 
~. 

~ F,..._¡ .... ,.,. -~- r"PDI""'" O< corttrliCl<>fl l•¡l'e~ to P"'""" 
..,~;...,..,, or In ar"Mr> lod~r,- &t a~ h>t-1 pneo . .o ro.w 
l'(lOrl =<Id • en..."' en.., a OCS! ~ -•• 
~· ...._.-.¡"" ..., - -.-.; .,._ 
- ~ ;nor'I¡¡OrO in--...,_ 

• ~....., rt~~. roo~"" &1 a s:II!OCI '""d lrner«r ra;e_ 

1 • ~loOil"'J '•"' »-'la--loor"" &Ion 11\hore~ '""' e<l""'aie<lr ro o hl:oa 

1

; "'"'~"' obave o ••-- """'""' •••• aud-... 11>o U.S. _.,.-""'" .... "'<too..._ <rr<.<Or\~- E u-
,_ ~~'<>~!: ~treo 11.o'e (Lr!lOR). 

• !'o<wrobril<lrn- 'IOof>l::or- """'"' ,....rn~W;;ii!Jnl"'!or:l "'""' o~;r.o,. 

1 
""'-" Joorcoo~• """""'""'-'•1""11 • <:ur¡>cr-Jie bolarrco Oho-el 

• l'or"'9" ""'"''"~ r•~n.ta<ocn a::!¡uormo<>~s (FASS ~ 8~ 
,.. ~ ··~-~ fi""' ~ lr.nr.­
""""on '·"""' •atu.d"' lco-"'in "'-"'.......,... ..........., ., l-'S wr· 

1 """''' ~...- ~:;...,., <i'rtotl$""" r>owr !<> bo """'~"'" L_ --f'l! og~ o""nertr ~•tl<i e"'nrngs 

k .,d<:r .,..;,¡, a half compler~ planr, and no ""Y ro get hi• 
::wn.-• bad •. 

:>_ T.!:.e n,..,. Marrrial Supply Conon.¡·¡ assures th•l 
¡¡,., raw ma teriJb i,>r "P<'rarion are • •·ailabie ro •he] Oinl 
Vemll'c ~nd in ,.,fjjrien! quanmy ~nd q"a!it y. The Ti•~ 
· tf f~ólir.ie. rem~ining id le is no¡ one Jenders are an~iuus 

'"~~'""'"· 
~- Jh J': .. n, Opcnl..ior.JM~n•t~menr (',ont~<t, g-en· 

<'! JJh· e~i1a b.erw.-.:n thc ne>r joim 1 er.:urc ~nd rh: prin· 
ci.J:3l Co'Tir..<:rci.ol joim •·en tu rer who has borh rhc exP"· 
Tien~'· ,;nt! rhe ~.-.:hrurlog;- to m~n~ge aud operdte rhe 
( 'it·:. ~·ir hin pPJjened CO'I parameter<. Wi1hnu1 thi.l 
r o•·~red, tfle lender• ~<ould ha>c 110 .uuran~c the 
h~1l11ies would ~ominuc ro b.e run •nd oper.ned b)· e~· 
~·~enc~d ~nd u~ined per.unnel. 

S. ?he Prt>duer S;ale •nd Pu.-.:hase A~m,.nt is 10 
"'"""' thal the e11d product ,.¡JI be sold- h genel'.d)~- in· 
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a ~"'"'"'" I"'I<f ••·- prlee< !o< ouppkH or P<oeluCil-r· 
""""~ by o formula lnt>u~ng ......, loero<o u CDI1 O! ~ 

"""· lrümiiiOOtlal ""'"'"' ~- .,.., "11'-- -·'""' mpgi'l ~- 0!<:. 

o F .. ~ 0t-g- P' o-,_¡ ot:o1o!¡.t. -• Laod """'"'""NI bank--tl>o bank - oCU u toordno"'' lor 
lho Ma""'ng """""""loro~--~ .::lonG u..,..,. 
- "" any ~-~ .. - ""' ,..,. :0 be --• l-<lltt---~~ JIJ~ ~niOIIOn 
~- o/llj)plr1g OOC..mtniO, me 1 thol In ''"''" 10 gil ~d 
mUSio()COm~rry )'O<Jr dro~s u ~'lid 1n""' !.!C. 

• L.o&n d~ ¡:¡<Oceduro p .......X..o l<l l)e1 lho !Dan O<o­
<:OCIS lra111- 11> 1rot ..,_,<'lile-or"" on L(: 
llt<Tl-lho ~pe< ¡,;.e_ 

• l..,., wm ce,.,,,-.,¡ 001 '""'~ pnce <:<;'•"•ct•. 
• OHI.o•e,.--<...,_5oll,.,.""'"""d•~'-""r 
• orn.>eapr..,.,.,_...,.-oduc:!_..,;o¡¡'~ r 

• Opwo.onp ;o-olr> ~- lltm """""""" -"" ""' 1 "''"- ccm 1>! <altO """""¡¡onero' ~...,....,., ""'--1 . ..,_ , 
roest,eoc. · 

• Pom,""-'l'lo bonclo---.o P"""'-* to pory rnuod by an '"'""""" 
.....,...nyor~- '~lhepe~ 

olA ,~"' ~ n - ...,.., """"...,"""""' -o ~- r,...,.,~,.,"'l wM • r:-.nru'l!y ~~JO !her 
(:.1n be "'Pii~ lrom !ho ea""ho..-01 r"" '""'"'Y· 

o P~amN'I~1 ,._..., ~'"" of o corn:w>y , """'"""' _.._ t>yaro-wrr __ ....... 

. Po-opr-~-~t<l·~"'""""'­
ll{loO"'S"~ p<og-~··· 

• s.g,.ga~~on"' """'" r~•O<HCI• rrom """'~ortor. d" 
,..,¡y'""" p<oM:IUlMr$ nro 1 R>eCOI ....,._., at me *"""V 
- - "'-" niO .... Centr>rr --. _.. ""• ..,. _,,_ 

• ~nro-s OUdl 10 OU<>pl.ers o• ~ """'••• nor -"'Y onor~ ., 1 ~roreQ. 

• $!arldlly ~ranlte 1n>m 1 """"'*""' r.on< ro PI~ H rno 
!>ohlt'o""""'- nor PIY 

• l_.~•nd-oay 89'H-I o>mplt '""" wo-cn.sor>g "11'_, 
P.O"'*"!J 10 PI)' IOU'S' d&Jnoef'; o1 l>r<OCILJell , 

• T l<a.or. ~·~ ogr"""'tn>--lorrn ¡>urct>as"'~ lQroo-m.,l$ ..-nrcn 1 'o 
~"""""' ocm~ ro P<'Y -~!he procr....,. ""' o• ••• 

""'-··od-• l•<ot-OUt-""VIO<"PPylt-fiOrlflt>)'l"'"""' 

core. """""Y"""',. ~·"' ""'"' ''""""'"" • ~UW'rers or marohlloono equr;>.,..,r 
• W<:<~~lng ""ortol tr.Jo~•nr aoseos rau ....,.,,la:>M"'" 

vol~es the 1·ariou1 comm~rci~Jjoim •enture •pomo" 
bu¡·in¡; their pro-r;or.a lharc from rhe Joinr v~nrure "' 
marltet or formula price, "hichev~r is higher. Aim: r" 
auureeconomic 1-iabiliryand meetd~br s~nice r.-quir~­
m~nl!. \\'11hour such auur;oncc. rhe !en den ,.-¡JJ r~u ~d­
' en-e marker condirion, "h ich could limir debt •ervice 
ahilir¡·. 

6, Tbe l..oUI Aguemcnr ;, ber"een lhe Joinr \'en­
rore as boTTo"'er and <helenden. Ir follo"' 1he p~rrcrn 
of domesric term cr-edirs and esr.ablishes ínter~>! n~re, 
repa1 rnent rerms. botro\r·er CO\'enanu a• ,.-eJJ a; e> cnrs 
of d,:fo.u!r. 

The r!sks. Mention ,.-a; made 1har 1he ;obm e cnnrl'dCU 
are ro deal >r·ith the is•ue of ri•ls. Three funddm~nr.l 
rish are a"ociated .. -ah" maJOr HP! c~pa¡¡J proJeel in­
'·estmenr:' 
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oC- oclal ri&b-Prie<•~~ IUpply/d"""'>CI tt• 
büo.,.h<p> Of >h< fr«J .. otk> OOd r<OdYC<> 1> J'TOJt<lOd 
fortl>o lúo of th< proj= m.y ¡,; '" follo• <h< """"'' 
'""''· Tlus mor •<>uk in <11< foo«>" <»h nc.... bnn1 
o-..q,..« lo p.l) oiTtholoan. 

o PoU<iotai!O<-< riab-TI>< lr,.,..n <<><>iuoon 
,.¡.., th<t< risl> <H) oo ut>d"'1Uod. Ho,...,.<, "'"'' 
.,.u m< <hot thn< ri>ko ""' con~n«< 10 ''" d<•doped 
mun,.i<• An¡· country """ """' dofflcul"<> for • p•o. 
j«t, l>.>mpl<" <o<ttn<t d"oJuotKn>>. r...,ng unff 
"""'"'"· ch.,oll'ng •••ironm<nul t<gub>•>•" "' ... ' 
"""oioun¡; o •·l>ole ondu"'l'. 

~·-~<:<Hmn.o-• ·- Todor. "'"' ~ • P"'· 
"''""' "" lh< _,""""'' abil¡<y"' loa!< "'""'' '"'"' ""' •nd m>tO. th<m >mh <Ioom f«<"""'"'"'" for ron­
'""'""" of b1~< HP< r«>i«"' Th ·,. morl<l '" !)<.. 
COOI< 00 CO<IIprto<i><, f"'nO:\Ilorly fot '"'''!"> prnj<w, 
lho1 11>< t(ln<l"><t"' wl>oan off., m. to-.1 fmonong o(. 

"'" 8«• <he job. A f"''"""'' "'"'"'"'"' '"" '""1" P'"" 
j«~ '"'"' '"' r •••• ,-,.~ ~""'"" " '"" wgo. 

1, P.op.orobanolbOdpocl.aR<> 
~ Prnvoc!ong r,,.nti.l ''"""""'>o tho dient. 

Cotmot~e~t --ll"l/ty. Tho «mtrocu" ""' '"""" 
r.~ '"'~"'""bilma ,.,...u..,.,"'"" .r«n h<lp 
h11 d...,.,, obt.oin f<n.anomg to g« th< pn>j<-<1 "ofl" th< 
~ond". Thon, dunng lh< ontlr< <tumro«•= pox.-
11'"'"'· thero '""" 1>t ~ mnOnoow ofl"~ "'...., .. lh.lt 
tloo contnaor"• wwl.in~ <>pual""""""""'" ,..,¡.. 
<n«l Th< ,..,~ ror Um "' ""'" "'"'"'1'"''"'·'"""' of 
'<r<dit.••d londgn """'"~' ""'""· 

l'fGjeel k>oon otruclu,._ H.,...""" • lond" <>p<« • 
P"'Flllo.on lQ loo O<n.l<toro:di A P"'J"" lo.on "• "'"" 
10."" p;ul '"""''"' f•cifoty "····~ """"'"'ic.ol "1"'"" 
on~ t<a:>rd i<><lf. Th< l<nd" ,...,, F"<P.rmono fruro ap­
<ntooru of oho p"'J'<' ofr<t ~ ;. buÜL Sudo o <t<dol " 

do.-idNI '"'" '""" ph'"""' 
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;World money resources 
'for project finance 
lnlernatJonal sources of financlng Shoufd be known by 

operaUng company and englneerlnglconstructfon 
company man•gements. Mega-projects of the future wlll 

c.lllor larga snd widtt-ranging capitBI resource:~ 

H. S. Kohlf, The Wodd Banl, 
, W01>hing¡on, D.C. 

' : i~TIAAATIOOI:A!. P'IIOJELTI compri~ 
:a big pan o{ activities by companies 
· in..olvcd in the design, enginurin g: 
:supply, conotruction and oper.nion 
:or h~mcarbon procrssing planLS. 
'Financing of projccts overseas, par­
: ticubrly in de~eloping coumries, in­
. voJves speci¡IJ considcrations. This i• 
partl)· duc to the diffcrcncc in 

ces of financing ouch projeru. · 
•T mwt large pro~. govcrn­

menu pro•·idc or guarantee finan- • 
-ciaJ rcsouTCC'S. Th"'Y often J>anici­
'pate in C"quify o"'ncrship. ln 
addition, 10 OI·Crcome copita! shon­
agc land fn:elr convenible foreign 
exchange) in m<m de~clopir.gcoun· 
uie~, !arge projecl> fr<"<?uent!) al•o 
'e<¡uire ex1em~l financia! rer,ourre•. 
Jn recent ¡ears, major in~rnatiooal 
commercial b.anh have meta major 
pan of this ne<:"<l. Howeoer, duelo 
country credh.,·onhin'""s or ponfo­
lio ru.on•. commerci:ll b.ank.> can· 
r.01 mee< the>e n~ fully, at le..st 
on Jong·malurity loan 1erms needed 
!O m~ke th.,•e proj~• ... ¡,r, long 
g'""tation f'C'riods iinancW/y vi.able. 

