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General Description

This seminar will provide both Owners and Contractoers
with a broad, but rertinent introduction to the cricical
success Lactors involved in project evaluation. The impact
of the economic enviranment will be examined through specific
exawples starting with project conceptien. Key aspects of
the market systems will be examined, Supply, demand and
price on a worldwide basis will be evaluated. Management
and ccatrol of the resulting capital project will be high-
lighted through specific examples of the prioricy ranking of
the various cost elements that affect the final capirtal
investment. Operating cost considerarions that will determine
the ability of the plan: ro survive until obsclete in a
competitive environment will be examined and evaluarted.
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Manager - Project Cost Services Petrochemicals editor
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I.1

It is our intention to address this topic from both the
owners as well as the contractors points of view. Also, we
will attempt to outline the importance of the role each must
nlay in the successful establishment of an industrial complex.

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

Mr. Templeton and I will divide this in such a way so
that my part will relate more to the philosophy, basic pian-
ning and the ultimate decision to proceed with an industrial
complex. Mr, Templeton will join alsc on these basics but
in addition will place emphasis on the 'hard core’ Cost
Engineering aspects of this concept.

Philosophy of Industrialization

Industrialization in 'Developing’ or "Emerping’™ countries
carries many connotatiens and just as many definitions.
Areas can rvange from extremely remote, severe climares,
unpopulated deserc areas of the Middle East tc countries
such as Mexiro and Brasil who already possess considerable
infrascructure.

Industrialization does not come without its penalities,
its costs, irs gains and its losses, And great sacrifice is
required for each change. <Cultural changes which must
accompany modern industrial developmernt are often overlooked
in the rush 0 join the so-called 'Modern World.' The influx
of strange expatriates bring with them a counter-culture that
zan drastvically affect a fragile way of life.

To me, this is a very important decision. I have visited
areas vhere industrialization has almost completely destroyed
a historic way of life--with all of its beauty. culrture,
cruelicy, honesty and most of the heritage. Therefore,
everyone should realize that any 'magnum step' toward the
modern world must bring drastic changes. And they must be
prepared to pay the price!

Our first assumption is that a country has decided to
make this step and industrialize., You must decide what vou
want to give up for what you expect to gain. Is the goal to
seek maximum employment? If that is the goal, then industries
which are laber intensive should be considered. If rthe goal
ig to satisfy the food needs of the people? Then agriculrure
and those industries serving and using agricultural products
chould be selected.

Of course, goals are never easy to set or for that matter
even to define. And further, there may be multiple goals

"
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which call for interlocking mutually supportive typeg
industries. ,1

What usually happens is &8 series of plants--mnstipopul-
arly the 5S-year plans., The respurces and efforts arefspread
throughout the warious sectors of the plan. .Prictities are
assigned to the various sectors. }}

The sad part abour most of these plans is that they
never succeed. Too many resources and too much effort is
used In the planning. The planners worked hard and cid a
grod job. Butr the finzl decision was made by politicans or
managers who's first responsibiliry was teo polities, Thus,
efzer 5-years, another 3-year plan is again farmula:edi

1

We are goinp to introduce this subject s¢ the tweiflrst
5-year plan will finish with the ultimate goal--a fundtioning
industrial complex. 1‘

Walk before vou run! \,

Without knnwin$ for surT2, I would assume that when ‘&
'boy' hippo sees a girl’ h:\pn we would think ‘big is {!
beautiful. He would never concern himself about provlding
food and shelter for his 'behutiful’ girl friend. {

Lets lock quickly ar schme of the meanings of size of
industrial complexes. On Plit No. I-1 we can see how the
investment per ton of daily broduction declines as an agmonia
plant becomes larger. j

!

Plot No. I-2 compares i large and a small ammonia plant
built in a develcping area. J While the large plant would be
constructed by conventional' means at the plant site, the ‘
smaller unit would be largexy pre-fabricated at an irdsutrial
site anc transported to rthé¢ developing area. Please notice
that the principal added c:St areas are the nerm1um for
difficult field constructiim and the longer term for constr-
uction interest and escalz:ion.

On Plot T-~3 lets see vhat happens to production costs
when we are forced to ‘turh down' the lar ger unit because of
any ocne of a oultcitude nff:easans Flot I-3 clearly shows
tlray by cperating the small plant at Tull capacity we are
always below the total cofrt of production per ton than the
larger plant. Of course, rthis is over simplified and there
are many valld reasons fo: building larger plants under the
proper conditions.

Therefore, small ca{ be beautiful as well as profitable.
It is much easier to opelate a smaller plant and to develod
the infrastructure as We.l as train gberating personnel.

One other example /s shown in Plot He. I-4. This is

what can happen to prodiction costs when a large LD-Polyethylene

cant must be turmed dgm. Production costs are actually
0 % higher when opers ing rate E;ErEdUCEd by 50 %.

/ " K



I.3

Unless you are prepared to take one of these 'giant’
rlants and coperate it at full design capacity, it is better
tec 'wald before you run.' We have seen this happen so often,
even with the best planning. We will get inte thils as we
continue.

International project firancing

Many things enter into this question of industrialization
and except for the few extremely wealthy areas of the world,
the most Important question is financing.

Just as there is 'truth in lending' there is alsoc the
corresponding 'truth in berrowing.' The lender only has &
small stake In any endeavor--they are lending monies which
can be replaced. Contrast this with the stake of the horrowers,

The 'borrower' often has the highest risk. For he is
staking his enrire future and his reputation on his a>ility.
Not only to repay the loan--bur his future ability to go ro
the lenders in the future for another loan.

Therefore, the integricy of both parties will be placed
under the highest power microscope. And both sides had best
have their 'houses in order.'

Basic needs

The basic needs in most developing countries can
generally be defined as food, clothing and shelcer for th
inhebictanrs. Aside from climace condizions the zbsence of
sufficient infrastructure to supply these basic needs is
part of the definition of a deveioping councry.

Therefore, the Infrastructure reguired te prepare the
initial survey of the basic needs may need to be imported.
The first step is to approach the worid agencies which suppiy
aid to helip a developing country in these initia: studies
and basic¢ plans.

Since this initial stage will have continuing Impact on
any industrialization, it is perhaps the most important and
often times the most poorly handled. Nevertcheless., this
firser step must be taken before meanirngful and lasting
developments carn begin. It is zlsc a subject which deserves
much more time than we can devote to it here. Therefore,
we must assume that this has already been accomplished.

Step two conslsts of reviewing the resulcs of the initial
study and comparing assets and liabilities with nationail
goals. MNational goald--except in the broadest andé most
generalized statrements--are difficult vo set. And perhaps
even more difficult to adhere to.

This is a very complex topic, wrought with many inputs
including heritage, culrture, customs, religion and the
general way of life. Since it reguires years to study, even

MORE v
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ravel, communiadion, and repro-

uction- Continual viglance i re
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CONSTRUCTION
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hire cafstrugiion Labar .
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Dwisled ertimate. As with ERgi-
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tred b o prepare dewled labor
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frer af pipe (o e Juwd, e, The
berier the gualiy of the labor
manhour esumaie, the beter the
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againsl the oariginal plan wnd
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manhaur cstimatey For sach 1radey

““standard” Jaber manhgure ang
ithen converted 10 the projen labor
manhours by dividing g\ the antici-
paled productivety Tacvor. For ex-
ample, if the “sindard™ manhour
ewpmade iS00 and the produetivin
facrar s 0.8, then the progea
‘fanhour siimae becommes 100 di-
vided by 0.8 equalfing 125
manhours &r an incrcase cE 5i,
Becauwss labor produciiviey i 2 re.
apfecal facor, 3 refatively gl
drop mn e [acir creates 3 large
(peTLentage jnttease in the
 manhours. This increass 1 sxpo-
rential as the productivite drops.
1Therelore. the auscssment znd wit-
seque i conered of labor preducine.
ity 15 ol overnding imporance o
Achieve comiral uf consurueyion
RS

I
Controd fald manbours. The lol
bowing are same general Furdchne
for ¢ontrpfling er reduging Nield li-
Lor manhotrs:

® Egpaure thay ¢he conitruchion
mapsfrmunt e i wih
Jfapefinced conMrucuan plenners,
eiumaion, @nd cop engineens. [1 i
imporwant that the dewailed con-
struckion planmimg is performed al
Lhe jabsite and is respomsive io the
dav.io~cay needs,

» Dy oot allow work 1o mrart in e
field unul at! thr necersar: informa-
ton and materialy are availabie An
early wart which {annsg be b
winecd will oRiy wasie labor
manhours.

# Pyy proper steplion up materisl
receipl, identification, sigrage. and
protection. nsure 1hat matemal is

‘comiralled and wied for ibe je-
‘iended application onh. Mantam

Maierial usage trend curies againsd

.design quandeies 1o gve early warn-
.tng ol potenlal shortages.

'ndtnl.tfr sPetfic BCLVITies 10 b.;p"ﬂ"_"__‘_l’ian the Wpimiicl of man and

n L
materis] movefmear. Kany
manheurs can be wased oving
men and maerialy around the job
st

1" Ensure Lhat mathads of moasur-
ing physica! progrest arc fagiual.

Weight tonsirucoion acrivities by

1Proper allocation ol the lahor
manhgur eatmate and mragure

VII.-B-&
110

4



progreas by means of predeter-
! mined physical wnits of varditicks.
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visbts. The quality of the supervi
sion ts imporan for the contral of
"taber productvity which in wwm hay
the major influence on field covs.
“Review periogically to ensure tha
there ls Lhe proper level of sepervi.
T S Y
Adequare construction cquip-
menl, ook, and sup ng lecl-
taed will help rmprove labor podue. |
tivity, However, excrssive
eonsruclion equipment which i
Vavailabie bul fot used, & merely an
tagded cupense Lo the job. When
L Consruction work approaching
i fomplowan, 1 s someimes difhewil
I1G Tun down and reduie supervi-
baory staff and labor, A forma! cons
urwion cosert plan s required
which {3 tmpiementrd Wowards the
Ifinal phases of onscruction. Any
| feld purchases of commadipes and

mm&n_rm:m-jim}mﬁﬁ:_ —q
centrolled o the fame war s for,
commoditics putchased by the
home affice, I
1

i Theorganizetion and planning of|
]lul:u;ﬂnlracu mukl oeguf during Lhe
jengiReeang and purchasing phise

prict 1o Han of work in Lhe Do,
| The fallgwing are some generad.
f puidelines for conerelhng er redug.’
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Whem ingueries will be issued an the
batis of therr past performance,
work expenence, and capability.

* Do not issue aubeonirsel in-
guirles preraturely. Be sure tha
the inquin documen are camplere

{=nd final. cover Lhe weope of warh,

and lully define the suboomiratrors
respansihiliries.

* Chech thui the inguiry puts the
reaponsibliny on e subrontatter
o tamiliarize humself with siie con-:
dirany and for movement and re-
meal of macerials and tabor. I
* Do nol impeses pchedole pae
and compirion daces on the wb--
contracior which are dependem
upen compledon B worl br gthers
without provision for adjusimen
priar Lo the start of work wathoue
cost peralyy.

* Abivropd to obiain lump sum quo-

wsons when the mope defininen is!

[ |
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firm- Do not 3uempt 10 adugin Jum pl-
sum quowatons with 26 inadequane
defimion or of the work mar be
changed. In enher Case, chtain 4 ful]
wale of unit raies 1o allow far addis
ruons and extenmpns.
1% Afver bids have begn received,
jrmee with the recommended sub-
conractor ang review with hm Lhe
| toa) mope of the worl 1o be 1ure he
‘underitinds and accapes it before
the conrac it awarded,

* Do oot llow the cubouniratior
1o wtart in the Fleld ungt such time
as hit word can procesd wihout
InLe PP ion..

. If :hutgu art vequired, enbure
]ﬂ'ltrr i5 a proper definition and
{that the subconiraciar pronides a
[fixed price quowation before work i
“slaned

* On reimburwble type concracts
requirt the subcantmactor o pro-
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fnay increase the sapital coay, it may
ROL incTedse e Wil com 10 thee
owner. The increase in cost o re-
duce the construction period may
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duced interesc on aapical and the
earher earmings grneraed. ,

An increzse in Lthe praject sched-
ule over the opumum aiw adds 1o
the projea cost dut o the fallow- -
ing:

ur-"
not !

'
AN costs related wo calendat tme
ate exiended tuch ag,

Supervision in the home oifier
and the Nsld.
Lse of fadilives, renial equip
men, ang e
* The itnpact of escalarion may be
significany Escalavon, tike interen,
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schedule i extended.
* AQ overexiended scheduls 1ends .
ta alow mare manhours ta be spent |
unproductively with consequentish,
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i
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the wan of projedt execution and
thereafier making every effort to
kold 10 this schedule. Every mem-
ber of the progo leam i jomtdy |
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FAQJECT CHANGES

Froject changes are’ \he chicl
Quw of lare wchedules and post
overTuns. There t aff appropriate
Lg inn the projea schedule ailocss’
ed for review and approval wheq
mingr commena and chagges an
be sgcommodated. Changey ing
duced after approval become ex-
tremely costly.

Changes mun be conmralled by a-
lormalized procedure which re-
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with an eslimare of Lhe effec) on
schedule and cout.
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bers of the projec tear. :

Use thw bamics_ Projeet cotis can Ly
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Part 1

Get ready for megaprojects

AL GEAINZILD LS U NI A S SN ILERS;

Tomorrow’s superplants will demant a streamlined
engineering construction organization. Here's one
suthor's view of what will be expected of such a

company.

)
C. J. Kurzawe, Asociated-FPullman
Kcliufg, Lid,, Calgery, Alberw,
o

14

THE encINkraoasTRO ok (EAC)
thal hupes Lo secure “megaprojea”
comtriacis needs 2 very special type
of organrationd structure invoh.
ing right features:

1. The £/C can funclion as 4 sin-
gle contractor ur as one of u cumbi-
nation of cuntraciors on 4 single
venbure,

2. Maraging contracior (MC) or-
ganizalion ACs not 37 an advisory
capacity o the cient, but is respon-
sibls for project execution within
the client's guidelines and palicies.

3. Managing contraciey (MC) or-
ganization is flexibie enough w ke

‘advamage of engineering-procure-

MEnLConsIruction contraciors for
specialiced portions of the mega-
project.

4. Engineering within the man-
aging contracior {MC) organization
s executed noe only by the MO’
< cystaff, bu zlsa by engineering

JRLraclors,

S. There is centrahzed procure-
men! management and execution
Lv & procurement organization es-

HYDROCARBON PROCESEING

APRIL 1580

Liblished und experienced in worid-
wide procurement activiues.

6. Managing contracior {MC) or
ganization 8 responsible for con-
SLTUCLiON INaNagement.

7. Consuruction execulon is han-
dled by a member of the joint ven-
ture management or by a1 prime
CUNSLrUCUON goRLracior,

B. Construction involves al] avail-
able construchion resources by engi-
Neering-procu rement-construction
contraciors, by direet hire forces
and by construction subconiruciors.

MAMAGING CONTRACTOR
RESPONSIBILITIES
1. Clisnt's execution erm
2. Control ot staff functions
« Projec! saministration T
* Project master planning
* Projeci cosis
* Project mances
- Publrc‘and government relations
* Project legal counsel
4. Control of pperationsl functions
* Engineerng managément
¢ Procuramant manapement
o Construction managsmaent
# Stafiup managemenl

VII.-C.1-1
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What s a megaproject? 11 is one 50
Jarge and complex that s execution
has @ major impact on (1) 1he avail-
ability and usage of ithe engineer-
ing, procurement and constructon
apabiities within the 2rea of pro-
Jject execution; and a major cifect
on {2] social and economic crcum-
stances of communities within the
project’s geogriphic area of influ-
ence.

The first of the above relaies to
manpower required in execution of
the project. This is influenced by
the geographic locavon. But 3t s
also influenced by political or na-
tionalistic influences wherein estzb-
lished purameiers require the masi-
mum usage of manpuwer [rum
within a county, state, province or
nation.

The secund of the abuse relates o
such [actors as the capability of the
communities o ¢bsorb and w fur-
nish support faciiunies {for the 1em-
poraty but significant increase in
population, housing. schouls,
churches, and commercial enter-
prises. The community will also’
have w deal with “outsiders™ who
Mmay hring crime, drug use and,
abuse, and violate traditiunal cus-
toms. The Same community will
then have 0 readjust 10 2 difierent
life-style when the temporary popu-
lation ledves.

Synergism, 1n short, the megapro-
Jear requires shills and 1alens not’
normally available from ene single

i
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source. Rather, success depends on
combining skills and 1alents from
severzl organizations by a joinf ven-
ture srgamzation, by a series of inler-
related contracs and subcontracts,
or by a combinadon of both, Such 2
svnargistic approach requires direc-
von. Instruction and supervision of
the overall project by enr common
umfying organization—a Managing
coniractor—{MC).
The “managing toniractor” (MC)
congept isn't new. The Egvptians no
jdoubt used some form of MC to
organize apd sxecute building the
pyramids. The engineering require-
ments were most jatricate. Speafi-
caticns calied for not a 40-year Jife
vt a 40-century life span. Procure-
rrent of materials and their trans-
pon from their source to the desert
construclion site were an extraordi-
nary logistic accomplishment, Con.
iction involved a completion
sdule 1o serve bunal-place prep-
aration of the client.
The pyramids brought 2 major
set-back to the MC profession, how-

T APRIL 1980
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ever, because the contracor failed
to fully comprehend liabilities asso-
ciuted with the contract's confiden-
Lality clause—thal is, al! contractor
personne! had 10 be put to death
upen project completion 1o pre-
serve the pyramid’s secrets.

RAegponslbilities. The MC must:

* Plan, organize and manage the
exccuuon of a project

® Use correa technology

® Mert schedules within the Clieni's
cost objecuves

s Recognize and place in proper
perspective the project’s political
and soqo-cconomncs considerations.
{Se¢ Box on page ).

The E/C 18 an extension of the
client's staff. A significant concept
must be recognized in this responsi-
bility. The MC is funclioning natin
an advisory capacity to the cliem.
Rather. it is responsible for the exe-
cution of the project within guide-
lines or directves either established

Vi, -C-1-2
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by the client or developed by the
MC and approved by the dient

® Project administration. The MC
establish es, executes, supervises and
controls communications channels
between the client’s organizanon,
the MC's urganization. the contruc-
tors and the subcomiraciors, [t also
establishes and moniters personnel
paolicies throughout the combined
orgenization; that is. hinng, finng,
vacalons, sick jeave, promotiuns,
demotions and other myriad prob-
lerns assoctated with personnel.

¢ Project master planning. The
MC develops the master plan such
that the project will progress
through various stages o comple-
ton within lime schedules required’
by the dien. Once developed, there
is the continuing responsibility for
directing, supervising and monitor-,
ing the execution of the master,
plan.

# Project costs. The MC develops,

ns



built in developing
countries, The E/C

epablchey and diteq cou contiod
and reporting pohctes in fulfillment
of the client's Tequiremen.

* Projen finances, Money must be
sprhu payrolls mer, vendor pa-
mens made. Thew sxpenditures
will be made by a number of con-
wrCiors and sutcontructorr. Al ex-
penditurer st be (ulty accayn-
able wa the chent's wnislfacion. This
requires chac appropriste Mwcal pob-
es e euablshed, direvted and
monigted.

* Fublic srd porermmee: rels-
toma, Although the MU has mapor
repponsibilives in publc and gow
ernmenl reldtions. thiy reaponbil-
iy & generally undertaien by both
thr e and the MC 0 s coondi-
naled executivcn. [ i g major fune
wak which alfects 1w onby suooess-
ful complegion of the projea, D
ahn has @ centinuing effect during
rhe Full exiems of prosecr opweracioens.
lu ssgnificande musy be given ap-
MOpriae recegniton.

# Frojecy legal caunsel. Lrgal
eounael iy non Fesioicved 10 the ne

talken and mplemenaiion of a
contract beiween MO and client, Le-
gal rocnsel mus function m all
areys of contracpng and sybcon-
Lraung as well as i camous areas of
govemmeneal and public relations.

Opwrrtional comtrol. The MC iy 1e-
spotikibie Tor Managing enjneer-
ing, Pprocurement, construciioh,
ard starup. Each of chese four has
one tommon deprominner. Execu-
peata o woerk wavhiit wach area wil| be
by a mumbet of independent organ-
izatory. Thiy factor males it man-
datery thar their elfpru be coordi-
tated v sablishment of commun
policies, procedures ad pracices
roal: completson of the projpe cffi-

Many megaprojects will be

will need

profect managers and team
leaders with unusual depth
and cultural sensitivity.

ciently and cifeclively. The MO
mu;t be stalied 1o dirert thes inde-
pendent or ganizaten .

SINGLE CONTRACTOR VS, JOINT
YENTURE MAMAGEMENT

Megapropects can be underaken
enher by w single contracior ar by ¥
comiyhation of CORITAOOR N eng
veneare. There are doone ddan-
Lages #ng diadvantages oy gath ap-
proach. Fusiors that mus; be gna
Iyzed: “

* Seppe of wwbsiones of the project
# Geagraphic Weation of projen
cactult rad Lfnied ta COMMIuC-
von by inclusne of managemem

* Engineening and procurement

* Ceg-peibcal restriqions which
ray be impysed for Lhe propect eac-
Cutiun

* Economig relstiony established
briween dient and contranitr

® Time schedule to sccomplish var-
iwup phase ol 1he project

* The clendsy own phiksaphies or
requiremend in the project s3ech.
ElQif.

Single comtrecton, The tasien of
the above (wp approaches i the win-
glr contracler fonccpl Here, all
prerronael are assigned from one
company organizaikn. They are
Mufly weceungmed 1o working Lo-
gether under well cuablished pro-
teduret and reutines. This organ-
raijon degs Rot sequire the
"learning carve” period of working
wgelher and getbing accusiemed w
P o7 varwed proced unt NECeslary
when several companics ar in-
volved. OF course, for 1roe mega-
projects whis resiriens the cliemcs
chence of the M w0 enly 2 few
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marer contangy, Mot many EiCs
have the depith of Srganizaton
wall such 2 megaprogect aned nill
fraintamn 3 teatonable ditribution
and balance of persomnel for Sther
In-hauss projens.

I e progect i 4 HTies oF 3 SOt
bination ef speciflc inter-related
process units (such 33 ammonts,
Urea, IMMAN pitraces, complex
Terilizers. Hc| & NNERE CorLracr
contepl Mey be advaniageoul
There i u similarity of approsch for
ach of thewe wpit, And che g ow-
berw™ or Lnorwled ge ©f each of thew
units can be vesied within pne con-
trafling company,

On the oiher hand. suppoe Lhe
prinea 1 talegractd Trom souroing
of production of raw maerial
thropugh vaTions sLeeessve sages of
punfitation or procens producton,
transpon ef Minhed prodea and
disposa] wf wasie materials. Forsuch
a project, the joipl vemure ap-
proach {whercin eath member of
tle yone vemture is @ specialpoma
apect{ic phase of the propeer) mar
bring 1ogetiver & more effecime
corniunatien of Llens.

Locetion. The geographic Jocation
for the execumin of the manage
menL, enfineenag and procure-
menl furctions dnd the geo-poliica)
resiticions which may be impoged
are chosely imerrelated The Eingie
conirectol Gn besl furnish these
scrvioes 3l its home office [ocaton.
There, it has perannet and iup-
porting lacifiies  Cornepolingal re-
UrCiony MaE reguite Lhat MO
beadguariers be at other than the
tomiryclur s home offlice, requiring
a diskseaton of wafl. This u mone
egmificart W wuch divkocition 1 in-
ternacignal and i resiricions are
imposed on the number of person-
rel that an be brought in from one
couniry {o anoher, Linder these or-
CUMstancer, b juin venture could be
advantageous. The prnaple menm-
ber af the jwirt venture coukd im-
port Lev perwmpe] wichin the e
strictive hmilationy and depend on
dcal foing venture members w com-
ploie the MG mall, )
|
Ezgnamics. Eronomic relutians be.f
tween client and comracior. akt
though comracually speafic, m'-:.'
alsg be imierprelve 0 2ppicetin.
Onrbe surface suth ewunamic rela-
uans sppear 1a by identicd wheiher
the client locks 1 a single :unlrx--l
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AT OF 10 a juint venture. However,
the client has an inherent, although
not direct, imerest ip the economic
relations between members ol the
Juint veniure.

Sume form of economic incentive
miust exist between members of the
Jeint venture. This will encourage
and give assurance that euch mem-
ber is wiliing to place his “cream of
the crop” personnel on the project;
in shont. share in the profins to the
exlent of valued parricipation, The

cient will look 10 these economic
mcentives e gam his assurance thal
the pruject organizaton will be
stifled adequately and not depend
wholly en the good will, honor and
reputatior: of joint venlure mem-
bers.

Timing, Megaprojects are ume on-
ented but with ceruin significant
variations. Because of whe large in-
vestment reguired, the approval
phase is generally more extensive

Use of a single contractor
is the quickest way to
start a project. It results
in a need for only basic
negotiations between
contractor and client.

VI, -C-1-4
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and more time consuming. Once
the “go” decision is made. tme is of
escence for three basic reasgns. (1)
reduce the effea of inflating costs,
{2} reduce the time span of inves.
menl in manpower, squipment and
rnuterial at no intersst bezring re-
turns and {3} swrl producuon and
profit flaw as earh as possible 1o pan
off the invesiment. Use of a single
contracior s the guickest way (o
start the project after the "go” deai-
sien. This necessiates only basic ne-
goliations and understandings be-
tween client and contraclor and a
ieuer of intent.

This same situation can be true in
the joint veniure approach onhv if
sufficient assurance Is given to the
conlracior 10 organtde and eswabhsh
the joint venture before the "go”
decision, This necessitates a rish
commitment of effort should the
final decision be “no go.” Depend-
ing on the pruijcn's complexity and
the number of parnicipatng mem-:
bers in the joint venture, this effon
could be one w three months.

!
Cliant phllosephy. It can be as-

HYDROCARBON PROCESSIMNG



The MC’s functional
organization must consider
geo-political circumstances -

. that may call for maximum use

of host-country resources—
both people and materials.

sumed that the client and its staff
has done dewailed study and analysis
to derermine a preferred approach.
These conclusions can he discussed
betv sen client and contracior. Bun
the chent dewermines the course of
aclion,

THE MC’s FUNCTIONAL
CRGANIZATION

A funcuonal organizadon is based
on several specific premises or as-
sumpuuns. Changes are permis-
sible. But they will require appro-
*stale changes in the functicnal or-
santzation as herein presented.
These basic premises are:

1. The arganizavon is for a mega-
frigiect as previously delined.

2. The project is of the inte-
graied type. L is ot restkaed 1o
speoific process units. It ealls for
specialized major activities such as
development of raw materizl
soUICE. franspoen of raw materisis to
the progess site, processing of raw
maienals 1o finished products, dis-
posai of waste producis and trans-
port of fnished products to marker-
lng s 25,

3. The geo-peliticai circum-
stances invalve & nationzalistic spirit
which requires special consider-
atipns for maximum use of local
resources of the host counery.

The functionzl organizacon is
poriraved in Fig. |.

3 PROJECT DIRECTORATE
The overall general supervision
and broad direction of the project

ure under the cient’s project direc-.

o9

tor and his ad ministrative staff, The
exteni and the organizadon of this
adminisirative statf are the clienc’s
pr:rngaln{‘:

Again, bear in mind that the MC
15 the chignt's “arm of execunon.” It
is directly responsible for carrving
out the dienr's policies. On this
basis, Lthe chient's project director
staff should have sufficient depth 10
establish policy matiers on a umely
basis without a need 10 participate
in execution of these pdlictes. Natu-
rally, this staff will involve jself in
the project enough 10 assure that
client policies are being properhy
implemented and executed by the
MmC.

Organization. The MC's organiza-
tion ts under the direction ofgajoint
venture management. One member
of this joint venture will be the prin.
cigle member and wiil represent the
joint venture.

This jeint venture management
places overall comrol of the projec
in one project director. He has au-
thority and responsibility te manage
and execute all phases of the pro-
ject. Itis his ask o compiete the job
on schedule and within cost param-
riers established by the chent. He
must evaluaie and :d_]us: to political
and socic-economic considerauons
influencing the project.

The project direaor has three
major funclions:

1. Swafl or administrative fung-
Lione,

- - -
2. Management coordinzuen of
engineering, procurement, <on-
struction and startup.

3. Execution or accomplishmen:

VII.-C-1-5
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LI CHEINEETINE, Procurement, Con-
struction and siart-up.

STAFF OR ADMINISTRATIVE
FUNCTIONS

The staft or administrative fune-
tions encompass {ive hasic en-
deavors, cach headed up by 2 quali-
fied project manager.

1. Project agministration man-
ager has the following basic areas of
acuvity:

& Communications—Establish and
control channels of communicanons
among afl jevels of the project or-
Eanizalon (contraciors, subcontrac-
tors, MC team and client’s director-
e staff).

¢ Personnel and labor supervi-
sict—Home office or branch office
personnel. If the headquarters of-
fices are in the couniry of project
orgin 2nd pot a1 the MC's home
office, this will also inclode the
adaplion, interpreiation and execy-

tion of personne policies as decreed
by the projecr-origin country. :

* Office management—Office ad-

ninistrative routings. forms and-
formas, pencils and paper, wpe-
writers, space allocations, office
equipment, office securiny; Lthe ai-,
tention o the dav-to-dav rounnes!
and requirements which contribute:
to effective, smoath office vpera-:

tion. :
¢ Reprographics—This zrea em-

braces copiers, blue lines. mylars.
color prints, reduced computer:
prins. microfilms. These rcqmrc
management control.

2. Project public relations man.
ager responsibilites include: !
¢ Governmen: rejations—Includ.’
ing interprewanen of governmental
policies applicable to the projec
and the submiczl of reparis or pre-
sentations required by various gov-
ernmental agencies.

* Commpunity relations—Recogni-
tion of the project’s social and eco-
nomic impact on surrounding com-
munities, and subsequently ad-;
minislering wo approaches—:
community development and com-
munity protection.

3. Projact control manager has re-
sponstbilities for:
¢ Schedule development and con-

HYDROCARBON PROCESSING i
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tro]-—Frepiraiion of the projecl
masier wheduley, the revwew of in-
dependem detajled schedubes pre.
pared by individysl tonraciers and
subrontracers for conformiy with
and in uppart of the maner o hed-

‘wle, The moniering af tngmecr-'-
ing. procurgmen and conapfucien
pregress for complamts with the’
maseter schedule, "i

* Cosr control and repoming—'
Preparauon af ynified com comrg]
ang reporiing prcedures, the mon-
itertng of the cou concrd pnun:n.
and reporls spumitied by Lhe url
Wu secpenn af he organizaon.’
inglading contranets and ubcon-
raciers, b conduct of trend anal-;
vsew and <omingendy tks, the
“morigrng of vou ferrass and
eash flow erlimares. h
* Manacer contrel and repon-
ing—Esablishment of manhour
budgers. monoring of manhbour
expengnures snd loreccrg of
manhour utage, wichudmg trend
..Inal'-its md manpower DN
FEnGY planning.

Eeports my thews Categores may!

subirined by 2 MEDDCan rlum—

rof engneeTIng IN‘EBHIZHDDHS

nd ennraccors, as well a1 cunsirnes,
E—i;n £Onracors amnd bubognrector i

e repetu frnupt b orgamiced.
moniored, conirolied 3nd wmma-
rited Thit mun be done in 4 man-
Iner uu 1o furfish (he prapen direv-
]I.U‘T Lhe jﬁtnl YETiEre m:mglmrm
and Lhe client's duectorae wzlf -
inmuatern they need.