FUJJng • "gap. To fill¡hil financing 
!foip, de~doped countries (!ed by the 
U.S . .tnd ¡, rec.,nt yeanjointd by 
OPEC countri'"") organized bila<eral 
.>.nd in¡emaúonal institutions . .E~· 
am¡¡jeo: USAID and The World 
llan~. They pro•·ide Jong-tum 
fin:> ·,g. In 197:5. they pro,.idnl 
abo:. 17 biJJion in mtaium and 
"kmg·u,rm linancing 10 devdoping 
coun!TÍCI. Thi• amount is now 
~bout S!ll biJJion. 

In I'"<:Cnt year• d>e~ ha1 be.,n a 

brge expan•ion in the number and 
composiúon of multilateral, bilat­
eral and commncial financing 
oource< for internatlonal proj.-cu. 
)lhny of theoe official and non-offí­
dal m urce. arr al><> inaeuingl¡ co­
financi,g, together, ln¡¡e projeru 
in de"\·eloping countricJ. The role 
which more nperience4• agencies 
(such as The World Bank) pt;or in 
co-financing may '""TY ronsidenobl)·· 
Vari~nce• depend on faaon hke 
the•Oorrower"s wishel, the capacit)" 
and experience of co-lenden. and 
the type and IOUtce of co-f.nancing. 
The J~d lender, 1uch ~· th~ World 
Ban~. mar •olicit co-l~nders for a 
project prep;ored with rh~ b:lnl'• 
technical anin.ance and fulh· ap­
pn.i..-d by the Bank on behalf of al! 
c<>-lendcrs. The B~nk ma)" abo fully 
anume responsibi!it)" for negoti.a­
úon and supe,...ioion on b..haJf of 
the co·lenderi. There an also be 
much l~•s.er <l~gree• of Bank (or 
lea<l lender) initi.ative and respon!i­
biiity. 

There are impon.am diff.,rence• 
in the criteria u•ed. and depth of 
analysi• employed. b¡· differ~m 
sources of fiJiancing in determimng 
projea •uitability. 

. Ab(lut more lnformatJon ••• 
For more ink>"metion on projec:l 

lirw">cing relevlnt to the HPI. n-e 
tr.e at)edat r'POI1 in 11>e o-mt>ar 
197'9 i&sue. ~!~&" 71-92, andtl>e 
~ by C. H. Vervatlrl in 11>e 
.lanvlry 1980issue. page 189. For 
other HPI·telatec! papero on tne 
Sullfed. not ~~ by HP, note 

. ~ eitatíor$ al !he enc1 ollhe 
Varvahn artde. 

III.-G-1 

~~.as in domes­
tic financing requesu, are con·. 
c..rned prim~ril)" with deterrnining, 
man<Tgement capabilitie• and bo.-.¡ 
ro"er financia! credit,.·onhineu. i 
Ho..~•-c:r .... he~ the proj'"? i• lar~; 
rebuve tu the borrowers open.·' 
úon•. the commerci.al lendeu must · 
confinn that the projea .. ould nm 
ha,·e ¡¡n ¡¡d~erse impact on 
boTl"<)1o•er"¡ fo.1tu rr fm¡¡ocia.J \"iabili<r. ; 

hport ~it ag,...óa arr con·: 
um.-.:1 primarily .. ~th the oource of! 
equipment and sen·ices purchued: 
b¡• the proj~ from the credit ex-i 
tendiog coumrr. and ... ¡,~¡ thel 
borrower'• ability 10 rep.a)· theitl 
Jo;,n. However, man¡· expon anlit 
agencies arr no..- requil'nlto enlure: 
th;u the j:>rojecu·do not ad...,rw.l¡! 
imp«a on their o""~~ home indusuJ. ~ 

1 
lrr~enJ~~tional clettelop-ln.fti-" 

1\llioas--bilateral. regional andl 
multilaten.l--are general!¡- much; 
more comprrhensi\"e in their anal· i 
)SÍJ of project5 submin~d. Thi•l 
anah·sis indudes detailed !Cehnial· 
e•111Úation of aU IC"Chnial. org¡o.niza­
úona.l, economic ~nd financia! as­
pens. lt is to confirm lhat the pro­
ject Íl eronomically de¡ir,ble from 
the country'l point of ,.¡.,,. .. J¡ ¡, 
><>undly cooceiv.-.:1? Will i1 be imple­
memed and operate<l soundlyi' 

Therefore, whlle appn.ising the¡ 
propasa! for financing, an imema­
tional devdopment innitulion •uch 
as The V>orld Ban~ not onlv rM"Íe,..l 
in detail al! upect5 of the plan! 
facilitin but al¡o their impaa OD­
and the nec-d for-al! relat.ed physi· 
cal ~od oocial infrutn~e~ur~ in the 
counlry·. Examples: housing. mvi· 
ronmen~.<~l control. n.il'"11)". pon, 
road, po'"·er and '"""ter facililin. 

Long·term relalionshlpa. Panlv 
due to the ¡¡bo,·e appr<>~~ch to pro:, 
jeC1 anal~·sis and panly due to the 
•ne~perience of many borrowen in 
de~eloping countrie¡, the interna-

1 

1 
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¡.,,._ ., .. , • .. ¡¡u .. lr ~-~' 
"""' hon:on. Buo lhio opprooch 6 : 

~g """ ~loo """-d npo- \ • 
'"" of """' """,..,.,.¡ trooko in 
d.-oloping """"',.,.., ~;,~ Jo.gcr 1 
!Dan """' ond .,,u, ''" ;..,,.,~ng 1 
mou ood "-FÓ<''"'Y of p"')ta>. 
M""....._..,.¡ b.onU ,,.. bocono-
inl h~"' of oh< nred lo chod 1M 
b.>k, ""'\""" ••iobilit\ of pro,,..,.. 
r,,..ncod 1 <h<m Somr ho .. ol. 
r<od¡ O<l up '""ll·prn_i«t ,,.,.¡!.., ...... 
&-. CfOOd!t -- n. .... "" <on<trnoó pdm>tol¡· •"h' lh< 
omount •nd "'"'" of "''"'P""'"' 
ood ,.,.><, put<hu.d O. tM P"'" 
jon from th< <t«iu·<;.«ndon¡ 
counuy. Ült commor<l;oJ honk>, 
lll<)" hOV< tnd<nOfloi~· noo hHn 
''"r«>n«m«l •\>o"' b.~<¡u~t~f><.o· 
'"'" of th< prOJ<m frnm tlt< hoo< 
<OUOI')' poio< o("''· H~ \.o 
<i><or "'><>loo. =•.,. fo.-~ 
projt<" for r.n.n<ing h•••' 
<honf"'l. Producu nunul=.urccl"' i 
pro¡w.o n"'"'"" b) <><P'>" a<dn ¡ 
o~<n<i<l in OÚI« counm .. U>(r<O<­
ioglv c<>fl'l¡><« wio.h indu><rin in 
....,, hom< ""'""'l'· So. ""'"J' .... 
1"'" <r«ln '~"' .,, """ ,... 
qmrod ~>)- lh<or IJC"<mm<nU 10 '"" 
Ou« oh<Ol <h< proj«u F>nonceO lh 
"""' do ""' 0(1,..,,.1) im~ 0.:. 
lh<or Ioom. ond..,.-,. E>""" aedo 
~,.;., o.hw <i><<l. 01 "'"" lb< ,..... 
kro juouf><~tiao. if ""' th< ""'"11 
«onom" JUIUf><llt""· of projt<u 
th" 1uppon. - .................. ~··· -

'• 

lklfta. T1o< int""'>!>On•l ,¡.,~lop. 
m.nt IOillluti<>m-biln<ral, ><· 
gion•l •nd multil"<<>l-•re 
~<roil¡ mt><h "'"" """P"'h'"" .,,.. in th<ir ,,.¡,...,. of projeo:lo. 

!~~~~~~~~~~~~~ ·.n.;. ,,..¡..,;, inducl .. d<l&a..;! t>al-

""'""" ol all t<Con"'l. <>']¡IniD· 
too .. r. «<>nomk and fm•ncu.l ao· 
.P"<<l! lt " lo .:onfirm th•t tht 
1 projt<"t " """"orno<.oll) d.,ir.blt 
11""" th< «Unlr)""o point of .;..., 
, Ú>;ot it io _,O>dl><onoot••'""-· md t.hat 
n ~ould b< om¡;,<mtnttd •nd OJ>'"•· 
·"'" ooundJ¡. 

: 

" 

" 

' 
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l. Whtthtr l>r~< "' omoll. ''''"! 
P«>J<<t ft"'n<rd b) thr mttm.t· 
tiao.l clt,..lopmtnt in>tu.u'""" io 
<onlldtrtd '" thr light of ti><. 
<oontry"¡ ,.,..¡ n<tdo. <>poo.Jotoe>

1 
•nd """""'" prior""" to '"'""' 
lht "'"" tff.,;.,nt ult ol ""''« ,...· 
oouruo n.,...,¡.,.,, in >ddiDon 10 
tht "'""1 fi,.nciol aouh"lil of tht 
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T ABLE o 

cf ~• r. ... ..n.~ """ ,,.¡ ¡,.,.r .. "" 
,,. fon>D<W l><L'th or '"" proj<'<t 
>f""' "'', 1 n..., 1< nckc> >loo c.on¡ ou l 
~ n~omuo <ron<>mic -.><~lyoio T M) 
: .. ,.,,,. oh< ""'" ond b<n<fou of 
'oh< pt~jen oo <1>< coun\f)' •f«r di,_ 

1 .. 

'· 
• 

' 
., .. ,, __ _ 

repn;on, ano om<rn;o] I'UIIf<n on 

<h< """'''"'" 1< g, '"''' du'"''· 
<u:.), And <hoy moko OÓJ"""''"" 
for on¡ r•~• di"""'""' on oho do­
m<ni< '""l.<to duo 10 ""ion>l 
pri<e, <rod<o.-<~~n-<"<!' ,.1u!.ooono 

For <be I"''P"'<' o{ 1...:1> "'~ 
"""· tbe in-....-.l .,..;......_· 
d<f,.,.._, of a ,.,;ea" <>f<m m,..¡, 
,;,rr., •• , •nd ... K!.,."'""''"'' ul<rl 
b¡ romol'l<"!&l lendon. for <<lm·, 
plo, •hil< opproi~nl th< l""f><><a<' 
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Industry 
for 
units, 
inc1ude 
solids 

Hydrocarbon Processing 
as new capital investment 

of: refining units, petrochemical 
units and other units which 

dedicated utility systems and 

They are considered 'activitiea' since any single 
confirmad entry into our data bank may consist of a complete 
'grass roota' refinery, a complete petrochemical facility 
or o:üy an addition or a single refinery proceasing unit . 
However, each activity muat reflect a capital investment of 
at least $500,000.00 U.S. 

These worldwide data have been collected and confirmed 
in writing since 1947. We will discuss data from October 
1977 through October 1980--a total of 16 data points. 

In Plot No. 1 you will notice that total worldwide 
activities remain in the 3000 range. However, we have noticed 
a rapid increase in 1980 to an al1 time peak of 3470--and 
still climbing. Within the next five years as salid fuels 
and biomass conversion facilities begin emerging we expect 
a continuing increase in HPI construction activities. The 
engineering and construction companies, equipment suppliers 
and other service groups are all currently expanding to meet 
this expec~ed demand in construction and engineering activities. 

Another problem ares we are baginning to encounter which 
is also indicated in Plot No. 1 is the restraint imposed 
upo~ capital construction by the capacity of the service and 
supply industries capabi1ities. 

Engineering, design and fabrication capacity--worldwide-­
has been level between the 3000 and 3300 activities which 
appears to be·the upper limit of worldwide capability. 

Also notice the nice increase in U. S. activiries since 
February 1979 and n~ a slight increase in Outside U. S. 
activities. The ratio is beginning to shift in favor of 
U. S. activities. 

All activities in our HPI Boxscore are reportad 
Engineering, Underconstruction or Completing. 

Comp1eting they are deleted from the active 
bank. In P1ot No. 2 we show the status of the activities 
Plot No. l. 

Because most HPI projects are rather complex, Planning is 
rather constant taking into consideration normal worldwide 
business cycles. 

Engineering is slightly more erra tic, but again seems to 
hover around one-third of the total activities. 

Construction shows the most variation and corresponda 

MORE 
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closely to the Completing line. 

By following any single activity through its history 
in our Boxacore, one can determine a 'residence' time of 
or activity life. We have compiled these on a rather crude 
basis and found that a U. S. activity suatained a 'residence' 
time of about 22 months while an Outside U.S.activity was 
about 53 months on average. Many Outside U. S. activities 
require 1~ planning, engineering and construction time 
due to many reasons. 

No. 3, 4, 5 and 6 are 
type--Refining, Petrochemicals, 

In Plot No. 3 notice tjat while Refining activities. 
have been up since Feb. 1979 in the U. S. we are now seeing 
a nice upturn for Outside U. S. activities. 

Petrochemical activities in Plot No. 4 may appear to be 
level for the U. S. but keep in mind that these 200 or so 
have all been rather large projects. As you would suspect, 
Outside U. S. petrochemical activities are ~re than six 
times those of the U. S. and follow a slightly more erratic 
pattern. 

Natural Gas Processing "activities in the U. S. have 
declined until Feb. 1980 and are now increasing. Correspond­
ingly, we See a-decline in Outside U. S. activities as the· 
large Arabian Gulf and African projects are completad (Plot 
No. 5). 

Other activities have always been low with U. S. around 
100 and Outside around 200. However, with curren~ developments 
in alternare fuels and feedstocks projects this could become 
a very important area of capital investment . 

• 
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Trends 

Ener~. Cost of energy is projected to continue rising. 
Plot No.-A-7 shows the average refiner crude oil acquisition 
cost in current $ U.S. Notice the phaae out of U. S. price 
controla in 1982 which will place all consumera on sn equal 
basis. 

However, since most crude oil is purchased with $ U.S. 
we should have some idea of the effect of currency exchange 
ratea. As aeen on Plot No. IV-A-8 are projected exchange 
ratea for the West German Mark and the Japanese Yen versus 
$ U.S. While the DM continuas strengthening and alao the 
Yen, there appears to be a break after 1983. Currency 
exchange ratea must be carefully considerad in any market 
evaluation. 

Considering these projections on crude oil and currency 
exchange effects, notice in Plot No. IV-A-9 how these are 
expected to influence ethylene prices in the U. S., Western 
Europe and Japan. The strengthening of the $ U.S. beginning 
in late 1982 will have a noticable effect.on Western Europe 
and Japan ethylene prices. 

"t~n- First look at·ammo nia demand 
as '::" Notice how the demand is 
shifting from the developed countries to the developing 
areas. This representa opportunities for industrialization 
to supply local demand. 

Benzene is another important indicator as a rather complex 
projection is shown in Plot No. IV-A-11. In this case 
'MOVEMENTS' are transfer of product to fill do mestic and 
trading demanda. Perhaps an example is in arder. Mexico has 
considerable benzene production but until 1984 will be 
importing benzene to meet local demand. Canada has excess 

.benzene and will export quite heavily. The same applies to 
Japan, East Europe and the U.S.S.R. This presenta opportunities 
for developing countries to enter this market--either as a 
consumer or as an exporter. 

The baaic petrochemical--ethylene--indicates industrialization 
at high technology levels. Plot No. IV-A-12 shows a 15 year 
forecast of production by geographical regiona. It is 
interesting to notice that while production should increase 
three times in 15 years, the industrial countries ahow good 
growth ratea. However,. the opportunities lie in the developing 
areas and you will notice that Latin America has the second 
highest annual growth rate. Plot No. IV-A-13 shows these 
data in bar chart form. 

As discussed in the section on PLANNING, feedstock 
selection can be very important. Depending upon availability 
and·overall complex production plana, a feedstock can be 
selected to produce a single product or a broad spectrum of 
coproducts. This is shown for various ethylene feedstocks 

MORE 
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in Plot No. IV-A-14. Feedstock requirements also vary as 
shown in Plot No. IV-A-15. Notice the increasing amounts 
required as the feedstock becomes heavier. It should be 
noted that plants using heavier feedstocks are more complex 
and require larger investments. However, if there is a market 
for the coproducts then ethylene unit costs can be competitive. 
This is referred to as coproduct credit. 

Plot No. IV-A-16 presenta one projection of polyethylene 
demand growth. 

.. 
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BENZENE MOVEI1ENTS - 1978·, 1981,' 1984 

ReF.: Li:eov, Gi.rLf On~ CHÉiMJCALS Co>I980 

u:s.Ac·~,~~~ ~~~~,:JI!::~ 
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THE WORlD OUTLOOK FOR PETROCHEMICAL SUPPLY 
EitlYLEME EBllllUmOu BY RE\i!QH, J,QQQ ME!Blt IDUS EEB YEAB 
REGION 197E-1978 GROWTH RATE 

' ~Y:EBAGE !995 UYB 
UtHTED SrATEs 11,506 28.750 6.4 
(A NADA 634 1,925 6.4 
l.ATIN AMERICA 769 5,550 11.6 
EuRoPEAN EcoNOMIC CoMMUNITY ' 9,807 22,875 4.8 
NoN-EEC HESTERN EUROPE 869 5,650 ll.O 
u.s.s.R. 1.700 5,825 7.1 
ÜTHER EAsTERN EuROPE 1.690 6,975 8.2 
AFRICAIMtDEAST 196 4,150 18.5 
JAPAN 4,049 9,450 4.8 
ÜTHER AsiAIOcEANIA 832 5,950 ll.5 

TorAL 32,052 97.100 6.4 
Ref: Predicaata Researtb Gro~p, 1980 
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OLEFIN PLANT PRODUCT YIELDS BASEO ON FEEDSTOCK TO PRODUCE 1,000,000~·000 POUNDS OF ETHYLENE 

.. " ' -
PRODUCTS, LOOO,OOO·PoUtms - . - ' . .. 

fEEDSTOCK -ETHYLENE PROPYLENE BUTADIENE BENZENE· flotOR fUEL· 'ilEATING-fUEL 

ETHANE LODO qo JO 10 25 235 
PRO PAN E 1,000 90 55 q5 1qo 660 
N-BUTANE LODO 630 85 50 225 660 
lt, NAPHTHA LODO 620 170 125 825 5'10 
KEROSINE LODO 580 175 140 ÜIO 995 
GAs 0IL 1,000 680 220 !50 1,380 L270 
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Ref: Turner, Louis- Royal Institute of Inlernlltional Affairs T.<'nAnn ..,,..,.¡¡ 1011n 
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flottento.c o! tloo r Uo• ohe< J~•• 1971. Thlo u 
l.e;oortoot io "'olydo.r; O.S. óo"" 00 1t po<tol"' tOo 
laü of 00 ooofJY J>OliC1 ODÓ ulloblo IW« ... otlt 

laodorohlp, Ot.t•olly, •••• of thooo oethltloo no 
'\.orld O<olo" ood .,..,.,., ... , tl.eo ond , • .,.,, .. cuoo 
porte•, .. , .. uoó. Thh "'""" o vuy Uot O<tlvHY 
lor 'J,S. for n loo.ot tlvo yooro oh&Od. Tbb 
•••• •• boO"O ooeortol.ood !ro• rs..;. 1; ltwovor, lt 
lo '"""""•od hoto. Ooe hy <o futuro coot ••Y woll 
11~ lo TOJ>Ortod plo...,lnl octlvltho. lllthout 
burd._.l"' you ~lth tilo ooUu dotO h...._, P<talt o 
"''""""' <hot "'n-.oro 10 o dofinlto tocre1&U<>o 
hotvoon plooniOI oetlv1tlo& ood tho othoro." 

.. 
IV 

..... othor tronO o~on !<om fl¡. ) lo <he oll.&rp 
lncroooo J.o '"''"'"'"1 o<tivltho. ThU /unl>or 
""PhooUoo th• ioJ>OH•n<o of <O~ t<Onoltloo lrooo 

plonnl"' to '""'"'"'"'· TOooo or• olro••• ~111 ... 1•& 
to "'"" In coootrY<tlon .,uvouoo ood vUI nootuoll> 
ho tofloctd In c..,phtln.a• 

Po.-loooo o'''"' of co•<ion l.o '-" ordor. Tbe old 
o>ct"" oOout e_,.toro-gotboo• In, &••b•o• OUt--clooo 
not provoll hore- ror ••~lo, thio doto~- 10 
O<~ ... bod OUOTtorl1 for <.U<~)Jotlooo ood b.od doto, 
ln tbo Fobruory 1911 "oorobOlo¡¡," col) ten of l,OOO 
octlvJtloo "''" •-•od fo~ "hod dato," ly -••• o! 
th!o '"""'""' oonollLonco, eurront roporro no wlt.h1o 
tont.ho o! o percont o! ootuol ropottod ond tooflBOd 
1nputo, Wloilo 11 1o not ""' purpo•• to outhootlcoto 
th~o doto (ood v~ havo nothloa to .. 11), 11 lo 

'""""'"' ''"'' Y"" uodontood th• .,.,.,.oillooro 
oooreiooó lo utntolninl thlo doto bon~. 

u-op 1<1 '"'""· ro,. S 1o o .-., dotolhd 
on.olyolo of oppro>l ... toly 700 HPl &etlvlttoo. Moti<' 
tho corto&pond'-"1 porc..,toao toi.tloooh1p for t.ho 
vor ...... o«hlt' O<otuo cotlditlo,.. !or ,..<!! roportlol 
porl<><l. Fot u.qplo, in hb~u..-y 1978, opproxl .. tol.' 
SB P'o, HC C'o, JJO E'o ond ZIS U'• .._ .. ropott ... 
lor tho O. S, tbh lo """'' 9 pot<"'t rl""'lol;, 16 
porceot In&tooorlq, U oorcoot Undor constructloo 
ond 21 porcont c""plotiDo· Thuo, lor ohon-to._ 
forotoo<l•&. •·1·• llvo yo.oTo, I o<><l D vtth <..Otehl 
wotch 011 C ....,.¡d ouflleo. H""~"' for loqor ron1o 
lorocoo<'-"&· •·•·• ton yuro pluo. o couhü. otu<ly of 
biototlool, '""""' ood futuro P doto....,., bo uoed, 

1uTnil>¡¡ to F!¡¡. 6, vi>! eh 1o !or Ouu!.d• tloe ~.$. 
(o rotbor lor1• &=•Pie& of ot<ivltl•o), ootl•• Uro< 
tho of(O<I of o ln¡o doto b.onk, hootho"'o ood <loo< 
troeklo¡¡'of P, E on<l U oro ~ulto obvlouo. Oo yoo .,.u}d 
upoct, C..plo<iD& tu bo ooolly """'"'"ood eooddotiD& 
tho lotl• ...... , o! o<tlvlUoo lo tothor botob 
tll,..too. Agdn, thh 1o tollottod 10 tbo rotbor 

'ca"''"'' (or llot) U "'dI. ploto, lt juot ukao .... 
-ao,..o<IOI ood <oootr..ct1on u .. for tilo lor¡e O.u,$. 
ootlvitloo 00 ~oll 00 oo .. o! tho ... Uor oooo. 

Coot f.ocl~oo>o roolJU th~ d1ffie~lt1oo of 
C<>o>plot1"1 oo a<tiVity In corto1o horoh o<>d boot1lo 
cll-too """".,eh of "'-'' octlvlt!oo oro "'"""l.o.,¡ 
todoy--ond .. ,, 11~011 vill contl~ 1o tho ~••• to ... 

n.orofo<o, 1 ~ould ,,., .. , tbat ,,._. .. do.to ou 
~ooful lo oll ph<o••• o! C.O.t ~•aloO&tl.a& ood oopoetol.ly 
1~ tho llo"'IOOO~t S<!ooce Aro&. 

Goootol 

'!ho -rld jo oUodily ovoh1DI i~to 'o oin¡h 
vorld oeona.y vlt.h eyeleo thot of!&ct <codo uo4 
•-re• occurri"' .... or hoo '""'""~.-.b or­
tbo vocU. Curre·n<ly, tb~ Ooototu \/orló Ol>d JoPQ 
oponto "" e¡oooly •~tonolotod ey<1oo. n• '""""" 
to<.,.ory lo tho Uoltoó Stotu l.o ,1.,..ly opr&a<llol; to 
1/"'ton. ..... ,... Tbo oconooot< oetlvlty lo tb< "'"""" 
thot o~ply row -•••l&lo dopando ultiootol1 00 tbo 
vlrol1cy of tbo ,.,..,.¡..,. t>Otlooa. 

1/Uh o DOdo<~. offtcieot otoohok.\1>1 ~loot, J•o•• 
boo do>elopod o toopotltl>o oó¡o .,.,, d-..o<le &tool­
_,.., 1n •- !<>duotTioli>od oouooo 10 t>oo Ftoo 
Wor1d. Jop.oo boo d..,onotntod ocao foroJ¡bto¿ •hiDI> 
lo lto octlo'"' tO tootrlot 1to i.opOrto loto tho Un<tO<l 
Stotoo ond Weotor• hropo. s ... Oll P•<><l'"'*"· H<o 
Soudl Ato> lo, hoYO ouopocted tootcoloto on Oll p<lc .. 
1o <oeoot yooro. Tho .. rostrolnu )>ovo holpod ho1d 
tho u.., oo .,..,., cooto ••d h•o oiJ.,...,¡ ti>< 
1<>duotrhlitod o.oUoo.o to proc .. d oloq tho potb o! 
otooomlc rotovory. 
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•~n .. o ~•ll•n ""' dovolop•~ """'~"""" for 
.... , llS lndl«'-' <ovulq. tke voflouo cl .. ou ol 

'""' .. '"' ond ~··~ ""'-'l•lo uood ln <><>' proce., phou. 
ror "'"""''· plpln¡ <oclud .. pipo, n ...... lltt<o.,. 
,.,.,, ond ohop J..obor. Wo oocon•<n <h• '"'"''"' 
"""' of apa<ttlc "'"'""~'"'" frooo •on<hl~ oootlll10 
vuh our Proeur-ont t>eputooent. C<ovor<d ore ooch 
loctoto u •-"><~. thq loo<! l .. •, dollvory lood tluo, 
'"''""' or do« .. ,. lo • ..,¡,., of occoptobh voodou 
ond tho ¡onOTal fedto1 of vhe" tho .. rkot la he&di"' 
br tho von~o<o of ch .. , dlre<r oour<o)o. 