4. Project finsnce menage+ 4 re.
aponubie for:

* Project [ioancial sccounli—Ej..
‘abliah and exrcuLe Lhe projet’s l'unll
||::ai phicies 0 conformin with the
[contracr beowesn cliem and MO
“This indudes, in petl, payrodl, d'r-i

rect ahed indirect expenies, and fee!
parments subpee o vhe iem's ap-
proval and avdi requiremrenu. J

= Furchate order sceounts—Es
whiish the sviem of patinents 1o
purchawe arder vendors, Thid in-
cludes procesving al inveiey and
_pavments and all reqaired cash- Mow
provedures between purchase order
vendors and clien:.

. C-onlrbcl.n! nhit ubronrAcior B
counts—Basica'ly, the same respon-

wbility a5 sated for the purchiseg

AFRIL ]
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lerder acenunts, bun applied 1o var
|‘lmu conlracieds and subcorracior.
A Coun.
Expenditures will be made by the
MO asfl, conracons and suboon-
ractors utder the MCs conerol. Fis-
procedures must be developed
and munitored tuch thar unified
Minancial accvuntabilin swiements
be prepared and presented Lo

the client 1o {ulfill his requiremenes,

5. Project gl counsel is respon.’
ubde [or:

* Froject counsel -—Jnc]udmg vt
anly egal relacnubipy between the
“chient and lhc]-mn: yER e, bl also
egal incerprewivns wnd under.
‘sundings in publuc and governrmen.
il relaiom,

& Congractor vounssb—Coniradiu
documeplanens «h conracion,
Aubeonaraciory and vendors uf1
‘equipment dnd mutenal.

Although these swaff funciions

are MU resporitnlities, the clem
Midy want o beep Some Nundsgng,
bl ay public relations, within i
cunlrol.
I Pl'l:gm cnirol can be beil admif-
wiered in the pnncipic member of
the joinl veraure. But il needs per-
sonnel qupport (rem other mem-
|btrl el the jaini verture 1o being
hegether the most efleqive prupen
aft ad mnsurston.

MANAGING COORDINATION

Beopus of & megaprojen's sope,
the reccuion of angmeering, pri-
curemen. and consutuoren will be
done by werww approsches:

# Indzpenden: engineering pro-
CUTEME RTCRR e N Con e Tlors
#+ Engineering by direcu prupect
1l noc limiced o the supply of
equipmeny and material bay ol ud-
g pupply wnd erect purchase or-
ders
* Prucurement by direst propes
stiafl et hiited 1o he supph of,
equipmen #0d munrerial
& Copmrumen by direet hire lbrcﬂ
and by gomslrucgn comirats and
aubun tracy )
= Stariup o mdunduar T
plams within the pryjeet by cliends
Fnrm by ML lurcey and by atiouy
‘tontraniurs and bubrofirarions,
Thir necesitaies manugemens eo-
wrdirabion ol the cnpneening, pro-

VIT.-C-1-6

Turement. conprweian and sanup |
funcions ax portreyed in Fig 2]
ke managr meni coordindLon o!'
these funcuons 1 subdnaded img’
four areas ol responithiling, 10 bc
discused in Purt 2. next month

NEIXT MONTH: Fart 2.0
Munggement coordinution; progect
"t;ecutfun; COMIPWcl and prapec er-
g“lnccnng'. F‘mtmtl‘l FIANLY 411}
and admimilranon! conMrutlion
OrganiEaticn. a

About the suther
C J. Kethawue b Wiy
PresMrn-Creiee] man:
dprmyemf d@Rd projec!
i sl thd prEn-
e o U Cuigury G
ehing Cartrr of Harg-
Huaied Pulimay Nulingg,
Lot Wy e fyseptowosst
_THmmabily for gt o
T Hapemmt Ol Dropest NTIndAR OCEOWE IR
the thrgt oprroipeg Crmieve of fha oympniy
andl hua Wl reappnppbelidy for gl irmops |
N, g TRATIRgG, FTOCWrMGrRL OhE i
| AtFrction Sefarithg yafhin Bha Cdpurr Crurr.
latap Comtre. v Karstwa seiviend o
'BSEE dayres freem the U5 Novad Acad.
imy, a EECL, from Remnsaipgr
Folytredwyy Mrdduc ond o W 5.C.E. digrer
Jrom Remnarims Polplaiaw Jxcisls 4
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Part 2

Get ready

bt e L L S

for

megaprojects

Pay special attention o management coordination,
project execution, contract and profect engineering,
procurement activities and administration, and

censiruction organization

C. J. Kurzawa, Associared-Pullman
Kellogg, Lrd., Calgary, Alberia,
Cznada

- THE MANAGING CONT RACTORS (M)
.managerial activilies can be breoken
down imo four sub-divisions (See
zlso Fig. 2, Part }. April 1980 issue).
'l:htst four are:

1. Manage engineering coordins-
noen

Design specificalions supervisor

Governmenta! regulations super-
visnr, including emvirorrmental reg-
ulauons

Equipment siandards supervisur

2. Manage Procurement Coordina-

tion
Purchasing policies supervisor
Expediting policies supervisor
Inspeciton policies supervisor
Traffic and logistics supervisor
3. Manage copstruction coordina-
Lon
Construgtion policies supervisor
CosL and manpower supervisor
Schedule and progress supervisor
Labor relations supervisor

4. Manage Startup Coordination
Tramning supervisor
Stanup scheduhng supervisar

Responslbilities. This [our-func-
1i0n organizztion has two major re-
sponsibalities: {1) to eswuablish and
inonitor the comman ground rules
"¢ used by ali contractars and
antractors in execution af Lheir
portions of the project. and (2) to
determine and give assurance that
the cembined work of each execu-

‘Corcle 229 ©n Rasde’ Barves Car

tion group will result in a complere-
ly integraied, aperable complex.
To assure unanimuy of adminis-
tratve effort. the conwol of this
coardinaling organization s best
staffed and adminisiered by the
same MC which adminisiers the
stafi funcuions previously deseribed.
This organizauon 15 the principie
member of the joint venture. {1 has
the perionnel support as required
of avatlable from other members,

PROJECT EXECUTION

The exccunion of engineering,
procurement and construcuan is di-
vided into two approaches, (1) that
which can be contracied to indepen-
dent engineering-procurement-
construction contractors under the
MCs overall control, and (2) tha
undertaken by the MC's projec
staff.

About the author
L. J. KEyapawa i1 vice
frecideni-project mon-
aperment ahd praject
areicer and vacr preti-
dent of the Calpary Oper.
altng Cenlre of Asso-
cizta? Pullmen Kellopg,
Lid. He hoa functional
resprenbility far proe )
mamapevnen! dnd profqact Kervices poficer in
the threr opergting centere of the compony
and ki fotal resporaibilly for alf maxage-
men!, mpineening, procuremient and tow.
Struction gelittiies wthin the Colge ry Oper-
ating Cenfre. Mr. Kuritwa recrived o
ES.E.E. degree frem the UL Nove! Acag-
eriy, 0 BS.CE, degrev from Rernieleor
Folytachm:e Jnstitute and a M. 5.C.E degree
Jrom Renmgpiear Polygechnic fratifute,
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CONTRACT ENGINEERING-—
PROCUREMENT
—CONSTRUCTION WORK

|
1'.

The type of work most suitable
for an engineering-procuremeni-,
canstruction ontfactor is specall
work. Such work is not direcuy asse-
cialed with Lthe intricacies of process
units or that which is heavily equip-
ment cost orignted in contrast with'
construction labor cost. Examples of
specalty work: water froni tievelop-
menl or raw macerials source devel-
opmem such as oil field gathering
systerns o mining development An
exarnple of more broad-based work
would be sclids materiais handling
svslems.

The advantage an MO gains by
conlracung specific areas of work (o
independent engineenng-procure-
MENi-CoNSITUCLIOn CONLTadiors are
reduced workloaa by direct project
stalf, the capability of assigning spe-.
ctalized work to contraciors
knowledgable in the specialny- areas,
and use of contraciors who are locs!
or national ro the country of project
origin. .

The engineering-procuremeni-
construction contraclors wouid be
under the direction and supervision
of the MC's depurty projec director
as shown in Fig. 2. (See Part 1, Apri
1980 issue). .

PROJECT ENGINEERING—
PROCUREMENT ‘
—CONSTRUCTION WORK

Some of the work could be done’
v specialized engineering-procute-.
me#Ri-CoNstrucuon contraciors. But,
most of the project work would be,
engineered, procured and con-
structed by the MC saff. This re-
lates specifically 1o the chain of in-!
terrelated process units as well as!
the iniegraied off.nte facilities.

Whether the MC is a single con-l
tractor or member of a joint venture’
management, the client normalh!
wanis the MC o have prime uai:’.ﬁ-i
cations in process design and engi-
neering, Only with such qualifica,
tions ean the MC perform s work
with fully experienced znd qualified
personne! fram is parent siaff, sup-
pored by #ts own established proce-

y1I.-C-2-1 291
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dures, proven techniques and tools
of the profession.

Engineering organtzation. The or-
ganizatuon for the engineering un-
dertaking is shown in Fig. 3. This is
a 1ypical organization chart. Note
that ¢engineering can be done by the
MC swafl and by subcontract engi-
neering, Personne] for the direa
engineenng should be supplied by
the principle member of the joint
venture. This member should han-
dle the intricale process units and
56, 25 2 minimum, the analvical or
anning of off-site facilivies.

There are good reasons for engi-
neering via Subcontractors. Distri-
bution of the engineering work load
can be Jeveled oui by these smaller
qualified engineering organiza-
tions. This permits MC personne! o
concentrale on developing major
process units. Smaller bul qualified
engineering contraciors can be in-
volved. .

Use of sub-contraciors can reduce
the numoer of persannel that must
be imponied from the home office
igto the country of projea ongin,
and results in greaver usage of the
COUNITY's resourees.

o o g
nization for the procurement func
ticn is shown in Fig. 4. It is com-:

pored of four major activines. :

# Procurement adminisiration
* Major eguipment purchasing
® Bulk material purchasing

* Traffic and Jogisics

Procurement administration is
the unglamarous activity of conrrol-
ling paper within the overall pro-
curement operations. Tt involes
four majer undertakings:

* Documen: disinbution

® Computer input and repors
» Purchase order verificalon
® Reprographica

Although these groups do not
supply ane nut or bolt to the jobsite,
they are critical in supplying the
paper work and the reporu nei-
work 10 the olther subdivisions of
the procurement operation. They
thus make those subdivisions effec-
tive in carrying out their duties.

Because of the large volume of

equipment and maienal that mushy,
be purchased, inspecied, expedited

and delivered 10 the jobsie, the pro-
curgment operation must be under
2 centralized control. It can best be
administered by an MC {single ¢con-
traclor or a joint venture member}
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Py, 5—Crganization 1or the COMSHUELGN functicn,

Ithat is familiar wath the manufactur-
‘ing capabilives of the country of
'praject onigin. Such an MC also has
ralready established and operated a
world-wide procurement organiza-
-jon in all majer manufacturing cen-
13 throughoul the worid. This will
Ang to the megaproject arganiza-
‘tion the knawledge of manujactur-
ing capabiliies, workicad and pric:
ing structure on the world market.
Jt will bring to the project a well-
established, experienced staff of
shop inspectors and expediters in
2ll major manufactunng centers. IL
will bring to the operation person-
nel who understand traffic and lo-
gistcs requirements for the move-
.menl of equipment and materials
from the world wide manufacturing
tenters 10 the job site.

Construction organization., The
organization for construction s
.shown in Fig. 5. This chan foresees
a prime construction concractor un-
dertaking the consiruguon activities
under orergl! direcuon and control
of the MC. For a single-contractor
MC this wouid give the MC the
capability of retaining construction
management responsibility. 1t
v ‘dar the same time bring to the
£t a construclion OTganization
capabie of undertaking the large
velume of construction activity re-
quired on a megaproject. For a jomt

HYDROCARBON PROCESEING

MAY 1880

YERIUTY Management, it would be
iogical that the prime canstruction
contractor wauld be, in fact, one
member of the joint venrure.

# Three levels. The organization as
porirayed has three basic ievels of
pm'ea execution, The first is the
f or administrative level, which’
cncompasse: construction p-ullnes‘
extcution with speqal em phasis on’
salety and inspection, schedule and:
progress control, cost and man:,
power control, and labor relations.
The second level is the control and
execution of the common or cen-’
tralized construction acrivites re-
quired for the megaproject such as."
. :
»

Marerial suaging areas

Camp construction and !;Jpr:ra[mn
Prefabricauon operations

® Construction lools and maierials *
¢ Construdiion equipment .
¢ Trznsportation operaions - !

The third level is execution of !

construction. To take maximum ad-'

vantage of all awailable resources,

this construction would be 2tcom-;,
plished by the engineenng-procure-
ment- coqstrucuun contraclors, by
the prime’contractor’s direc hire

forces and by construction subcon- |

tractors. all under the adminisira- i

tion of the prime construction con- |

iracior. m!
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CONTROL OF SMALL PROJECTS

It recent ysars, we'va witeessed the growth of both
the nueher and site of the go-called “guper pro-
jecta'.  The Alayesha Pipslice, one of the first of
the generation of billion dollar projects was the
largest single pro‘ect ever underrsien by privats
industry. Since then, Dany &ore projects have been
announced world-wide in the hundreds of milliona angd
in the billfon dollar range and much acttenticm has
been glven to the unique problems associacad with
the preject. Danagement of thewe ponsiers.

In our enalety o bring these super projects ynder
gontpal, we may have been peglecring another grow
ing problem, one which has been with us for a such
lenger time . . .that of managlog the so-called
"miszcellapmous soall project”. These projects, al-
though individually f{nvelving a mere Fraition of thae
T rces and capital investment, becange of chelr’
s tusber, can and ofcen do, total as much ie
ewrer capital requitengnts and consequently are ap
critienl tg che owter From an overall economic
standpoint. In many ways, they can alsp rival the
larger projecte in the diffier ey af execution and
control.

There haz been, and still is, & pressing Deed for
the developoept of oew project menage techolques
for controlling these small projacts. Not ooly bhas
this problem besn with us for saay yeurs, but in
tecent yearx, with the cooecruction of the smach
larger, complex plants, we are startiog (o sex thepe
plagte spawn addiiional emall projacts as the oeed
arlsexr for additions apd technalogpical improvemsnia.
This 1p tvue oor obly ooshare, but 2lso cifshore.
After 3ll, sany of the mors complex offahore plat-
fatme are pathing more than refinaries oo sbilts,
some of thes ot sa small elther, They alno are
subject €0 chauges aod addicipons after they are in
operation. (Imfortucmtely, sany are Subject to
this befors Lhey go inro operationl!).

What is & small projecc?

Figumn 2
MHAT 15 & Smais PROJFET?

[ AELATIVELY SmaLL PERCENTAGE OF BUDCET

. ADDITION OR CHAMGE TO EXISTING PLANT

Figure t (] MaINTENANCE wORX
Sawl vy, jemce Ppogrens
E *  SwuTDOWN, TURNARDUND, WORK
GIKL Fpearet Eoopuncsogt ¢ HisceLtancous CaPTTaL BUDGET rTems
Y14} oAl
e FELELTE I 1 100 -
v Lsrimates 1 1o The defindcion of auch a geoeral rerm a3 4 "amall
; project” will sbvicusly wary from company (o comm
R TR 1 160 pany. Fotr the purposes of our talk, ve have de-
fined small projectw as beilng thasze joba cosring
R N L 160 - 200 00~ 100G between $10,000 and 10 million dollars, and each
. . Job is a relatively wmall percentage af the com-
o PR LET DunaTipn LR LT B ronTHs pany's overall capital budget. These prujeces are
ies FF tae Y ho an sdditidm of & change to an axigting plant. They
v s are being done as psrt of majncenance, 3 "pro-
fovres. Smaegr ofs . L IELY gramed budgec”, ie, & specific plan for develop—
metil, growth, or mpdernization over & number of
VII.-D-1-1 |
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yeats, ar as paTt of A group of glscellaneoys Small
projects budgtted as a "ecantingency" item along
with other better defined capital budget Ltems.
They also could be related o shotdown or turna—
rgund work. For the purpoaes of our discussgiom to-
day, we will be uaing & capital budget irem 8 an
syample. The principles, however, spply to any of
these categories.

in many respects, thege small projecte are 1o dif-
ferent than their hig brothers,. They have Lo be
escimazed, achedulad, budgeted, and project man—
agred. They, like the large projects, are belng
bullt Lo make money for the owner, and chey Tequire
good penple o wansage god contrnl Cheir executiom,

Why then, are s3]l projects such & blg problom?

Figure 3

Brisz’s Tre Bl Paomipe wivy Suair Progrrts?

. Small S{7E BELIES IMPORTAMCE/COMPLEX]TY

. OFTEN TMVOLYES REVAMP WORX

[ SCHEDULE S;GRTKEHITIChL aav LITTLE TIME T REACT
] REALISTIC BUDGETS NOT AVAILABLE

» LESS QUANTIYY/QUALITY RESOURCES ... DFTEN SHARED
-

STARDARD APPROACH, TECHNIGQUES OFTEN AESENT
* LESS mANAGEMEMT ATTEMT ION/SUFPORT

" STEmaRDEHIP RESPONSIBILITIES woT ELEAR

Mecaune of the relacively anall soounts of capital
ipvestoent ipvolved $n g soall profect, thare 1 &
tendency to umdersctimare the impartanse and the
couplexicy of wanaging and cootrellisg cheses pro-
{ects. Many of the projiects are of 8 revaep ne-
turt with shoTt but ericical achadules. As 3 Te—
ault, there ig littla fise to react to problems and
get into woried corrsctive i1ckion.

Due of the bastc problems oftey Le the lack of &
twalletic budget for hath Cime and wooey. Part
of this probles stema frow the lack of detalled at-
tentinn given Lo theae jaba individuaslly. Bven
when Teasonable predicrions are wade to estsblish
an estimate pnd schedyle for the bodget, dociomans
tarlon {z rarely made in » forn which will allow
later planning wnd contTol. A second Temsen why
contT0l eatimsten and schedules are ocften ot a-
vatlable 1r that becsuse many of chese projects
arec of & Tevenp natore, woTe estiaating and sched-
*ing effort i required to come up with ressonable
dictiong and therefore, sdequate control tools.
«» 1o viten rationglized that there lo not time f[or
rhia extra efforE.

Bur, even L1f the project engineer following the job
had & good budger exrizate and schedule Lo use for
tracking, wany of the jobs are 50 small and are
completed in such shors pariods of fime, and the
soumt of tice and wohey budgered is 3o pwall, thao
everruns of double or oore can eeslly happen, sven
when probles= sre ymeosvered priof 1o completion,
The gacal problem is $imply that you {ind out too
late to do amything sbout ir.

Tris bringe uft to cost and schedule reporting, one
of the key problese related to the control of amall
projects. Mugt of you ars familiar with the diffi-
culty on a norpal single largs project of securing
tine]y copt and schedule reports- o many cases,
we consides curmelves fortunate if we have in our
hands the ¢emirol report within four weeks of the
¢losipg date. On a samail project, cthis eight-
vaek "hiack-out" perfod (four weeks progrese +
four weoks getting the data sssembled, analyzed
and lwsped} would (and ofteo fa) uwaiceptakle. In
fact, on a very small project, with a twp month
total schedule, rhe job would br coaxpleted before
the f{yst Teport was lssued!! So, cbvioualy, »
much differant reportiog approsch is talled for.

Unfartvnataly, ressurces applied o these small
projeces are also ofren Far leas than previded on
equivalent overall tpveskments for lsrger projects.
Supervielon, Project mansgement, Procurexsest, and
contracting aTe usually carried out by the exisi-
iog plant organitation as a part-time job, often
shared with operations and maintenance functilons.
A & Tegult, stapdard project mEDagement and
project control techniques are usually not being
utilized mg they would be oo & larger pruoj#ct.
MAzo, becaase of their size amd relatively low pro-
file, small projects tend to Tecklve far less man-
sjement pttention and hence less support than the
larger projecta.

Finally, often, except in w very global way, the
stewardahip responsibilicises far each ftem 1= nez
cl=ar. 5Sincs many of these irens are part of an-
bua'l budgat, they are of ten treated s such. ig,
ta be reviowed gnpually like an operating cost,
rather than wonthly of weekly., 1n omet cases. 1he
plant manager oominaily has overall stevardship
respocsibility, but this 1% wxpelly delegated
lookely to others, who in turo pasé It on. To make
mattery woTEe, ic'sa Dol vmususl to sesr o distinct |
aplit in responsibilicy betweeo enginesriag, cob-
struction, and/er maintenance bacause of the opera-
ting organlzstion of the plant. A a result, ic is
difficulec ro pinpolot Epecific responmibilities in
azall joba-

Faced with all chegpe potential problems, 18 it
possible to manage and conirel mmall projeccs, or,
bacause af the reasons shown on thizs wu—graph and
capy more which I'wm gure you yourselves could add
from your OWn expariencés, oust wa accspl lack of
concrol as belng che coly realistic congluyion? Fe
fael that control i posaible, but-ooly wich the
applicagion of 2 systems approach, utiliring some
basic project wanagement methods sand technigoes
which can be reluptively simple to develop and usc
ayd, overall, very cogt-effectiwe.

Vhat are some of the things we can do?
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Flgure &

. ESTEELISH STAWDARD PROCEDURES
. EsTabL 15w f BASES

v bocuent

. STREAMLINE ESTIMATING METHODS
’ DEvELOP $IMPLE, TIMELY REPORTING SYSTEM
#  ASSIGN CLEAR-CUT RESPONSIAILITIES
. CowSIDER COORLINATOR ROLE

[ ] FonTHLY ln]fu MEET I MGS

] Be PeACTICAL

. EMPHASIZE TEAMWORK, MANAGEMENT 1WVOLVEMEWT

First, we need to get onrgelves arpanrzed. Stan-
dard pracedurex and policies specifirally geared
for seall projecta nesd to be developed, wich man-
asgement involvement and support. Thera's a2 Daed
to document ¢lear lines of prganicalilooal coemel-
cations and responsibllities. .
! red To insure thab & desfign and execution baxis
has bern established for rthe projsct. If ome has-
o'r, than those responaible for eventually eabak-
1ighing the bacisz sust be made o #ic dowm amd do
it mow, before che job iz planned and budgeted.

1f the job 1s being acceleraced aod cerzaln ftems
pust be Drogressed before an owerall firm baels

iw eptablished, we need to avold making immedinte
hasry commitments, Inatend, ap spsumed bamis
sheuld he developed, agaln, by those vho will even-
tually be establishing the fingl basis. This for-
mally can be dome in & ahort period of & day OT ko,
or #ven #f a single meeting with 411 the parties
imvolved.

The next #tep is to document chis basis, whechar 1t
be fire or assumad. This 1 sxjTemely importent
for a nanber nf reisons., Ofren Times, just writing
something down forcees one to thiok through the
casls ¢van more thoroughly. A pore importsmt reg-
son, of rourze, im relaced o che fact that chis
basfe wil) e usead for such criticsl purposes as
esiphlighlae the budger, the acheduls, and hence,
the conptol tools for the sxecution of the prolect.
In fast-moving projects, & depcriprion fitring ooat
small projects, the discipline of documentation im
absolytely exsentinl.

r
Anpther area where special attention is needed i3 in
the ares of estizgring wethods. Becauns of the,

that the approach ro excimating both cosr and sched-
ule requitements be simple and relatively gquick.
Considering the variable natufe of the work belng
exfimpted &nd the revamp nature of wost of che work,
developing any Temlistic approach ism ool easy, but
it <an ba dore. The large number of jobs being exe—
cuted pnnually in this cas# is an advantage, piace
it provides & broad base of historical data for any
averaging tachnique used 1o develpping the sscicaet-
ing metheds, Whatever sapprfosch iz used, the im-
pottant thing to resegher 18 C0 oalke the &nd pro-
duct simple, Ilexible and quick.

For mimjilary reasons, there i3 also » meed To develop
A 1lpple reporting eystenm, one which provides the
minimm inforgatiion required for analysls and con-
trel 1o a timely fashion, but one which {g oot over-
vhelming., We will be providing an example of how
this can be done wtilizing an integrated and rea-
pobsive conttol Evetem,

An meptionwd earlier, 1t is exsantisl to assign
cleareut responsibilities to sach funccional de-
pattent sgnd be dach ipdividual having any Imvalve-
menl with cthe project. Ideally, one would like e
have » task force for each project, with & Project
Manager, Project Engineer, Comt Engimter, Scheduoler,
etc, but considering the sverage project wize, this
is not praccical. However, the Lask foToe concept
should oot be tejecoed put-oi-hand., Ihere may
vely well be sltuvations wvhere a Frojeer Analywis/
Control group, consisiing of one or more fullbims
coet/echedule engineers can be justified ta handle
211 of the small projects being iwplemented by »

cotIany .

* Where this canoot be done, 8% minioun, considers—

tiom should be given to the assigrment of a full-
tive amall projects coardioator, This person would
be Tesponmible [for coordimating budget and schedule
preparation, cost and scheduls reporting, mnd cost
and schedule gralysin. He would alsc be responsible
-FaY¥ preparing overall TepoTis Lo upper Sankgéement
haviog cverall siewardeship responsibility.

In moat cases, whers thers are literally dotems er
aven hundreds of small projects Imvolved and the
project and field engipesers following the vork age
nEWreok, Cen of woTe, then justificatiom of & full-
tiwe coordingtor can often be eppily nade. The
total manpower can remain the cane, pioce ar least
10% of each tndividual’s time should have besn gl-
located to the functions oow %o be dons %y the co—
ordinator.

Regardless af what the grganization fivally ands
up lowkilng like, wonthly revies mectings aTe &
must. Small projecty hawve too many interfaces,
There's potmally too mwch split respomaitilicies,
end ther mowe Too fast to be alloved to go from
start to finieh withour all che parties Llovolved
pot sifting dowmn #t least Oncek m wonth o Teview

the costl and pchedule statuws of each projecr, If a
cooTdinstor has been assigned, he can chalr the
woRthly meetinge. If not, then the peraen within
th® company responsible for prepariug the cwverall
ALACUE Téporis Co managrment should fun the meeting,
The important thing is ro sctually meet and review

L3 ok €T of projecta to be ewtimated amd the and thereby avold “blackout® pericds and unpleassnr
&h tise frame normally fovolved, it is {mportant SurpTisss.
VII.-D-1-3
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T™wc f1nal points which mesd to be kept in mind and
vhich are #ssentfial ingredienta to any suvecesslul
#call projects control systesm.  If the system does-
n'c work, ¢ will likely be becpuse 1t vas not prag-
ricgl or because it id pot invalve wanagement or
ive mEnagement supporim. Vhen develioping any
. in thete's usurlly & driving foree to make the
Eysten perfect or negtrly so. With smali projects,
agein because of rheir site, their number and
their shore duration, we should pot be striving for
perfection as much as we should be looking at the
nraccical side - half & loaf is better than nont -
and onge the sysiem {8 working and we have everrone
involved, including management, then ioprovenenle
leading o perfectlisu can be implemented, based on
sceual experience.

Ve will mov lock at a practicel exemple of what &
tvpical inregrared control svstem for small projectos
cipht look like.

In afddftion ro the management solutions which have
alregdy been mentioned, there are soms specific
tocls and techniques which are pleple to develop
and very effeccive in eaging che burden and In~
creasing the effecriveness of small projecr menage-
ment. The rest of our talk todsy will describe 2
_syEtems-based approach for doing this,

Frowm what has becn sald 50 far, we can s#r down the
main fepfures we would 1ike o have in & saall pro—
Jeces concrol system:

Desiern FeaTueFs

v

» TAN HANDLE LARGE AMDUNT OF OAYA

* EASY INPUT .., COMPATIELE wiTH EXISTING PROCEDURES

. FasT ACCESS To DATA .. REPORTS PRODUCED IWSTANTLY
' SIMPLE TO USE EFFECTIVELY

* USE FOR CONTROL 0OF ANY OME SMALL PROJECT ...
AMD FOF CVERALL CONTROL PROGRAM FOR ALL PROJECTS

“S1ic¢ wé can expect 10 hendle a large numbery of
smrll projeces sipultanaouely, sny control syetem
pus: be able o handie & 1ot of deta gquickly and

santly.

‘Stnce we can’t Afford to take & lot of time to pre-
pare input {for cxample, f1lling out coding Sheetw
and waitieg for keypunchl, deca must be jrput eam-
11y, 1f poysible, ve would like Lo be able fo uke
exiating forms, such as timgsheeCs god purchase
crders, for our input.

*£7 = these azmall projects move 20 Tapidly, ve.must
H le to zet ilnforzation out of the aysten quick-
Iy and easily, with meaningful reports available
instantly T4 anyone teeding thesm.. And these re-

porce should be formatced And provide a level of
" detall that ie appropriace.

*Since gtall project mpanagement usually invalwves
oany people 10 various cepértnents for vhom this
is a part-timr function, any symtem, £f it 1s to
be sccapred and uweed, pust be simple mnd easy o
ure effeacrively., Dur Sypilém mult be a geruinely
halplful fool to everyooe, Of If will be unused,
abusad, or ereate even mort problems.

-and finally, cur system must address both of zhe
aspects of saall project cenagement - the probles
of managing ench smel) prpject and che problem of
natdging & totel prograr of wany emall projects.

How that we've got an idea of the deslred fearures
for our small project control Eyaten, le¢t's chink
about the speciflec capabilities we would lika the
Symiex 1o have:

A i t
luvecaater NepepRe Ponr:
. PrROJECT AEFRESENTED 8y SIMPLE (S0 LCTIVITIES)
NETWORM
L] For Eack WETWORE aCTIVITY ... DEFINE EESCLZCES

REGUIRED TO COMPLETE (7 IN REQUIRED ILME

= MANPOWE R

- COMSTRUCTION EQUTFMENT
= MATERIALS

- CakH

] OniE 1MW THE COMPUTER, RETWORE INTEGRATING
RESDURCES, TIME, AMD COST RECOMES “MODEL™ oF
PROJECLT

“Maturally, for this group, & cost engineeTing caps-
bility cemes firest; amd by Lhls we mean an abilicy
£ supperc our cost esfimeting, cost forecasting,
cost analysis and cost control accivities.

“Ume aspect of cost cootrol that 1 have found teo he
patilcul arly difficulr and uorewarding is expendi-
ture forecasting. Most of you probably know from
youf own expetlence how time-consuning the prepar-
atlon of expenditure profiles iy, how ther are al-
most bound to be wrong, and how much cime 8 spent
cTy¥ing to reconcile them to sciual expendl Eupes,
1t would cerralely be preat ©6 have a eystem which
could de all thart.

-Plapning and scheduling activities are rasential to
project menagement and lend theose]lves well e oa
Eysidms-—gpproach. As zany of you who have used ops
or wore of the available s¥eteme koow, you can do

a lot mares than prepare barcharie., Proper planning
#nd schedulipp must be spplied also to manpower
{such &5 engineering, supervision and field labor),
marerials and conscrucrion equipmenr. Khatewvar
syutem we uae for osur szall projecrs oust give ug

VII.-D-1-4



these capabllicien.

~The capabiliry to forecast and control the pro-
ject's schedule as well a5 eritlcal material is,
of cours®, alsc sssentlml.

“inally, we would like to be sble ke cur dinm the
.fme and effort Tequired to adminlster the many
subroutines {uvolved in our small projects.

Let's Tecap this figure for a moment by noticing
that we have asked for a swall project control sys-
tem which w11l give us all the project BADAgEDent
capabilities we would like to have (and seldom do!)
for large prejecte. And, wve have made 1t sore dif-
Ficult by asking on the previows figure for the
spead, aise of input and ocubput and flexibilitcy we
tarticulatly meed For small projecis.