Wo havo ho~ o mooouu of ""'·'*•• In dovoloP'-"11 
<h••• c••rohuooa for cho tr.!tod Stoto•· Flf. 7 
''""' o plot of o vdrt<td -.,lt1c"-0<11f~ ns plor.r 
1n<u utllhlno 1971 oo ba .. ¡OO. 1/o r•cognlzo tllot 
t>o IU lod<o .. , wh•o '""'f'&TO<l to l'lllla&• lelloa'o 
o«uol d1c«t -•~riol «>o< np<'l~eo tft wbl<h ue 
go .. cro '"'""' v~ po1J ¡g u,o ""''" pl.o<f for Ol>' 

.,.'"""'' ar tf.ot polot oncl ·-· und to .,.¡orltote 
<h• f~ll -~•it""'• ol prleo '""'"'"'" doriq <oPidl1 
Thi"l COot P*'io<lo, ov<h oo OO<UI"d do<1"" J91l-75. 
A pU.oo lootor 11; tl>t !n.obllity o/ tho ILS oy"• ro 
ro<DJOUO tllono .. h <bO q....,t1r1 •'-"•"""'" olnO"'d 
by '"'""ctoro wt>o o.., J..or1• qU>ntlUu fro.o oP*<lfle 
Yondoro '"" .,..,b<turero. Ourln¡ Um~• of rol.atlvo 
otob1Uty. thoro 1o o •eooul """"'"'Y fcr tbo BL! 
In.!« ... o< loa•t lo< c~nolo .-dltl-. to ,_,¡,, 
ovonuto tllo proj~<Ud <Oot »hon ''"'porod to ootual 
"''k"•'••• cun•ocUooo •• 1ndlc.o<o• bY our "­
•<•o.co. for u.o.ph, 1.n n,. "1, tlle ,,..,...¡ aar~t 
oh""e4 o d•ereu• durl 04< 1916 o• '""l>&'.d to .oot !LS 
l.odleoo whlch ohowed o OIU!l "'<roan. 

h ordu t• d...,olop nov coolo <o oooiot lo ro.­
"""' vorldvjdo dlutt .,,_.¡el p<IOo ~r&ndo, wo 
porotod u.~ vorld lMO ton ¡o<>¡<>phioal arooa oo 

Aooouod ptoviouoly. Wo •l•n to dovelop loncoo<o 
ond tlleo rrocl. thm for <loo ¡>&<lnd ~971 tb<o..,P lUS 
boo~ 00 wotl0w1de KPJ •~tlvltl<o. 

l)vr Orlllo.ol plao ~•• ro loo~ ot proo:ooo plono 
~!1 io t~o ~tMleo.o on<l .. .,..ro ooe<oro, vitlo 
porti<uhr ""'""'''" on (P) Plen•l"' eo.l (t) 
Eni!Ooot\01 ol.o,.lflcotiO<Io. 11• l"""d o 10<>o1 oor­
<olot!oO for <M ""ltn<l Scotu vhOD all Kl'! a<rhHioo. 
UIOTD)OII of otato of C""plo<jOO ond typ• of plont. 
"'" ut!liud. lo Oloddlht, thlo W<Nl• •- <• .. ~ 
''-"" al••• tl>o ......... for hl~ o.ot~rlah '"" oqulp­
N1U n•ll) """ oo< doP*ml "" ,,,. rJpe of procooo · 
plont. ~Ut m<>n U~ol).OD tho ~o¡,_, of p<OC- Jl..oOCO 
r~ut .. o ta bo bu<lt. 

O... ,..jor factor th•t nood• tobo o«ountod for 
a tll• offoct of locot<DO ol ouppll~ro of \>Orldwldo 
l:roc< .otor!olO J..o roJoUo,..hiP to U.o '""OtttOO 
,..~,. thOO• planco • Ul bo bu lit• """' of <110 ton 
¡oo~<op>l1cAl o.ou U< oooeor<oll1 d""eloplq ,..tloo 
"'"' vlrh alotan eo¡>&b1lltloo «latlu to tho 
'""PlY of dire<t \OO<arUl>. Th<roloro,·oo.O <o 
.. oltot coot t<Ondo ._,el oec~oolty be lt.ltod to 

ch<>oe '""""""'' '""'*" •·"'h ao '"' Voltod SU<*'. 
C.,..,da, Jopao .,.d tho nt (Europeao !c<>tl ... le 
c.-"o<ty), rarhor thon ell of <ho In •••arapbteol 
., .. ,. Thh 'l'P'"'ch ~o•ld roquiu 1rOUpiDI proceoo 
floot fo<llltloo booo.l ..,. tllo prl .. """'"' o! vOft<lor 
.. torrolo. v~tortunotol1, ,..., ofhho"< v.s. projocto 
~11) ha•• ouppl1oro of dir~ct moto<lolo fr .. oov•<o1 
-' tbo o.ojor doVolopad oatlooo. Thnofoto, the 

lot1o~ ioroe•oto, oltll-h r•l.ate4 to totol 111'1 
,v1t1oo, will hove tO b~ cloocly "'""'"'" io or4er 

to dovo>o• o tool u,.t flto <be no) ""tld. .. 
' P<>b1Uhe4 1m 

(EPl) by Joho 
o--..1 to hh"e 

I"hooc l>'>Ó1coo, boood oo OL5 or otllor oubl<ob~ 
1olonoatlon. ro<or4 poot hlotor, o<IY• ~., lo o! 
vltol lntoroot lo th• ht~«· lloot J..oporcoo< arc cU 
inUoctlon polnto wt>en choqeo 10 thO pr1•• ttofl<lo 
occur. to ao<crto1o thooe !><JU>to, lt j..o oboolutol> 
.....aeiol ro U..... prcclool~ whoro. """ o trocklol 
po1nt of v1ov, ~· ar< et on~_ll•on potot 1D tloe. 

l'llll.oo.on ~llou ut111te• ,..,_.,,, -.lolo to 
ukO ~·•Jcctlo.., fr.., vorlouo •~• lndl<oo to< <he 
U..lted St.ot"• Thro~h I•Oftophltol OCO'"""-'< nlo<too­
,.¡,¡po, w pl.oo to ...,.ltor oo<l o4juot '"'' forO<a&tlfll .. ....... . 

llo hopo thr<Nib ueill..,tloo of prooer e•ol .. uoo 
tocl\Oiquoo tO utUI" tho I!PI Coootru<tloo looocoro 
to aoolot in Ul<lng o« urato fo•ouo<•. <o<oloh<q. 
tbo «1<1<&1 fo<toro tbot olfocr tbo <..,< of 4U«t 
Mtorl.olo to tho ,..,l.,ldo llybourboo Proccoolq. 
lodootrteo. 

' 

' 

' 

' 

' 
• 

Pooo:ler, Th-.. c., "P~r>~<.ol Byo!tD<Orko 
~." 19<0 Mau.al """""'-· .u.c:t, OrlO""•· 
Florida, J1mo l8-Jul1 1, 1!7,. 

P<mdor, Thoaoo C., """Le1rta llddlo, "lrorlolwUo 
ll)<drocorl><>o l'roteooloa Conotruttloo •ulvlt~," 
Sl<l~, """'"" CHy, fob. 1917. 

>"onder. n.-• c., ond Le"'• ~lddle, ....,tl<lwldo 
Bydrourboo Pro<oooin¡ !M.,.try ""'-"""""" 
"""•ltr." 2lot .....,_,..¡ l>oet1q., .v.cr., Mllvolllo. .. , 
1/loco ... to, ;....,. :1, un. 

Ponder, Thoao.o C •• '"Po<<oc:b .. lcal Ae<hitloo 1~ 

the !>evolop1f>l c-..trloa.• CIIDI .. na '71, 
-o), Indio, Jeo. 11. 197!. 

p..,¡ .. , n-o c., "tr_, b ""•l..,.<d• I!PI 
Coouructlon .t.<<l•lclao for -~t..o •nd.ltltylon•,"" 
F>.IIRIM!TAL, ""'aoolo, 1-ol.¡hoo, P"". 21, 111a • 

Vol. ), ... 1, 

Tho opoahro viO~ <o up&<!.olly ac-lod¡o tbo 
doto ooalyoU •• urol~lly pte~uod by !!o. UddJ. ond 
tho <:uU "'bllohl"'l Coo>p&O)' for bo!OI pendtted to 
proooot t~10 "ln-~ouoo'" ooal~01o pu!olicly. 
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r1am Manaoement Trends 

lncrease your plant's productivity 

The key is to establlsh a formal 

program, with top management support. 

lt should have reafistic, measurable 

goals, and a system to eva/uate 

and report improvement 

Richard l. &ok•r, A.•nerican Productivity Centor, 
Hou,ton 

h-'"' MAN.o,CEI\s un g<l good re.ult• lro<ll what may 
be termod a "tvutl productivity'' <:<>ncepL TIW penain1 
to the dñci e:n u>e of 411 comp.>.~~y ~- li is " co> 
ord.inated rmthodol<>gy for managing the ~y <:ornple><' 

'tors which oÚfect 'piant prncluctiv:ity. By ÍnCOlp<lrating 
1 concep: :u an integnl pan ol the pl.ant't l'!l&mS=""' 

;:r<.<eu, ""'""!""" can ensure that tht nropu f'O>Our<e 
tr>¿e·Off> = heing made {ot nwcimwri plant produc­
<.ivity improvcmen~ A coo<'dinatO<l prnduct:iviry irnpr<""'· 
ment prornm will prmride the orpnil:a~on anrl the 
pr«<soe, by ... hic), pro<!uctivity gaino can l>t achieved. 

Low growth of producti.,.ity. Luer, I'H co~ sorne o/ 
rh< "ho ... · to" uptcts of implementing a tata! prQduclillll)' 
program in at, HPI plant. B~t fint, a .,..ord 1bout tht 
r•tional< /or why •uch " pro¡¡nm i• l><:eded. To st.an ,..jth, 
U:r ru~nt dt<:lining nu: o/ prnducti;-ity grawt)t in the 
Un;trd Stat., rrnph:a.oiz., Lhe critica] need for plan! man­
ager> to stnngthen thrir productivity irnprovement p<:r· 
!onn:ance. 

ln the put, U.S. productivitr inuu .. , contributed to 
hOV1 empJoymtnt ]~v.,J,, low in!lation and the hi¡¡h.,t 
"andoord oí li;·ing in th~ world. The •upo:rior leve] ol t.'.S. 
m•r.ufacturing pn::.;i.ucti•~•r enabled the nuion to e<tabli,J, 
tl<rlf a• the dommanr indumial nation tn world muk<U. 
ln ..-e~nt ~<3r>, ho""<vcr, thu J><>íition o/ strength a..cd 
domOn:ance ha$ 1><-p.n to erodt. C:O.,pa~ w:ith oÚ'.<r 

maj~r induuri;o.liu-d countrie., th< Unittd St.ttes io now 
l•>t in tenns of productivity gro•·:th. (~ Fig. 1.) 

The United St.ates is r:apidly losing iu competitive Jud 
in •l,e "·orld econo:nr. Foreign ttade balances are nega. 

~ntributing to the oteady d<cline in the value o/ 
¡t,_ .. o:Ju. Dome.,ic.ally, int'.ation and unernplo:-·mcnt an 
ur.dt>irahly l:igh, while the avengo standard o/ living is 
imp~•·ing minimally. 

August 1978 

· M<>11g¡¡o ..... • pw-tormanc•. To rrgain lost ground, thr 
ptiv:atc >ector, and pal"ticularly tndiviciual pla..~t mon­
ago", muot tah the ~d in m.an;oging for pmdu;;tiviry 
growdt. A roa~r who ÍnCo'J>Or.:l .. proc!ucGvit¡- im· 
p,...ment into lili oho..""t and ]ong-turn operations hrlps 
•~ aUeviate inf!,.tionary (OSI ittcru.te!o. Hr thn.tr¡· eon­
trib~te:t toan inlpi"I>Ve<l compotitiw position and inau...: 
proli1:1 lor his compan~. 

The ability to hold dowr1 tos!> and increue proiiu is 
an Íf::lporunt measurc of a pl:ant manager's pe:foruanu. 
Managíng a plant"• tOI>ll pmductivity is a ;-a)uable teclo­
nique /or &ehieving ,¡, ... objectivt! 

Total p~aductivlry cart<:•pt. Producti•-iry ¡, thc of· , 
licicncy with which rtSoUrc .. a"' u..d to pr<>ducc g-oocb 1 
and oervic ... lt is gcner.oily ap~ aa a ratto o! out· · 
puu to inpuu The moot common productivity nti<>s in ~ 

""" ""' thooe puhlished regul>.rly by the Bu,.....u o/ Labor 1 
Statiotia: O~lf"'l pu Em~ Gml Outp..r P" EmpJ.O"J'• 
Hour. However, rh ... nti<>s only coruider the efficiency 
o{ using human r=urt:eJ and thw ;ore paniol produc• 
tioity musucQ. (See Fig. 2.) 

Hydroc.arbon procening industry (HPI) opentiom .,.._ 
,..,,")" capiu.l and encrgy ontcnsive, whilt feedstoclu ;ore a 
ma¡or ponion of tou.l costo. Conoequcntly, panjal pro­
ductiVl.~" ratios pertaining to thr efficicncy of capital, 
energy and lerdstotk uoe prnoidc imp<:.rt:ant addttionaJ 1 

~~ur~ ~~ plant performance. What is ne.:dcd ~~ 
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""' .. oi!««d l>r ... oy ¡..,_ ... 
d..:l•"ll· fo<dota.e> quo]o1), ÚO< .,. 

qwnd .,.. >nd qudo<y ol p,.,;,.,, 

.,. '"' "~""'""! cffi<i<O<y ol th< 
pJono, n.... loco"'' .U mllumu ,;,. 
tind ..,.,..,_<!>< """'""'"" ol 0:0. 