New thar we know what we want 4o & umall projece
contrel systeo, ve gust face the questlon: “ls it
possible to put tegether such a syaram?". Well, 1c
iz posstble and, in fact, ir's mor even all char
eiffieult. Let's take & look st how 1T cao be done,

There are Lhrae essentcisl guldelines to thiz sp-
proach:

Smatl Peogrrt ConTeel SySIEM
RUInELINES FOR DEYEL SPmMEnY

o UsE MORERN “I NTERALTIVE™ COMPUTER SYLTEM ...
PERMITS DIRECT COMAUNICATION BETWEEN MAN
AND MACHINE

] s SIMPLE NETWORKS TO REPRESENT ALL
FROJECT DATA ..., PROVIDES COMPUTER WITH “mapeL”
OF EACH PROJECT

o USE APPROXIMATIONS/SIMPLIFICATIONS AS
AFPRROPATATE TO PROJECT S1ZE AND COMPLEXITY

~Fivst, takes advancege of today's interactive com—
poter syatess, which put the power of full-elze
computers litsrally at your fingertipe. By using
terpingls with a keyboard and visual dizplay, you
can cozpunicats ditectly victh the aystea, keying in
gata, commands of guestiona, mnd getring back re
sulty att Che scteen or io prioted form, much like &
glant caleulater. We'll go incs this in more de-
Lail fn & few minutms.

'Second, use A yimple nertwork to teprekent snch pro=
ject., Netuorks enable ¥You T4 CTeACe AT BiTual
model of each project, a tode] which can be flasd
(lika & budger) or whith can change aa the project
propresses. We'll have more to say about chis la-
ter, tok.

~and Third, bear in mind the nature of the small

pioiect - controls must be effective, but they need
T be precise. For exemple, on a project that
its four weehs, detalled aomlysis of lomg-tange

productivicy trends may not be rarribly meaningful-

V1I.-D-1-5

bur s quick indjication of schedyle slippage could
save rhe day! So we peed to be willing o give up
some of ouy therighed degnas of profect coatiol and
lock for approzimations and sleplificarions which
fir gur small-project yituation,

Mow let's take & closer lock at an Interactive com-
puLtey Sywtem:

Seery Peoret Cowtem SysyE=

Ax INTERRCTIYE (O UTF® SYiyee
Faln SriTEm
(Temwjuas 1) i TR FTYS P CTEmMimay 2}
PLamninG ] il
EEDIIuTIv Reroats
{TemminaL 30 (TEmminay 43
Fien FaTEm AL
SUPERY S DN Commal

“DateingTIn PROCESSING” FROM COMMOM TATABALE ALLCwd Al PEGUECT
FUNCTICMT TD TWPUT OK ADCESS PERTIMENT |NFORMATION.

What wa aee here i3 this Figure is ao exaasgple of
“discributed processing" 1n which the computer sye-
ted comes out of 1ts closet 10 che Data Frocesslng
Dapartpant snd goes right to the point at which the
work Is balnog dome. This is done through the use
of remote terminale, each of wvhich has & keyboard,
vigual digplay sndfor pripter.

Inagive, {f you will, & syfiem in which the main
conoutsr conbtalns the dars base dor the project,
chat 13, ap argacired ser of dats describlng each
aud g1l the amall projeces being metaged. The data
bage &lso hes & lot of supporting inforoatiom. |
Connectad ro the main systen aTe four remote tar-
wivals, ecach locarsd in an #res of project mansge-
ment activities, For example, the Dlamning and es-
timating group Ll using the systes for plamiog,
optlalzing and satissting the cost of each cane
upder consideration. The projsct epgineering group
1s using the #yslen (0 prepdTH PTOGrEss TEROTLS,
anslyzx problem arsas gndd Cake forTRctive actiom,
and co keep Danagement informed. In the field. the
suprrvisors aTe usliag the sysiem for decalled plans
asd budgetx relaring zo their specific jobs, and
they sre also inpubting manhour and progress data.
And in the Pro¢uremant Depirtment, the gyStem Lo
beiog ucad to keap track of purchase orders and
deliverias.

WVhat {5 truly amazing iz that all chese activities
can be guing on at once with all gaing the same
dacs base, Tesulting in & Ereat izprovement in cor-
sigtency and efficiency.

Let me point out that we aT® nor hers to sell coe~
puters, but we mre here to say thim: Look 4t the

cés -



new generation of minf- and misro-computers fer
part of the solution to your seall-project médage-
tent prubl&nls.

bow let's turn to the contepl af the integrated neg-
work medel. To hava a aeaningful aystep-based con-

] sysiem, w Bust be 2ble to expresa each project

t mathematical way so the computer can understend
«-, but 1t has to alwe be A way that we can under-
stand. This cosputer model must aleo b casy Lo
prepare, input and updata.

1
Instesd of torping to rhe newest techoology for this
part of suT Eyetem, we have found succeas In one of
the oldest technigues., No douvht everyome here iz
familiar with network analysis and CPM. But have
vou ever wondered - Why do we ooly vee netwerka for
acheduling? Why pot use & single nerwvork to repre-
sent all the aspacts of & project by including che
rescurce, Lime and cost dEta required for each ac-
tivity?

Smri) PeogreT CoNTROL SYSTEM
DEstREn CAPABILITIES

. COST £STIMATING, FORECASTING AND ANALYSIS
» ExPEMDITWAE FORECASTIWG AMD COMTROL

» PoamMING AND SCREDULING ... MANPOWER, PATERLAL.
EQUIFMENT

SCHEDULE FORECASTING AND CONTROL
o~ PFATERIAL FORECASTING AND CONTROI

* CUBLONTRACT ADMINISTRATION

Any project, large or szall, can be represented by
3 zimple nerwork, and by simple we mean a pelwork of
50 attivitiss or less. Once the petwork has been
defipad, we can define the tesources required to mc-
complizh sach sctivity - regources bhelng manpower,
consttuction equipment, saterials pgnd, of course,
cash. You can #lso think of time #8 & resource
againat which the others are balanced.

If woe have the tight software, this nerwark, inte-
ETating rapources, time and oKL becomes & model of
the projagt on OUT COWPULET pYeTED,

Just think for & Bowment what we can do with Chis
computer podal of & project., We can define & "sta-
tic model™, fi=ed in the planniog stege, which is
our hudget plan - the basle on which the project
was approved. We can alap generate dynasmic wodels
ax the project progresses - a dynamic model befog 2
cost and schedule forecast, & furrent report, Or
#ven & hypothetical case study of whar aight happen
1l a particular thing cccurred. With an intereciive
compuler aystem, this podelling exerciae 1s quick
and easy - exattly Tight for the rmall project.

W& now have the desirable gitustlon where we can let
the corpuier do what it does best - and whal we do
wiorst -~ the many simple but Tepebitive calculatlong
snod data panagement procedures TequiTed to control
£ pruject. 5o, let's see what happens wheo we let
the ayetem do the number-srunching for our wultdtuds
of small projedts.

let'a bear in mind as we go through this list that
our motto for amall projects is, "Keep 1L simple
and do Lt Fastl™.

During the planning and sstrimating phase, our sys-
tem can help by performing all scheduling functicona

SoaLr Pas ecT (oNTAO Svslfh
How A7 Cam BE Usen
[}
fopt Ity yms Syzyrs: Stnien Provipes:
s Prawwiw WETWORK, DATEIE, SCHEBULES

o ESTIMATING

4 PRoJECT CONTROL

& MaTERIAL CONTROL

*  SUBCOKTAACT ADMIN,

LABIK L EQUIF. REGMNTS.

MaT L CDSTS

ACTUM. DATES
AL TUAL MANFOLES
REMAINIMG DURATION

.0, Data
RECEIFT DATA

Il CE m.IH_T

-

I Man® OQTHER APPLICAT]ONS ARE FORSIBLE.
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LABRDR & Eoule. LDETS

TOTAL PROJECT COSTL
EXPENDITURE FORECASTS

COMPLETE PROGRESE
REPORTS'
MATENLAL STATUE

§ EXCEPTION REPORTS
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suih &+ barchart prepsratlon, reseeres Jabelling,
drc Cyitical path mmalysls. 1f can alap esbipsie
sumoF AT fQuipment cosiE. since Lar applicable
Tuaies Can be easilv srored, If marerial coste are
nul, WE CAR USE LhA SYELEE ta prepare and docu-
=1 the veticare for fthe project And, &ince it

vt thir gehrdule and costs, the EvSrem CAN pre-
_re b expenditure forecas:,

Chce 8 project 1p underuay, manageoant and contral
by Irequent updating, analysis and reporting can be
athieved. By perigdic updating wizh zceual seart
and Iinish dates, aciual machours Epent, and remain~
irz dyracion for each activiey, cosplete and compre-
Mensive progrest reports can be prepared Very quich-
I+. DBear in nind onge again the luportance of using
the ontitun gmoynt of detall or sophiscicaétlon, Tse
Just enough oo be effective.

There are additional jebs to ke done while the pro-
Feer is wodervay, such as material concrol and sub-
cfntract adginistration. These jobs ipvelve a great
asouvni of tipf anc papervork, which caz be reduced
by effeccive use of the evsten. Exception reparts
tan be penerated showing material mot yer on arder

ot nof ye: reculved, pr suhcontractar involees that
w1 too high and need o be checked. These reporis
focus people's sttenticn and ciforts where Chey are
needed, and help prevent the pultitude of soall
projetts from geiting bogped down In paperwork.

Of coUTER, many Other appiicaticns are possible, de-
pending on the parcicular sirtuation.

It ix worth considering tos the overall isprovenent
1o coordinacion and compunicatien which oEfury when
all veople involved on the project are psing uni-
lorm and consistent systens and orocedures.

To sum up, we hope ve have Coxmunicated (hese (deag:

*Small projects deserve Lo be Lap=en Feriously and
fieed prajecti TAnAgement dicsipline and technlques
jusi as large projects do. Both orgerizaticaal
and tecnnical solutions sare avallable to lmprove
the wanagerent of emall projeces. FParticular at-
teation should be paid to the new generation of
ipteractive compater systems which maxe gophisti-
cated project management techplgues »rachiical for
weall project® Ior the {itec [ime,
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;Check project progress

MANAGEMENT GUIDELINES |

with Bell and ‘S’ curves

Today’'s project control systems—{LCPR),
PERT and Activity Network Analysis—are

" powertuyl but complex toos. In contrast,

“8" and Bell curves are remarkabiy N
‘simple, yet effective

Arthur E. Kerridge,

"C-E Lummus Co., Houston

“§" aNn BELr CURVES can't replace
present means for planning and con-
trollng projects. Nor can they idenufy
crjtical paths or specific troshle spots
Nevertheless, the fact that they are
guantitative rather than qualitative
can be an auer

After all, many planning and
scheduling problems are guanumive.
For exampie, 8,000 isometrics must
be produced in five months, or 50000
wns of fabricated piping must he
crected over the same peniod, In
these <awes, it domn't really rmoatter

_which bometries or which pieces of
‘pipe are erected by a specific date

The impermant thing s o Jnow
whether the job is being handled
volumetrically at z rate appropriate
for the time span. This i3 where "5"
and Bell curvet can  be wvaluable
adjuncis to the more complex sys
temns. They can be developed rapidiy
and have grear Aexdbility in cheir ap-

dication.
Vigual impact. The visval impact of

"5'" and Bell curves may be influenced
by changing the horizonta! or verti-

b P, 1 [P RN

cl! wais. Most of the Higures in this
article hawve equal vertical and boni-
zonta] scales. A larger honzantal scale

. will fatten or elongate the curves A

larger vertical kale will ncrease the
flope and the peaks and valleys,
which mmay be desirable for dramaric
effect.

A basic “8"” curve (Fig. 1) is drawn

Bopa o | sty

el rEw W DrDpri

i Sy i

Wiy Popl oy
L

Fig. 1—Theze axemples show bagic Bail
ang "S" curve shapas.
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on a grid with a honzonwa! axis thow-
ing percentage ¢alendar ume from §
to )0 percent and a verdeal axs
showing percentage complection from
0 o 100 percent. Any sngie activity,
group of activities, or overal] project
rxpressed in the ferm of an “5' curve
must stam gt Q0 in the bottom left
hand corner apd to be compiste mus:
reach the top ngite-hand comer as
100,100, The shape of the curve be.
tween O pereent and 100 percent can
be an indicator of comparative pe:.
formance and efficiency. .
Simplicity, The simplest “8" curve
15 & straight line a3 shown in Fig. 1,
turve A. An “S™ curve shows cumula.
tive values Jrom O to 100, and in
thape thows the rae of progress or
loading at each point in time. In re.
ality, it is rarely feastble to apply full
loading insmniy and to maintam a
constant load throoghou: the tme
span. Usually, there must be an inigal
lead-in period for mebilization belore
peak effort can be applied and a ail-
off perod towards the end. Fig. 1,
curve B, shows a rypical symmetrical
“S§" eurve which has an equal buildup
and tai]-off.

|

The Belt curve is derived from the'

“8" furve and shows the amoun: of
vertuta! movemnent of the “8" curve
{the rate of progres or loading) for
a hntte interval of time, In the case
of the strajght lne “5" curve, the
slope or loading is constant indicating
a constant effort throeghout the toral
period. Thus, the derved Bell curve
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it also a straight line, This shape of
curve is normally the most efficient
und hence the most desirable when
related o manpower Joading. It may
nol necessarily be so for dollar ex-
penditures where it may be more de-
Usirable to defer expenditures to the
latest possible date.

The loading curve developed [rom.
a symmetncal “5" curve thows the
copventional Bell shape with a sym-
| metrical peak considerably higher
]than the average. This indicates a
lower rate at the beginning and end
with the maximum rate during the
central period.

Symmatry. "5" curves are not um-
ally symmetnical. They may be fromt
end loaded or back end loaded as il-
lustrated in curves C and D m Fig.
1. An actual *5" curve might follow

150

%“e catendar nme ‘u mechanical complatipn
!
Depanment 3577361 36 50 | 60 | 70 100
S] 21 | B0 | 8D }n}rﬂf
Process Bl 211 39 | 20 I ;.r"‘ "
Process Fiping
erorees 1oL V6 V52 ] 8 [ b6 Vb7 [ 53 9q ] 98 (300
Bl 7 | 9 LA6/6/1 808 11t a2 | 2 10
Mechenical
4 4 vessels de0 o
Men:némical E' 7 lagt F.Ea_l 8% 100 ®
vessels |81 7 133} 3? I/ 18 :".r‘-‘r 2 = 50 g
Civll ! ,/ //L, Electricai & 1
instruments Jap ¥
civit 18 1BI4TI|II|EH _98 [ 100
Bf & | S/ 28 pfat |17 | 4 2 3
I
/]
piping 18] S viA 2171 48] 70 T 90 T 96 |06 1%
Bl ¢ /g s |21l 22)ei 6| 4 | dao
/2
— o 0
Eiectrical {5} 2 [ € 122 1427162 182 } 82|88 1100
i Mechanical 'y
& viassels
| Ei_ 30 Figing
| EE 20 I Praject i
=8 Electrical &
E.» L Instruments |
i  §g"
- o -
W20 X <40 X 6D FC B 90 100

% calandar time to machanicel Samoletion
Fig. Z—Thnazs curves ame Typital of angir.serihg work,

apy shape withic the grid but will
probably fall between the extremes
of the nwo “5" curves shown. The
closer the “5" curve i3 o the 43°
straight line, the preater iy the degree
of resource leveling thar has been
achieved and the greater the theore-
tical efficiency.

“5" CURVE APPLICATIONS

* Enginecering by manhoun or by
pitysical completion

* Dawings by number or weighted
value

* Requisitions by number or doliar
value

* Purchase orders by humber eor
dnllar valee

* Congtruction by manhours, by

Vii.-E-1-2
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units of work activity, or by physical.
campletion )

¢ Expendiwres or cash flows in
dollan.

“8" curves can be applisd equally
eflectively to a vanery of muecllane-

our activities ar iterns such as
* Maleria! mke-off guaniities
® Isometrics drawn and checked
» Cubic yards of earth excavated
#& Cubic yards of conereie placed
® Feet of pipe placed -
Feer of cabie mstatted,

The most common “§" curves nsed
for overal]l project review are for
Engineering, Procurement, Material
Delivery and Cons{ructisn.

Englnearing curves. Fig. 2 contains
a tabular spread sheet distributing
enpineering planned progress and
manhour expenditures by discinline
from project start 1 mechanical com-
pletion. The figures show the percent
manhours expended and progres
achieved in #ach oeried and cumu-
lotively. Supenimposed on the spread
theet is the same informatien ex-
pressed in the form of “5" and Bell
curves. Notice how much greates s
the wvisual impact and information
given by the curves than by the
Agures.

In 2 normal pmmcl the work fiows
through Process, Equipmen: Sroups
(Vewsel and Mechanica!y, Civil and
Structural, Plant Design, anc fAnally,
Instruments and Electrical. This wvri-
eal relationship between the "S§°
curves for the vanows engineesng
disciplines hoids for most projecu. If
the pragress for any one discipine
tuns late, then all succeeding disci-
pires roust be affected and wll akso
be foreed to rup late,

Il planned manhour and progress
curves are prepared at the sant of a
project and actyal manhour expendi-
ture and progress recorded st each
reporting date, any deviation from,
plan is very visible. Even more im.
portant, schedule skippage in one area
can be easilv trended to evaluate Lh:‘
potential impact upon the schcdulcl
ol other areas. ]

Individual discipline turves, Fig. 3

shows individual discipline curves
plotted over the scheduled compietion-

HAyprOCARBON PROCESSING,
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Fig. )—Holp the contraat in thesw hormal
and unBacceplabie enginnering curv
shapes,
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i0h

ume for the discipiine. In these
curves, 100 percen: completion refers
to completion of schedulable activi.
ties within the scheduled completing
time for the discipline. For eogineer-
ing disciplines, this i normally at «
point wheri 80 w0 95 percent of the
manhours have been expended, The
final 5 10 10 pervent of the manhoun
arr required fur enpinesting deseout
and follow.up of vendor and feld
quenes,

Basically, three typica! curve thape
cover all engineering disciplines. Fig,
3, curve ! shows a fast buildup, early
peak which applies for Brocess, Me-
chanical, Vessels and Equipmers die

ciplines. Fig. 3, curve 2 shows a nor- |
mal buidup with 2 Jong even peak:
which applies for Project and Support |
Engineering disciplines. Fig. 3, curve f
3 shows a slow buildup and late peak

which applies for the major Drafting

disciplines.

Generally speaking, a planped 5"
curve for any engineering or drafting
discipline will fall somewhere within
this envelope. For preliminary plan-
ning purposes, this typical shape of
"$" ¢urve can be assumed for man-
hour, manpower and progres plan.
ning. Note that the normal “§"]
curves produce corresponding Bell:
curves where the peak i about 1.5

times the average.

Unsultable curves, Al shown in,
Fig. 3 are curve shapes unacceptable
for engineering disciplines. Fig. 3,]
curve A s oo steep and too early.
Tt shows an unrealistic peak of 2.%
Hmes the average with 2 long slow !
tailefl, Fig. 3, curve B shows two steep -
portions with 2 central Sat area, The |
derived Bell curve shows two thort y
lerm peaks with low progress achieve-|
ment over the central porton of the
project. These curve shapes show in-
efficen: manpower loading. If they
were produced either as planned o
actual, there i something senously,
wrong with project plasning or per-,
formance. |

i
Plan, measure, report. Fig. ¢ iltys.'
trates the method of preparing a
planned, weighted progress 5" cunve
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for an enganeering discipline for com. |
parison against physical achicvemen |
and manhour expenditure. First lise
the activities and estimate the man-
bours for these aciivitjes, The
“weight” of an activity is the ratic |
of the activity manhours to the wota] -
discipline manbours expresied a4
peicentage. .

Next prepare a bar chart swhedule
showing the planned periods for the
2ctivities. The pianned Percentage
completion for each activity ar each
reporting period it marked abaove the
bar. The planned weighted percen;
completion is the multiple of the ac.
Uvity percent complete times the ac-
tivity weighting. The verticaj roraly
for each reponing perind generate a |
weight percent planned Progress 5"
curve as illustrazed.

At the time when the planned “§ -
curve it prepared, the Bell curve gen-
erated should alsa be examined, This
will show the planned manhour ang
manpower expenditure for eark e
poring period. Any excessive peaks |
or flucruations should be cormered by
adjusting the bar cham wchedyle 10
achieve more even loading.

e o —— v —— —

Periodlc racording. Ar each repor-
ing peried, physical compietion for
each acirvity is recorded. This phys-
ical percent completion is uhtinlied
by the aziiwicy weipnting. The som
of these multiples gives the towl
physical percentage compietion for the
over-all discipline. Physica) comple-
uon and manheur expenditures are
plotied on the zame form with oo
plarned orogress curve. A tompati-
son between the planaed percent epr-
piete, the physical percent complete,
and the percen: manhour expenditcre

| Bt Wb e B Loy lnl'l'l:l‘\'p-z':lqz:J
[Are 0 mer iwom menm 104 ETIE3 0 A paaay ¢

“”b FRRAL P 2K -—F
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Frp/wl 3 wh )i Regett w100 r f H
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Fip. S—Manpower forezasting can pe ©
dohe from curves.
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will quickiy show the productivity and
| performance trend. It is then possible
1o forecasgt over-zll completion and
over-all manhour expenditure.

This methed of developing planned
progress "S" curve is a basir method.
Many variations can be done man-
| vally or by computer with networks
| andfor bar chars

Manpower torecasiing. Fig. 5 shows
how cunves can be used to iorecas:
manpowtr requirements. Nermally
the planned Drogress cutwe is pre-
pared after the manpower require-
ments have been determined and
leveled to even cur peaks. However,
sometimss during the progres of a
job, when the end date has been fixed,
and progress and manhour expendi-
tures have varied from the injtal
plan, it i5 necessary w redepsrmine
the manpower reqQuiremens 10 meet
the original schedule. The steps are
ar foll orwys

1. The curren: position n the end
of the acfua) progress curve, assum-
ing the method of measuring phwical
percent completion is realistic.

2 From this point extend 2 re-

HYDROCARBON PROCESSING March 1979

vised planned progress curve approxi-
mating to the shape of the previous
planned "8" curve and meeting the
required completion point,

3, Now the cumulative pergen:
completion required at the end of
eath month on the revited planned

progress curve.

4, Tabulate for cach monthhe re-

"porting period the required percent

o be completed per month which is
“ne difference between the camulative
rumbers noted ynder 3.

5. To predict the number of men
required per roonth, take the total
forecast hours based wpen produc-
Lvity and performance o date, Mult-
ply the tow! hours by the percent to,
be completed per month and divide
iv by the hours worked per month. | |
This will gve the nimber of men| |
required per month.

R. Review the number of men re-
quired thus calculated and even out
the numben if there are large differ-
efhces oo a month-to-month basls.

Cantinuad on page 1081
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7. Confuirm that the number of mes
indicated can pe realistically applied
to the joh. If the number incicated
is greater than car be oblained or
realistically appiied to the job, thez
the schedule will Rave o be ex-
tepded, Ahtsrnatively, it more men are
availibie and can be applied to the
job tham is resuired. it mmay be pes-
sible 1o reduce the schedule.

Master projec! schedule. Fig, &
shows 2 typical bar chart master proj-.
ect schedule. Start/corplete dates and
refationships between the various.
major activities are expressed as a
per¢entage of calendar time to me--
chanical completion, L

Superimposed oo the bar chars are |
“8" curves for Procurement, Engineer- |
ing, Materal Delivery, and Consimue-
tiow., which are nomnally considered|
the keyv progrest MOEASLITMEnD cutved )
for an eoverall projesr. The rl:er.iun.l
ship betwern the 5" curves matche
tne reladonship between the cmi
ponding actvities in e bar chas
Whereas the bar char shows specific’
stars anc finls: dates for acthvoe, s
“S" turves fhow required rata of
progress and cumulagve completions
at varjous stages of the projka,

A narrow band. Thne shape of the
MBY curves, iner relationship wooeasn
other, anc :hell posiuon with refac
to overall project cempistiorn izl
within 2 fairly samrew hand for o2
arojects. Tor examole, Procutemmen:
Zngineening, anc Material Dajiver
sl should br essenually complsit a:
the 30 perieni. *d percem avc ED
percem poinu, regpescivelr, Lizle &
to b gained by smaring construciuon
much earijer thas At the 34 percexn:
poini. U 20y gne of the tnept cotves
moves significanty aur of i clace,
tnen the overall schecuis will oo 2f
fectec. The wpical relationshins be-
tween thest “E" clrves zng their
posien in the overall project commpic-
upn provice excelivnt daw for pre-
liminzry planping. Al tie eorve
neip o check tne realiszm of any de-
talied plans deveioped for a specific
project.
Drawing summary schadule, Fig. -
illestrates the preparation of drawing
summary schedule curves showiag.
frawings started and drawing: isued
“Approved for Cernstruction” {AFC).
Continived or Pape 200
1
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The major caregories of drawings and
their numbers are Jisted an the left.
hand side. The sumbers of drawinm
to be started and isued AFC are
spread our acroas the form corres
sponding to the actjvity periods atab-
tshed in the project schedule, The
column totals are the total numben
to be started and msued AFC in each
period. From these, the "8 curves
can be generated as illustrated.

As the project proceeds, the actual
number of starts and AFC imoes can
he entered and compared apgainst the

an. This stmple but effectve method
.elps assure that owverall drawing
progress is maintained 1o meer the
requirements of the project schedule.

Fig. 8 showt the drawing summary

168
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schedules (in heavy sohid hine) super-
imposed on the enginecring curves for
the drafting discizlines (reference Fig.
2). Note that the enginesring dis-
cipline progress curves fall nght be-
tweenl the drawing star and draw
tng AFC 8" curves. This 1 where
they should be.

Unaccaptable curves. Fig. B alio
shows unacceptable drawing curves
vin heavy dotied line) in relation to
the drafting discipline progress curves.
The lollowing points are unaccept-
e’

1. The drawing start curee is too
optimistic. Drawing starts should not
be made t0o carly and too fast, Prog-

YIT.-E-1-6
March

i
ress carnot be maintained since it
runs well ahead of the engmnecning
development

2, The drawing AFC cufve is too
lale. This i3 running oo far behind

the planned progress.

t

3. There i too wide 2 gap between
the dmawing rtarm and the drawmng
AFC curve in the early phases. This
means the drawings are started and
left incomplete for too long. Thus
usually refects inefficiemt operation.

4. The end portions of the curut.s'i
are oo close showing an unrealiticy
expectation. Drawings cannot be
started and ismued AFC withou: ade-
quaie time in between for the acrual |

drawing, checking, review and ﬁm.l-’
|

iong pelom isfus.

5. The average slope of the draw- |
ing curves from start to completian is
offset from the mequired engineerng,
discipline progress curves In general, !
the rate of pregrest of the dmawing
production has to be egual ro or
greater than the overall engineering.
progress Curves.

The correct relationship berween an
rngineering discipline progress cu—ve
and its drawing star: and drawing
AFC corves s Wlustrated in the insen.
Endrely grmilar tvpes of curve can
be generaled for equipment requin-
tions, purckase orders, and celiverjes.
Again, the requisition and purchase
ordesr curves rmust have a fived rela-
tionthip, one 1o the other and zho
to the progress of the engineering
disciplines.

Construction curves. Fig. 9 shows
typical Gonstuction Craft 5" and
Bell curves. The actual shape of Cone--
structien *§ and Bell curves diffens
frem these of the enpineering disci-
plines. Nevertheles, the overall con-
cept for their preparation and appli-
cation is entirely similar. In a nor.
mal project, construction waork flows
through contrete, stegl, equipmens,
piping and elecuricz] as showr.

This typical relationship betwesn
the “5§" curver for the various Con-
strucsion Crafts holds for mos: proj-
ects. If progress for any one craft runs
late, then ail succesding crafty will
be affecied and will also be forced
to rupn late, Planned manhour and
progress cunves may be prepared at
the start of the project gainst which

Hynamrswnne Pramccom-

1974
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Fig. 10—F7ogress i1 aeen ai & Qlance with vpe of plenning ang tracking yfves.

actual manhour expendiiure and
progress achieved can be recorded for
schedule control and forecastng.

Plan and track. Fig. 10 shows use ol
“8” curves for construction planning
and macking. In just the same way as
there is a relationship between the
equipment and drawing curves and
engineering progress curves, there is
a sipsilar relationship béiween the con-
struction progress curves. Construce
twon cannot procesd uhtl] AFC draw-
ings and materials are received,

A good way of planning and moni-
torfg cONSITUCLON ProgTess is 1o plot
the AFC drawing release and equip-
ment delivery "'8” curves with the cor-
responding conatruction orafi curve.
“ood planning aliows an adeguait

ad time berween receipt of AFC
drawings and matena! and planned
comsteuction progress. Thereafter, if a
record 13 maintained of the actual

202

ATC drawing releases and aciual ma-
terial deliveries, it is posmble to de-
lertnine ahead of time¢ whether or not

About the author
ARTEVUR E. KERRIGE
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College, Lomden University, LK, He is
active I sevsral profeavumanl pocieries,
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cOnsiruction profTess can be main-
1ained. .

Fig. 10 iliustrzies a selection of
only four out of :ae many construc-
tion crafts and aclivides, But it iy .
an exceptiorally effective and easily
{oliowed method of tracking construg-
tion progress. A full sei of these curves
set out on one wall of a field planning
office can be updawed frequently, Any
deviation from plan immediately
shows up the potential mmpact upon
subsequent activities.

Simple bu! Lsaful, The difficylties
of plant construction roday demand
that the most appropnate of the avail-
able comprehensive specialized con-
trol systems be uied. However, do net
scorn the simple approach. “8§" and
Bell curves can be applied in conjunc-
tion with any systerm. Their message.
is understood from top management
1o junior supervision B

1879 Hyprooanor Frocrssrkec
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) COST CONTROL OVERVIEW

OUTLINE
INTRODLCTION
GENERAL INFORMATION

a. Company. Policy
b. Intent
c Responsibilities

PROJECT SCHEDULE

Propasal Phase

Process Design Phase
Planning/Analytical Phase
Production Design Phase
e. Construction Phase

1 Project Completion Phase

pppe

COST ELEMENTS-SYSTEMS APPLICATION

Dpen Cost Job

a. Estimates

L. Propesal

Z. Interim Contral Estimate (ICE)

3. Initial Approved Cost Estimate (IAD)
4.  First Check Estimate (FCE)

5. Production Check Estimare (PCE)

Project Contro]l Estimate Basis Form
Client and Praject Changes '
Project Cost Status Reports

o L

!.  Client Report
Z. Kellogg Report

Fixed Price Job

e, Differences

SUMMARY

The intent of the Cost Control System is to control and monitor ¢ost. The contral of
gosts must be accomplished at the working level where expenditures are being
incurred.  LINE PERSONNEL CONTROL COST uy (1) performing their specialiy
Sperat.on withih authorized cosis and schedules (2) predicring significant Changes
yelore thew occur, ang (3] impiementing changes only upsn authorization b» the

Project Manager.

Vil-F-1-1



There xe several ESTIMATES prepared throughout the project. The quality of {nese
esTimates gels progressively better with job development.

For open cost jobs, initially a Proposal Estimate is prepared, if reguestec by the
client. This 5 followed by the Interim Control Estimate, the first control esiimase
for the jeb. A CONTROL ESTIMATE establishes the working budge:s for
departments. The Interim Control Estimate is replaced by the Initial Approved Cost
Estimate which i replaced by the First Check Estimate, the final control estimate
for the job, Fellowing the First Check Estimate, the Production Check Estimate is
prepared. This 3 pot a control estimete byt an estimate prepared late enough in the
j0b to provide the maost acturate prediction of final job costs.

The basis for operatipnal inputs to these estimates is documented on the PRQIECT
CONTROL ESTIMATE BASIS FORM.

Signif:cant changes to the control estimates o the working budgets are documenteaq,
authorized or rejected on CLIENT AND PROJECT CHANGES. The inten: is to
highight anticipated changes in a minimum amount of time 50 that effecs on costs
and schedules Can be minimized and optimized.

PROJECT COST STATUS REPOR TS are prepared on a periodic basis threughou! the

project. They provide a means of continually appraising actual anc predicted costs
ARAINLT authorized ¢osis.

VI]-F-1-2



COST CONTROL JERVIEW

vESTRARIE INP;UI GASIS GOUUMENIED ON PROJECT CONTADL ESTIMATE BASIS FORM
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ENGINEERING

ESTIAATING INPUT

MANHOUA CONTROL

T NECULIBITHON PRICTNG
MATERIAL PREDICTIONS

CHARGE ROTICE PIRIT)

TARED ANALYD 1

MATENIAL COFT LOZE IZ00PE)

VIT-F-3

SENIOR
PROJECT
MANAGER

f

COST SEAVICES o
ESTIMATING COST CONTROL
PREPARATION OF CONTROL TREND ANALYSIS
ESTIMATE ANALYSIS OF ALL MUTE
CHANGE NOTICE ASSITTANCE

PREPARATION OF CHANGE NOTICE
ESTIMATES

PREFPARATION OF CHECK EETMATER

CHECK ESTYMATE ASSISTANCE
UFDATING CONYTROL ESTIMATE

L

CONSTRUCTION
TTRATING INPUY

HEOME OFFICE MANWOUR TONTRDAL
CHANGE NOTICE INFUT

FIELD BUDAET FREFARATION

FlELD TORT CONTROL
PIELD COYY REFORTING

PROCUREMENT

ESTIMATING INPUT
MANHOUR CONTROL,

BID TAEULATION
COMMITMENT REGISTER
BA TERIAL PRICING INFUT
CHANGE NOTICE INPUT
FIELD PURCHASE DUDGET
TRAFFIC IMPUT
MATERIAL COST LOGS (PRICE) )

AS REQUIRED PREPAAAT ION OF PROJECT ETATUS
MEFORTE
RECOMMENDATIONHS
~ FINANCIAL
ESTIMATING INPUT
ACTUAL COST INPUT
MANHOUR CONTROL
EXTAA WORK ORDER INPUT
L MISCELLANEOUS COST INPUY
SCHEDULING OTHER FUNCTIONAL DEPARTMENTS

ESTIMATING INPUT ESTIMATING iNPUY g:

MANMHOUR CONTROL MANHOUR CONTROL 1.

CHANGE ROTICE INPUT

THE INFORMATY{ON CENTER APPROACH TO COST ENGINEERING

OTHER INFORMA TION A AEOUIRED
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MAINTENANCE
TRENDS

LS. refinery maintenance costs will increase
about 19% in 198! over 1980, In addition toinflation,
.S, refinery crude availability continues to cause
maiitenance problems and although crude runs were
down in mid-i980 and wil! probably continue into
carly 1981, maintenance costs will increase, U.S.
petzochemical maintenance costs will be up only
abour 6% in 198) over 1980, Before the next big wave
of petrochernical expansion starts, possibly 1 late
1981, many units are now operating at reduced capac-
ity and a number of oider units are being shut down
which will reduce somewhat the normal increase in
maintenance costs. U5, gas processing maintenance
costs, on the other hand, will be up abavr 35%
because of gdditional capacity and more ethane re-
covery which increases maintenance costs. Howevey,
because the 1otal gas processing maintenance costs
are Jow relative to refining ot perrcehemicals, the
35% gain will not contribute signifcandy to rotal
U.5 maintenance costs.

Ourside the VLS, refining costs will be up only
about 4% over 1980 and ourside-U.S. petrochernical
maintenance costs will be down about 10%. One of
the major reasons for these figures is that new data
received indicates the total gross investinent in both
reiining and perrochemicals was somewhat less than
indicated by previously available data. However
mdintenance costs for gas processing outside the 1.8,
will be up about 55% because the large gas processing
units in the Middle East that have cone onstrear in
the last tew years will now require rather significant
mzintenance work.

Maintenance expernditures estimated for materials
and equipment listed in the table are 1961 actual
costs excluding instaliarion. Maintenance labor costs
are higher than the cost {or new constriction because
the equipmmest must be removed and disassembpled.
Maintenance labor costs in this study are estimatad
at 60% of the towa] maintenance costs in HPI plants,

Maintenance costs listed in the tables on preceding
pages are based on estimnated maintecance COSts a5 a
percent of gross iInvestment.

U.S. refining maintenance costs are currently esti-
mated at 544% of the gross ipvesument in refining.
Outside-U.S. refining maintenance costs are est-
mated at 4% of the gross investment in reflining.

U5 petrochemical costs are estimated at 6% of the
gross investment in petrochemical planis, whereas
Taintenance costs for petrochemical plants out-
side the U8, are estimated at 5% % of the gross
In¥esinent.

U.S. pas processing plants are estitmated at 3% of
the gross investment, whereas outside U5, pas pro-
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Cessing Mmaintenances Costs are estimated at 3% % of
the grass ipvestment.

Sohid huels processing plants are not included in the
maintenance expenditure tables because there zre no
commercial plants in the U.S. and few outsids the
U5

In .8, refining, considerable capita! expendirures
wil! be made in the next 5 1o & years 1o upgrads the
bottom of the barrel into lighter products. When
refinery engincering departments are Concentrating
oL major downstrearn capital fxgl‘.‘ﬂlit tures, enginet:-
ing manpower will not be gvailable for existing vaits.
Maintenance departments witl concenmate on equip-
ment reliability to keep existing units in operation.
The same philosophy applies 1o U.5. petrochemicals.

Euzopean refinenes continue to operate at recuced
capacity which reduces maintenance costs, They will
follow America's Jead in converting their fuel oil
oriented refineries into light ends rehnenes. :

Considerable arrentjion will be given to Taining
maintenance engineers and craftsmen in better tech-
miques for pump and driver alignment, Because con-
siderable effort has been made in recent years to
upgrade alignment methods for compressors and
drivers, maintenance costs o these items are drop-
ping. However, pump maintenance costs are 3 w 4
times as much a5 coMmpressor Malotenance costs and
we Can £Xpect ID see DIAjOr artenton given to reduc-
ing pump maintenance costs while increasing overall
plant reliability.

As epergy costs continue to climb, worldwide
refinery and perrochemical operavions will be sub-
jected o greater and greater pressures by manage-
ment to reduce energy costs, Much of this effort will
be bormne by the maintenance departments because
they must rerrolit existing process units to achieve
taergy reductions. New and improved technigues for
insulating process heaters will be tned on 2 scale
never before attempted. Improved hear mansfer in
exchangers will be studied extensively.
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Probably the most important development 1n
maintenance will be the installation of micro-
Processors o Monitor many more variables than was
previcusly possible. In addition to standard temperz-
rure, pressure and flow conditions normally moni-
tored by the process operators, microprocessors can
monitor vibration levels in 2ll rotating equipment or
certainly in critical machines zs well as comrosion
rates, flue gas condirions, air cooler and cooling water
guality.

In the U.5,, there is a definite trend toward govern-
ment regulations requiring zero discharge from cool-
ing towers. This will be accomplished by increasing
the solids concentrations in recirculating cooling
rower waters substannally ovaer whae it would nor-
mally be with blowdown. Some of the cooling water
will be diverted 10 2 bank of centrifuges to coneen-
uate the solids removing all water which will be
recirculated back to the cooling tower Maintenance
departments will be faced with a substantial work
lpad in maintaining a zero discharge cooling water
system, but microprocessors coupled with appro-
prizie sensing instrumentation will make the job
manageable. $e :

MAINTﬁNANCE PROBLEMS

Barrel-type compressors are being used to an
increased extent because the barrel design confines
gases more cffectively than honzontally-split cases.
However, barrei-type machines must be removed
from their foundations for total maMmrenance, Some
of these compressors weigh up to 30 tons which
presents 3 field and shop problem. In addition, the
barrel-type compressor consists of 2 bundle con-
tained within the pressure walls of the barrel meking
alignment and positive positiomng difficulr,

Tiltiag pad-type thrust bearings are used in most
large pieces of rotating equipment. Leveling plates in
thrs type bearing presecnt major problems i deter-
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mining the zmount of wear on the leveling plates.
Although the leveling plates are normally surface
hardened a few mils deep, wear is 2 major problem
that could be improved with new thrust bearing
“designs.

Manufacturer's instruction books arc often
ionadequate for maintenance requirements. Many
process plants are writing their own maintenance
guides for the mechanic, using 35mum slides illuserac-
ing the details of cumpr:ssui and pump repair

Pump problems continue 1o be the major source of
maint¢nance repairs in process plants. One of the
reasons is that there z2re simply too many pumps i 2
process plant to spply sophisticared vibration rnoni-
toring methods as has becomme common place with
expensive, large compressors. However, 2 pew tech-
nique using high frequency acousuc surveillapce is
being used suecessfully to deteet 2 flaw or tacipient
failure that could lezd to complete fallure g few days
or weeks later Equipment ranges from a relatively
inexpensive portable monitor to a computesnzed
incipient fajlure detection (IFD)] system that can be
jusufied for large investment-intensive plants.

Coupling problems continue even though the cu--
rent generation of analysis equipment, including resl
tirne specrrum analyzers apd shaft orbic displays,
provides a berrer understanding oz the sources oi cou-
pling vibration. Most coupling problems cause vibra-.
tion because of a reduced-abilicy 10 compensate for
misalignment. As drivers become larger coupling
prablems will probably increase, requinng a better
inrerpretation of vibration data prowvided by z nsw

. Eenerzrion of apalysis equipment.

Pump seal fatlures are probably the number ! cacse
of pump repair Fajlures can usually be maced to
irnproper seal selection, pump application or im-
proper operanion. To increase pumpreliability, these
areas will receive considerable artention in furure
years by the mainrenance deparrment.




cJUIEMENT
DESIGN TRENDS

INSTRUMENTATION

Imscrumentation continues its Tapid growth jn the
HPI as technological improvements continue and
rmore plants are Jearning to implement advanced con-
tro]. Government testrictions are also providing
incentives for new applications in the areas of polly-
tion and safety monitoring/centrol. Machinery sur-
veillance $ystems are growing in sophistication,
providin g microprocessor-generated data interpreta-
tion and enhanced cathode-ray tube {CRT) displays.
Mew test instruments are simplifying elecironic
mainrenance and aiding equipmert inspections.

Engineers are busy learning to apply the new
microprocessor-based diseribtted control sysiems 1n-
trodured in 1980, New designs will concentzate on
improving CRT display capabilities, A signiheant
trend 2s a resnlt of distmbuted control is grearer ap-
plication of direct digital contrel (DBCL In DDC,
miCroprocessars perform control calculations and
send signals directly to control valves. A few years
ago, digita} control was almost entirely supervisory
with complters sending conerol peints to analeg con-
trollers which performed the actual ¢ontral fune-

tions. Increased reliability of distribut‘:d eontrol is .

making this possible.

i Demand for process conirollers will inerease ahout
15% in 1951, Digiral controll er detnand will increase
abour 20% while demand for poneurnatic analeg con-
tolers will decrease by about 10% . Elecoonic analog
controller shipments will remain about constant.

Most new instrurnents introduced m 198] wil] be
apalytical. Increased efforts to improve process effi-
ciencies and monitor/control pollution in spite of
lower quality feeds will creare the demhand. A few
manufacturers now offer on-line octane, boiling
poin: 2nd BTU monitors, and weir numbers will
increasein 1981, Other analyzers normally associated
with the jaboratory will be available for ficld use.
Availzbility of “single package’ analyzers {or moni-
toring greater numbers of components, particularly
for pollution monitoring, will als¢ increase, Ana-
lyzers incorpotating laser technology for multiple
component analysis are 2lso under development

Daztz acquisition equipment manufatrurers will
have another good year in 1981 as engineers probe
deeper into processes. More fiber optic mulriplexing
and data acquisition systems will he available offer-
ing more data transmission per cable and noise
immupity.

Transmitters will also receive advanced desipn
ttention In 1981, More products will be available
with electronics to compensate for non-linear
calibration curves and perform square rooct and
temperature/pressure cofapensation calculations.
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This revolution in insrrumentauon is changing the
waY processes and control systems are designed. The
n:sulu'.tbg change 1o engineering responsibilities and
required knowledge cannot be overemphasized. In-
sumentation must now be considered very early
in process design. Process enginesss are being encour-
aged to look for instrmmentation salutions to process
problems. Therefore, process engineers must keep up
1o date with instrumentation d=vel opments and will
have an increasing influence in instrument seiection.
Instrument enginesrs must fzmilianize themselves
with HPI processes to helpdetermine which vanables
should be controlled and the best way to do it. In-
creased integration of these 2 engineering disciplines
will be required in 1981,

ROTATING EQUIPMENT

Efficiency and reliability are the dominant forces
in rotating equipment design. These goals will be
stcomplished both by improved machipery design
and greater use of more advanced instruinentation for
monitering and conwol. Curregt design and speci-
fication trends include a slight increase in the use of
large reciprocating compressors because of higher
pIOCess pressures. MNew capacity conels are also
incorporated to permit compression of only the
required dernand by these unjts.

Cenrrifugal units, however, continue to dominate
the HP! compressor and pumnp market. These units
are also going through design changes to improve
efficienty. These include tighter clearanees and
smoother passages. As a result, they will be available
in smaller sizes than they are at the present.

Gas turbine driver manufacturers will be looking
im0 more exotic materials 1o increase efficiency and
provide more power recovery applications. Power
recovery, in particular usually involves severe ser-
vice conditians with mater:als being the Limrting
factor Gas turbine manufacturers have also begun
studies on the effects of using synthetic fuels.

Specification practices for turbo-machinery
increasingly emphasize efficiency. Meckamizsl, 1o-
strumentation, electrical end process togineers ajye
being encouraged to work more closely to insure that
mrbo-machinery is berter matched to the process.
Specification is a trade off berween minimizing
energy losses from oversizing and bottlenecks hom
undersizing,

Electzir motor manufacturers continue 1o improve
the efficiency of their designs through better inst:la-
tion and core materials. Soon almaost all manufactuwr-
ers will offer “high efficiency’’ designs.

New advanced instrumentation for machinery
monitoring and congrol will be muroduced in 1981
Microprocessor-based surge conwrol systems are
being developed which epable compressor control
closer 10 surpge limits. The number of manufacrurers
offering electronic variable speed motor dnves will
inerease. These can offer significant savings by mini-
mizing energy loss.

Markat Data 1581 — Praparec by Hygroctibon Processing
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The use of new menitoring equipment is greatly
increasing machinery availsbility. Acoustic monjtor-
ing devices can predict pump and motor bearing
faijures, as well as other possible problems, by ara-
lyzing high frequency sounds. Flaw conditions ¢an be
detected lopg before vibration and displacement
monitors indicate a problem. Vibration spectriim
analyzers will be available with enhanced graphics
and computational abilities. Some already provide
3-dimensiopal readours to aid vibration analysis and
balancing. Conrtinuous lube oil analyzers to detect
wear parricles in oil ars becotning lesy expensive zad
more reliahle. '

STATIONARY EQUIPMENT

Heat exchangers will probably see grearer demand
than most stationary equipment in 1981, New marce-
rials and more efticient designs are increasing
the already [ong list of heat recovery applicarioas.
Tax credits for these projecis provide additional
incentive.

Furnaces and boilers will continse to benefit fom
new equipment development. New burner designs
offering greater effictency, less poilution and the
ability to burn a greater variery of fuels ar¢ being
introduced. New chemical anojoulanrts, corrosion in-
hibitors and dispersing agents will also be used (0 a
greater extent in 1981, Fluidized bed combustion sys-
tems will be available from more manuracturers.

Mew conrrol systems incorpordting stack gas ana-
lyzers and electronics to perform efficiency caicula-
tions will lower fuel requirements, provide printouts
for government compliance purposes and distribute
heat load to the more efficient botlers and furmaces. In
multple boiler and fumace instzilations, efficient
load sharing can save large amounts of fuel.

MATERIALS

[n refinery crude unit vacutm cowers, Type 410
stamless steel cladding is commonly used but there
was a recent report that cracks ocewrred in the clad-
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ding of one tower A caution has been issued that Type
410 stzipless steel cladding should not bhe used if
inclusions of aluminum or titanium occur in the
cladding because this material will sutfer 885°F
embrirtlement.

Ip refinery process vessels where hydrogen blister-
ing 1s known to occur such as high pressure sepa-
rators and intermediate separators with high partal

-pressures of hydrogen, dual-phase corrosion inhibi-

tors are becomung popular and are suczesstul in con-

wolling hydrogen blistering.

For nop-hydrogen service at 1,000°F most meral-
lurgists coday would selece IN 625 over Type 321 &
thers were a choice between tie two for 5 pressure
vessel material. Although it has been estimared
that IN 625 costs about 30% more than Type 321,
the as-fabricated costs should be abour the sam
although delivery may be a problemr. -

Refinery furmaces are frequently insulated with
castable refraciones. Today stainless steel needivs
are added to castable refractories for swrengeh and
erosion resistance, The major fatlures reported have
been caused by poer application rather than material
failures. Contraciors are being cautioned that a cif-
ferent technique is required for gunned applications
of needle-reinforced refractory than is used with
standard castable refractories.

With changing process conditions, refiners are cou-
cerned that th* materials of copstruction used with
the process equipment have a safe remainipg life.
Sophisticated computer progzams are being installed
to digest onstream inspection data and calculare the
corrosion rate and remaining life. Inspecton data
are collecred using corrosion probes and hydrogen
probes. Also, onstream witrasonic inspection data as
well as x-ray are collected and fed 1o the computer
Previously, all this data was collegred and apalyzed
manuaily which not ouly increased manpower bur
reduced the number of inspection points possible
throughout the process units.

1y 13 prgiizag;
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$667,000,000,000 TOTAL WORLD HPI
OPERATING EXPENDITURES IN 1981

-FF

Sector
Refining
Petrochemicals

Gas Processing

Totals

U.s.

$133.750,000,000
$ 34,620,000,000
$ 3.330,000,000
$171,700,000,000

. ous.
$401,250,000,000
$ 86,380,000,000
& 7,670,000.000
$495,300,000,000

Tatal

$535,606,000,000°

5121,600,000,600
$ 11.000,000,000
$667,000,000,000
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ENERGY
REQUIREMENTS
FOR THE HPI

According to “U.S. Energy Qutiook,” published by
Exxon {n Decermber, 1979, the demaed for energy in
the United States will be 40D million barrels per day of
oil squivalenr in 198} Converting this to energy
rerms, the U.S. will require 77.7 Quads [quadsillion
BTU or 10" BTU|. The deparument of energy esti-
mates that 35% of all ULS. energy requirements are
consumed by industry and we estimate that 25% of
al]l indusrnal energy will be required by the HPl i
1981. Exxon estimates that U.S. energy requiremens
will grow 1.1% per year during the next 10 years.
Although the .5, growth rate in energy demand is
lower than any other industrial area of the worid,
it i$ aiso the highest single energy consuwming area,
currently accounting for 41% of the world’s cpergy
demand. Exxon estirates that the U.S. will require
only 33% of the total world energy demand by 1990
because of America’s relatively slow energy detmand
growth rate in the ‘80s.

The HPI will continue its etfort w reduce energy
consumption by another 15% between 1980 and 1985
whiech will be in addition to the 20% reducton
already achieved over 1972 energy consumprion
rates. In the last part of this decade, it is quite possi-
ble that HPI companies will convert process heaters
and power boilers o coal finng insread of oil or pas
firing. Ol will then be upgraded into raore valuable
light materials for transportation and residencial-
commercial building heating. By thar time, coal will
be relarively inexpensive as a fuel source for the large
energy requirements of the HPIL.

Maior efforts will be made by individua] process
plants to operate in the most economica] £Rergy con-
servation mode. Microprocessars and computers will
be used as major twols in reducing total enerzy con-
sumption within g plant beczuse they aid plant oper-
ators in maintaining an opt:nuun toergy balance. In
addition, we will probably see conversions of electric
moror drives to varizble frequency control which will
aliow pumps to operate at optimusm speed for better
energy efficiency.

Process heaters and boilers will operate very ncar
stoichiomerric conditions with much less excess dir
because microprocessors will constantly monitor the
firing conditions io heaters and botlers to prevent the
accumulation of explosive mixtures. More installa-
uon of air preheaters to reduce fuel consemption can
be expected along with other heat recovery in the
forem of steamn from stack gases. Major efforts towards
complete sealing of heaters and boilers will be made
to prevent air Jeaks wiich reduce efficiency. lm-
proved bumers wil] be insalled for optimum heat
distribution within the furnace and boiler

Markat Data 1981 — Praparsd by Hyvorocas s Frocaseinn

ENERGY REQUIREMENTS
FOR THE HPI IN THE U.5.
QUADS (BTU x 10"}
1981 1986

REFINING
Purchased Electricity ... .. 029 ... 0.28
Purchased Fuel ,......... 157 ..., 1.55
mternal Fual ...l .69 ..... 186

TOTAL ... ceiiiinenn 35 ... 3.72
PETROCHEMICALS .
Purchased Electncity ...... 027 ..... 0.8
Purchased Fusl .......... 223 ..... 2.32

TOTAL ....oviii e 25 ... 26
GAS PROCESSING—

NG/LNG/SNG
Putchased Electricity ...... 0.00B ..... 0.008
Purchased Fuae .......... o007 ... 0.067
internal Fue! ........ ..... 067 ... p.ce

TOTAL ..oovvineinnnns 075 ..., Q.76
TOTALHPL ... .......... B8 ... 7.1
= OF ALL LS.

INDUSTRY ENERGY 258% ..... 23.5%%

The table accompanying the descniption tluscrates
the various forms of epergy required in each of tae
three segments of the HPL Eaergy requirements for
the solid fuels processing industry are oot included
because the industry will be in the demonstwation
plant stage during 1981 and sufticien: data aze no:
available on the actual commmercial scale planes pro-
posed. Purchased fuel is the highest energy require-
ment for perrachemicals and is also high for the ref-
ing induscy; however refineries ar¢ able o use &
considerable amount of intemally-generated fuel
which is not a saleable product in the fuels marke:
oor uschul as 3 feedsinck to petrochemicals.
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rir1 UYERATING COSTS SURGE AHEAD

The compesite price of U5, crude il v slowly
moving toward the world price and OPEC is Likely
to raise crude priees in 1981, The change to ¢oal for
power generation in the U5, from natural gas or fuel
oi] wili oot be significant 1o 1981, which will cause
tlectric power costs 1o increase substanrially. QPEC
crude price increases wil] have the same effect on HPI
feedstocks, electricity and fue] costs outside the

"US. Worldwide inflation adds ro these costs, which

simply means that the cost of fuels 2nd petrochem;-
cals will be passed along to the consumet

Currently, we estimate that worldwide operating
costs, exclusive of 1zbor costs and capital deprecia-
tion, for the HPI wiil aprount to abour $667 blilion.
Io the U.S, data are avaijable to mak e a more precise
esumare and operating costs are shown in Table 1.

Outside the United States, operating costs for the
szme items total abour 540] billion forrefineries, 386
billion for petrochenmucal plants and §8 billion for gas
processing plants.

Data on papge 29 pives more detailed esrimates for
198) operating expenditures for chemicals and cata-
lysts used in the HPI, particularlyasthey apply to the
United States.

I ehe U.S., expenditures {or chemicals apd cara-
1¥ses will total almost §5 billion in HPI operations.
Outside the U.S., spending for chemicals ang
catalysts should toral abour 311 biilion. A parua]
listing of U5, chemical snd catalyst expenditures for
segments of the HPI is shown in tabular form.

1981 HPI OPERATING COSTS IN THE UNITED STATES ‘

TABLE 1
ltem Refinlng
Coude O & Intermeadiates ... .. ... £122,000,000,000
Elegiricaty A Fuels . .............. §,400,000,000 ....
Chemicals & Catafysts ........... 1,850.000,000 ...
Containars & Packaging. ......... 2700060000 ...
Miscollaneous ................ . 230,000,000 ...

TOtals o .ot $133,756,000,000

Petrochamicals Gas Processing
....% 24.000,000000 ....§ 1,700,000,000
§700000,000 ... 2,000,000,000
3000000000 .. .. 80,000,000
650000000 . ... 63,000,000
270000000 ... 77,000,000

... 8 34,620000000 ... 8 J,330,000,000

PETROCHEMICAL FEEDSTOCKS AND
-~ INTERMEDIATES

A surprisingly heavy percentage of petrochemital
{eedstocks and intermediates is available on the open
market — about 45%. Expenditures for these feed-
stocks and intemnediates total about £24 billjon for
the IU,S.A. and about $53 billion for the rest of the
world,

The sale of al] these commodities to the HP] fol-
lows the samoe pattern: No HP! buyer has less thap
3 sources of supply and usually has 4. Also, about
70-80% of the business for these staples is fairly weli
apportioned among the suppliers, with little prospect
of change in this pattern that exists between the
varipus suppliers. This {s primari]y because the price
~f these irtems depends 50 much on trapsportgtion

ts. .

Aowever the remaiming 20-30% is very competi-
tive and actively fought over by all of the major sup-
plicrs. Advancing from No. 4 supplier with 10% of an

Ry + VIII.-B-1-1
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acrount's business to No. 1 supplier with 50% of the
businiess can be profitable, indeed! Because price ané
delivery are important, the purchasing agent bas to
be sold because he functions as 2 expediter Cmn the
other hand, technical service, quality and delivery
are extremely ilmportant to those who wil! use these
items in the manufacture of their fuel, petrochemical
and lube products. Any failure to cover these people
can be very costly to you.

For your guidance in advertising and selling these
cominodities to the HPI, a breakdown of these people |
by job funcrion and buving influenee for 8 chemucal
and raw materizl classifications is presented on page
3% This chart shows that the Technical Service,
Operating and Research Depaniments are extremely
important in the selection of suppliers for these com-
modities and, we repeat, any failure to cover these

people can be very costly to you.
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CHEMICAL CONSUMPTION BY U.S,
CHEMICAL CONSUMPTION BY U.S. A S ey EouMATE
REFINERIES — 1981 ESTIMATE
' Mililons of Dollars
. Miillons of ITEMS us. ous. Total
heas Doilars Activated Alumina . $20.0 .. $202 ..§ 402
Addltives Sodium Hydroxide . 189 ... 166 .. 335
Load ANtKNOEK . . .. v vvrerannnnan. cer. § 440 Amines ........... 65 ... 62 .. 127
Others tor Motor Fuels, ... ..., ... 200 Copper Chigride
For Lubricant Products .. ........... ceus 25D Sweatening .. .. 50 ... 50 .. 100
For Other Progducts . ..........0onn e 100 Glyeols ..., ... 125 ... 125 .. 250
For Processing, Water Siae ............, 70 ii:ms_r ............ 48 ... 45 ., 495
For Protessing, O Ske . ............... 20 ter Traating
Chamicals ...... 55 ... 54 .. 108
Soild ;-t:ly:q Cher Treating S
Catatytic Cracking ,..............ceees, 190 Chemicals ...... 68 ... 65 .. 1327
Calalytic Refarming . ................... . 710 Total .. ......... 781 ... 774 .. 1555
Hydrotregting . ............couyy e T Le&d Antiknock :
Hydrocracking. . .. ..coviei i iann nn ey 20 Compounds . .... ar ... a5 .. &7
Others Mercaptans ....... 1.4 ... 14 .. g.ﬁ
turic Acid™. ... .. L Kerosenes ........ 13 ... 1.3 .. 26
Qe e Absorstion Ols .., 22 ... 25 .. 47
MBCEIANBOUS . . .. .o eeeeesenes one 80 Lube Ofls ......... 1.6 ... 1.8 .. 34
T Methamo! .......... 22 ... 23 .. 45
= ¥ 1,850 Total ........... 119 ... 128 .. 247
Grand Total ..., £350.0 . . S50z | 51602

PETROCHEMICAL REQUIREMENTS FOR SELECTED CATALYSTS

I (1981 ESTIMATED)
LL.S.A, Western Europe Japan
MM Lis S MM MM Lbs 5 MM MM Lhs S MM
Synthesis Gas Preparation '
{MNH5, CHaOM, eic.)
Pretreatment ................ 2 ....% 21,0175 ...% 25..... 056 ,....8 0.7
REfOrming. . .o ovvieiiiencanns 6030...... 174 ..... B3RO0 ..... 1B4 ... 1830 ... 5.0
' ShftConversion . ............ 100, ... 168..... 1060..... 180..... 281 ..... 2.4
Methamation. ................ 0as...... 25 ..... 085 ..... &1..... 023 ..... 0.7
I Ammonia Synthesis ............ 400...... 52..... 330 ..... EE..... G084 ..., 1.4
Meathanol Synthess
HiPragssure .. ....o.ocveaeues 006...... 02 .... 006 ..... o2..... 002 ..... a
Lo-Pressure. ................ 013...... 06..... D12l L. g6..... Q.04 ..., 002
, Butadiene..................... 021...... 05 ... — ... = L. = Ll -
T OStyrens. ... ... aro...... 64..... 300 ..... 52..... 1.53 ,.... 2.6
Ethylene Oxide ................ 3.38...... 278..... 233..... 19.1..... Q82 ... 6.8
Acrylonfirle .. .. .......... ...\, 1.85...... 139 ... 287 ..... 206..... 165..... 11.8
Vinyl Chioride Moncmer. ........ 057..... . 16, 089 ..... 1.0 .. G4 L, 1.2
Polwinyl Chioride .. ..._........ 3.79...... 234 ..., 560..... M6.,,.. 213..... 13.2
POIYSIONe . ... ..covveernnnrn 1.85...... 23..... 203 ..... ‘48 ..,.. D68 ..... 1.6
Polyathylane (LD and HD}
Cwbdes. . .....ooovviiinionns 043, ... 1.3..... Q.57 ..... .7..... 018 ..... 05
Paroxidas ... ................ 6.98...... 232 . ..., 8.30..... 309..... 285 ... 8.6
Matal Alkyls {Merchant and o
Captive) ............... .. 25820, 69.7.....33860.....
Poiypropyiens (TICI; only) .. .. ... 390.,.... 218..... 410.....
Total § MM $236.5

VIII.-B-1-2
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HPI |
ENVIRONMENTAL
MANAGEMENT

Worldwide HPI environmental spanding will total
more than $6.9 billion in )98, dows slightly from
571 billion in 1980. A signincant change from 1980 is
inthe category ““Land and Qther” (Table 1) — up 28%
for the U.S. perrochemical industry as jt attempts to
respond to the demands of legislation — especialiy
the Resource Conservation and Recovery Act
(RCRA.

Table 2 shows where the money will be spent,
along with additional money going into environmen-
tal controls for processing equipment. Cat eracking,
for example, will incur costs amounting to about
10% of the toral spent. Other areas, and the percen-
tage of their expepditures allocated to environmen-
tal, include: stacks (iG-70); flare gas recovery [75);
flare system [50); new floating roof tanks {20,
hydrocracking (10-30); regenerative caustic systems
with sulfur recovery [25); sulfuric acid |35}, cooling
tower (50); sour strippers and/or oxidizers {50).

Among indusmes, the U5 HFI ranks first in EM
investment, says the U.S. Department of Commerce.
Some 106 peurochemical companies reported that by
nid-1979 they had spent $3.36 billion ~—in a2 5-year

riod — oo new pollution control facilities. [And
Lsey are spending $350 milliop a year to maintainand
operate these facilities). The corollary figure for refin-
ers is §2.96 billion.