",..¡"'""'' "'""' 
!:n<'lf)' ''""'"'P"•n-Oh< dooom. 

inooo'->o "'"'"'"..,.~ by ,¡,, lo..J of 

pl>.no "'"'""' ('" ,,..,,._¡ >od by 
''" ,!f.o,,""> o.od ""'mi' oJ "'' pl;ono 
op. .. uon. Tia cond~oon of <quip· 

'"'"' >nd oot.>lyo~. ,¡,, ~·~ o/ pl>.n< 
,,..,.....,_. ¡, ........ , .... ,.,.y""'" 

""'~'- <quopm<'·" <«.) ..., ,.,... 

, • ...,. ..... •' '"' "i"<"""'· "'''""" 
"'"" ond '"''""""! lu<l<t;,n, di 
onllu<'>« 1'>< plonú '""ll' ~. 
T .. "louonohop oJ ,U..,• ""'P"' <o 

···~ ''""'"'"""" " '"' ""'"" .. ,. 
'T" •"'"""""' ""' Somibor p.miao 
p'«!u<OV<O"' "''""""""' <U bt .,..¡_ 

,..,td '""" r.,. l '"' ·~' or m. 

= --

• plooo'> pnm>.ry ..,.,,..., '"· -·~''""'"" oJ '""""' ,,.,.,.,..., '~""'" "'""""~ .... 

'"'•"•• ·-"· ~' ..,,.¡ oo <ho '1"""- of...,. HPI 
,..,, ..... •«hniul '!"' ........ ""=Me>.,. u..¡, 
.,..J.,.'..J"I ''""'"'"""""'"' plon> ...... uouvi'J'. tqu;p.,.no ,,¡., produe<.,n poooibl<, buo p<opk molo it bopf""· 

'AMEI!ICNI PRODUCT!Y7TY CEirrER ......... -=·"·· W'C) ~ • ·­-·- _,_ _ .. _ .... __ .. _ .... 
u.a. -· - - - .,. "'· e ·-= ..... --................ o ... 

"""' or.,. u$ •- c...,.,,_ '"'"' ,m.n. 

r., • ;u,,,..., ,. '"''"""'";"' ..,..1 """' or tt.. 
¡ .. ,.,.. oii"«""!J tmpJG.o """'"''"''r Th<.o '""'" "' 
lootd oo .,.p¡.... o!Ob<)' <on ~ bt ''""""lltd "'"' 
rll"'"'" '"'"'""'· loonng and """'"! P'Off""' n, 
"'""'" ¡,1 oo imp..,.ing <mplo)T poO<Iuoriuu)' '"""'"' 

""""'"'"'"' •mpJ- mo"""- "'-P "'"'"'""al ,¡,, .,,_,, •"<!md••l oh<! ""'""'too<>d,.... uwl.eaotd 

"' 0- ... , .... tho< ..... - ., .... - -. ........................ ,_ ......... -
'" '·~ . 

Th• '"'P""""" om~IO)" m""'""''" """Id bt <o'"" 
'""'~' ''"plom <o "'"'' ''""'" "'"" ol>ton O.ni ... 
ObvooOdJ> . ..0 """'" oJ ""P'or< \dlo """· .,,¡, " ""' 
fisf d .... ''"""''"""'-· ""'"""""' p'OI>I- ~·11 
"'""' , ,...,;,.. <!!"«< on •-"'""''· BU< ..,,¡, lh< Oighly 
auooma«d, <>pot>l '""""'" """"' ni moo< HPI pW.t>, 
m"'' imf>OO't;ont go'''" "" bt o<&I...O O¡· '"~ oO. 

... ~· '""'""""""' ... ~ ... """' """""'- oJ "" , • ..,,., p/1"'<>1 -ITH---1....!- On<'fl', .,...,,¡, 
""' e;,pol&l. ,., ..... p~. "• ""'"""'"'' "'"'""'"'" ol 
procoo> '"" Op<T>'O<> ,.1,,., muoh m= cJ..,]y <o U.o 
dfooo whóeh <0. "~"'"""' ¡,,,.. on ""' ,.;old., '"''ln' 
"'"'""'"""" ""'~· ........... = ...... ;, ....... 
"' ... pilyoi<>l rl!.., of"" ""'"'""' 

T~'"l pla"' produotlvlty. Tlo• to<hrue>l ¡.,,.~ ond <m· 

pJ""' , ...... ""=·· """' "'""""'"'" .,.. - •""'P< .. ....,, ""'""" T..,. • .,.....,.,. _.,. _,.., "' IMm 
,.. ,.,.: ""'"'"'""""'' "'""' ..,,¡,¡, ,.¡,;o~o "" pDo·, 
<ot.>J """'"'"•")' " d"'""'"'d Tho oommon «l>tion. 
olup> b<,,..,. <loo,,..,.,., ,o.., '" For l ood <..., U.o 

"'!"'·"'"-' ,..,..., ).{.,..,..,,,,"por.:.., du«tly oflw ""prod..,;.,or of 
bo<lo '"' plono ""' .,pr.,..., Jo odolonon. <llo «oll"'""' 

___ .,. ..... __ __ ... _ .. __ ,_ 
- ....... -~· ...... - .... '"' u.o 00-
"""'· >n - "'"""'""' ''""" "n .. ... , ... '""'"' _, ...... ~ ........................ . ....... ,. .. ., ...................... --.... ., __ _ 
............ ,. - ....... ~'""""' ............... __ , ""''"'" .... _, ...... 

~ ... " ..... "~"' ·-- -.. ,.,.,,....,.. ____ _ ---.......... ,, _, ........ -
_....., on oow oo """'~ "" - "......,, .. •­
In ....,,,," ...... ·~•""""""' """" 

. ._.,. ·-.. _ .. ....., ___ ............... 
~--. ·---__...._""' ........ .., .... to ~ ...... --'""""'~ " '"" ...... -.. '""' ... ~ 
..:....~=~-~'-". ·.~:-~:.: ... •.·-·-~~-' .... ,. ... ,..., w.., , ... ...,.,. ..... ,_,,., .... ............. --··· ........ .., .•. ~ ...... . ......... _ .. """'"'""""" .... --. ............. 
...., ,_ -· -- , - ........... .... - .. - ............. ~ ,, ...... _ .............................. 

-
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INCRUBE PL.o\t<T PRO¡jUCTIVm' c-dlnafl~ ~--- ~=.o! ~. ~-=.:..~~ 
whi<h ploot ......,... ,.., - '" .,...;s. d­
¡.., "'"""' .... - UpoC! o! J>W>• ¡modu<ó"'l'· ~ 
.,., ..... _,, ¡,.. <>tto<npl<, i> • dUo<:• dloo-t to """'""'' •"''Tf produ<Ov,tr A ,.....,,..~ m&io<to"'"" _.., 
~ .. ~· .~.., .... ;,.,, ...... .,.., "'" ... ""'"' 
,....o-.,.,,._.,~ upi<ol '""'"""'..., 

- - -- . . 
.,_ ....... ··-::·~·:·:·:·:;:"-----"'""~'-""'" ,.,. '" ~ ... _ ...... 
·~"""'"""' ol th< .............. bhW,'""' _. •••. 
m01n<t....,. ood '"P"'""'f ,.,,...,..""' lo<t"" •hiel> 
""'o m•J•• ,mp.ool.., louJ pl.ooo P""'""'""' 

Th..,. ¡mmuy """'"""" <M b< dn.,., ltotn lhH ••· oJ,.., 

1, Total pi'"' prod"",.;'> "'"B""''od by • «>mpl<> 
'"'""""""''"'P ol t«hno<>l •-.l hum&n ''""' 

2. PO.,, .........,, m"'' _.. pn>d""''"" ,,_ 
P"""'"'"' .,-.,u oo' tO<ol "''""' ...,,, '"'"'-'"' .~ 
"'"""' '"'"" ... d ,,. ... ..,¡¡-, b ........ , '""""'' 

3 . ... ,., ¡,..., """"'"' .......... """ _,.,...,.,, 
,_~, <1>< l<l" "' ""P-""" prod"''"'"' ""' '" 
moth·otco~ <mPI..,., '" '""".., th~c ""'";b.oon lo 
<''-'"' plont <ffi<~n<y ood """"""' uuO..tion 

~OODUCT<VITY 1-0VIMINT .. OGOAMI 

n.. """" ond im¡""'''"' ol p•od•"''''l' ""' b< 
''"'~' und.,otond O,· plon< ...,.,,.,...,,, Aod )'<<, thon: ... ,. ........ .-.~ "''""""" "' ........ ~ 
¡mod"'"'"> •mP-•• p>vpom '' "" pW>c T,.,.,. 
<ollr. '"'"'''" •od '""'"'""" '" ,,.._.d,. ,..,,b"'"'"'' 
k;th •s>«;•l P"'"..,__.""('- '""""'''""• i>cohh ood ,.,,..,, ......... -""'"""""'· ... ,..,.. '"""'"'· -
""""""· .,,;,.,_,..,ouJ, ItO, ot<. 

On th• OLh" h>nd, p<>ttiooo ol """' ~.,. "'"" b< 
""'"""''"od to """pi>"''"' •••""' P".....,_,,.¡ ..,-,. 
l&'- 1""""-'<><oto.l. OSHA, "'-) daJMI< _ ... , 

"'P"" dl'.ru "" plon1 '""'""''"'' 
Tho potoouol probl<m "''h "''"'''"' oooh '" '"'' 

ol '"""" l""'r'""' o ohot, ..... ~ "'" oll olio<< pi••• 
J"odottMty lo-."""""'· thm ... , 001 b< '"' "'"1 
..,jmoon~ "~""' to "''"" t>.o< oll P"''"'"" '"' -~'"' 
topth-. ¡,.. .,.,;mom '""' prodoeo'"Y ol th< ploo< ~ 
c....-..,¡, ;n"'""'""" '" '•- ,_ Wd< ol tho """' ...... 
, ........ -.! by""..,.¡,, pon, .~.., pl&<o• """'"""""' 
"".......,'"' ,.,-~.,., .... "'"'' ""' ;¡ "'" "'""'"' u 
odn>oi<l.,.d md<;o<od<ml,, tonlb<tt "*" ou:u· '" tbo 

plool'o -~" ~l """"'· Í"" .. '"""liD ............. """' r- ;..~optodrn"> ....... .,._ .... 
oho<"tol """~''"· H..,. .. ,, ¡¡ o p<od"'""'Y ""''"''­
m•"' P"'S'•m '"'""' ., tb• pMo.')' dn•m¡ 1-.. /0< olJ- opocW p- (<XUpl _,., ....... >..! "'!'...,.., .. ), • «oonimo<od "''"'""" dl'ott ....... ;. 
'"'" plLOt produ<""'Y "'"'"""'" 

.....,.._. .. _ ......... _ no. """"'"',_., .............. 
" HPI plon~ wry «on""""bly f""" plon< ,. ,.W.o ool 

""'¡' tho ""'~"' ""'"'"'"'""~ ol '"' '""''"'" '"d "e·' .,.,;.., u .................. , .,,....,,.;_.,. •• , ..... , ... loo-~ ,.,.,.,.., , ,...,...,mty uop......,..•• .......,....., .,;n dilf.,, 
··-'"'"'"'""~""''· ' 

"'""¡ """"F'<r '"'""'' ol '"' l""J!''"" ••g•"'.,"""l 
'"' , .. ., ..... od: 

' 1, I'>M.ttf.;" A•F• l ........ bo ,. iot.,._¡ [ 

1""' ol '"' plon< '"'""""'"' p<O«S<. CoMoq••O<Iy,: 
P""'''>' "'P"""bih'r ¡., P'""""'"" ''""""""""'' 
obo<cld follow .... -~ .. ¡,. ......... -. '"'"' •~><' 
pl>n< '""""!"' ,¡,.,., Jo U.: ""' ""' '""'"'""' J 

2. A pn>d"'O"')' tomm'!t<' ., <oundl '""""' br 
..,o;lbo.ro lO l"""'d< roo<.U....tion -~ tl<p>"""o"l 
ootf >;>cciol p- produco.,,. ""P'""""'"' tfr""' !1 

• ""''Y •f """'"'"'"'' •• ,.,¡ r'""' ""'""'!;,.;.u''" 
""~"" opoeiol p..._,., "''l ,,.,kf bo """"""~ "''" • 
pn><l.ai.,.,. """""'- A!....,..,_,., u.:r co.l<! "'"" 
"""' ..,¡,..,..,." ""'"" ,..........,,.,,.. ol th< P"'" 
du"""Y <OUO<il 

3, A """' ~ --. JW"! ....., ... r.u 
~-. oboukr ¡, ...,bli<hocl to p,....¡, d•y-""""Y od. 
"""""'""" ond cootd'""'"" of oll P•odo<t;v"f im­

"'""'"'"' <Horu 

Kor ~-"'m"'""'"""· lo oddiO., too pro;u .. ;..;t>¡ 
orgonimioo, <h< loll...;nl k<v <~moou '" ...,_ 
,.,..od '"' ., ,w.,~ .. pm<~..<1m,.,. ¡,,.,......._., -
~"'"' 

~~ l>P'"' "'""" foC<mon'< <ommml "• •·¡•m ~<<>d¡ 
•P'""'"l ., '""'' ~"" "" <p<ciol '""'''"'"" ,,.¡ pi'O­
!''"'' '"'' 1 h""''' ¡, .. ·-" ..... ¡,. ... '""""l 
"'f"'"~b;4,, 1M, .. ,"'"~"" ....! ;, '""'"" .,..,,,, 
P'"5"'-'"" Ho"' "" '"' '"'"""' lot • prodoot'"'Y im. 
pn>..,.,., P'"f""' bo op¡.rouho-d ;, <ooh o "'""""'' 

1, 1M"""' ob"'""> ood ....,óol ~ '"1' """'1 
'"P!"'"- M'"'l<""""' b< o.w...,..¡ to th< .-1 
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ducti,~ry concept crf plant perlormance i.rnprovemen\, 
They mwl be willing 1<1 challenge tr~ditiona\ policie>, ac­
cept innovative changa and commit the neeesary ~­
source• lo make productivi1y improvement posoible. 