Asmore demanding regulations emerge, the cost of
compliance rises exponentialiy. In the U.S., the
expenditures level increased dramatically zfter 1977
in respanse t0 the more stringent reguirements of the

-

Clean Afr and Clean Warer Acts enacted that year
Chemical Manufacturers Association (CMA) est-
mates thar another $3.5 billion will be spent by per-
rochemical maoufacturers between 1980 and 1985.
Refiners and natural gas processors will spend abouz
33 billion in the same period. [f proposed Rew regula-
tigns from EPA go unchzllmgcd this capita! cost
estimate Lncreases 57% !

The petrochemical industry accounts for 12.5% of
al] U.S. poilution control expenditures. Refining and
natural gas segments of the HPI account for abour
10%. And each dollar of jovestment for pollution
control adds 23c to annua) operating and mainte-
nance costs, according to CMA.

For some companies, the percentage of capizal
expenditures devoted to EM can run higher than
20%. DuPont, for example, estimmares that it will
spend $1 billion through 1985 for new plant, and that
33% of this money wil] be for overall environmental
regulations. The company installed §!V million
worth of emissions controls at a Texas City plant 3
years ago. Now, ozone non-attainment there will cost
DuPon: an sdditicnal $27 milhon.

By mid-1979, 1.5, peurnchemical companies had
invested more thap S100 rmillion in solid waste faetli-
ties alone. They cost $50 million annually to operate.

Legislaton is the imperus for much of the EM
activity woridwide. It will cost the U.S, pairochem-
ical industry about $1 billion yust to upgrade surface
impoundments of landfills under the RCRA, esti-

" mates Union Carbide. Meapwhile, in the refaing

segment of the HPI, it is reported by API thar refipers
wili bear the brun: {75% ) of the petroleum industory’s
overa]] expenditures.

The HPI will have particularly hugh spending levels
during the next 3 wo 10 years as the response tolegsla-
Lo matures, and 45 numerous expansionfrevamp
projects get under way With them will come the need
1o make these projects environmentally responsive.

TABLE 1
1581 HPI CAPITAL EXPENDITURES FOR ENVIRONMENTAL MANAGEMENT
Millions of Dollars

.. AlIR WATER LAND & OTHER TOTAL
U.5. Refining & Natura! Gas Processing $ 505 5 177 5 15 8§ 897
U.5. Petrochemicals 376 3oz 1893 871

TOTAL U5, 5 881 5 479 5208 51,568
0.U.5. Refining & Natural Gas Procassing 52,525 $ B8a5 % 76 $3,486
0.U.S. Petrochernicais 956 S42 e 1872

TOTAL Q.U.5, $£3,481 51,427 5450 55,358

TOTAL WORLD HF 54,352 51,906 5653 55,926

% OF TOTAL &1 28 11 100

VvI11.-D-1-1
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T4,
15.
16.
17,
18.
15,

21,
22.

20,

MAJOR AREAS OF HPI SPENDI

AlR
Bag fiters _
. Closed pressura and et valves
system
SO boilers

Crude or residual desutturizanon

. Dust suppression systems

Electrostatic preciplators
Emusson and ambiant gir
maznitoring

. Eovvirgnenial mandonig

SLipnent

. Fabrc fllera and baghouses
. Floating roof tanks {conversion 10}
. Fuel gas casutturizatan (amne,

elz. ) .

. Incinaraton of wastg gase
. Increased processing for lead

reduction

Instrumentaton

Loak delecuon SySiems

LPG odor contmp! fTacdlas
Mondating equipment

Odor control

Sarmpiing Squipmiend

Smokg coninpl of fired heaters
Smokeless Hame systems
Sour HzD stripoer OH. recovery
faciities

TABLE 2

23. Subiur recovery plants and
Sysiams
24. Vapor recovery syslems

WATER

1. Activatad carbon absarption
2. Activatsd siadge planty
3. (AT fictanon
4. Ballag and bilge shore e atman
tacilities
v Causit treating {spent)
Clanficalion
Coiloctson sysiems — separate
Sower, Blo.
& Deep well disposal
8. Environmental monitaning
Ul
10 Flocoulators
11. Flotation equitment
12. Mechamcal agralors
13 Monitors

TR

15 Oily witia tragtnent

18. Chadgticn ponds Ang mechangal
aerators .

17. Sarnpling equipment

18. Sannary seweiAps systamsy

19, Siudge dewatenng equisment

t4. Qil recovary and handling systems

20.
21
22,
23,

24,
25

"

Fur —_—
FOWE NG EL Mo

-k L
Lol )

NG FOR ENVIRONMENTAL MANAGEMENT

Sludge tarmmg

Sludpe incinerators

S pent caustic traating systems
Spill boomy &nd olher Spill cleanup
SYLANT T .

Tank battom disposal and
treatment 1gcities
Trickling fier planis

LAND AND OTHER
Balflas (noisa reduchon)

. Envirpnmental monmonng and

sampling aguipmenl

. Equipment noisa insulation

Fira wallS Or 2 dikgs
incimerators *

. Insulation 5

Land restoration, mvegetabon. eic,
Lanascaping ’ :
M uffig rs

MNoiza ingirumantation

Noise protective equiment
{personal}

. Sanuary land fills
. Scrpgning o bufenng
. Solg wasie hauiing and disposal

aquipvnent

NOTE: mary other HPI 2reas have hliocated 10%-75% of their capai spanding 1o EM (ses text),
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AL AL A'HENEKEY

PROTECTION/
SAFETY AND
,OB TRAINING
TRENDS

FIRE PROTECTION

Massive capital expenditurss on HP! fire protec-
tion are expected for 1981 ~— about $1.15 billion in the
U5, alone, and anotker $& billion =lsewbers. The
"driving force for this capital outlay is th= soaring cost
of HF] losses. It takes almost twice the number of
dollars in 1981 as it did in 1974 to replace, for exam-
ple, 4 burmed-out processing unit. 5o concludes
Industrial Risk Insurers, major insurer of HPI facili-
ties. [R} also reports that 85¢ of cach premium doltar
Dow poes to pay off losses.

Anoather influence on 1981 fire protectjon expendi-
tures is the expected surge in refinery moditications

cr e mpm— ar Eagheedd e paU Vel UUADLITY O neayy,

sowr crude oils. In the petrochemical scotor, anumber
of new plants will be under constucton — large
ones that will calj for management 1o go the “extra
mile” on fire protection.

With these developments will come the need for
modem fireproofing insulation and cladding, valves,
contral instrumentation, deluge systems and explo-
sion-proof electrical gear,

Roughly half of the fire protection capital invest-
ment will be for vapor detection equipment, arres-
tors, exringuishing ageots, sensors, pipe racks and
sprinklers, foam delivery equipment, ail rypes of fail-
safe contols and operating equipment, Hre trucks,,
hoses and nozzles.

Systems 1o protect storzge facilities will be the
subject of special artention, as the value of feedstock
and product rises exponentially. Of particular incer-
est, in this area, are new sysrems developed for
inert gas blanketing of tanks and sub-surizce
foarn injection.

Additional loss-prevention dollars will go for
replagement packing, gaskets, fittings apd other
sensitive equipment that hes a2 history of causing
fires, explosions and detonations when it fails.

_ A more complete listing of HP? fire proteztion and
fire fighting materials, equipment and services is
given - Table 1.

+  TABLEI

HP| FIRE PROTECTION/FIRE FIGHTING
MATERIALS, EQUIPMENT AND SERVICES

Alarms Extinguishing systems
Arrestors Face masks, protecive
Barricavles Fite doer closing devices
Books, manuats Fire doors

Boots, rubbar Fire doore, fusibie links

Hydrants

indicators

Inhaiators
Instructional matenals
Instrumentation

Resuschation tramner
Resuscilators

Rope

Scaffolding

Schoots, fire

Breathing apparatus Fire exit hardware nsulation . Signs, fire segunty
Brooms, fre fighting Fire-explosion nazand Laddar accessories Simulators, training
Chemicals for lire evaluation seryvice Ladders Sirens, signals [see
extinguishing Fira thucks Masks, protective alarms)

Ciosed circult TV First aid materials Megaphones S prinklef heads, valves
Clothing Fittings Monitors Sprinkler systems
Coatings. . Flame retardant buikling  Nozzles Static control fabric
Compressor, air, portable malenals Piping p Static electric detacior
Controls Flame retardants Fowdgers, dry chemical Stati¢ eleginic efiminator
Covers, self-dosing Foam Public agdress systems  Static eleciric grounders
Deluge systems Generators Pumps Training aids
Detectors Ground fault circuit Purification equipment, air  Trucks
Dry chemical extinguishers interrupter Ragio, two-way Vacuum, wel pickup
Electrical equipment, Grounding devices Rescue eguipment Valves

explosion-progf Headwsar Respirator accessories Vehicles

xtinguishing agants Hose Respirators Ventilating devices

Water gelivery system
VIII.-E-1.1 Market Cata 1987 — Prapered by Hydrocarion Processing
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SAFETY AND HEALTH .

Personnel safety and health will be the target of
5900 million in 1.5, capital expenditures. The focus
on bealth continues, as OSHA intensifies emphasis
in that area. Health has dominated the agency’s con-
cerns sihce abour 1976, Added pressure srems from
the Toxic Substance Control Act. The resuit will be 2
“boom” year for marketing of analyzers, detactors,
sensors, respiratory equipment of all kinds, protec-
rve clothing first aid and rescue equipment, roxicol-
ogy and kygiene literarure, 2nd health-orientad qain-
ing programs.

Expenditures in 198! for personnel safery and
health will be tuch larger ourside the United Seates.

TRENDS IN HPI JOB TRAINING

Training acrivities will extend far beyond the
health-care type mentioned abave. In the U.S., HFI
compagnies wil] vest about 330,000 to tain each
new operator in 1981, Similar ontlays can be antici-
p_atncfl for entry level craftsmen and eechnica) profes-
siomals.

How will this maining be designed and adminis-
tered? As in recent years, lecturing will be deempha-

Masat Data 1887 — Frecared by Hydrocarbon Frocessing
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sized in favor of multi-media, interaztive systems
in which rrainess test thetr skills and knowledge
throughout the program. Much of the instruction
will be self-administered and self-paced as more pro-
gramed instruction marerials come on line,

Supplementing custom-tailored rraining modules
will wany from “off the shelf,” delivered in a
variety of forms — from flmstnps and slides to color
videotape.

Workbooks, texts and related hterarure will be in
grear demand, especially if written for novices and if
readily translaczble into other languages. This is o
facilitate the growing marke: in technology wansfer
through training. .

The year 1981 will see a record expenditure for
training materals, consultation, equipmernt and
services. As in the past, operator training —
especially -~ will be individualized for each plant
This lack of uniforrity leaves the door open for a
host of oppertuniries for training-materizl scnpr and
manual writers, consulting firms, publishers and
audia visuzl companies.

There is also a growing marker for high quality
s¢minars and short courses that can meet the con-
tinuing educarion needs of technical professionals,
and for the “how to cope” aspect of compliance with
health/safety/environmental laws.
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te discuss this subject, and 1 feed very ungqualified to
hardly describe this phase. we must assume rthat step two
has been accomplished, to some more or less degree of success.

Steps one and two cannot usually be accemplished without
outside aid. However, every area of the world--no matter
how remore--has its entreprensurs. These may range from
the small boy selling water from his sholder bag all the way
up to rhe Royal Shiek. These people are gamblers, but they
are willing to take risks. And above all they know their
market and they know thelr customers and they can contribute
to these developments.

In speaking before the Society of Chemical Tndustry in
The Hague this past October (22 OCT 1979) on the subject of
"A Positive Artitude to New Producers," Mr. W. C. Thomson,
bDirector Shell International Chemical Company concluded with
these remarks: :

"European chemical companies have not been rencwned for
falling to seex out opportunities for profitable ventures.
With the balance of advantage on costs of production for
some chemicals shifting towards new areas, I would expecrt
to see an increasing number of Eurcpean companies taking
positive steps to0 associate themselves with new producers in
their venture."

"“"That we have the skills to do so, there can be no
question. That we have the enterprise, I have but little
doubr . But is is fundamental that we should seek to obtain
g fair reward for making these available to the rest of the
world,"

Mr. Thomson had mentioned earlier, "'The notion of making
room for new producers in the markets of Europe is completely
alien to the tradition of ferocicus competition in the chemical
industry . . . New entrants must expect therefore to be
treated exactly as other cowpetitors in the industry.'-

Mr. Thomson also presented two Interesting illustrarzions
which bear directly upon the problems of induscriailzation
which we have reproduced here as Plot Neo. I-5 and Plot I-6.
In Plot No. I-5, European costs have been indexed to 100 for
197% for comparison. The difference in the 1979 projections
and rhe 1974 projections reflect the doubling in the price
of naphtha for Europe and the increase in the Arabian Gulf
location factor from 1.2 times Europe to 1,67 times. TFreight
costs have been assumed as the same with an increase in |
duty of about 40 %.Notice that with these increases and
holding the cosr of energy constant in the Arabian Gull that
production costs have shlfted te favor the developing areas
except for vinyl chloride monomer.
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vomparative costs of chemical production
in the Middle East and Europe
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Ref: W. C. Thomson, Shell Imtermational Chemical Co., 22 Ocr 1979



Principal assumptions for 1979.

Feedstockfuel .

Naphtha in Europe at 3250/tonne.
Ethane in Gulf states at 35¢ or 1652 per million Bru.

Capital
Location factor for process plant (alone) erected in Guif equals 1.35 umes Ecrope.

Extra infrastructure costs in Gulf ratse the overali location factor o 1.67 times
Europe.

Loan finance (100%) in both Europe and Gulf staies.

Manpower cost
Cost per operator man-year in Gulf states equals two-thirds cost in Europe.

Plant laading
Long run plart loading equals 80% in both locations.

Different assumptions as were applied in 1974

Feedstock/fuel

Naphtha in Europe a1 $123/1onne,
Ethane in Gulf states at 33¢ per million Bru.

Capital
Location factor in Gulf equals 1.2 times Europe.

Finzncing by 100% equiry, with real return on capital, in both Europe and Gulf
states, -

Manpower cost
Cost per operator man-vear in Gulf states equal 1o that in Europe.

Ref: W. C. Themson, Snell Internetionz: Cnemical Co., 22 Oet 1979
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Planning an industrial complex

When beginning the study of any industrialization con 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 must be fully understood that this basic assumptien
carries no endorsements or condemnations for Central Planned
Economies. This is simply a statement of fact., We find thar
because of the many complex socio-econcmic and politico-economic
circumstances which exist, 1t is required that central planning
exist and function for any industrialization--on a significant
scale--to come into being.

Out purpose here will not be te discuss .the development
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 thet their functioning is the initial
step towards industrialization within developing and/oxr
emerging countries.

Therefore, we will refer simply to The Ministry and
emphasis the important initial andé conrinuing role they must
Play as we proceed from project evaluation to conception to
commissioning and finally teo obsclensecence.

We will illustrate the importance and application of
all facets of Cost Engineering as we proceed wvery rapidly
through the vast and complex exercise of conception to
obsolescence,

The Ministry and the Contractor

This first Flot NKo. II-1 highlites the importance of
this relationship. It overlooks the details and complexities
we shall discuss latter.

Planning an industrial complex

. Requires close cooperation between The Ministry and the
Conrractory

. Starts with & 5-year plan (or similar government poal)

o' ' The Ministry develops the Master Plan using olanning

studies by Contractors {and others) as inputs

The Planning Stucy usually includes these basic tasks
(See Plot No. I1-2}:

Market study (domestic and export)

Feedstock availability study

Site survey

Definition of possible feedstock/product combinations
Techno-econonmic comparison of selected combinations
Selection of optimum combinations

Detailed analysis and specifications for selected
systems

MORE



v} Feasibiliry Report

Next we must consider another important part in this
exerclse, and this is--
o The Makeup of the Study Team

This is the most Important. The best and most gualified
indivicduals freom both The Minristry and The Contractor must
be directly invelved. They rust develop mutual respect and
trust so that all transactions will be completely and clearly
understood by all concerned. The Leadership in this Study
Team is often a2 deciding factor upon the success of the |
Industrial Complex which is the Goal. Often personal traits
can become as important as technical qualifications. At this
stage in planning there will be much compromise and perhaps
modificactions of methods and means toward achieving the goals
established by The Ministry., The people involved must be
flexible and trustful of each other.

Now let us look somewhat more in detail at some of the
different components or groups which comprise this Study
Team and what they must accomplish toward the completion of
the Industrial Complex.

On Plot No. 1I-3 we show some of the activities of the
Market Study Sub-Team,

Master Plan defines goals/possible products
Analysis of domestic demand
Effect of proposed Complex on pricing and the domestic
2COTIOTIY
Projections for future domestic demand
Analysis of regional demand
Projections of possible expert market
Projections of total market potential for proposed
industrial complex

You can readily see the importance of the overall
Master Plan--it actually establishes the ultimate goals each
of the sub-teams must attain.

Also, The Ministry plays an important role in periorming
the domestic demand analysis. Ofren, orher agancies or
Ministries must supply 'per capita' and popularion disctriburtion
data so essential to & market study.

The econcometric model established for internal pricing
must be obtained directly from The Central Planning Ministry.

The Social Ministry can often supply important inputs
regarding the acceptance of the new domestic products. This
can provide insight into possible future growth in domestic
demand.

The External Affairs Ministry will cer:iainly be helpful
to the study team in analyzing regional demand. Often,

MORE



d 1T-3

near-by markets can pgo negelected if'thére is incomplete
effort. applied in studying regional demands.

Export markets are rather special and usually a team
will call in ourside Comsultants whose resources can help in
the anelysis of possible exports.

Once all of these efforts are completed, then the
analysis should indicare the total market potential for the
proposed Industrial Complex.

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

. Feedstock availability study

. Pricing analysis

e “rocess comparison of plants based on alternate
feedstocks

. Transportation analysis

In an emerging/developing ccuntry with vast domestic
availzability of hydrocarbons, the desired feedstock for the
industriai Complex may not necessarily be available. This
may call for additional processing or ancther type of complex
to supply the desired feedstock.

Establishing transfer prices, even in a completely
indusctrialized country, is often difficult at best. We have
observed how suddenly & natural resource with absolutely no
value--flare gas, for example--suddenly became a valuable
and highly priced commodity when an Internal need ne demand
developed. Any viable Complex must establish realistic
prices for its raw materia! or feedstocks. You just can't
fool Mother Nature. We do not necessarily pretend 'world
prices’ but real cost prices in order to prevent problems
developing latter.

Any feedstock or raw material study will surely discover
alternate feedstocks. These should be compared with those
originaliy intended and a careful process znalysis perZommed.
1f any changes are contemplated, now is the best time to
consider them and not after the Complex is complieted.

‘' The feedstocks tay not be located atr the optimux Complex
site. Or, the transportation resocurces to move theé Procucts
ro the consumer o2y not be near either the feedstock spurce
or the resired marketing areas. Therefore, franspor-artion
resources for both must be carefully studied by this sub-tean.

Site surveys might appear to be a very simple task.
However, there should be a very systematic epproach te site
selection. On this Plot No. II-5 we show a very abbreviated
version of such a system.

. Site surveys
. Check list

MORE
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. site comparisons
» Transportation/Shipping

This sub-team must actually visit each proposed Complex
site. The Check List must be applied equally to all proposed
sites. This subJect of Sire Selection is very complex and
could very well be the subject for a full weeks intensive
study. Time does not permir & discussion of the Cheek Lists.
However, these are available from many sources in the .
published literature,

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

Fty

When considering the Transportation/Snipping aspect o
any proposed site, this team must consider getting the
original equipment and materials with which to construct the
Industrial "Compiex to that location. They must consider thne
infrastructure needs during constructieon and latter the
operation of the Complex. Also, the products must be moved
out continuously to the consumer. And feedstock mus:t be
moved into the Complex.

Envirpumental control for each site will vary considerably
and these mist also be taken inte consideration.

Let us assume the Study Team have all been doing their
job well and thelr reports are In hand. The Miniscry must
now make some difficult decisions. They have before thenm
the reports and ~indings of several study teams. When all
these data are compared with the Master Plan, we come Lo

the nexXt cross roads as shown in Plot Mo, IT-6.

Selection of oossible feedstock/product combinations

- Minirmum econonmic size for alternate flow scheme
. Feedsrock availability/pricing
. Projected size of market

¥ow that The Ministry knows what feedstocks are aveile:le
and their likely availebilivy and price along with some Idea
of the projected market--some important cecisiens can be made.
Along with the Contractor, they can study feedstock/product
combinations. The physical data for each site zlso enters
into this process. And when and how shall all this product
be magkétred. This is indeed an lmportant phase in
Compldx Planning. :

Even tentative agrecments reached at this stage will
have direct i{wmplications througheur the remainder of the
study. It is here that the Contractor and the other Consultant
working closely with the team Irom The Ministry can make an
important input.

The Contractors expertise can be guickly brought to
MORE
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Play when studying alternate flow schemes. He can introduce
the many other variables inteo the equation and advise The
Ministry of the available options.

The next imporcant step must now be faced head-on. And
this is outlined on Plot II-6, -
BEleck flow diagrams/material and energy balances
Analysis of available technolegy
Utiliry and offsite requirements
Investment cost estimates
Operating cost estimates
Economic comparisons
Sensitivity analysis (feedstock/product price,
produccion level,‘and total investment)

LI I N B I

A well qualified Contracror can make these comparisons
racther quickly for The Ministry. At this stage in the planning,
until rhe scope is firmly established for the Industrial
Complex, estimates are usually made on an order of magnitude
basis or ar best plus or minus 15-20 %. This permits The
Ministry to make rapid decisions. Of course, the basis for
aill the estimates and comparisons must be understood by all
parties concerned. Freom these will come the guidelines for
the final analvsis which is discussed latter.

This tudy tear from The Ministry along with the Contractor
and other Consultants are now at the point where fim
committments must be made, This is realiy the selecrion
step as shown in Plot He. II-7.

Fianl selectlons

Selection of optizum FEEDSTOCK

Selection of optimum PRODUCT

Selection of optimum SITE

Selection of optimum PRODUCTION RATE

Selecrion of optimum PROCESS CONFIGURATION COMBIRATION

All of the data collected and analyzed alomg witid Irying
to conform as closely as possible with The Ministrys
overall plan are used in these fingl selections.

When agreement has been reached on these selections
then de:tailed analysis and a conplete set of specifications
for the selected system is prepared.

ﬂqot Ho. II-8 chows the final culmination of this
planning effort.

Feasibility report

- Provides basis for internaticnal financing ]
. Provides basis for proceeding immediately inteo fne
bidding stage of the project

MORE
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At this time The Ministry is ready to call upen 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.



Pror Mo. 11-1

PLANNING AN INDUSTRIAL COMPLEX

REQUIRES CLOSE COOPERATION BETWEEN MINISTRY AKD
CONTRACTOR

STARTS WITH 5-YEAR PLANT (OR SIMILAR GOVERNMENT
GOAL -

MINISTRY DEVELOPS MASTER PLAN USING PLANNING STUDIES
BY CONTRACTORS (AND OTHERS) AS INPUT



PLoT No. I]-2
PLARNING STUDY INCLUDES BASI{ TASKS

MARKET STUDY (DOMESTIC AND EXPORT)
FEEDSTOCK AVAILABILITY 5TUDY

I
SITE SURVEYS

DEFINITION OF POSSIBLE FEEDSTOCK/PRODUCT
COMBINAT IONS

TECHND-ECONGMIC COMPARISON OF SLECTED
COMBINATIONS ll

SELECTION OF DPTIMUM CUHBI?QTIDN

DETATLED ANALYSIS AND SPECIFICATIONS FOR
SELECTED SYSTEM ,

i
\

!
o

FEASIBILITY REPORT

i



L+

2 W ° o

Peot No, I1-3

MARKET STUDY DETAILS

MASTER PLAN DEFINES GOALS/POSSIBLE PRODUCTS
ANALYS!S OF DOMESTIC DEMANT

EFFECT OF PROPOSED COMPLEX ON PRICING AND DOMESTIC
ECONOMY .

PROJECTIONS FOR FUTURE DOMESTIC DEMAND
ANALYSIS OF REGIONAL DEMAND
PROJECTION OF POSSIBLE EXPORT MARKET

PROJECTION OF TOTAL MARKET POTENTIAL FOR
PROPOSED INDUSTRIAL COMPLEX -



PLn] No, !l-4

RAW MATERIAL STUDY

FEEDSTOCK AVAILABILITY STUDY
PRICING ANALYSIS

PROCESS CdHF’ARISDN OF .PLANTS BASED DN.ALTERNATE
FEEDSTOCKS

L



PLoT No.

SITE SELECTION

SITE SURVEYS | )
CHECK LiST
SITE COMPARISONS )

TRANSPORTATION/SHIPPING

I1-5

L
L]



Pror No. JI-BA

~ SELECTION OF POSSIBLE FEEDSTOCK/PRODUCT COMBINATIONS

o  MINIMUM ECONOMIC SIZE FOR ALTERNATE FLOW SCHEMES
M FEEDSTOCK AVAILABILITY/PRICING

9 PROJECTED SIZE OF MARKET - o b



Prot No..l1l-b -
TECHNICAL=ECONOMIC" COMPARISONS

BLOCK FLOW DIAGRAMS/MATERIAL AND ENERGY BALANCES
ANALYS1S OF AVAILABLE TECHNOLOGY

UT?LITY AND DF;SITE REQUIREMENTS

INVESTMENT COST ESTIMATES

OPERATING COST ES+IH§TES

ECONDMIC, COMPARISONS

MSENSITI?ITY ANALYSIS {FEEDSTOCK/PRODUCT PRICE,
PRODUCTION LEVEL, AND TOTAL INVESTMENT)



PLot No, 11-7
FINAL SELECTIONS

SELECTION oF opTrMuM FEEDSTOCK
ISELECTIDN oF opTiMum PRODUCT
SeLecTion oF opTimuM SITE

SELECTION OF OPTIMuM PRODUCTION RATE

SELECTION oF opTiMum PROCESS DONFIGURATION COMBINATION



Frot No., 11-8
FEASIBILITY REPORY

0 PROVIDES BASIS FOR INTERH#TIUHAL FINANCING

9 PROVIDES BASIS FOR PROCEEDING IMMEDIATELY INTO
BIDDING STAGE OF THE COMPLEX



International
Pr'njact Finance

Know finance scope

angd structure

LConsider thase aspects of risks relevant
{o supply and sales, construction peried,
operaiing profit margin, and pofltical
&nd exchange incontrovertibillty

E. A. Tondu, S1one & Websier Engineering Corp., New
Yark, N.Y,

IN THE INTERMATIONAL Ficld the proportien of “true”
projeat inandng—projects financed by lenden with-
oul full rezourse 16 the project's shareholders or vther

"sponsors—is small, but growing rapidly. Even in the,
Third World and Scciabist Bloc countrees where pro-
jews are normally finzanced against government guar.
antees on the corresponding leans, there is emerging 2
growing interest in financing plant——including those
that do not nuve a foreign ivint venture partner/offuak-
er—with only supplemental host country finanaal sup-
port in the form of certain undertakings.

Seme of the {ollowing comments may only be par-
tially relevani 1o cases where the owner, often a Third
Werld pevernment ageacy, wants 1o build a projeey re-
gardiess of ercnomics or cost, and has the credirworthi-
ners ta 4o sa.

Protection sought. If the debt finandng of a projec re-
sics{or tepayment primarily on the cash flow of the pro-
Ject isell, in «ddition 10 proven wchnology. owners/
sponsors with acceprabie credit standing 2nd 2 hospita-
ble politcal environmem, porenuzl lenders will insist on
protreticn against:

1. Suppily and sales risks.

2. Consirucuioen period risks.

3. Operaunng risks,

%£. Operating profi margin nisks.

8. Polidczl and exchange mconverubility risks.
Suprly and sales risks. Afier analyong the project's
=eonomic feasibility study, potential lenders will nexi

verify long-term raw materialienergy supply and prod-
uc: affizke agreements. Ideally these agreements

AYLROCAPROM PROCZSSING  DECEMBER 16T

IIT,- &4 - 1

should include deliver-itor-pay (i.e., if vou don't ce-
Liver, you pay instead) and take-or-pay {i.e., you pay re-
gardiess of whether the procuct is available for delivery
or whether you ke delivery} provisions, preferably
with specific starting dates.

U.S. suppliersfoffuakers, in particutar, are reluciant
10 agree to these types of clauses. They represent a di-
rect rather than a conungent financia) obligation. They
are thus classified as such by their auditors.

Priniary considerationa. When arranging the financ
ing package with private-secior awners/sponsors, strut
ture their vanous undertakings so that their auditors
will classifv them as footnote coningent labilies rather
than direct liabilities shown on their balance sheers,

The price provisions specified in tupply-offtake
agreements are usially a major bone of contention. Off.
takers air; either for a predicuable price structore or for
a te tointernational market prices Jor the product, Sup-
pliers naturally want 1o maximize their revenues and at
tewst cover their costs by an adequaie margin. Lenders
wish to see the relaton of supply 10 offiake prices struc-
tured so that an adequate project company operating
profit margin and cash flow are assured,

Construction period tisks, Cost overruns, completion
delays 2nd plant operability in accordance with contran!
sprcifications are the principal risk arzas.

* Com overruns often are provided for by a cost over-
rus standby agreemem {i.e., if costs exceed a predeter-
mined target, the cwners/spensors agree 10 inject more
equity «apital or subordinaied debt inwo the project
company 1o cover the addivonal costs).

More unusual is a formula price offtake agreement
which includes z facior to cover amortization of the ad-
divonal financing required for cost overruns.

Lump sum/fixed price turnkey contracts are another
possible solution. However, the contractor may be bid-
ding in an inflationary environment. The plant location
may be in an area where historical construciion costs are
no! avzilabie or imprecise. Thus, the conungency mar-
gin the contractor has 10 include in his bid price may
make the project ecenomially unleasible.

Lenders generally ingist on cost overrun standby

M
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agreenenls from the owners/sponsors even if 2 fump
sum turnhey contract for the facility is awarded. Thisn
because of the risk that the contractor ey walk away
Trom his contract. 1t has happened in the iniemational
fiel] more than once in recent years. Recovering, from
whr contracior, sufficient funds wo compiate the facility
has proven difficulc

M & projecy has in effest only one owner/fspansor with
an impeccable credit rating, 1t is possible to finance a
project dunng the constricticn period against a firm
taks oui commitment. And this inciedes funding of cos
overruns. There need be no additionzl financing agree-
ments. A firm take-out commitment states that the
ownerspensor will: )

fa) cither arrange permanent financing by a certzin
davr.or 7

fh} pav out the shon-term note hoiders by a cerain
darz,

¢ Completion delays can te covered by completion
agreements. Here, the ownersfsponsors underuke 1o
guaranies the project company's debi if completian de-
2ys bervond agreed-upon allowances accur.

Take.or-pay, deliver-or-pav and take-put commil-
mens with rpecific sianing dates may be 2 satisfactory
stberiruis 1o Jenders depending on the projea con-
Cerhind.

¢ Plant operability in accordance with specifications is
ofien guaranteed by the turnkey contractor. His guar-
ariee 15 normally imiled, bowever, to a specified liabil-

iy amaunt which may nat cover the funds required 10
bring plant production up 1o agreed-upon standards,

II1.- A ~ 2

¥ F

L

3
Therefore lenders will often ask for the owners/spon-
30Ts to directly guarzntee the project company’s debe if
Specified amounts of production ar specified costs are
not achieved during the plant westing period »
Again, certain other overlapping underakings may
be a satisfacrory substituie 10 lenders.

Operating proflt margin risks. Adequate operating
prafit marging could be covered by factors m Lhe fo:-
mulz product price allowing for cost of raw mailerials,
power, labor, ¢i¢. Lenders usually ask, however, for a
more encompassing working capital maintenance
agreement. Under this agreement, owners/sponsors are
10 maintain the working capital balances in the project
company at a £ertain minimum level. This is to prolea
lenders after the plant commissioning date against alt
unforeseen ¢venis nel covered by caiastrophy msur-
ance.

Nole that a working capital mainienance agreement
may obviatr the need (or cenain other owners¥spon-
sors’ key underalongs such as deliver-or-pay supply
provisions, take-or-pay offtake contracts and plant
operabiliny guaraniees. However, auditors may want o
classify working capiial maintenance 2greementis as a fi-
nancial guaraniee of all the project company’s obliga-
uons.

Palitical and exchange inconvertibility risks. In areas
of the world where these rishs are significant. lenders
may ask for an insurance palicy issued by Overscas Pri-
vate Investmem Corp. or privaie insurers such as
Llovds of London.

The definition of events under which palitical risk
claims are paid are subject to interpretation at the time

DECEMBER 1978 HYDROLARBON PROCEESING



claimi are filed. Lenden therefare ofien prefer 1o rely
on Other Owners/iponsorn’ undeakings chay alread y
are inztuded in the proje finanting smacure, I par-
ticular if one of Lhe cemerysponsaTs s 2 howt country
EOVEITITTHL g ney, The value of the Father expentive
pelitical risk inqurance is ofien questionable.

An enchange inconveribilny evenc is saseer 10 dem-
onstrae 10 the inurer. Therclore sdditions! ownersy
Spofsory’ aderukings are normally net required by
benders 1o cover thit corsingency.

Imcreastnpfy, whetr an inwermatonal FEnCy ParLic-
Faln in che projea asowner o7 lender, other sources of

inanceng ingist on ¥ ross defaull dause in gy loan

Zgrecmenls, Leing Jutomak d4faut an the nivrma-

mul aginoy financing direcdy 10 default on e
L

IMPLEMENTATION

In partecciar, when export redilprocyremens
agreetmenls with severil supplicr mrunibies fors, partof
4 propect’s fnanan g sirucmrt, impiemenanens of (e
vanoul finandng a ments deptrves doe aenbion,

Muce than ance both contracion and ownerpipun.
T have founrd they have sighed commenciai contran
coflitions that canrot be implemenied becauw of the
it of the finandng—ic partu'ar cipon credi
ApTeemmey L.

Look carefully st inese areas:

Vedor gustantess. I the projen owner or te een-
iracior the direet bereficary? In e ate of afl lemp

FLM fonratls plus ¢eMiin con reimbungbie coniracy, °

the DONLFACEET 13 required o order in his 0w name, Ao
A puTChasing agent Jor his clienl In meh cases, the 0
enl recovers for lateat defeots, i, frem the congmy tor.
The contracior incurs the rortingmm wasility of having
D A mpd 10 Fevoneet 1 2T frn the reley act venders,
ie. “Swnding in front of the vendor ™

Tothe e of xpo=u 10 Third Werld couniries, gppe-
auly. Ravernment £ xpon credilagend e aften try L@ in-
clude « pravizion in Lr:i.' crrdit agreernanis spealying
thar all vendor gua: anteer be isstend Lo U @nircer,
even if the conracwr w placing the ardert as purcha.
inig aben on behalf of his rhent From the expon credit
ageney point of view, this avouds dispures berweer sheir
Ipcal venudors and the agenoy's debuigr,

For thr wme reason (voidance of dispures with thieir
debtoni) these credu agencier aisg ofien iy 1o indude a
prroevivion i their loan agrsements radng that of their
deidar refused 10 pay, audg as reasons lauly wal ar
inherenydefoa, the sgency Saa Tull puromalic recoyras
1 the conlractor For the amounis owed 1071

WENIOT PrOgrEss [y YIntS. Tuppose Lhe Conirador is

Furchang melsriale and Squipment m by own pame.
Rere, care should he taken that the progres pavment
pravisone—including documenwtion requikemenny—
olthe expurt creditugreements ard Lhe relevam Letiers
ol Credn (L6, are pimiarly incioded in bhis procere.
At DORIfa w TN vendeeTE.

Latiars of erpait. Dnburiement of the ogn proceeds
for 2 preject iy vormally elisoed through Lhe lead oom-

Abourt thy suthet

Ednacwry & Trompnw tha d5rscion. Sapumal per.

TN of Sions £ Wity Engrnamg Comp,, !
Naw Fork, Hu pirgcinrer and arTamg
Sinamcing for ot oyt ac inorrmations |
Optrwotion prycls Shderiolom by S8 o ¢
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mercal bani for the finandng patkage optning tuc or
more L0 0 faver ol the contracior andior vendorn.

The methodi-of.payment 1ection of the comnerrcial
corErasy, bt exponl <redit agroemenis and the other
bear. sy rem=ni should previde for;

1. Aregular smomatic loan disbus semen procedyre
1e increnac the unused amnurt of the LACs 10 mawh fu-
UIT Expengdiiure mplimates, ineluding purchase order
CUMMIGMETts, ¢ 4T Fgrerd-upon PrOETE paymTI
Echedule inn the cave of Jeimp 1iim conLraois.

. Tauance of LAy direcily in favor af venden if tie
coniraelor ik ordering As purchasing sgent on be hail of
kinchient.

3. Documentaion requitad todraw gnthe LA Can
the cantractaishvendors dras umilaierally o only
agkinal inveices and other documentation coumter:
vipned by che cliem

Performance bonds. In particular, in Third world
CrAstries. Lhe performance bonds ofien are sspsd by

verc] banis, These may be inthe form of Stndbs
Letrers of Credit racher vhan the bonds ikucd by mwur-
ance corsonier—sandard procedure for U5, domes.
Lt projects.

petiormance sundby LACy ofien contain pre-

vipors peraiting the beneficary t dras an firg de-
Enand wilhgut presenting documentery justificanon. 1f
drivn upen, the spening hank aviomacelly debig the *
account of ita chent, At a resul, such LACe are dapiled
by banky aydemend Joans exiended o their chenw.

- nunately, the U5 government, ssdike ocher
gorveitrnent, doe war ofler 15 com panics Insurance
gt the unjostified calling of pedormance bonds.

Clearly, negotanen of 1he text of performance
Standby LACs s an imporand isu. They represen) a die
tedl contingént femand charge againn an opeming
Perty’s asarc-

As one supplier has found ous 16 ks dnmay, it 3
good id#a to order performance Sandby LACs with firn
demand provisions o be issued only 2ficr you have re-
cered and verified the 1on of the loan procesds dis-
bursemnent LaCx .
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Evajuation method. First we need o consider the
method of econormic evaluation of a risky projec. A
myriad of methods are mainly variations of iwo major
clacees—rthose that consider the me value of money
and those that do not. In the second class we have such
standards 2s "payback® or “payour.” While these are still
used for simpler problems, most anal ysis use one of the
titne-value-of-money approaches. These can be divided
into “net present value™ or "present worth”; of “internai
rz1e of return,” “return On investmeny” or “discounied
coh flow rate of return.” We will refer 10 these (wo
subclayses as present worth (PW) or internal rate of
return [fRR)

While the twu method s are very stmilar, they differ on
how they use the rawe of discounung and the implicit
asstinphion assoclated with this. In the present-worth
method, a discesnt rae is seiccted (subjecuve and arbi-
trary). All revenuss and costs are discounted back 1o
Jofe COramon Teference poinl i tme:

PW =X R /{I + ip ity
H

Irs the internal rmte of rerurn method, we do nol seject

a discount raze. We solve for the rate that would make

: the present worth £iactly equal to 2ero0. When we con-

- sider the initial investumnent, this then gives the rate of

. interest such that the el returns over lime just "pay off
'1he mongage and the interest on the loun.”

' PW is best. Whiie there js stll controversy over which
: of these rwo methods i« apprepriae, JRK is more pop-

“lar. It dues not Tegquire Sefecting 2 dixount rate and’

ey 2 “ranking” measure where more than cne pruﬂrﬂ
' 18 being conudered. However, we favor the PR method
 for i following reasons, The two methods can give
¢ conflicung results and the resdlunon generally shows
! that *the PW picthod is the corTea approach.

v PW is aiso more contervative, This is because of the
: implicit assurzpidon in both methods. The PW method
i assumes that net returns are reinvesied” at the discount
| rate while the 1AR method assumes the returms zre
i “reinvesied” at the intemnal rate of rerum. This i not
' usually grue in the case of JRA. I the calculated JRR i
very iow, we would not reinvest in another 1oser. And if
1 v high, we might not [ind 2nother good project

i wontinuoue discountlng, The second jtem is the use of
vuntnuous discounting. Ia the dassical merthods, PW or
IRK, the discounting is performed 2t fixed poinu in
tirn e—usually annuaiiy. ?lzl'u, th essencs, auumed all
| returns and 2l costs wers aggregated (o one point in
| D,

f Then the "ner income™ vwas determined. In realy,

there is affecuvely 2 conunuous flow of funds. There-
fore it is more reatistic, 2nd as we shall see gasier, (o use
conunuous discounting. If we take the discount factor,
+ (! « i and divide the time interval ino smaller

¢35, it ¢an be shown mathematically, thar in thelimu,

centinuous discounting, the discoumt facior be-
! comes ¢~ o, where v 15 the continuous discount raie anal-
| gpuus to An annua! discount rate, i,

fre fn(l + 1)

Fig. 1—Grmehical poririya! ot the proben.

The use of continuous discounung leads to a major
innovation in ecohomic atalysis, that of ~cash profile™
analysis. [f we take our present worth formula and use

continuous discoundng we have: 1

PWa L Re-ng: (23,
. Jo

(A1 this poinl some readers may remark that they have
not done any calcutus for many vears and wonder how
o do it. The quick answer is thal you do it the same
way you did years ago. The more zppropriale an-
swer follows), '

An pxample. To give a simple example, consider an ail
weil that bas an iniual flow rate of ) barrels per day,
selling at 2 price B The flow declines at a rate of g. We
@n then write the present worth of the revenue from
the well over its economic life as:

(P Rwenu:jl PQe-p e-n dt (3)
o

Byapplymng standard solutions ta this and other func- |
tions, rozinly drawn from Laplace Transform Theory, |
we can rewrite the present worth of the function as: |

)

PW (Revenue) = _£Q [1 ~ . :u:‘ )

r+ g

While its result may look more complicated, it is a Jot
easier to <alculate than estimating the average flow per
year for & fair number of years and then discounting
and 2dding together all these 1erms. For many common
cash flow profiles, including depreciations of varfous
types, the standard form of the result has been deter-
muned and tabulaied. More imponandy, we have ex- !
tended rthese flow profiles to include risk so as to]
simplify those calculavions as will be illustrated in the
NEX! 3ECLoNs, - 4

' IIL.- B ~ 2 |
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TABLE 1—Equations for probabllistic deseription of
project aconomlc life, to obtain ...
present worth. Excerpt from [3, &1
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Before we do the present worth analysis, we must
decide on what discount rate o use. This dererminavon
is independent of the project. Two groups, viewing the
same investment oppartunity may legitimately apply
two radically different rates.

Alse, some analysts increase the discount rate if' it is 2
“risky” project. There is no logical reason for doing so.
Using 2 range of estimates {or the major parameters is
the appropriate way to accowm for risk. The fact that z
project is perceived as being more risky does not affeq
the “cost of money” to finznce i,

1
Severa]l epproaches. To establish a reasonable dis- |
count rate, we can apply several approaches. First, if we |
were to 1ake the required investment funds from some
other form of investment—zavings or secunities, we-
could use the Interest rate of yield on those as a lower
bound. This it known as a *lost opportunity cos:,” We
wouid hope the new project would “ean® a1 leasr ag
much interest as we were giving up. 1f instcad we were
to borrow the funds, then the conirajied interest rate
wiould be our lower bound.

More appropriaiely, we should use the concept of
“next best available opportnity.” If we do not invest in
this project, what is our next best alternative: This w2y
2Ol Ec easy 10 delermine. 50 we @n use some surro-
gates. First, if the organixation publishes an annusl
report with either five or ten year summary of finanda! -
activity, an average rate of return can be estimated from
the equity on the balance sheet and the net rewrns on
the income salemeni. This gives at least a wrger value,

A quicker approach based on some surveys of what
organizauons state that they use a5 a discount rate,? is
simply 10 put the factor at twice the prime interest Tate.
There is no strong rationale for this method, except that
many companies keep half of their net returns as re
tained earnings and disburse the other half as dividends
tastockholders. This makes their vield equivaleniio the
prime interest rate and atracuive from an invesiment
Viewpoint

CLOSED FORM RISK ANALYS!S
FOR AN HPI FACILITY

To illustrawe the use of closed form risk analysis we
will apply this method 1o the problem of evaluation of |
the investment of a hydrocarbon processing facility to
be located outside of the United States.

For economic analysis, this project can be described
by the required invesunent, revenues and cosis over;
ume, the economic life, and the salvage value. Asso-'
ciated with cach of these factors is a cash flow/elapsed |
time r:lat.innshir which we will simplv call “cash fiow!
profile.” We will use these cash flow profiles wogether
with 2 probabilistic description of the variables, i.c., cash
flow amounts and time, 10 build an ecoromic mode) that
will assist 13 in evaluaung the economic return and risk
characieristics of the project.

Veriables, uncertainities. Let us consider the underdy-
ing sources of variability and uncerainty that come into
play in 2 probiem of this type.

If we first consider costs, wr hote thal we can hr::k!
the cost component down inlo two major calegories,

I DECEMBER 19T HYDROCARBON PROCESSING



TABLE 2--Summary of Inputs and results

Cazh Flow .
Expected Expacte! [
Factor vaive Fange ' Distibution | Shape  durstlon FRangs  Distribution |  E{PW) V[ l
el ire. $1 biflon = 10M% Unddom Urwmaxtal £ *1 Unorm | — 5850 mil | $aE 24 k301t
Aevane
P 4 =1 Lirdformm
FAwv, 5% of max” Facl. E 1] - A24 Py, 102 = 10
Ay, RampAriang. K a —_— 177 mil. 17.8x 01
Favy Ract. 10 =10 Uinitorm 3722 md, | 10089 x10M
£2 5 W
1. . Beta
A 51.7 miluon 67.5 mil
oM, Al £ o Liniformn - B0.1 . FYERT. L
Expandtuere
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capitalinvesument and operations and maintenance, We
define capital investment 1o be costs required to imitially
nul the plant into service, and operations and mainte-
nance 10 be ongeing costs associated with keeping the
plant in producuve service, :

Generully speaking, capial investmen: costs will be
expended over a relatively shom wme near the begin-
ning of the project. Operations 2nd wnaintenance costs
will e i:s(.urrcd! throughout the life of the project. Un-
ceruiniy in the capial costs componsety can &ccur be-
sause of such factors.as (1) inflation, (2} strikes,
{4} material delivery delays, and (4} had weather, Vari-
shility in operations and mainterance costs may be due
1o {1} evironmenta! effects, (2} worker productivicy,
(%1 inflauon, and {4) projea iife.

The length af time over which a project is economi-
cally producuve is known as its “economic kife.” This
penod of ime is subject 10 vanation because of factors
such as: (1) premature wearing oui of eguipment,
{2) 1echnical obsolescence, (3} unanticdpated dereno-
rabon in markets, and (4) expropriauon by a {oreign
gOYErNIMEnL.

Cn the revenue side, cash flows may be affecied by a
reduced demand due ta competitive producis, vanation
in the selling price of the praduct, rate of marke pene-
mation, and governmental regulations,

Whan these factors are considered collecuively for the
evalnation of & capital investient project, considerable
variation can be expecied in the measure of the eco-
nomic worthiness of the project.

The MHotogatow plant. For illustrative purposes, we will
romsider a proposal 10 build 2 hydrocwrbon processing
faclity on the ficritinus island of Nowgafou, a nation
with vasl resourcas but a sormewhat hostile and unpre-
dizrable povernment.

The required capital investment in this project 1s esti-
aated to have an expected value of 31 billion (1979).
Y pwever, this amount could vary as much as [0 percent.
The expecied construstion time for the plant is esti-
mated 10 be. five vears bur could be asshort as lour years
oT as rauch as six years.

Operations and maintenance <osis are expecied o be
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five percent of Lhe czpital investnient costs and will
remain appraxirnately constant for five vears, These
cosi> will then increase at 2 rate of 12 percent per veer
undl the end of the project life. (This rate would rellect
the prevading rate of inflation in the couniry). The
range of @ & M costs could be as much as - 15 pereent
to +35 pereent of our jniial esumate.

The plant is designed for an operating capacity of 500
x 10¢ scfiday of product, but it 15 expecied 1o begin
production {around year five) at 50 percem of this
amount and build up to capacity in five years. Revenue
from operations will be generaied by the sale of the
produa at & price of $4/mcf (1573). However, the price
may vary as much as =3$1/mcf.

Expected economic life is 20 vears. However, this life
may be reduced by a factor of two due 10 the nisk of
uafriendly taheover by the Notogafou government.
Likewise the actual economic life may be extended by as
much as 10 years, . )

We will now translate this informaden inwo 2 form
that is convenient for use with our risk analvsis model.

MODEL OF THE PROBLEM

Graphical Model. Based on the description of the prob-
Jem developed in the previous secuon, the firn siep s to
develop a graphical portrayal of the various flow of
funds. These are shown in Fig. 1.

The initial investment is @ negative cash flow that can
be realistically assumed o build up slowiy, peak our at an
early point and then taper off as the construcuon is
finished. For this facior, we chose a unimodal function
with the peak at 1-1/2 years with the total expected flow
of funds over five years w be §1 billion. The variability
in these parameters will be treated in the mathernav-
cal model.

Next the Revenue porien starts at 50 percent of
potential, nises to that amount in five years and then
remains constant for the rest of the economic life. As
will be shown, it will be mathematically convenient 10
break this inwe 3 paris: £;—a constant block of revenue
at 50 percent of potential {or five years, Ry—a ramp or

ELi
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* triangular secion over the same tUme irerval, and R
—ahﬁ:ckOfrrvenu:salfuﬂc:apa:it}'m'trlhcrcmalning
| economic lifs.
i We Lreat the operating and maihienancs cosis in a
*sirpilar manner Again it & convenient to break this
{factor into 1wo segments: OM;—a block of constant
: costs during the first five years of operation and 04y
| —zn exponenual increasing block of costs over the eco-
: nomic bfe (these costs escalate a1 a rate of 12 percent o
 refleq some measure of inflaton, eic.)
' We could have made any scries of assympions with
regard 1o these flow of funds. The purbose bere is to
' itasrrate that any set can be handled fairly easily and
]al;u incorparare risk. Also, we have not expliddy de-
tajled d:P:‘tti.ill:iun or taxes. ‘[his is done mainly for
breviry of presentation. The analysis an be either con-
sidered as being “before taxes™ or Lhat thege factors are
suhsunied in the G & M costs,

!asthematical model, Based upon the graphizl de-
scripzen of the revenues and costs given in the preced-
ling sculion, we now wirn to the conversion of this
inyorretion inte the mathemarical forms required for
aniztysis of the problem.

£ peod maodel for the toral investment is a unimodal
cath rlow prefde that is described by the funcuon:

I, = Rir—pt (5)
where the titne of the maximum rate cccurs at

: -ty (6}
Therefore,

;o= L
g =5 = .67
Alsa, since £ [Fg] = $1 % 109 we Rave that
£ lai= §1 % 109 -f5n=r-cr= T o= 308
0 {7)
L {R1=0.53 x 109 and the range of £ is cbtained
by sushstijuting fo = 1.1 x 1P andf; =
0.9 x 1(3t0 get
43 » 105 = R s 58 = |®

III.-B~5

1}

which yields
VIR] = [ 58 — 48) x 109]2

12

= R3 = 1014,

The revenue from this project begins in year six when
production starts at 50 percent of mpaoty.i.c., 91.25 x
10° scfiyr, and increases finearly up to full capacity of
182,5 x 107 scf/yr beginning with year eleven. The
revenue for this peripd may be represenied by two
funcrions, a <conswant cash flow of amount times price
91.25 x 109 scffyr and a Linearly increusing cash flow of
rate of increass in rmductiun. 18.25 % 109 schiyr times
price. From year cleven 10 the end of the project, reve.
nue is constant at 2 mate of. price imes annual produc
tinh SUmMIMATZing:

Ro={px3i25x i(9) +
£ % (1825 < 189)(1 — 6}
forb®w = 1]
R,= piB2E x 109
for 11 = 1 < project life where
p = pnce in dollars/fi.?

Operazions and mainicnance costs are to begin with
Flam operapons in yrar six and 10 remam constant
or five years. There these costs will increase at a rate of
12%/yT tor the remainder of the project life. Therefore,

Com = 051
Cm, - ,ﬂ'ﬂfog.ll o= 1)

for years & thru 10
far 10 < ¢ = project Lfe.

PROBLEM/MODEL SOLUTION

We pow wish 1o combine these cash llow relationships
with a probabilistic description of the project econoric
life to obwain the expected value and variance of the
present worth of the project. To accomiplish this we will
ust the equations in Table 1.

Note that these calculations represent not only a dis-
coununy o present time, but also the weighting by the
probabilities that the variable will take on values within
the assumed range. Table 2 shows these values for the
example problem for a discount raie of 20 percent. As
will be shown, the variance of the present worth will be
used to quanufy a measure of risk for the project.

TABLE 3—Major pieces of cash flow: expected
- present value, vanance, standard devia-
tion and coefficlant of variation

Elernart E[PW] VAR [ PW] o |rw) ooV
o EEG = 108 2524w 10M 602 x10F D93
A2 BAY 4w 105 1S T % 1014 T 4> 106 1E2
Ry a72.7x10%  190E9a0'  T3B2E-T0¢ AN
B o841 108 JpbEhx 10" 176.3 =108 18t
O, 601 x 108 S e 10 gx10% 723
O, 43,7 x 100 4 % 100 010+ 458
oy 103.8 x 10% 4064 w0 e W

"o Dty ' F = 20
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AESULTS AND CONCLUSIONS

The results of using the cosed-form method for risk

analysis are that the expected present worth of the project
1s $220.8 million andc:ﬁ: varignee of this present worth is
*a51 x 10."4 This second number is 2 bit mind bog-
Jing, and is pot ene that has any intuitive appeal or
insight. Rather we must work with the square root of
this number, known as the siznderd dadenion, which hasa
value of $187.5 million. Again. the number may not
gee a2ny immediare insight But a5 we shall see, it can
provide a wealth of informaticn.

The standard deviation is a measure of the “spread”
or variability of rezults about the mean, :xpcuch.l aver.
age vaiue. From the taws of probability and statisties, we
know that approximately two-thirds of 2! resulix will be
within plus or minus one standard deviation. Jor this
proiect, this means that there is a two-thirds probability
that the acteal present value will be between $32.8 and
$407.5 milion. This is guite a spreac but still positive.

Standard normal distribution. Further we know thar
95 percent of z2ll resules are between plus or minus twe
standard deviztions and alrost all results will be be-
tween plus of minus three standard deviations. (We are
making ap imphcit assumption that the probability dis-
wribudon of the present worth can be modeled by «
Nermal distmbuton). Next we cxn estimate the groba-
Sility that the pruject will have a negative present vaiue.
Using a Standard Normal Distribution table, this proba-
hility is approximately 12 percent {tee Fig. 2.

We now have a “fegl” for the vodds” or nekinessof this |

ro;icl. We can carry this snalysis one sieh further, We
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are r:lat.in%.;h: nishiness of the project 1o s standard
deviation, We can next calculate the cofficient of vana-
tion. This is the ratio of the standard deviation 1o the
expected value of present worth and for this projea
is 0.851. i

To get a [eel for what this number means, consider
the following. H the COV were less Lhan (0,333, then we
would have a "safe” project since minus three standard l
deviations would stli be barely posidve. If the COV were !
about 0.5 we would have abouta 2-1/2 percemt probabil- -
ity of the present worth being negative. If it were near
1.0 this probability jumps to about 16-1/Z percent.

Insights to risks. The intermediate results of our
analysis 2)s0 provides some ingights inic the fsk asse-
clated with the project. 1n Tabie 3, we have Jisted the
expected presen: value, the variance, standard devia-
tion and ¢oeflident of variauon of the major pieces of
csh flow,

{(For the readers who wonder how the numbers are
handled, s Tew rules. Oniy variances ¢an be added io-
gether and they are aiways positive. SD' cannot be
added. The expeaied values can be considered either
positive [revenues) or negative (s and OM) and hence
must be algebraically combined. This is why the “botiom
line was E [PW] = 220.x x 106 Vor [PW] = 551.53 x
101 and $D [FW] = 187.5 x 1t}

From the table we @an see that the major conuribution
1a the'variability are the second parts of OM followed bry
the comparable part of revenue. This is logial because
this is where we have the largest encertainty 2s 10 the
economic life. 1u like manner, the lowest vanability is in
the inital investpent because there is less uncemainn in
the cost and (rue estimales associaled with this phase of
the project. i

A pood gquantitative analysis. In summary, we have
demonsirared how a praject involving a major capital .
invesunent in a petrochemical plant to be built it a
foreign country can be analyzed. This analysis can take
into account the riskiness of the project associaled with
the uncerianty i the cost and Ume estimates. These
esimates and their range c2n be obtamed from the
knowledgeable people in the project.

These are subjecuve and properly biased (on expen-
ence) estimates that an be converted to probability
dismbutipns. These in term are combined 10 vield the
experted value and variance of the present worth. The
variance, and thus s offspring, stzndard deviauen'
gives us a quanttative measure of “riskiness.” Such 2
reasure is superior 10 mare subjective qualitative esu-
mates such a8 "safe bet,” "nsky,” "d——— rnisky” The
alternative 1o using a guantitative analysis is Lo rely on

just judgment and hope someone’s intuition is right.
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Project Finance

How finance impacts

profitability

Cash flow has o dramatic influgnce ¢n
groject scheduls and on t.a money 1o he
mads. This casa history thows how to
Craale B0 economic miodi for Sepital's role
in construction.

o L. Jaivaes and F, A Martin, Pullman Kellegz, Lid.,
Lenghiw, England

AN ELANOMIC. MO L wsing the discovried cash flow
meihod i useful for ploteing saer clatwni bips betm e,

prowet finanang, schedaling. amd profiabiin, Thisw, |

depgnytated here ioa ceve hstory Cthae gewss oo uper-
Anifg eienurss of A Iypical, modern §SC-mn. pertay
ammond plant bawd on raloal g freastoc.. Bl Le-
fare getting ino wpeificy of this cast sudy, 1’ oon-
Lder some imponant finine-relaed gearmalive of
foood | Puea manageimen

¢ 5 " i F
Al ek, ek Syt ] Curlif) b iy M b m, R

gy, Vel Saniefl Dbl £ Tl Moo= gl Whaiees 1 MWL
e P 10 awmorng i S §T 56 e 1w

<1, C -1

L]

Firsaf all, onse the decimar o build ar HPL plant hae
bern madie and contruc fur i project implee nlatian
sigred_ il v e destrabic 10 purchase equipoent and
REIVICEE A 114 Hiwetl pritey presinng (CrRss 2R w it
weeting Senned sandards of qualey). Likew e, it i
REtemary 1o munimize 1he Gilendar LUme spcni in enpe
neenmg, procurement and corsiooin phases, Some
times there reyuirements canflice. A nd Uhe ressluleon of
scehonnflicn wothe beneln of the projeo ay o whole i an!
imponadnt pan of the project manager'y res wins ibilities,

Dz yw 10 progees schedule otour in u nuimbe: of wav
Of parvcular eemeern ane these Irom procedural con.
erainu anpssed U pon Lhe project ieam by wources of in
vestment inance, Here, we'll consider 1hewe telavs thar
arise, an gaimace of their podsible magnande and their
effect on overall projec realization.

BACKGRAOUND TCHIRSTITLITIONAL
PROJECT FINANCING

For the plant gwrier serbing Tunds wes Fineses his pro-
Jject, there are several Dautuivnal sources operating v
2 truly meernationat scale, T hey Tull intw four imain cae-
Fores, each with special charaoerisics ol bsan ferms
and frekds of application. Thise are browgly as lithms:

1. Commreinl Banks. The more Lradilonal whrrce of

apeal fundi, characierized loday by telatinebr shon

loan perinely and non-lixed interest vaes. Aldwwgh

mgTe expensive than caher agendics, an advarmage is the

lack of commercial or pol ical cons Fuin in prupec oy
T i Lo -

L. Natooa! Export Credit Programs. These eaist ioag |
sisi aned eRCOURAR T 3 country's ex pearts of gouds and ser-

vices. Their fundioning is baved wprn the gpetial §eein-!
surance and discour faciliiet made availabie we I:I'rl:rn.|
by government and central buniki. Thus they 4re revep-

tive 1o pdiaeal influence arvd 1end s reflent the Lurem

urade polwner of their mipectine gavernments. Loans

are a1 finedd interen guer medivfy e long pericdls. Thes

are generally tied 1o purchasing guoewds amel serviges

Trom ik counirs of ongin anly. Examples include the

UK. Eapurt Credit Guarantee Deparimen (ECGDY,

U5 Expor: [mparn Bank, el

3. Nagonul Aid Organitstions These are escuially
goveroment o goveroment kxank and are vherefors

DECEMHER 10T%  HYDAOCAHBON FACCEISING
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subpeel 1o some political infhience L jerme vary but
vend 1o be saft (Far long periods 21 bow inerest mates).
They art sametinre ted 190 pply 6] goods and sTode
from the country of oriqin. Evamples include the UK.
Minustry of Orversest Development (Q0M) the U5
Agency for Intermadonal Devebopment {USAID) e

4. International Agencies. These are imernaiional or-
ganizapont tmploring resources conipbuled by gor
emmand of the paTORMRE couniees, togrther wich
incorms from inermatonal bend Biues and placemsnu.
Verv long loan periods a »ry 1w imigrept races mas be
made available to deveboping couniney, Sinct proce-
dural rules require open competition {or the supply of
poods and wervices from member courinet. Eximpies
itode the World Banl, the Asian Developmer Baak,
the Duropcan lnwsanenl Pani rie,

EFFZICY OF SDUALCE OF FIN aNCING
ON PAGJELT 3CHEDULE

From the projeet finapang point of vigw, Lhe shorick
proct shatule can be schieved when Lhe gener Says
D for the plang, oF Lotrowy fommentiady.

The reed to cbuadn sther Jorme of fpmoyuona?
nance generally extends the time o camplew Lhe pro-
Ject far nne or moce of the following reasana:

# The ume required 1o negotiale Kn agreemenu.

* Thr prodratied procedurcs for quabfying bdden
which zar have o be foliowsd.

* 7 he gatra ume regquired 0 evaluule ermpeitive
quotsiiong and seledt wendors.

I wnusua! for he boan agresmmesd 1o L foree at
the ttiart of @ provecy, Tecauee the zourte af Mingnce will
OT1es s e hniown pnnd iR cOAEEOOT hal teen e
hecied, dngeed, iy is Srequenily Lhe FE ative guractiveness
of ihe finencing packagrt offered ™ compering con-
uztiory which tan beip dectde who s zwanded the con-
Uz in The e e W2l en (0 Aogeiia'e joan agreeTen
and bring them 1mg iore depetdbu pon che compleity
of the deal, 1he numbcr of wndars #1c Even in the Gaoe
o a single stouree cf fmanee 1 can often wde Wy montki
before money it available fyr paymenis o the conuac-
wr and «endors. For mare compiex ceals mvodving
o i froen peveral countnes LR Sally mbe 18 meniks
or mgre i hong 23 0 ¢ agreemens inda forde,

b ihe owteer pute Gp encufh c2uh we pay [or from end
engineenng, ansd possitdy Lo mase down payments on
crucal equipment, the del3ys in obzining france need
L% :ignr:}lc;nu}l delay compietion af the prosea- Howe
evrr, 3 delay s almost incviaable if engineering cots wnd
daw n paymeal have 1o he financed.