2. E.ffecrin oop.do..-n conununicacion• ,.... necessary 
' nimulate an a ... ·areneu and concern Jor produe•h>ity 

<hroughout 1he otganiution. Thi• invol~ 1he imponant 
areo ol motivation, ess<cnÜal 10 all attemp!< to impi'<M' 
ernployt produc1ivity. E m p 1 oye o· mu.r undersUnd the 
:mp<>rtance ol productivity both to the viability o/ the 
ccmpany and to their futu~ ¡ob ..,curity and standard 
ol ¡;,-ing. Training program•, c:ompany publication• and 
cmp!O',"' meeting• f...,quendy a"' used to enhanct com­
mun•cation•. 

3. PaniclpaciOD of all employa generally yidds tite 
bat itttprovement r-csula.. Motivatóon mUII c<>m< from 
thr top, bul o!ten the be>t knowledge of .peci5c p<oduc• 
tivity problemo and th<: most pract,cal ..olutions te thoo.e 
problerru come from <he ¡>«>pie actually perlorming the 
job!.. Bouom-up communicarions, the...,lo..,, are ~ually 
a• important ao top-down. E.mploye su,....)'&, •uggacion 
pro-gramo, l>.bor-:nanagem«nt p.Wuccivily committeeo 
and incentiw plano are variouo approacheo being uo.d lO 
incre.a'" employe involvement-

4. Rea!Utic goah 0-11d objectives ohould M established 
for productivity pc:rforma..ce. The Sltilp)efl procedu"' Í> 

to incorpora•~ productivity planning direct!y into ¡he 
normal busine" planning and budgeting proce,.. In thi• 
way, productivity impi"O'-"'ment objeocives and tbeir el· 
lect> on plant perlormance a~ huil! di~t!y into the' 

·rating budl("t, and <he r-esources (capil.al, matoriah, 

Abou-t the au-thor 
Rlca.uw F. il.ui:J:l U. m10 AOHCia .. mi 
u.. A.......,. .. P..odw.i:m.:w c ... ~n, .... 
"'- f'"- GwJf o;¡ Ro~ """ Jlmr­
Ut;,g Co.'• 01~• al tAo p,..n.~n,~ Ho 1 

Mido G B.Ch.E. d<gt-oo {"N>tn U.. Ull.i. · 
~-t¡. at Vir'"""'- m!t<l " MBA f....,. 
W~ CaUogo.. HU. ~ ~ 
....,. ..,¡th Gtdf ou ¡,.. ¡,.,..¡...,¡ ap­
......... 11' tmd ..,..,..,.;. ,...;g,.....,.., m: 
U.. p~ .,..¡ p..-¡ A~ ...,. 
~ """ ~ .....J¡¡rio in GtJro 

R•fin.mu D_rt.,..,., ~~ Mr. B41<N'o ""''' .._, 
pon!""' l""i..- 1<> ;oirt.i~¡r 11•• APC """ ... ~ al """ 
"""""' "' tho Po-rt Anlaor R•fi-rl¡ • ...W,.. Jo....., r~; 
bh ,.,. tAo _,..,,..,. of ..U .-.fi-rl¡ __,.:., o<>odú.o. 
boul¡ro,. mNI l<m¡r •mn¡r• ,,<umioq¡-. 

manpower, o«.) neceuary te achiove thost objec~ves are 
provided for in <he busines. plan. • 

• 
:;. A 'Yll•"' for mu¡uring, ..-aluatmg and r-tportiDg 

produclivity lmprove.rnent ...,.ults logicalJy follows tbe 
estab~t of objteci....._ Such a ryttem pro--id.> for 
analyri• of the plant'• productiví ry Jt~ngth• ~nd weak-. 
""''"'• evaluation of pro<iuotivity performance relative to' 
the estabfuhed objHtivu and reporcing 1.0 company\ 
management the result5 o! productivíty improvement tf.' 
Iom. AJso, employt involvement can M reinloreed i>y 
<:onununicating productivity resulto 1<1 tbem <>na '"fUlar 
ba.is: M..._,uremenl ryuems vary /rom >imple ratios to 
comp~hensiV<' total productivit}' analysis. The ba< ap-

• p,...,.cli io to keep the <)'>l<m oufficientiy .U,ple 10 pro­
vide meaning{ul reoults to th<»e people mo.n;¡ging the 
productivity improvem«nt pro-gram. ' • 

HYDROCARBON PROCESSING 

1 1 
IV.-C-1-5 95 

1 

1 
1 

i 

1 
1 



'· 

'Can engineer/constructors 
cope with tomorrow's challenge? 
Yes, says thls euthor, but only by malntalnlng awanmess 

of the changlng market, wlllingne» lo adllpt th& 
company structure, motivetlon to de'felop new ro/es, and 
technologlcal excal/ence 

OpportunliiH. In addit.ion, f..iC' 
market environment i< Ji~dy to ¡, 
oubstantially aff«ted in the coming 
)UTS b) forecast d~•~lopm~nu and' 
or str~ngth~ning of pres~nt trend, 
in the foJJowmg field<: 

R. Paacoll, T echniPetrol S. p.A., 
R""'"· !tal)' 

[";,~[UIM; .. '\.O'SHl•<:ThJ~ (f)C) 

companies "'"" """' opera1~ in an 
environmem <¡uite differem from 
the con•·entional one (~e llox) to 
~ohich the• hav~ been accu"omffi. 
The chan&-itog Kene ;, du" to ¡he 
synerg)' of se•·eral deci•ive factors·. 

1. Sudden industrial and "Xial 
de•·dopm"m of oil-exponing coun­
trie•. Thi• hrought huge Jm·est• 
men" "' thr Hl'l an<.l in uther in· 
dustri~l (;dds, a• wdl a• iu g<'neral 
inf raotructur<:> (transporuuion, civil 
con.,ruction, cducation, hulth, tde­
cummunitalions. dden.\e), partÍ<· 
ularl) oince th~ 1973-74 ~ven!.<. 

2. Decline of HPI in>•estment> in 
Euwp~ and. to " !e.,er ntent, in 
othcr jndustri~li~<-d areaJ. be<:ause 
of (])a ··m~llJr~·· marlet and GI'P 
~situ•úon, and (2) a d~d"tne in.,,. 
1 po:ted market trc.nds Jollowing thc 
1 1973·"14 crisis (ttm to mentían tite 
'pre,.,m one) in energy ¡¡Od r¡¡w ma· 
: terial• .. ,·ail•bility and <mi'. 

3. De•elopm<"nt of ba,ic twion;tl 
oillchemicallfertilizcr. in<lu>lr} in 
Third World countrie• !.«ame in· 
de~nrlent in the "60s ¡¡nd earl¡ '/[h 
"' wdl a; in other region• suclt as 
Latín Americ~. India. Somh·f.a" 
Asi.t. 

4. Gro.,·ing impor!.tnce of 
COMH.:O!\-area markct. •peciail¡· 
for .Eurupean and jap.tlle"' con· 

¡ tranoro. 

Co11sider •lso pa>Sthle sudden 
rh.,.,~-• ·.,, n,~•<ro """"""m;,;~."~ 

Fl¡t. 1~ oolh of a" EIC and ct"' 
51udy ono:l ,...k>pment lunctíon 

a local ba•i• r,c•u"' of pohtical <~<· 
tion. nrw disco•erie. or other rea· 
son. ouuide DC•" control. Recem 
exantplc; are dos u re of thr Iranian 
market on the une ltand ¡¡nd. un the 
otheJ. r...:ent or poteOtial opponu· 
nmeo in the l"orth Se~. Mexico. 
China. 

Go,.. ... perha¡n f-v•r 

• e~. 
• ""Pour"" andlur expeo,ive 
sources 

• Cual 
• !\udur 
• Energy >aving (i>Oth in the HPJ 
and in mher induJtrie•) 
• Shift (mainly in [uro~) of refin· 
e~· o~rotion toward higher con· 
1er;ion of re<idurs '""' lighter 
products. in accorda nce wi!h d edin· 
ing trendo of fue! uil demand 
• lnduurial uses of ahernati•·e 
~nergi~s. such as solar and gemher· 

m•' 
• Recyding and upgradmg mate· 
rials r...:m·erable fTom "a<t ... andlor 
b)"·pnxluos 
• Emerging of ahernative fuel"r .tw 
materiab (alcohol. mcthanol) 
• PosSJbk medium~ong term de· 
•·elopment of opportunities ron. 
nected ""ith a more "indu.,rial"" ap­
proach to agricuhural •nd li~estock 
o¡>er.ttion• and to opúmal upgrad· 
ing Q[ agro-ammdl productslb)"· 
productsi"""stes. 

• Plenty ollarge projecls. both grass-roots plants and subslan~al expansions. 
conce<ltfallld moa~y rn !he Cleveloped c:ountnes (~ !he mos1 prcrrqing 
mar11e11 1or end-ose PfOductJ W8f9 lealtad). 
• Clients c:onsisbng mamfy ol ma¡or oil and chemical finns. characterizecl by 
Slrong managemem. ftnancial, taclmo4oglcal ami marKeting capabll~ies. 
• M E!C roJa !hatos generall¡i ~mitad to basic deslgn (someftmes); eng..-­
illq: porvcoremen~, erec:tion; ~: 8SSislanCtt 10 swtup (not ~~ 
• UPS~TNTn and CIOWII5lream actM!Jes perto.med direct!y by !he owner. ·Nito 
held In hls Manda thll overall projecl control as waU u full responslbility (nsQ 
1t1e1 proftt). 
• An E!C role. even In tum-tc-v ~. not lar 1rom the "*" exac:tliiOft "al · . 
sped•tizOO- unom c1oao con~ ot thll c:áent"a SUpBMsor1r and prot»- · 
duree. VII. -A-l 1 

..... 
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NEW ROLE FOR EICo 
,,.,,. "'" ~" ~ .. h,.,.,,, •ffrnffi 

" ''"' ''""-'""""'"1' ""'"'' '""-"' oh• do.ng<> ouLim«l on 
1"""'' 1-< "' ''"' •rtd•'• op<mO< 
P"''~"P"'- n .. , ¡,.,., fo«•d 
"'"" ~. oo '""'"" thm <apot.Jo­
""'· "'""""· _,,, p«x.duo-. ood 
"'"'""'ci.ol "''""'· on "'"" lo .... , ... .o """f>"'<· ve."""' ••. 

r:::s~ 1--,_ 

1::::-1--

'<k>pod ""'"" C.OfUbili'"' ;, '''"'' 
"P''"'"' ""' """ "'"''""' ol 1ho.• ""i''"' l;dd< Id"'""· 1""'""· 
"""'· <r«<oonl. -, h;, :odud<> ~oo• 
''"'""'"'¡,¡¡;,;., m ,¡.., lol¡.,...,n¡ <m­

"-'' "1""' of """'"" mon·~·­ndot, . ""'"' "'''""" '"" .... ~,;, 
o Drf,.,,;..., ol opnmum producu 

<l>O< ond 'f'<''r""'"'"' 

, ........ ¡ 

-""'-"" 
.. __ _ 
-·---

\'Il.-A-2 

F''"~mn<l '"'""'! P"" 

pl•m •P'<"'"'" ..... 
"' 

,, 
" '"'" .. 

'" 



1 
Th< "''" ond "''' ul pcunv­

'"""1 ""' "''' • nd r• """"'1 pr •p•· 
,..,;"" '" ¡,¡~¡,<' ''"" In a "'"" 

'""''"'"'""' '""""'"''"'· '""­TO,,,.. o<ldni.m•l ,.;.~, ,.,.¡ '"" 
"'"~ ¡, <•«fu!<> .,,,,.,,,..¡in drfi­
rutiun "' '""'r•CO pr~o. Lh< ""' 
"«•ntur/l'"nO<ó' n'fl' h" ' nnn < '1-
lol rol< on Lh< f""i"'"'l poi<< Pxml 

Thi< '""' """"' !,. ""' hogh. '" h 
•ill """"' '"' uc "' ..... '"' ,., •. 
or.oa. Hu< '"'~h<t c.<u n ¡,. k .. ., 

<h.on "'"'"''* >loch bn«> "' '""' 
• '"""" rh.n ro lo>< mm,.~ on, 

¡cu"""' ,.,mox~. j 
' ' 0.-,uMy_ Con>,,..],, ~'"r" ''1'-1 
lf>OMnn""' lur pr<p.r<d, llni'*. 