Yendorz' btk 7 he prroceduret whith hyve 1o be Mol
Yowed fior jois lnanced by bnernationa Agencies (such
asrthe World Bank) 27¢ aesigned ioensere that <) guali-
fied supaliess in Memzer countfies have § chance 1a bid .
As a firat tep, therelnre, invinaions 1w bid must be ad-
vertsed in well known leehinical mzpannes, newipapert
and rrade publications of wide internatio nal rirculanen.
Time must g ollow ed 10 Lnable prossecpve idders 1o
reriesl specifie nons and prepare bids,

Frepar#tion of the advertisem-ent and agreement of
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the farmal and canent with all concerned usually takes

gbout one month. Therealier abour sin weeks s re-

quired for replies 1o be returped (o the cantraciar. An’

spproved wendors liss can then be agroed with the
awner and the lend ers’ represenianes, This pregualifi-
canen period Bles aboat thres monhs the prequals
ficationy procedure can be fun in paralie] with 1oe
precess dengn, no schedule exienuon thould rewls. On
the ouber hand, ol process desigh s already complels ot
ontrac award, the project compisian date w11l be af-
Meacd. Spetial precedures required by the vource of
hinancing then became crcal sttivies.

Nawd fir axtrm lime. Extra Lwid s reouireds] o evaiuate
fomnpetitive quothlions and stlea vendors loe inaua-

wonzly financed propa. There are several reasons for
irrz,- € - 2
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' this. Firstly, the conursaor a frequesty vegutned 1o s
7 it ey from unfamiliay vendurz. Lids revesed from
I wrh routces may be wechomally adegquate, bu fre-

queni ¢ they are pet. Rejeciion of bids b the grouds ol
[ verhnical inadeguany s fevisied by the lender, Yalusble
Prime i hereforne fon w hild cosoracm ) eaginests nork
i =t such veodors 1w BTG Lharr bads inra line with (he
Tspenficanany. 1o el eme cates this o o pessibie, The
j Comractor then bas oo sl un buying Trom another
~HTCE W protacl his peiforma e puarantees.

Even when rhe qechnical evalussion b amipbabor-
wart Lhe procegure Mor (¥ aining gwher wnd lender ap-
protel of nd izewlygons can take « ol of mure. In
dhe zase of Warkd Bank and Asizn Development Banlk
prececy, any sipmbcant change in spenficien afier
enguirkes have beeon 13sued meani a repedd of Lhe bid-
ding o cfe. fhort eubs are nol permined.

Foruraa sy the full riger of these procedures s nat
appled 10473 ordert—currendy belw skt § 10,000
1rtalue. A solaantal teduction 1o che work required of
U CORL TR BT = ooah TeRull Tom Tainingelihb thresh-
uld. -

Ordering snd poyiag. Misving selecied o vendor, it is
thei necessdry 1o place a firm purchase order and inake
u down peymene—oarkularly Ter equipmemt jlems
vhose Celvery e aa nidcat ichedule activier, Exvenal
fli-m purchace arders are pluced on Lme, o vendor ma
1t S ry Labrictsion wanl A down pEvimen) asboen re-
veiverd. T leergig ¢ the progeot muet fave fofieienn cish

available early in i hie far this purpase,

In the case of finanaing by Natonal Expors Credn
Frogramd, where prevailing verms himil dve Junds avak
able 1o a fNxed propartion of the oot ol poods and ser-
vices {iypically B-EX% ). criveal equipment down, par-
weny may wulfer unless syiable areangemenyy are
made either from imemal capil repources or from
wp-up linancng o the commercial marker.

laya in crical equipment down payments have .
tumglave cffer Mot only it the projeal compiziion
tme affected direaiv, but the detan freds bace. pow-
uvely imo engineenng The effect on enginesting
Frogressin ron obvicus e Nirscaight, but o car be sever e
Unleas vendors sart their wark acrictly inowchedule, the
delvers of drawings for houghi-ia squismenn such 25
PsmM, COMPIrisors, air coaled hra eachangers.
boders, coolirng tower e, are affeqsd. Withour rheac
drawings, the dewailed design of foundaon, pipewon i
steelwork and enitrumentdiion cannoy proceed
smcothly, This resuls in further delavs in placmg the
final purchase arders for butk mueriah, prging.
seefworh nc. Finzl bilds of materiss cannod be coenple.
verd until detailed design s complede.

Impact ot payment dalwy. Thus if sulficien meoner i
st avgilzhle for down paymenus on boughi-in squip-
me:t, the completion date far the plant will excead by
anamewnt equsl i Live delay in plaong the purthase oy
der, sven if the equipracnt i ot on the rritical path for
delvery and ¢1cctian,

Frojecs financing consiteinl can sepowl leygphen
the projeer schedule. Now 01’ quantifv the effeas of
such detaya on progest profiabilio,

CASE ETUDY

The rewlis reporied bere have been derived from
comideratign of the operaung economuck Of o 1vpical,
medarn 1,400 Lom-per-tay @i plan buated on
ratural gas feeduock. Thi work bs pars of & compre-
heosive mudy of the effea of projea implemenvaion
Zelavs on onerall projen econams.

Insuzh an analesis many bass atsumprion i are neces.
w21y, For this example ther have been mads with o view
e peneratization of ie reaulis as far as posuble The
are uemized below 10 enable reasonable adjusimen
the figures vo be made t suil any specific st uation.

Ganerel tndustrie! Environment

& Al apvmenda rm:_rl.r'irtd lan eaating use inelie M
tuie o! fersilizers 1or the home marker.

* Downstream [erzilizer plants assunsecd vy Le Lagmde il
ope U inge pend ench od e s o Tehab i
Chased apimnnia.

o Plamy Baill o Ao esisting e wil, Aeerating el
Mainienance manpowet wailulde. General idusinal
and upna b infrantwetare alrealy weil exaldiched

Economic Criiatia

® Initsd fixeel gapitiad costadd ik 5 005,990 0000 el
VS biasin, Tlhis iscloeles all cugioeen g, FEPRTTTOT TR

IIT.- € - 3

L ]

DECEMBER 19TY  MriemGs s HEDM MROSEE TG



coenufunnen and 1elaed ani. all mue vk delver ol w
srie, o allowance tor ipanes, Drst change of all cogdos
wnd chemicals fuy the ansive phent galus limivee] o Fujee 1-
cilinkes.

* Fixed capiial expendiume plised aver progeck imple-
menlain period according (e aoral Baleaer 5
currd. Base propect schedule 33 menile o oaminsr
#Fward 1 initml comMissesting .

B A lomaise made Do cunsLany wen b illlﬂ tapinal TE-
quired o er el podect el reeovered inedr Bl
¢ lime o ol plang. Alosaarces o anked's [anojeed

M tiagement wngl il conrdasiomy waes s e
cluded.

® Ecompaini Iile al provect 131 oo ozl gomvemie
swmipig Lerusniypotiue,

* Depreciation allimvdl ve YUF pon veaed Veciieyg Lal-
amce mettod. Tan o MO paer vens ol gisanhle icenie
Pand g U vear (udowing et i sl laGigg -
curred. MU Belectiveg VL meeTI Zranty

* Production build vp B e vear, B stvnn s var
100% wccseding yea: YW operadng oins er Leal,

* Zero mlEGen oved Dife ol poepst.

Economit Mmodel. Hatwd o these s baaimngs, o e
erel moononag presde! was aee up esing the disciwnee
sy Mo Horoway with the priee of vl Ko the 1Ein-
Ten price of amreanid proden <ief the il e fae e
prirs ek v iable I Lhie e an the oo apenating eu-
onan ks vveT Lk e ol the plam was expresd o

of Fgdeae pelitg the priecs ner poresgad value

(P othe pringpl varialiles defined ddnwe.

Furting WPy equal 10 220 Sl iliest oquatinns
1o be ireslarmed o expresteems relatiog the dis-
counied Gl Fom pece of 1eamm D ER B ko uhe naporad
Fas prué and the ibeasber prie o ammbiols prod s,
Tarix axlativmhip 5 Mogis oted e Hgape 1l lie Base
Tase.

Fusther expressiont were derehiped pr shuh the ¢l-
. o) prosedt wci edube sippage o o eralf prorea prd-
mahilis, Dhelavt ol threg amd i rumins were mnflen
inns the mwided @ nd Uhe o espe meling cyuanen wes o
project NI caboulated, S puenths was oaanlered the
s impmn delug o projecl waplemenaion whed e
vk rowdd bee eleraned wie oot semiosasle infLacing Ue
pAjern G Ll g A sopas kigrg the ellwoy ul e« pes
chal sud oy

A raticwie, Tu enable fhw peveral soy ol poojea K1V
equaticnk Lo e meeTe easile iterpeeed. e lilluwang
Fatiusale was proposed,

wm G A L dl e
N+ Cherall projeet NPV

G = Price of patural gas

A = Transler prkeu?lammuni-u progud
i

d

Lrgeneral & (i)

Where

* TRLErest gk
= Sehedie deday

Sermiatby, & %, the bess of KEY 1 the o s

"I1II.-C - &
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valur Gauned by a sl le Selan g, nen b g it
the fonn:

AN = FEG. AL d) T e
Where the fuike i s linear in e aml & Dol e i
and d

When B ow Cim pohe DCFRK and Loyaiung e es

(-

rw Fels & ¢

Faramy grven value of Gand when d » aiie forihe
bape case with pu priea schedule delasd as A i re-
duced. b the DUFRE talls uncit ol 164 b 1he pogea
cutell imicrest rate, ¢ AL this pedm o= andl (he
prect bs an the b ol eeomemic viabibn, 1T e may
prtulaie che exapence of @ mimpem value of A0 A
wheeh man be vewd 1rcan Figrre Lat) =

Any achedule delin whend = & willdlris e she g
Jrelima pegative KTV, L be magaitnde ol this pecane
prohtabidinn piav be dedomed from Lgustieon 2 in the
{urm.

K min =i i_ . di

Wore chwr ghis is the ioimem vaine of AN o
ponding ta A and

Varintias afiecting lons siIe. 4y enpeored, the ser
the s of KEV impoeduged as 2 renlt ol propect sohesf-
wledelavs of wptosin i Re s sioong v aliecreel e phe
price il nawaral gas and the ranslen pce od oo
pridurt as independet elfecrs, For o gren sen of
boound ary copdinions. Tummever, tie prsce of wnural pes
wnrguely dererivines the minimum pasader pre ol
amtis prodict bk o e premen el ueres
rale, The two cifeois oo pensang 1 sy g dleymer thun
the value of AN _—the Rnimiom Bes el prolitabidm i
epkrnally ingdbepengdene ol the narpmal gae prce el 4y .
funciun oli _=—the projecionn sl inie) e e ane che
schedule delay abome. This relativmaiip o wom Fig-.
wre f.

In imerpreing whis gruph iv gwm be teaed thae s

o
i

o
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Eves he rinimuen loas in overat] projea e dslsine
correpponding (o the projen cuptinleres rate. ALt-
1anhila cranafer prces in #xcets ol A the Jema bn poglin-
stakiny will be grtaer by approwely BINLNKD aer
manth per $1 per 1en the anticipated crgnomi traraler
priee s abave A An exampie will nuke this pein
£hear.
H
i.ﬂ.n axample. Conswder an ampiis gHant pmju:l in
Ceribeg abetve inow buicly Lhe price o natoed ras st o
JE2 AT 52 63 MM Blu) and the prabe and] inserew
e L0 Iveasr_ Figure | endiates 1he L H I IR L ATTE B
{price lor amnmnt pracdest o be § 1S, The oot of
jthree months shedule delay in erme ol KA s wealn
iPrzure Vi be S14500K) 20 thie minimunn Al
crrangler price-
i i ibe achual anpicipcthed ranste r poe sl o i,
Paav, Bl TOMbon, wn aefdinre vormegtindtr Lattor of [ILINNG o
73— IR ® 3 = S4T30 U0C is indreuied resudung o
- remal Bag b onvscall poiecl profaalality of £ 20K
'Tor this fse.

APPLICATIONTD
FINANCING CONSTRAINTS

. Acakulaion ul the yepe outifed conbe L el ar )

‘capial proyecs. The serof baake assuimpinm vl be el
feper i grery carts They shutld iefleey as ciosely as
puskibe (he wnielpated scuname sxnitonpaen ol the
prigen when canruciion bus beer om phered.

In this rentext, xb 0 all puopsct aprattal work, clee-
baie wecrreey s neivher ebigingble npor eskepoal, 3 heeil-
feul o devianons fom the busie axnrion wn be
readite explored by sengitvity aralre 1w bt Wil fur
thens wha sccept 1he undedying philoseophn, docer-
Winty wrlysis.

Wty Conate Kok . T e o2 periant poeni o thel pre-
dhabome o k0 profiabegy eansyiarg usose, Jl it
Fabpnial, kit oe oo i s Re CECIRRNY ML IR i e,
Thetr e alwavs uther contideradions v Lake it a-
rounl, And chess mar b o grtarer i Meeee than aiyae-

Abay the aulhore

Jumien Lo FAMES S o -etaron] amgrive cwrunilp derping op prrom el
mnagtr of Puliman Kallog. Lid., Wominsy (Lomion ) Enplavd Hy
W frmarly fLFUEE R Ly EAE G- Pty b g g T, Frattuees
BN A ety Rt Mk g4 T R g M S
DR et gelre, alr ey O Srmtinty PR g, divrecion of cpnbei.
g L i il Ll N T O By e et of goerainowE,
Kulogy ity vl W', JSomer Fidh y BS. dapoas 1R che ia! em-
pndvEng From Pt iad £ ollege o Soyract and Joehwslopy (1038 e
13w ey WATE] womizd YIRS, ey ng Lt Pl
F Gyt Dnptr Toag daf ASTAE, drmf Mty st o 8 vy
Pl ram® e ol w1 ORgy TS

Frein B, Mawmik, Cirwsily atd B mamegr £ ugieieming, wtd gid
Pultwat Sulopy L5, ©ormbliy (Lowon) Dugla o # iy b thix
e ke W0 ke M - deaad Sy gy ot LM L PrIEch) g ag
gt M Morion s yugrwiee o TERerLATa R fn prvenn Bp-
tinge S o Kol Loogy W enledaniel gt avertd FRC rdad wmreow . pel e
rupival ang M ATy plovte. Fie et Nip 8 3, degrer [z mpchavi-
gl dgiimr g Frowa Tie € WL wioerity, Landan g i d charrend
gt 2] Tt g e e oy o A b scal £ ngramgiy Sx
M e rvopnd Ly J e Claytom Fuud Fioe for fa g, Bue
Gind ArDepeid Plaat Trocegt Cohdensats, teoyttore wth &, 6
T it , A gt of (g wie ehemangla ftiie u Jp tegp Limioed
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s Based anatraight fooTonie prin pow Nevem bee
bega, in Such an event o inoded e of ' erall projeg eos
Trrmics Faay Sl Le wird 1 esta bliah the trnd f dletivum
tabon un pUR-ECTTNM B, FRLds.

Their relative imprfars e can b= quanilied.

In the aue of schedule delany indued I progea
rcanagemen constraint wet by Miaocial irstiogaon, 5
knowfedge ol the prential ks iv projedt profiadslin
may be Lsed fnd nomber o] wavs

Yhaid frem ions polential knowisoge.

& Agan yrgument in the neguoriaian o o 1 clasaiem
of the Tuley wheie theee i sigmilicam sl ol o has o
crverall propect profitabibliy inoexgess of the el
S ineial gl KRR, This in the amnwang pl st -
acple, iN i strge adherence o the rpbey, i ibe Lase ot +
ertcal iem of equtpmen would resyft oo thres
ek b kchedirie deluy, Bhe copl o0 appabany G pylr
ay be selala mnimia o § L ARLIEN aned by erelns
wierying U rom it thaubd be well ineacets ol i lgrzze

* A5 g Dasi o ectabliehing nsgmtve pay e o
coumeracuag the deban by alrernaphe alloacuion o
WianpeweT resogioes. T his can ke o Bumber uf Lot
wuch &+ extrg everime working_ kil working, swoch-
ing personirel fram one gob (s another. el

A5 § batia lor mplablivhifg enirs ok tetien
e nykey puvsbie by the plant ownet (o v enchiry of oo
sl equipmer whose delivery s kel hero e, 1y iles
Lav the aeerall pruject schedile.

* A3 2 way of Forming  Fudeoful ba S lor cxifsileg
Lhe value 1o Lhe proyeo a8 o whoeke of Righe cos inaEne.
dizrely s ailabie funds fur garly downpa e gn .
cal squipmen iems

* Ay a wiay of daermining the vrue sadic luhe pan)
rener il ali e mmanve saurces ol [projeo finaoe,

Excapriion® to e rule. The pringgbes of sloommed
ciih Thrm anakbsin, bused epemialh on the vy il
mathey sootenion, will il oecessaris wpph o soine ol
thedeveliping coumiries whose irdumipialbgtiag is ven
deprrdenl upon niucknd Dnuncing Where s
porik plenning and indpgirial desehpunent moenn-
irolled whoft by gose mementor GoveErpeen| felegaied
agencies. ant one ol & number of dillerem provect ap-
praiszl methodologies may br uked, These are emie-
times cumbersame oo apphy, o mssdving, itpeedlls the
quantiative assessment wl pacial bonedil i i wilbes
snat,

Bun pren so. chere shoukd Bl Le an equivalenee he-
{ween akemative syslems of propen appraisal A loss m
overall prigen profLabilils of represenied by ad o ease
of MM i marker ecenotmy 1erma shaukl be relaeed 10
an equivalent boss in wverail proeo waal benel in
non-Markd stontm ermt. T ke precise dopin el the
equivalepce i Jependeny upan the parrichlae e
oy utilreedd . And [aeranss thitis Private o e « g ani
ravon teaponibic ful coonumi, M, (the irmbiten
frowm ofie frame of 1eference 1o ihe ales st e
Fied oun bl wregaeidition el Thos the rweerallous
1r The prajeet eF whed ube delay y—and these caued by
Minancial corg i nls in part wcole r=——thould be caloulsbile
For all defined appraisal methods.
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international !.
Project Finance

When engineers are -

on the team

Here's what technical professionals
&3l know abaut how bankers size up

# project far which a ioan is sought,

Goal: To bridge the commun.calion gap
and inprova the decislon-making process

G R. Castle, Chemical Banl, iew York City

A el anreMED PR GINLERshinudd 1) ve g Cleur defl-

itk af projeo Fnanang, () keow the maior comid-

rragpores u anbker hoghs @t i this nesuai Ninanang, ()
FTAE w by proyect financing hay bevonive so populsr and
Hycoraprehend advanuages of the method.

A definlthon. Propest fienong b a Iy pe of boga wheretn
the pavoul af the financing o anudpaicd from Lhe
Prefec’s evene sl rearm. O rem the lgan i siruaiured so
thai it is nan baehed Lp by che full Faich and eredin of Lhe
OWRET Of spofisor of e prosect. Thus benders canonly
koL, 1o Lhe profest For & pavout. In Such a case the owner
deats nien 1gD the noie. I may be sigasd by a newly
Turmed veniure ser Up tly ce ponsar ] 10 LonSIruL arkd
opcrile Lhe project.

The borrower s apets a7 Lmired Lo Lhat constiutued
tram proceeds of the project financieg plus 2ny inmial
Uity invensd intg the borrower.

Prajecton, The jepder mus often rely heavily on &
prajection. Thie is prepaced by an enginesr or is based
on wsumpkons pravided by him. For this reason, engi.
neer and banker mus work chwety a5 a law. Members
of Lhis 1¢am mug yndersamd each etbier . There ban in-
hereny squary 1ish f rensiruciien of apy new venlure
ard i s nor approprisle ore btk 10 23bumE 20 cquily
vk, Thi o nota commMerdal bank rale. .

The bank must anslyze varwus fmancing rshe and
comcrationt and determiite which are wopeptable, b
mui rely heavily o npul from [ he engineer. After this
Jererminanan is made, the bank will then apphy the var
wous progect ltndncing 1echRigue 1o shill any unaccep-
ablr or equiny risks ta another pary.

Fig. 1=—Siruchurs of gn 04 Bisignca K Arncang

THE BANKER'S VIEWPCUNT
Spome concerny and reaks 2 banker gonsders:

1. Cﬂmp]:uinn-—ﬁil i the question of whether 1he
prugect will be conistructed for the cosl originally pro-
Jeered and, if there are averrung, wha will pay.

L aivtr includes the questiens »ill the projec wark s
tording ta the ariginal design? Witt it produce the prod.
et according o original specilcacdions with operaung
cogy in Loe with the erginal evonomia® Thi ik a
bank will seldom asiume.

2. Eguity—Hew much equity cushion i in the prapea?
Heow mach money have niockholders imvesied it ir® The
amount of equiry will uscally vany depending on Lhe
drengkb of undenabing. provided by the sponsors or
ather finaneially responsible pariies.

1. siarket—Ls the gutpur covered by sabes contracut
IT v, whixy are the werms of theie conracys How bang
do they fun? What sales price ik provided

15 it unusuwal fora hznfloanumc the market rish ex-
Lepi [or a rexdily markcrable commond iy such as oil

£. Source of supplr—Daoes the venture have 3 gontrad

i IT1.- D -1
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covening supply of feeduock? 1T so, what are the Lerms
&f thal contract?

The supply risk. lii e the marke ruk, it socone 3 bank
woukd uitally asgume,

S Projpeci dak—Will 1he project work over a congine
uotls perid of dme and achieve expegted levels of ef-
cency® How liiety is it 1has an e plosson or oher lorce
M LT MREhT Ccur?

Banhks asiume some oF the risk and part o it can be
covered by insurance.

& Folificel of conntry rish-—In TGNy INECTH M
finsncings e poliicat ral i imporiant, The weakl
bauglly inctudre he vy ks of exproprialion, ingoveribil-
iy and war and insurrecuon. Funhernimre, m:au:r b=
SR veaiurs are sdsa concerned abuur gradial e sule
vie eXproprianor, Examples. Increases in ez and re-
Rega talen of COnLTact 1£ms by the grree Makent in (e
hosy oty

Omn a rebocve batia baths have Made lowns n devel.
oping ceunres where the finarcing i Bractared 1o
thal bunhy mssyme afl o same of this political Hsk

T. Drperator—The ability of the aperzior i alo s very
b comyidrraion io all progec logrs whene we relv on

U proen o pay us oul.

Enginser's role. The question of complevion and the
project muk directly involer the engineer. For 2sample,
we heerd tg know whether the prows? emplovs any new
rechnsdor; . Has it been built beforer How difTicady i
1o aperale?

Even il the Finanang is struciured so thai che cample-

uon rish ia shifted 1o 2nother party {through an ucder-
ubjng: complase ) we will need o ool wich an eng-
tweer, Only he can 1ay whar thall be inguded iz e deti-

Riton of crm pleskm in such a comphotion undera king E
We abwy will rely on the cogineer’s opinion when we
evaluate the oPETaIOF, As we fevigws marker neh and
supply risk. the banker will consider the likelihood of 3
new, more efficien, provess being inrroduced 1o fom-
peie with icchnology involved in our progea,

Forpcest Afler review of Fagon pudh s thie above,
the banker wili develop an economic forecast {Table )

Using whit foredast, we will then decermine a caverage
an the loan (Eimilar 1 the coverage retionon the bougm
of the Gable). We also analyie how sensitive the prajes is
e changes in our origmal axumpuons. For esample,
where it the breakeven leve! for this venpure

This forreag; wil] be an imporiant part of the bink ers
decizion. We will rely onthe engineer for many ataump-
cons uaed it tals ecoromie Torecan {a faet, die engi
sitey might even prepa e chis foreca-

Tothrkcal S sarmuril The mosr rbvitus Zio pane
the gnmeer would belp us with inghude:

* Leveli of productivn and cificieney thas czn be
achieved

* Reasorable amumptions for operaiing cots shd
expenses

* Assumplions regarding Lo iniual capial cosy for
the projen

* Comairunion period during which the projed is s
wumed i b s

» Capind expenditures 1equired each year io man-
, Lain the prejen

* Leobwnic lorecan analveis This condd itvchade Lhe
derrrminacian of breakeven keveh for the projed or g
lartaut revision based on new astumpoons,
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PROJECT FINANWCING ADYANTAES

Whydu banks mube tirse kinds of loank and amume
These unuaual Fsks ? They provide many bene s 1o cus-
wmers. We simply Iry to help our cusiomers achieve
thest be nefins

1, The Hext sthvanrtage i thal many projea ﬁmncingn
are itk er ol halance yheet Irom Lhe ypomsory -
part o1 have 3 very hmited impac un the owners bai-
ance sheer. By off baiance theer ] mean that the smount
of the loan does pol 2 ppezr as a liabilivy (or any other
way) on Lhe spankat's balance sheet

For example, lev's assume that the project involves a
pruochemical plant imilar w the one in i abde 1 Let's
also aume thay our cuuemer plans w conprue thy
plamt for §13% million. M the cusomer boarrpws this
from 3 bank w pay for consiruction, thin § 135-million
diteet borrawing will thow up as'a labiluy en our
cunigaer'y baianee shes,. Thers could be several ad-
verse ¢lecig on the fustamer, For #xzmphe, vnder cor-
Qin circumstances thin kind of added leverage (deba)
might +ven reduce the owner's bond mzhing.

Joirt vemure, Howeover, if our cusiomer forms g om
wonoule wich Gne or Mare ofher cormpa nacy o build chat
ke pruject, financing can be off lalance sher Tnom
the eutpontier scyndpeint. In Fige 1 ] have deagribed how
1ugh an off balance sheel financing might wark, As
showt., the CusLpmer jivne two pannen, & and B, in 2
paint veniore, The bank makes & koan (the project
finamnging) 1o the joant vemituTe, Siner the ban k Cuumme r
awn bnly 48 percent ang dors ol grarantes paymen:

ol whe by, accpuntane have permitied the banl ous-- °

Lomet b2 (ATTY Hs inveilmenl in the ®Ent vemilure 3d 0
unconelidared subsidiary. Al & result. the customer
only shrws bis 16,337,500 equity invesimem in the
Jeint venture stock 21 an aset eone of the abdnies fin-
duyding the projeci linanang) are consolidned and
shaw up 3 [huliity on the nk cusiomer s badance
iheeL

Congmma covered. Erch of the seven conterae | dis-
russgy] are povered inrome way by Fig, [ The rak of
tompltnon o covered by 3 pro mals completion guar-
anty frote the banl curomer and W panirers, This
tompleuon undertaking i not & guarznmy of the kar. It
B an Midertaking chat the pint venture paruners =il
raver [EDY) CWETTUD Expens with addiional equny.
The i s;aking woulk! alae typecally mdude 3 oove-
nzni by Lhe parinery Lhat they will operar 1he proye
for wme speailied 1est period aca level of efficency that
canfitm projec viabilivy, Hewever, afier defined goime-
plesion this underaking fails of [, Heneelonh there zre
no undrrakings by the partners o suppart the pragen
financing.

Cortiwcis. As 3 condison of Uk financng, Kire p-
e ot Lhe GaLi Pl is Goncered By sales caniracoy and some
parton of the iupply of feeditock s covered by feed-
sigch contracts. The Jevely depend nn our analyns of
stach Wings as projea breakeven level.

Berause this prowect Ninencng s notcoversd by 2con-
Uity under taking from ke partnetsbevo nd oo ple-
sbor, the bank woukd oormally Tequire 3n cquuly invew:

HYDRCCARBOW FROCEESMNG  THCEVEER 1978
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meni by the parinars, Thie ik 1o provide 2 cushie  f the
speravon of thr project does et meel forecan levels.
The amount of this squily requirement would vary de-
pending on sprengek of the underalings by pannert.
I ibs e, T have provided or 25 percent equity be-
cause of what ] view as the wery mied undemaling
wiich only covers complesion.

Rigks, Propec risk and political ish are vwo that a bank
would typically asfume i 2 Gndnoing such as the one
descibed I Fig- | io faci the guaraney of compleuan
might oven prenide that if there B & pohtical event (ca-
proprialon, inconvertibilin or war e ingurrecuani.
thien the obligarnen 1o compieit »3]l no longer be ene
forceable, Crur Customer i3 aawmed 10 be an caperi-
enced operaiar of this ktnd of plam, However, of there
WETE any {uestion sboul the gifily of the cperator, this
rmight have an effect on the way we would sipucivee the
finangng. !t might even impac, onuur decigon e kan,

2 A second sgvanisge could be thay a progecr liviandc-

III.-p - 3
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ifg can semeumes fall oowid e the rexraokens inoa kan
agrecmem or bond indaaure. For erample, a3tume
g eur cysomer bormows metey Frofn an inaurance
company. [0 reRnection with that loan, he signe a loan
agrecment with Aumerous financial reetrictions on ouf
customer, [et's funiher zssume that these restriciont
inchuds covenanis by the cusigetver thathe shall poy bor-
ron dnv mare Mmoncy. At the Wime yme, Lhe cypomer
fogks for a way 1o finance construetion of the 3133-ma
Iwon plare | deperibed garfeer.

Fig. ? showy how tuch 3 financing mighs be arranged
witho viclatin g 1erms of the Ingurance comoany [gan
Agresmmeni.

Advante payment-In Fig. Zihe baak cusiomer buwilds
Uie plant. Hr dors fua goonta pareership wahk ohers.
T he casgeet bogh fnunces 90 peront afl the amt, The
wonceps imvedved Iwre i semoctnes 12ferTed tooas an
“advince payment” Mancing. Rather thin borgs
freupary the bank custonner selis fulu e froduction Trut
the plaj Amouni of the forwzrd 1ie 13 51715 mjllion.
A newh fornaed Company X buvs this future produe
vivn {gaving 51215 millionl and borrews it from a bank
The bank rustomer recehues 51715 millen from the
wiile 2red Gies these funds owand whe conEtrkon of Lhe
plrnt

The farward sale i Oealed by o docwment called
Furward Putrhdse Agreemeal I the baak cusomer
would covehant 1o romplete condtruction of the plam
and epetune it so bong as i is egonomic, Gannpan X the
barrgwer under the lean) woukd be o nomisdy G-
Lahzed compary (otmed Solels Tor the com enepe ot
thi transaciion. (Company X Riigh b formed apd

wwnrd by 3 chalieable crganizanon tueh s 2 school o

hempiial.

Altep the plantis conpleved and Hhe prod uelior st
Howine pp Congamy X there is dnuther agreement
{Murbeung Agreemen) berwren Dompens X apd b
lanl comomer. In 0. Hie Camimmrer agrees 6 market
Compant X's thare of the plent’s ourpul on behalf of
Combant X, as production 15 gerergied. The revenuc
that Hows 10 Corpam X as a Teruit of the Markeung
Apregigennis appliced simultansaucsly ugainal the petire-
mi it of bk rhe agdvanse pa pment and the lean.

Bettar Lor th e bani. Athuteh procecds of the finang-
titg #nf up wnh the hanl coseraer this woechnicli
afed Ieg-.!!r T 3 {9dly 19 the Customer. Thus, Il BiWTie-
ey Wil full panside yjoe imaiations on berrosangs in

About the author

Gomnean I Cagerin i o waty arppilentt of Chvem -
il Baak. Evogr and Wugmls Daine,
HMrw Yoot Oy At Aol o M BA . thgrer
Frowm Nrw York Dintir—ygy (20000 Mr Coie
Jocmpy Dhemsal Bandk ir [SS, A oor digphr
gy o it presulen) in LR,
M currenily in chorgy of ehnato! serncer
Jor Energy o Afiareain Duaaph. Th job
i Ay WLty g dngd rpedotion of
PreRT ARO[ prtiidey B mUAE Gyl
ochrr iy rrlotex] boper svnds T bour
che gk Mo Cakry ey anthiad 8 Sunber of publocviel pogers.
iy & ban kg:':wW progea fmarce, Morch J978 b

P

koo agreement. From a kanking sand poing, the upder-]
takings in thii second cast art somewhar stronget than !
theonein Fig- §. I thissetond Gnandng contep, oper--
atng wnderakings by 1he bank cusremer conlinue for.
the loan's Ju0e_Inihe Neat laan, afier defined completion
all underahings by the partnens fall away or ma lange:
comiinue,

As 3 rrsuh ol the grenger underizkings in thi pecond
plen, the band i1 willin g to Josn 90 percent of Lhe plani?
cosy with only 10 percentequiry ratheribkan a 75 pererny)
Nirancing (25 percem cquity] s inthe firsi caze, Im fact.’
if it were not Tor political rigk betauee the plant is jha
developing country, the bank might finance JOO per-
cenLof rogt haved on this second ficandng concop.