·.'"'"'"' E!W "" """ '"'"" ''""''¡ •''''· 
1 Th< [1<0:>' "olr" "'"'" """' Lh ... r

1
. 

1"' P'"'"'"' ,,.,., '" rh•< "' '~'"'" 
'"'P""'"'· Thr culo"'"'""«-
1•«~ 1>:. • • "!< r••~• .,¡ ,,,.biJ,.io.l 

1
'"" '""'"'"b''" .... d.op •• ,,,,.,. 
"'""m""'"'"''""'"· hi'h n>l<' rncllngh poolit "PI"'"""""' 

E'J>«1 '" <•oluüonh"ulutiun m 

fJC> ""'""'""'! """~'· l«h<>o­
¡,,.~,¡ 'PI''""'h_ ""'"""· '"'' 
•uol. P•'"'''"" 

STAUCTUIIE MUST CHANGE 

Thr ,;.¡, "'"' """~"' m..ol<t. 

'"""'""''"' '"" '"' "'""'~"­"'""''" .. , ........ '"' '" ,,, f¡{_> 
n,J, , '"'<""" ol«p , h«n~" "' """. , 
'""- 0"1' ""'' <>uh '"·"'''" "" 
'"" "•"''"r "'" '"'"·''"''"" ""' 
"' en¡oh<n "''""" """ 

""" "'"""' '"'" "' "'"'"' f¡(., ( '"' ¡.,.,;,,," ,,,,, '"K''"' ,,,_ 
,¡.,, '" •Ir< luou«. Ho<<>.;..lh-. ;, 
mo.-,(,,..: 

1. T<"<hn<>~>~i "·'""""" ,,,¡ .,. 
"'""'"'" 
~- t'"~'·" ""''·'""" '""'"'"'P­
'""" .,,o »<klrl 
1 r.,~.,,..¡ '"l";""""" 
'· H.,<i.rl '"" """"''" 
~- ,-,,_,, '""'""~ '""' . ,.,.,,;,_,, .. ,,~ """''"" '""' ",,,_,_ 
""" 
1. "·"'" .. ,,¡,,;, .,,.¡ ''"'"'""'· 
""' '''"d'""''"'" u! """"d m•r· 
'" ......... h "'"'"'""' 
•- u ...... , .. ""''~ 

~- "'"'"'"' ''""' 
PROctSSIJ,; 

10. fin'"'"'' pl•n 

\1. o,,,,,""'"""'""'""""' 
12 .. \ppo."r"l "' md'"";,¡ wm-
1"'""" •nd nf lhr>< ""!""'""' pro­
f'>Om (uru•ll) ¡.,. r.""'"""' ~·· , ...... , 
13. h., ... ,; .. ,"' , .. ,..,,,, ,,..¡,,,_ 
,,,,-., """ ""'""'"''( """""¡;,._ 

1 
"'" ••.• ,..,;, .... ,.,,, .. ¡,, .... , .. ( 
,¡.,,,"''"'oh.-""""""' ,.,¡r_ 

1 •. hd(u.olnn ,oj i"""DJ' o!r"l"p-­
"""" "' IJ<;, "!""'"'" ,, , .• , 
"""""''""~·· "' ""<>p<tn;,, .. .,¡ 
F.t:' '""' ""~ ""'' «p.<i>>ltt"'· 

-·o!.._...,,.,...,._ """'' 1-~ 
...... , ... """'(' lh< ·~'"""' .. ¡", 
"' ''" r,.,,, il'l'•'""'"" l<rm 1 
,,.,;,, bd .. ,,,,;,, ""JM""''"'"' 
'"P•t.o:n><• 1 hr ,,,,.,.,¡.,~ "'"'' 
t<pu>ml u.."'"'"''"" ~""''" .... r""'" khKh oh< ~tudo .,,.¡ Dr-.1-
"P""'"' tlrl-'<nm<no ;, <>11«1 '" op­

'"" '" ""'" '""'· ~&1> ~"'' "'P "'"'·'•"""" <""""' '"PP'"'· hrlp•n! lhem '" ,.,J,ddl< ihfnrm•-
'"'" un whKh ~''""""' ""' b..«<<. 

''""' -';.Q """"'' lhr ~,,...¡, ,.. 
,.t,¡.,¡,,j l1<ld ni'"'""'"'"''""' 
,.,,¡f><"'"'"'""' ()'""""""' .. '"' 
"""·""" ;, " ,_,,,¡ "' "''""' 
"''" Jh'""' 1 . 

l~<n» l<Hi "'" rll"'olo<>>n~ ju~ 
""" in mmr ¡;,(.->. h-<..,.b!, w>n>< 
<»mf"'""' "'"""<u""~'' ""h • 
d''""'""'' ~'"'1'"' '"'' "' ·' """" 
'"" '"''"''"h "'~'"·'"~· "' k•" ''" """"•··1 ''"'"'"· "'ti>< ""~"' 
()r¡•mmrno 

1-,., l>«"<l r ... "'"' ~<. """' ~.w 
ü..¡.p"""' .¡ n,;·, "''"'""- " P"J.. """ '"'' ,., '"'"""'" '" """' .,.,_ 
'"'"""~ '""""·"'"" o,, " ''"''· 
lh,;,. "'""" m•"'"'"""' ""''""" 
"'" '" ~•ndlr th< "'"""' dm·<~! 
•><11 <>< LhmuRh '""..:! «><.,Uk· 
.... h•>m•( '"""''""" "" ""''"1 
"' """"r"'"'"'~ '""'"""''' K,, '"' .... -~ ..... ;,,,.,, '""""''" """ 
·" fl<:< <h< ""in•lol'" •"w ,, u><i«l 
( n o ht "" ~<·<m<n<«l "!''""'"'"· '" 
( ""· '"""""'' '""""' "" """""""' """""'' lrum <hr f"'>pl< (><<· 
¡,, onin~ <h•m In l•"· .oppl>i"" oh.-. 

"" '" f''"""' '""! '" """"'""" """'"'"' 'PI''""'"" ,¡ ""!'"""""''· 
'"'':.!!•#!!.__ --

An "i<olemal """"""""'" ;, ""''"'' 
"'"' '" up<uni,. '" u:·, '"""""j 
•l>d "!"'"''"" 1'~»1>1< >UbJ'"-'' ul 

"~''"'· ""·''"·""""' "'" "'"'"•··! 
"""' "" ' -·1 

'"" no>~• pmmo11n~ lur '-"' • '"'"""l 
"1"'""""-
• llo-llnit.,n <>f ~"'~<•ph•o.l "'"' 
'""" d.,.p """'""""( ..... ,_ 1 
O ICho.« uf bor< l«hn<>ko~~·•' 

1 

'""'"""";,ur¡,,..n.;,¡ """""' ¡ 
O lulu""'" u("""' ,..,,.t,¡, '"'" 

1 1 

mo·ni..l •nd ,.,¡,.,.( .,,,¡, ¡.,, ¡,,,. 

'""' !""'""""" ;, ''""'" """""". ... ~ ... "-"'"'' .... . 
' • '-'•'""""'" ... od d ..... , ....... , ~.1 

n.., ,,,,¡, '"'"'lolr ¡,., d<>~k•pn"-"' 
ul ''"· li(;", ""'""""" '" """ gne

1 

~·•phir.J. ""-'·''· l"''"i"l '""""'.' 
"""" ! • ''"P'""m'"' ~~ un 
d .... """ ,,..~oo~ ..... '" 
~··~· ,,, .e,,,.., 

P"-"<· 
'" !oC 

' 
' ... '""" "''""'""'"'" '" "1'•·: 

d""'~ 
• •. jfOm ~·~• O>•ihn~ <hu..,~hl 

d""'' """ "'" "' .,¡ "''""" """ .. ,.. 
'"''"'"' ... """' ""'~"''"""" ••'""''"" 1 '" ............. "" "' '<""'"" 

.. ,¡,.,m "'"""" o·>lh lox•l 

·~'"" '" """"""""'"' r,,"'"""~ 
P"''I"•"" 1 

···"""' '''""""''"" ""h ""'" 
"'' ....... ,g , ..... , ...... '" "Pl··r 
nld( '•PI"'" lo "' OWOI ]~"pi< •m l. 
'"" ,¡,~,.,¡ 

• • _ ]<um '"""'"«"'". ;;_-;¡ h ----;;;;;;:¡ ""''""'"' """' """' ,,_,,,.,.,, '" "''"l .,¡ pn~<>< "'•ipm<n< 

-··'"'"' '"".~"'""'"'~ ."1 p<l-. 
~'""" "''"'""""" '" '""!"'-' ""' '""""' ' 

. ""'" d.,.,,.d ··~'""'""~· 
(pop>t>R. ''"''~"¡, "'"'h•ni<•l,. 
«»( ""''· 1'\';. Htl "' "F"''"'"'' 
'"'" "' ""'-""""'""" "'d lidrl 
""' ¡on«d""' 

A mui!Hioooplonm •PP'"«h " 
"""''"( m oh;, ""' uf ""''""'" ,... "''""""-
Ma"ellng Opp,..,.ch. ll1>· P'"m""'" 
uf ne.· "PI"'""""'" lo K'"""'"' 
""'''"l ''""' ...... ,- '"""'"' "'. h"""" -...... , ••. """"·'" ... 
«><d•>~< ><> <h< >hol< ul "'"''"' 
''""' "'"~" \1 ""'" ,¡,,,, '" ""'" "'"'"'""' """""""' "' ,,,.,,,,;,. 
'"""" '" 

r"'"'"""" P"'P'' '"" '" ,. ""'" l h"d- w.,,ld.,,..,.d •h•n 
hrlo><_ T"" n«"d • ""'""" pn~ 
¡,.,,,.,.,.¡ <nd '"''""''"''"nound 
·' "'"" """'''" "" "' ......... . 
P">mmo>'" I""Pi< ""' ¡,~,,¡ ••'"" 
"'""'"'"''-,,., orquir<o>rnl> •(~, "'du<lr 

April 1989 
VII.-A-J 
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l'll """'"~' "' tw..ol .... "' "'" ..... ,, 
-r • , ,, "'11• """ ;,, "''''" ''~· " rr .. 

. "' "'"'" ¡,. th< "1"" '""'"-

' ,4 T'""""t ---~ r.,. ,¡;..(o 
·~D<I; wnom"'"'"'"'. ''"'"P• 
"'"' li m -~""Ki " """' " " • " 1 pi""' . 
'" '"'""'"' ol k..o.i"' lm<'!!" m<"· 
"''"" r~, dm·.-1-hinu~ ""'~"K· 
i'"" "ro-""'' In <h< fu'""·"'~'"' 
·"'""'" d ''"' "f>' "'" ,,,lud,, 

1 
- """uldn~ '"''"" '"' d,_.¡. 
"P"''"' '"'""'"' "' n>mmn<o. 

' ••d <>m hoohh "' <d....,.o;on u>• 

K'"''"'"'"'¡., d<>~upon, '"""'/ "'" - tr<mioo P'""""" oml '""'"''' 
"'" '"""" h• ongo....,.nng p<<· 
~"'""' >nd ¡,, "'"" "'""'""',;. 

' """' '"~'"'""""' 1 . ~~ .. .,.,,.,, .. ,, .. ._..... 
'""h l>oy-bo<~ "' "'""''"'"rl"'i 
">"""""""· <>,_.nd•hl• '" uth"l 
'"'"'"''' '1"" "'"'"""'" • hon 1«·¡ .,,,¡, •nd wn><n><n'-

o "Sp<'<ioll-'" •~!in...,dog o<· 

!'"''"''""'' ,.,;,,,.d "' 'l'"'~'l "'" ' ,,, "~'" 1 "' ~"'"" ph"'' ....... 
''""'· · - pm¡ruLot t<"<hn.,..,~i<>l "' 
' '""" '"eh ., m'<h<noc•l ~">d 
' "''""'"'"'¡"~ "' loo>d P'"'"',J 

~~;~."~"', -:~~" ;;;.;':,"~ ~\..~' 
t<l<'-n< e""•) Th< "mpl<t pn>J~ 
'" """"~'"""' ""'""" ¡,,:1 
)"'''"' oh< "" ni ''.0 ho~" '""'""[ 
'"''"""-
- .., .. u ··~t n•<>OI• "'""""'­
""'" '"' ~···' ''·"''· ~'""'"''" '<·, '1""''11 ... , ...... "' ,¡,, !•''""'' ,;,.¡ 
"""· b"'" , .... ,¡, .. ,. '" 
""'~'!"'"''" "' ""'' •n•in..,nn•J 
"'"""" •tod """' uwlul cun-J 
"" ~'"'" ¡.,, '•ül ¡,,,,,..., "PP"''I 
'""""''· 1 

• TJ11i"~· droftin~ an.d otlt...- •u•· 
iliory • .,.;o ... ¡¡,;, cuo•ld opploj 
,1,.., L<> <m¡>luoo. bu1 '""~'· <'­

P'"' .,..,¡.,., '"'"''"h ""'"'"'· .,q T,.._., '"'~"' .Jwo ouuld "".,¡r.,<d 

'"' '"' '""'"· 1 
• >p.<ooli>od <o<o<ul<ong O<ti•iold 
•nd>ur P""'" d"<loopm<n< '""" 

<leo.,¡,¡-.,,.,.," ><•1•) eould ¡,. o>f-jl 
'lmd Lhwu~h "'!'-''-« "''"f''"'" ji 

OptimOJod opetotlon. """'h" 
""'"1' "' ·L<C rn hn .. ~ • .,- o, .. J . 
"!''"'"" ""'"cl"' ,,,, """1"1 ... ,., 

I!YDIUJOJUQN PROCESSI • 

·p;. and optim;,.<i<x> ot .n tht ou-pó 
'aOO pr<><odu<<> ul th< El(." o <>p<fO· 
i'""'· Thio would O.¡¡>n wnh ..,¡«· 
Uun of comm<n:l.i.l uppo.~• un<U.. . 
and b< up<nti .. cO..,- d.,...., "' tht 
'"'""''-m., Ion~ "";" "'"hin 
cOmfW')' buii<long. Thc P'''""' 
l)p< .,¡ urgoni,.<ion '1'""' «­
~"'.,¡ .. "'"""'""h oh¡,;., .... .,. 
P"' .., tht ......,., •.O gwb of •«h 
p>notulo< """l""l, 

r .. hnolollooVo....,......,io, d..,..,. 
--. T"l><l<rm "t«hno;>log)-, 
u><d """ in oh< tJ.,,.,,¡ "'""' o;. 
"""l . n. ""':" , , nd '"'" "'" '" 
"'""' fo< oh< '"'""fui E/1,; of oo­
moiTO>'. 1< ;. ..,,. oo lo""""' th.o 
f"M i<oeh of ,.,:,.,,.,""' in orodo­
""'"1 t<fining.'p<O<O<h<mocol "''"' 
,;., ,.,)J '"'' O.'"''"""""" ito <om­

'"~ r•"'- '-~""" "'"d' "'" d<f"'"''' boon kn-<«<1 bv hogn <n· 
et¡¡;i .. ~ m"•n•i> pri«> 

IL" impr"u"l lor "'h DC lo 
)ou""h '" own d"tnlfoc.o""' pro­
~ .. l<houo • utdo! '"''Y"' of 
'" ·J><non•l" ~•u•oion ond uppor­

'""'""· Thc "'""'""'- «l'•loJJo. 
'"''· ><d>n<><>g)' ,..,Jobilnr, ><ruc­
'""· ood commrrci>l ~'"'""" of 
,.m EJC puoh ;, '""'''" o dcfom" 
[o <m m "'" of ·~h...,lo¡¡><>l ol<•·d­
o¡om«B. 

B--· TM <om¡><11!o« 
F.C ni oumorrow woll off<t '"''"" 
ond '" ~....,¡ ,.,U <'ltndong 
... n ""roOO •"'- "'l"<red in P." 
""'""'«""' of HPJ ""''"'· Thc"""" 
f.IC .. m"' obl< '" h•ndl< • """! 
,¡ P'"l'">-1"~' '"•llm•ll •hh­
"' wi<ld¡ a.,, ... r,.l"• hom.,J~ 
.... •)fi!V<~ • ....,.,.,_, ~ ............ . 

<ry, puNo '""'!"'"'"""· huloh 
'"'"ct>, he.•' hldullt; '""'""'· 

'"'" •"" ""~"- ""· s..rn • """"""r .. m bcd,.,..,.,. 
i•«! br iu obih•r •~ •ppl) ¡,,~¡,¡, 
"'P"""""d "'l!'"'"'"g m<>h<o<l· 
"'"~' '" """' "1""" .. r .......... , 
oochn~,u""""""' .....Oo. suo:h • 
<"""l""t an ill •lfotd <o conf "'' n • 
"1"'""'"' oo thc HJ'I R..ohoi. n 

"'"" uo< '" "'''"'• "''""""''"m "f><"'"" WO\h ohn "'"'Obc•<<"<l m· 

4•11I)'.'" • ""'''' """"""' "~"' o(""""" •. 
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bt tOmpa"'d '0""" th< ..,¡..,~ 
q.,ntiU<> for <he,..,,'"'' aro,-.·¡ 
'"" >0 th< e~um"<· 

Figuo-c Z 1lluotr.u<1 • typicol L«nd¡" 
cu.-.< "'h><h ohould b< ="•nU>ncd· 

th><g.>lil< '"PI''"' -...,rr_ i 
o Hom< olío<c e<J't""" ooch ., "'".· 

' ' ' 
1 prod""""· '""'"'"""'"""'•" '"'"1. buolncn <'J><"""'· ond com-.1 

~--. ,-.-_'""'::.:; --­
" / 

"""' """'· - : Of<h< ,t.,,.. thc "''-"'' ""'"<he. 
"''"" of <he hom< off•« ptnon·· 
<>rl Thio ''"" """ Oc conuoli«< ifl 
"'' ,_,.-m,_;o~-¡o thO j)rOj<C<un' 
bo <ont-.oiO<d. 1 

~ .. .__..._ n• n.,. '"P , ... «~o ,.,,<o~ " 
.. l ·;/ 1 tO Y'!'"«.""""""' ......... ,. {(M' 

1 1 
.(/ • <Uh "'""'"'"' ncoc monhour .,. " ,/.· ·¡ ""''"' "'"" idcndfy lh< numbor of 

1, ·--"'~--,''// ~v;...,"' bo p<rfom-«1 in «m>o "¡--
t • ~~· . . ! \ ~:.~.~;~· ::.;z:::~,;:;.\';j"-'..;~~-
0 ,~ / ' <te. Th< bo<tcr tht quoli" of <he 

• _ __,__ / "¡\ ;.. • ._, """"'"· <he bn«r "'' 

. « .:ili'':Pi"'""""' fo• <omp>rin¡ php><•l "'~"'" 1nd m>nhou" <>pended 
!""" th< o<ig•••l plan ond 

., ....... ~ .. <><lf<l. o. .... _ .. ... 
1 Dur~ng pro_¡." c>..-udon thcrc 
ol>ould bo <onunuou< ""'"""""~ of 
monho<.-. «p<n<lllu"'. ''~""! th" 

{o-. uch "'-'J01 «"nm<xl"r ...,,.NJ 
1 "''l'l"'· 1 
• Comii>Ddlly p~oe oon<rol. Co.n-' 
~ modi1>· p-.i« <•nuol con oc" 
1 O<O.<>ic! b¡ tht J<>llo•<nt. 
:o Ob"'" Ol 1 ... 1~ <omp<"lill .. 
j quoc .. _ ~ ... ,. .. '"' ""''" .n .. ~or1 
, """ '" dn«m<n< .-n~h ouppl"'"'' 

n...O work. j '¡• Do not i .. u< i"'!~it.n YOill >f'<CO" j ¡,.,...,... on<! quon<m<l 1« fi-.rn >0 

<he« ;, no oh•n« fo< • b><id,. '" 
1 d>""S' h~ pri« altor ~'' P""'""', 
1 oró« h" bo<n pl>ccd 1 
1 • -'-"-'1" oo o~><o<o r .. .., rl«, 
~~o..-. o• foxcd """ r"'"- Do ""'1 
occ<pt ""'~""" <I•U>tl o• othor 
ptK< •d.i'"'"''"' <lou.., .. n.rn can· 
tK>l bo c>oi!y monnor.d • 
o Do ,.., pl.o« onl.,. wh><h '" 
opon cnd«< •• "'''"'<he folmt.<or 

' <on <n•OÓ« >co>rdmg lO "" meo­
'"""""'· Thi• P-'""'"'"'Y •ppl><>' 
LO P'f" lob~COl'OO l 

1 
HOI<i'E OFFICE 1 

l
l H•- oiiJoe <OO!o lneJ""" .,. 

'"'-"""· o >•l•n<> 1nd l'<'•'fi" ol hnme nf-1 
f><< P"'"""'l (cnson«nng. p•o-¡ 

'"""""'· •"" '"""""'"' """'"' • Homc off><< o•~<h<odl for ><· 
oom,.od•non. ¡,.,¡,.;,,. ond nun! 

HYDROCARBON PROCESSlN~ 

>o th< prop-<" "hi<•ffl <nd lh< 
buO¡cL A pm"=ul•r poobl<m" >~< 
'"90% •tocll"<lm<- -"'" proF<<II 
1nd <'p<ndOlu« -.cp<><u '" l>•<>r­
oblc unlil ~01! tompl«,on " 
"'<ilcd.o< ~h><h <imc_<h< ~" 'º"' 
cr~.,., < ton..Ocnl>l< 0''""" on: 
monhoun ond Khcdult Um<. 
Awold IIIPió oy<>Oromo. Th< li~<J~i 
h«>o of oh< !>() pcr<cnt lmdror>t! 
O<cumn¡ oon b< ro-.:iu«d h•· th<j 
lolk>•·ing , .. ;.,, 1 
o U>< tnllo<ic ..,...-,. ~· 
ond '"''"" "hcdoi< p<nodl· L:n·" ,.,¡;,.,. «h<Oul"< '"" O..dg<O> L<nd 
!O <«>« UOt<ll'l<>< oocl d>O<oncd 

"'"""'· • Enou,-, lho< mrthodo af ......,,.,.. 
in1 phyOI<ol P"'l'""" ,,. fo<Nai­
Thu '"~""'"' Wn <ht och<dol< ,.. 

"'""' "' g>'"<n "<•ghtmgl b) · 
propcr oilow,on o/ <h• monhou< 
budg« >n~ lh" P"'~"'" " me>· 
<urcd ~· f<•cd ¡ot<IID:U '""' 
d"':t ""' rdkcl '""p<ritn<e or <>p-1 
<>m11m. · 
o lioe-op"" ""'' <he .......,;•! of • 
oeo.dul< .. ,. d.,., not .._. "'-'<1 
M funhe< h~ut-. ,.111 bc ci>o<(od-" n,,,. ~ ,¡.,,., lolio-up -nrl. «· 
m,.-.1 or-Oold•.- «Ph" te qu<"<~· 
•nd o<hcr l"i~•n ond f>n>h'-'""" 
worl .-h \do corr.., on in tng>nct,_. 
"'i <>tn '"""gh purrh"< otdc.-. 
m•~ bo p!.o«< >nd d,. .. ngo ;,.,o 

¡,, "'"""'Q'""· 1 

,----'-''_"_"_._._,_'_'_'_'_! 

' 
Roduoe H.O. '"""""""· Tno fol·f 
lowing ore"''"' gcnttolgu>d<im« 
(ot <Dn<tolling m r<dUcon¡ b<>m< 
off~< ,.nhour" 
o Do- ollow work «1 ...,., In <he 
offl« un<il oll th< n«=o') <nf<IT­
In>bon <«¡U<t<d " .,,;¡,bl, An 
wl¡- ""' ~·i•ho"' ;,.¡"'"''""" d0<1 
""' ~"" «h<dul< um< ond mc«l•· 
<OD<um« '"" houn •~<n "" 
•••l muu <><ntuoll) bt dOne 
•s•in. 
• C...pl.,. _., "'1' of .... pro­
¡oc< work ...,Lb .-..;owo on<l •P" 
pm>oll bolo« th< n<>r '"i' ''""' 
E"""pi<o "" 

'"''"" ,¡.,;"' 
Bol>< '"i'""'""~ 
En~incmng d,.,gn moclol _ 

In ..-eh <->>< "'bo<-qu<m ""'"''' 
<h<>old not 1>< oancd unul •~< P"'· 
<«<i>n~ """'1" h., bo<n finoJ.>«i. 
>p¡>.-o.Cd. •"" ¡...,., •. 
o Con<ml ,,,;ow ond oppro•od 
proo«<u~- !>o noo oubmor docu·l 

"""" (o-. •Ppto•al unul <hc1 '"¡' 
compi<>< "'" do""" t<l..,. '"'"' 
fm funh« ooion un<il lorm•l •p-1 
p•m•l h01 bo<n ""'"d- 1 

Do""'>«<¡>< '""'"''"" ., ...... 
on.! <houghu >h« fo,.,ol 'PP""•I 

"'' bten g.><n 
Do nO< '"b"'" ""'""''"" ¡.,. .,. 

p.m·ol <n • l"'"mc;l "''""" onó 
'"'"" ''" •PP'"'·•I• '" «•mrlo" 
o< th" >pp<D• >1> ""'LÓ q"l'~'""'"' "' , ..... 
• MU• '""" tffort w m>n;m,.• 
th< p<odU<<O ;,¡ on,n...-iRf (<f*>• 
~·- ""1"·,.·,...,. •. ""' .~ ...... 
ingol. Do ""' do mm< <hon 11 
n«dod b> ti" rrocurcm<n< ond 
Conntu<<><n orpn<'-'tOon> Em¡ 
""" tltrm,.t.-.1 ¡, > <«<u<Uon <n 
m2nhour1. l1< >tandO<d dtn"'"~' 
,nd d'>•·in~formoto <he ma"mum\ ..... ,_ 
• Do not do "'"'~ oU< of <«¡u••« 
.,d avoid .-ecyclo. A~!"'"' th np-
1""' P"'J'<' cho ng ... ~-¡,,. h '"' ""' . 
te<< of O!"hion nr ""P'"'~"''"'' 
.h,.h "' onl) m>rg'">l 

• Moinuio •ndiw>duol .,ond 
'""'" 11 <llu<tr>'<<l in li~urc < In 
.. ,, .,¡ ,¡,, ""J"' d'"'~l·"" ,,,,,._ 

vn.-B-3 
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' 

¡-
1 