COmpiatien righ is covered by an undergling (in the
Farcard Purchass Agrecment) mhereh the customer
fovenanis 10 compBhere. A the projea fik in ghis sec-
ond tiie i reduced sumewhat by o fovenant from Lhe
cuiomer 1o operate the plane v il ecenomic imn. Thu
fame coveniant saticfies the bank that the plant =i be
operaicd properl}.

A5 3 copdizion 1o this sexend financeng plan, twe bank
wolld probubly require mbep conracu and Needpcl
conl racu stmlar 10 those described in the fizst plan.

4. Tho laat sdvantapgs invoives the shifting of poliical
rik rom ow e Or sponkor W the bane. 10 each of the
first 1wo Cased Lhe finanding can be structuned o that
some porvon of the policical r sk i thified Fromthe cus-
rormeer 10 Lhe banl. In thow cases. 1he progea 1 bocated
in a forsign counlry, 50 i thete s 2 politcai evenLal a
ufne when the bank does noyw have recourse 1o the
ownc i, then—ig the cxten) of the loan—ihe projea
owhers reduce their expasure . However, orcayonally
whe bank cuscomer only wani ta Mikimize 1y polilkal
risk in 2 proyett 19 bee benll iny @ des ebaping counzty. Mos-
ubh this desafy i bevause the cumomer already bas o
large iivestment there,

Minlmiting political rigk. See Fig. 3. In thit third
Mpancing the cupomer aysumes the seonomic nzk, This
shtits pali teal rink toche Bank by puaranleting pavmenl
on the loan, Basn: T there s 2 poliieal eent (supropri-
anon, incopvertbiline or war or ingurrertion) Lhen Lhe
Fuarzmy s coenforseahble. )

Even in a inancing such 2 (bt where the banks do
o assime ithe eranomic nsk, we would conuder all
seven iems menioned gariier. A poliica) event migh
occur which would make Lthe guaraniy unenforceable
Aller the guaranty b no lonper enloreeable, the batks
hencelorth ke the coanomi fuk, This i1 bocavsre
thereafier they canonly bocl wa the projear.
Lower requiremants. De pending on vur evaluguon of
Lhe polilice) risk, olr standards of Feyuirements incon-
Recupn with the wewen pointd might not be 23 igh a
where we tzke the gennemic Hsk from the bepinneng
Al pur requirements mazht var depending on the
wruaure of the Nirerang. For cxample, the Qrucune
migtn permil the guaranty of peymest la b vnenlorce.
abie pfrer 2 political event even though the project is o
camplewe, Our sandards might be Jogher for dus (ype

r i E !
:.rﬂrmﬂ',?-'ﬁu_ btruetar & shert evaree for AN gl atruciure than il the banks dan't gsiume cthe poleical
—  risk untl after completion. .
IIL.-D ~ 4
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International
Project Finance:

oW b.anks aided Brazil’s HPI

A monetary “package” was put together by
several banks, Inter-American Development
Bank financed acquisition of technology
and purchase of equipment to be bought
through bidding

G. E. Monies, Inter-American Developmien: Bank,
Washington, D.C.

Herw bo grcion <l sanes (such 25 the nwo-Alneican
Development Bank} select and pricess HPErelaed
Joan requests? How are 2 1ypiz) HP! project’s finance ar-
rangements handied afier approval? In answering
“ese questions, Nl begin by discussing Lank sudionis

"inter{ace with governmenis. Tinis is followed by aan
.+7’] case study from Brazil.

COPESLUL" A finanting chalienge

The core cf Srazi's third petrochemeCsl Santer, LN SORSANCLOr
negr Porn Alegrw i oo Granoe 00 Sul is & larpe sthybehe plang
awrge by COPESUL, Compannia Pelioguimicy 9o S,
COPESUL's maumtyis neld 51 poroena by FETROGUISA, 8 subsadi-
ary of FETROBRAS, the national petrolum pompany ard 49 par-
cunt by FIBASE, & subsiiary of Bancd Nacipnal de DHssmecbi-
Mo Econdmico, T nalicnal Sevalopment bank of Brazi. Prng-

. P rawe Makrial; naphthae Tom 3 Sedrobeum refrery cwned s Op-

aravee by FETROBAAS . The wanater of the napitthe s el ax re-
e of BT Dy-Drodluis, ol COrEUTet By Dot MCLsies
wil be by pipe kne. A? medarr sav ety Cracking, this plint s ex-

Apnual meeting. Oo o unowa! basis, Bank autharitie
meet with the plant-site conary’s Minisiny of Finane,
Nationzl Planning Office 4 other euuivalent gronps.
Prujeces of mutual imeress are sied m pricrin Tor the
curreni year or [or the immediately foliowing vear, Acd-
dinunal pussible projecis, whose planning s ni sl
vanred, dre pulin the pipeline fur sulseyuent sears.

The nexi step depends on Lthe degree ol planning al-
ready cone and the urgenc attached o the prapea. it
panning is not sufficiendy advanced. the coupiry paas
requesl an ertewiation misdon lrom the Baak.

Project committee. Ar this paint. the bortower works
out plans for inlarmation to be included i i iemibibin
study, Mureover, a Project Comirmiaizees will be [ommed
the recommendation of the Bank's Losn Conrminer,
This project groop will later conduct i analy sis miission
and will prepare & priject repurt for considermion in
the bank’s top munagement. The mission will siney -
alvze and report on physical, echmail. fincial, o
1twnal, ecomonuc and fepal aspeas,

The “oneniation mission” won'capply ol prigecs.
Some projects may be sufficiently zdvanced and need
no further orientation prior to analysis.

The information siedied By “sdssis mpsion™ s
refllecuon of the prajea sepon 1 be prepared Iy i
group #nd subscguendy reviewed wnooher fevels ot
management. The repor then serves as one of the bases
for decision by the Board of Executive Directors.

Propasal repart, A (vineal veport v an ioelisaril paoe
JEet containg the tollowing:

1. Anexecutive sumnuns of 1he project.

Y pheteg 10 have the Infiowing arnusl produgtive capacty, n Meme 2. A frame of relference for e project. 1o arovide 5
Fowg: pcture of dre magnitude, inporunce anel st ol
. gru“'l'.h lli'indusnr}'. Lnrrent |Jl'ul.‘|lt'nl.\ anl npimﬂulli+
Dolyrrier Grade o'y ene 420,000 tEs, restrinls or incenines wider which it worka, lerve!
TN G DIDCAOE 120,000 ufttchnﬂh;lgi-ml development aml auher sionli factonrs,
DurtpOurie 66500 © L Similar information, bun it mere detailed] Enlion i
b, [Cusne and ' studied with relation 1o e subrectin of Tndusiry conres-
::;::;:;:’:; * 456,500 pending to the project).

Fen ¥y aorots 51,000 3. Information on Lhe borrower and execuior, who
rrung LPG may be the same ar different entities: in the laiter case.
WA PIODYiene) 211,000 part of the information sought will be pariculariy appli-
s gasoline 231.000 cable 10 one apd part particularly applicable 1o Lhe
ictal 1,259.000 other. The goal here is to grasp a clear understanding of
— the legal, Binancial and managerial characterisiics of the

! enuties with whom the Bank is abour 1o do business.

IIT.- E - 1

#YDROCARBON PROCESSING DECEMBER 1979 o]



4. One or both emunses are [urther studrd with el
Lion Tu padl and prowem apecations, prosdsay, cod pwr-
ke, 2 well wt (Bt neosss Y prodoxsis.

5. Marler pros [or the prudwa or prohscs
which wdl repult from 1he projea his inclede pose.
prevent and pruyrcu.'d views af prosdumiot o p-
e expont . and impuris ol the produci(s) wneled com-
siderarion ).

6. A draibed deacriprion of the prinesl W by i
e includimg capinl cost LE3NMALER. LPCTUNITE
coars. ang & nancing plan.

7. A deiaibed descrypiion ul The metivad ol 6 eouion
of the proje.

6. Financial prugeccomntbeth o the progeanand alyhe
ELECUlGE Gh baof e el g applicable.

9. A stweetuniati evalugtion of O orenhs ex-
peasd Do ibe prritec Maturalh, this kivel wil ndiors
Maticn mus, be reqgred n devetupmen! inadimign,
buan e mecessgily by com ke rcial sotirwes of fumneiig.

Deywicprmn: Kany. Throw hem, o the 3me il
Cates. are granted 10 soppurs the wsial and o uiemic
devclopmen of 8 hoss coemm By ik neevied
progec. Althuugh the division i mut sharp, deschep-
srent toane Tor medusirial plants are gencrally gravel

. {rom the urdipery capital ) or from unerreginad
fuends (16 B ||:np]t med it veri re el Lines
f12 1u 1B vears] and imerea rines $||KI|:|'- lywer hdn
comeTe el patrs. Thie rate is a reflervan of the Bank's
casy of ablaining the lunds, 1 5 reset wice 2 year, The
e presading [or the second halt of ealendzr pear 1975
was 7 9% per vear on balange gwed . Thede i aim 2 rem-
mitmant (or on the undsburied part of whe bgan, cur-
renls 1L95% pet ptenum.

In many cases, the )1 baan bas prossledd 4l of 1he
forcign cachange requinementt The ket g theeln
serfved Lhe corredpradding protslem oal sl dinr ok e
cran exchange. Inother cases nitabl meers large pre
ferts. 1B kgs mun been ghle g provice all foedirehn
exclianges rrqurrnm'nu Sar iy g wiked jintle witdi
other sopbees of Tnauan g 1o wive the poolilen & o
Hudi to b degoribed Lner witt show detans ol siwh s
lwtion.

Globa: devsiopmen lopns. The administracie bosd
veguired In the anals ko of bean agplications and the f-
perviiaon of cutrern lagns is heave, Thus. TIB muw use
pirtrie Wb ET s p 40 reach the small boreaver. Gl

The development bank piays
a cenfral role in gefiing the
project owner together with
the right “mix" of lending
instiiulions

I1I.- E - 2
”w

or program fuant are pranied o haxl Hoancd agents
such a3 Lemral Banks, naviona! doveleponeit bari,
and hcal devehopene i banks, Thes.in S Canl enwl in
smaller botrowers, The by =wurhkud™ v cariinl In
the ikl borrower w b s bever soived e (e 1D o
frand e .

The milia] Garrower il contrdbnies gl in kel
cuprenes 14 hel P osnstim e a pigranntaomvisog ol for-
cign exchasigednd il cnrrency i g props Thns re-
Quired. Andl the wlinuace borrower ar henebicin o
tribungy oquity o pplcdsbe 1o warbing Capiial aned 1o ol
Foq4iaatigeyk. eI ing Land i buiklings.

Crihaer Soarrk, TDH will s jund yecdiial assisake
progents and pre-im estmeit ks Thr v asiing’
Prrogects Ry sels e L0 :
o Tdennty or guanidy daw mined pl reurtoer |r
o ldenufy whdfos dey ebip pragecns b b peam » h»:'lt‘
they can wie e more subsnan sl anemms of fuan rn;.r
lu 1CAT P LhE NG Conthm o erd apxer, BT TL

* Dy elop deanibiline ssudies b plart Tiuie cores
wwsh and w help & prpecne bed ey prepae o
kuan requetl 1o & cemmerdial prseo i

# Reduce ur eliminaie o Lochiiial, matheting o acl {
MIRTETAL L wab ness of 30 opeFalinnp orgatiaitiog,

Sommie of Lhese Juans Jre direet lams. s are for
porogTams wlnch end up inchyding v o saobedoans,

Compiamantsry firansing. The Bank mas bedp the
burremwer Lo bcare “complemenizn ™ inancing i slde
tion to that which 1D qn provode. Kaoraily, this Lirxl
of assipizncr is non alwave Revessars or applicabic Bavi
obccves ol thr Bank'c ;nmp’l:mrnlun {itarging pree
gram with inre rmankenal privare sannes ol Dopediog are :

# Firsia es asbist ok o 01g el | geniiairies dgiin
i3 1o Clprilal Farhels. (0 pr e wied clis el
such aocesd

# Second, g veduce the rul, taceor of (e gresfil uper-
atksnd, and by s doing improve dhe e hor the pis-
speczive barruw ery.

# Finall, v contnbue w enhuagiong the soammin
eflecuveness amd the linancol sonwlness af (he &y er-
nal brruming progrdme of inember vl ries,

The prechaniam i sk, bun mn el s
licipation Jgacement. Hers one femelny YL
servesay e [eader v 4 2o of lemlers Sl peges,
tating a luan with the barrimet, he leader metls 3 pani.!
P4 LA tu WLher kUL,

A.gml n principhe. 1he uu-nplrmrnl.un fnul‘k:-‘
iz procest Harts with an agreemen in pnm:pk- Ilhr
prospective Borraw o will nemiane sodt o ke vl al
bender e g ol lenaders pr be foimd Byoahe pro e
15 be described,

in the Lourse ol JDPs anghui of e K ieues, i
there will L oo 10t o germgil pee i i
of & prospectis which dlescriles e Jeneling o2 uertn-
tugy Ik prroskpecki @ [enders

T assure competition. Lhe Bank invires linancial in-
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snutom o ubmil ofters of financing Jor the $ull
amourne ¢l the cumplemepiany Toan Theie aflers a1
requesied on a irp basis. The Banl expenisihe lerim
and condnigns of such uffers i be it e laviafbe 1[lan
those applicabibe wider similar finaescin g, wndvou e
Bank's purticipation, w borrowers of coanpardide credip
sanding Whe? Inothe frm place, the [inaned invin.
v recenen the benelu of the Banl's anabos ol the
bean requen. Murcen i the Bank it willmg, subyeu
apprinal by the Buard ol Direquor. 4 prnade o previs
oudy defined part ol the requaed Gmateing, Show
this Fenal approsad et Be gien. e Bnaacial insiitunige
has incurred no obligation e go abeeil with i par of
the Gnancing. %econdly, the dewit worh during dis-
buriement and during the sulnogueni Feparnient i
carraed cul by the { DB

Tive prespeszive buriiwer olien is alde ez -
LT 1ermmn 7 fa) Decace ol che Conlidemne grovided v
lenders by the mermedian preseme of 1R: (0 e
causs the Torrewer bnows geers ip o el nimoang
prospecinee bepders.

&N HF| CASE
1BB hat participaced i major petnxchemical ffevel
Gpnends i Laun Ameree, Fxampees: Peinsgoimac: Ba-

bike Blanca i Argenona, and she seqund amd ihird per-
ribemal cemiers of Hrerl in PBahia and Ris (omandde
dei Sul, vespeerreels, Thee laguer prrscieles o widde virie)s
uf characieamies nat dlwans tond Hygelher in petra
 hemici progeos of any size. This grrogeces lebines Joesh
AR T Clngid P FREinA s.ui:h ase

* Large-scale production of major imiermed-ies, inl

a aimgle pland, (9r consumpuon by several downaream
i AL s

# A& well-plantied ie of technology Lansier

* A propertare dof pweservaion ol e gualacy of (e
mirand af nearby waeer srcams

* Providing far Lhe necds of hean aned phocdead in-
frasaruerurs

* Alpnp-runge vaew wihe devedopment of the chen
wal indusiny in Branl

- F]ninc'mg b tnultiple souryes. '

The Box on page B9 gives the basic dewaids of she por-
rechemics] facility being buill 31 Pona Alegre in Rio
Grande do Sul.

MLl pee finerCing kources. A manufagtiring somplo
e aize ol the COPESUL rore plam présenis furre-
spondingly targe fimanding challenger, Because of the
large invermesid, aboit 3845 million bor 1the rore plarr,
many sgurces of finanomg were apped.

The equnily porion of the invesimend has been pro-
vigded by 1wo emiitaey prominent in the Brorilun roon.
oot s 3] percenl v PETROGIL IS A (ihe peirochemucal
submicary of PETROQBRAS the rauonat oil campany)
afd 40 perrent by BN OE, (Banco Nadonal de Descne
volvimetio keotomico, the national developmem
bask, thraugh ne wbsidiary FIBASE—Truarmes Basic
o0, %A Hihancidenenio o Parlicipasies)

Many sources of capital were
tapped to build the huge
$845-million COPESUL
facifity. The financing
“package” was complicaled
but worthwhile

Downgirsam, Both PETROQU{SA and FIBASE .l
participate ir equny of sextral of the Cewnsrean
planta. 18 addussn 1o 53 #quitt Bareipatson in COPE.
LU ENDE b prossding & long-tetm kaan i i fur-
renty. The foreign rathange fingnoing requiremenis
att being mes by medium and Iunru‘rm Inamg Mo 4
variety of sources.

Ln addition to an 10B logn lor acquisiton of ethylene
wechnalogy. 2 kerg-term loan wes granied for the pur
chiue of squipmem 0 be dguited v imemmabtional
tompeunve bidding. The World Bank granied 2 bonp.
v boan for dmiter purposes. in addnsen, 31 consor.
uum af Freach Nivanoul wmetiubions braged in Credn
Lyvennan has franicd & credin line w0 be used 18 by
gty and serdces in France, :

Since tach 1ype of [amancng pravides both con
wir2cs g opperianites. the formaugn and the use of
the financing package enil some compiicanons. But
wich complxanons are warthwhile, congdering the £
pected results.

Crwmicet markts. To dawe, prues of chemical imer-
mediates and final marlet producs in Brazll have been,
fixed by regulauon, Thit b (0 permil a reasehabie rate
of Teturn a; the variou stages of manufaciuring and
myarheling. This arrangement is adtninered be CIP,
the inLer-minisce rial conndil of prices.

Al the ime the Bank was eontdening the boan appie
avon, onh the 530 Paula petrochemicah eemes ks in
operaiaon- T hewetondd comer 2 Cumiacar, Bahia, wa
nea? compistion As 2 tetull. thete weTe frm wouroes of
imtermediares of vapour Linds. And therr werre few
cumphcalions from fiung one sales price Jer une pro-
ducet b 3 differern one for anothet,

Unwiskay metnid, With the advent of second and noe
third nauGnal perrochemical manufacturing remers
arnd the probabiiry that kome burers w il bu s [rom end
ot twre suppliers. the iradniong] methae of wIung
pres beromes unwich?y, [neesements per umin e pres
ductron will vary wadely, The depuecuom ol ges wlf
Le aifecied npp onhe ba ihese INVELITTEND 1eaitrglIEn14, ;
but ilue by differing apes of plano and diliering sched.
uber af depreciation,

There will be many more productss manofaciured
tham up 10 naw, There will be e addisanal compiva-
viers of inerchange of imermediaie maerals amon
e grographic and commertial arcas atsocuned wit
eaih of the three petrochemical teniers.

To copr permanenily with Lhe new priang probhlem
which et from the eximence of 1voor more manolac-
tring centers, Brazi| wifl develop a dynarmr quantita-
tive model of the cconam s peirochemical seCer,

IIT.- € ~ 3
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Cuemrarn B, (G Marmis or oo 1niingtry -
EMIE Ew by Proseel Asalgas Departmout gf
Iuterdmericgi Crplopurcn! Bowd FIDB}
Kaghington (35, Mr bay poroariog wenlelly
b AT ST I G Bkt S ]
Frapert +@damteas b ey ot gy wnll ga
maufactering tachnwa! wrpe motbe K
My nan drreciad mimunfactcnmg ogeroroes in
Vemgsmeln pnd Ans serwd 0y 0o amdugire o
Fulieut im Alyeroa nd o & ficlf tiue covnal-
Inwr to the B HaaE ey of e atrias of P Gede
rremenl of Ngerid DF M awies' work wath JOE ber Turtudad maiar
Wl Wiy W iy ng gond miming gty (Sl H o
KNasphry chumiras B batis 4 P D). dagrar 1n chymriogl sng s
A Fromm Lk FiMiwrtyiir f Tooas

Expansion; seleg. A high sevetas cracking, eiby lene
Frodusiion can be increaied 10 abaw! 472,00 1ons per
vear, with simulaneaus increases in producion of Buta-
diene. dromalics, Deavy ends, and decrezses in [P s
Frrelvais gading,

Thit cenbral plam also wili penerawe meam for iu own
use and for downal reum plang. 1t wll purchase clecri-
ol energy in bulk lorhe cther ri;m;:..

Most of the maon products will be seld to second sLage
prwrachemical planis. These will produce low and high
dengiv palyethviene, pulyprupvlene, svnthatic rybler,
meno and Bolyvind chlorid e, sy rene. polyastyrene and
propulene oiide. Some of the aromabicy pot congumed
@ the area will go 0 other markeu in and ol of the
stunrcfv.

Beyond the arca sef aside ot the core plant gnd the
seond-generation processing panrs, i an area for the

fermanion of an indwsrtal park 16 acrommodan third. |

grreraion plans '

Acguisition f echmology. The COPESUL plam isan
auigrenih of 2 gradual and neady arcumulioon of ope
erating expenence. 1n Brazl edhylene manofactuere
waried as a refipery braproguo. This waa abowr 1958
when a pecrileum refinery in the 530 Faulo area way
mudiﬁﬂ?iu revover by-product cthylene. The opera-
on was [olhowed b prbeiic 1 eron ery abiwt tww
rears Laver. By natural drvelopment more than b ma-
1t plan, the peivoclempal uperainme of 1he arez grew
At Led b estalaslipnens of 3 40 MK (anfea ey
bene plant by Fetroqurimics Ui, wborboianed opera-
vonein 1972, The dieqd has grown o » peyrochemical
cenier- | nvesimen in petrechemical planis is now jore-
ctak of 52 balton.

The continued growth of the Brazifan qoonomy 3nd
the atenidan: prowth of petrochemical marley ked (o
the plarning and conuwruion o 1he weeond petre-
chemical comples, newr Camacard, Bahiy. This camplex,
inchudes & plazit frn she marufacture of 350,000 1001
vear af ethylene and w varken of by-proslects. Thereare
mare than 23 downsream units, some basad wialh on
vive bpcally procfuceds ini-rmediaes and others on these
Plus matenal brought i Dhong ocher ocanans in Brazil
or imporied.

Flnarcing, downstraam plants, Furrigy cachange
peeds of five of the downawean planut plus oo locyted
csewhere in Bratd were lnanced in purz B 2n IDB
lwan pramed o Bance MNaownal de Beepvolvimenio
JX Y T

jLI.-E - &
[

The devedopment of the 1wo pational peirochemical
complexes had, a8 ane reguly, the effec of building an
ever prowing Eroup of prisconel with mpenise in the
detign, consruction and gperaion of olefin manyfuc-
tusing planu. Bur it war readised than the shijl in the
area ould b improved and should B orore wige-
spread. Thin led 1o the devedopmeni of 3 devailed, care-
fulty designed plan for the u:t:uitian of tikyene man.
ufacluriag rechnokogy from abroad lor use et only in
the third natonal perrochemical complex, bul oha in
fultire gres. This analer of 1e¢h v includes the
ramng of personnel working for COFESE!L ouhers
wirking for the ® & D Depariment of PETROBRAS
L. wthen working lor 1wo major Brigitian engie
reering firma,

Design metheds including manuals and compuer
programs will be or kave been vrangferred. Hrazilian
perxonnel will worl, closely with designers of 1he new
aviens pland In addion. 1he 1cchnology transler wilj
Conlintue 4% an up-danng proccss fOr 1en yeary Aoquin-
Coh of the wechnelogy was financed in pan by »n 1DB
lean.

Ensirgnmental protection. Envirunmental provection
He7ns frgm close conperation betweet the managemeni
of Lhe core plani company. COPESUL, ang Lhe waic
authorrtes. phn dear undenandingy with the down-
uream plants aboul the dutribution of responsibiliies.
This mieren in environmental protection i shared b
the intetnavonal fingncing saurees. as evideheed by
suitable'clauies in the loan conlract between [DE and
COFPESLIL.

Primary trearment of anw poasntially croubiessme lig-
wid deschar geawill be undertaken by the correspondng
plant, be il the core plant or onie of the Lecond-siage pro-
cewang Planu. The redulung trested cfMuenu mun
conform o federal and sare regulatons before they
cam b pene e ihe cenpral |;:::in; plane, 10 br operaed
br COPESUL, The dewids of s plant have non been
fully developed. nor is it pecetsam thanthey be fced 2y
this ume. The deugn will reapunsd 10 Lhe fature of the
treated wanes peven ed from the vanous plams. iy an-
WO pwied. 10 am chbe, vhar besdes the treatmem for wn-
tary wasics and prudent precaulinfary Measures 1o
Cope vith amy malfunctiond upniream, the (reating
plant will include a series of vuidaron pondy

Atmosphers polluten Each plant will assure et
compliance mizh 1me and [rgdesal regutstions, [n addi-
1307) b this, 1the ¢ntire compirs will fe surmounded b &
Ereen bl

Ittra structune. The Stawe of Rig Crande do Sul is 10 co-
ordtnale develgpment of the Recestary IiTasiruciure.
Phyviica) aspecys will include rosdr. railroad conmer-
thafd, washe rreatment. #nd housing in near wowm.

The human sde calle for. ameng siber thingy, 1he
triting of large numies of conuruaiom and aperat
ing personmel. For suample. during the vears 978
through 1941, 1here will be 2 need W iram abe u &, 660
shilled personne! wuch as welders, elecnicizns and me-
chanics. Later, at least 1LEOD iryined persans will be
n_tcded for main snance and the divest work of vpera-
tons .
1 rd from r ot an n ]
P, 2 Coe s 1 Esomrc Gt Devboprag Lo
[Ey % ¥
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MANAGEMENT GUIDELINES

Major factors to consider
in project financing 3

For o general understanding of project TABLE 1—International financing of HF| projects: |
tinance issvas, consider thase observetions Maljor tectors to consider
= : Intlsd product rerksing resssrch
from various authors who have dealf with oL he maret
the subject U Swiecting product 10 Gt the market

0 Salectng proguct Kem 10 B the market
O EADON-Srmpug vk 120 10 prghiy prosect
O Markatng Assigtinee Wwhirm Droouct bECOmes Evailsbe

C. H. Vervalin, Hydrocarbon Processing Swalf T Tosl marketmg Sucss v aTags Saiaciad
i O Mormtanit! trace Barry imporienl o produst menehng
- ] . T Terminals necatadly lor sucoskthal product marketng
) PRe)icT piNasc N{:-u‘-brpadll}' Eif'ﬂm?d'-“ any hnane. Finmncing for process svaiuation and process celection
ing based on the project's viabifity rather than ou the T Locally Bvailable malerdis—quiity, Gusntty, price—wiech atiect
gencral tunds o credit of the equity parucipants. 1n proceds Etlechon
othcr words, the cash flow and credit worthinessof the B Localy 'ml Uy, QUANTy, prca—whach atlec
proiect are sufficrent to induce lenders to lozn mon- C Locally svaisble sQuipMeri—Guiity, Quimily, prcg-—which &f-
Y . . . The prowetr must izeet (he castrsk/rerurn anal- - (we1 prOCass saleciion
sis of all paries—owners and lenders.! € Tavth berriers lor impored matinials, aquipment. Skiled Whor and
In the pirocess of seeking lenders, the borrower must i‘ml'm s T
consider » number of factors that the iender will fully | 3 K¥enkl 80¢ oofom oo es Ko S vatanie barang
befure participating in financing arrangements il
as3ess Dr partapating @y I3 ng geme D Cumency resironons BNeCting SXRON OF Brocts
(Ler Table 1). Banks ordinanly require 2 detailed ap- & Tocmowgy uses that sllect sxpon of Drooucts
praisal of such elements. Moreover; technical profes- Finaneing construetion of the procass plant
sionals invelved in rhe ﬁnancin% aspeces of project de- 0 ¥/ran ischnolog y 14 imponed
vaiapment of management should be fully familiar with gwh"“,l ~::m:mﬁ
t=rms and concepis used by banks and other lending in- 2 Origanal cataiysis 4hd Malenals Chirpe 10 provess
stiuiipts (See Table 20, O Spare eqlipenant, DaNs AN supoles
. O Irwtinl operation of the project
Tt contrects, How dou lend#rs assess credit risky The Furchasing and expediting project equlpmant, materiais and
witiect credit structure attempted mast frequently in- skliwd lubor
T _ - = Therd courtry purchasss
carparate; a number of key contracts between s pensors., O Technology-axuioment txcharges
levders, auppliers of raw materals. and purchasers of O Fistw Mt snals. FOGuEt SXCHEnges
end products designed 10 address the principal risk.? O HveRmen inaurance _
K ey <oniracis that make up this package inciude: © POE! proguCts SXDOMtS (r #QuUIDMEnt SUpDked mported)
) ) _ b Bartar ot products for cradits
1. The Joinr Ventore Formation Agreement be- Evmttual vwrarship of project e deterfmunmd by fnancing
+vegn the various partners csiablishes the percenage D Ownerghi rolained by #nginaer-comracior

= Finance Fautce Nelkog Owhership

nwr.crship.righr.sandnbiiﬁ:iunmfﬂchpﬂny.ltspclis = Lions on ProGuCEon halo oy bk matanals

ol the way decicions will be reached and gispules set- D Govemmental pwnerghio— parttal of iotal
1ed. ¥ rnust be equitabie to all paries parucularly inthe T OwneTEhD relitred by Thd party
event of changed or udverse circuma ances. Cost Cantrol

D nitia) siudies
C Engmesring ard de mgr
T Conmtrucistn_ and mitml Ooeration

Z. The Compietion Agreement requires the partners
‘¢ nut genere) credit behind the funds barrowed by the

at Venture untl predetermined operating and fi- D Contirumng Mantemance $nd operaton

1'_-;;11 ﬂil.!:ﬁ& ha\": mn l'.l'ch Such Db“gﬂiiﬂn iﬁ Eﬂ‘ﬂtr- s.mlm ol lw’.‘. m‘lﬂ“rm mmﬂm mﬂnr
Lally satrsfied by a financial guaraniee of principal und D Expariance in proyect type vider orsderation
t.rterest or 3 purchase of 2xsets agreement. This covers 0 Evaluation of persornel

T Asseyprain! of over-all pelormance record
& Eviusion of EXS e ang scope

Itk risk that the investors for unseen circumstances may
|vish to adandon the projecl. This would ieave the

! ITI.- F - 1
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* Baiance shee! damg—amourts sxpectly BFind on & comparny's
La'aTny R i aGhad Lhe SRS o the bailites cDigmn.
* Lah Row-—for ncmg putpoles, Nel profil before laces plus op-
PHERET DN, AIMOTITAGON BN thishes: dus.
» Conal Bank vhvlgrisongs—usunally & gua @t e & corvern local
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1o rder with a half complete plany, and no way o get kis
"“J".l'if'r bach..
2. The Raw Mawrial Supply Contract assures Lhat

t}n: raw maienals for OpeTatton are available 1o the Joint
Veamire and in sufficient quanutyand quality. The risk
o faifiies remaiming idle is not oue Jenders are anxious
1o 255umc.

+. Tke Puani Operatiorn/Managrment Contract, gen-
cralls exisis between the new jaint senzure and the prin-
cip:al comimercial Joint venturer who has bath the expe-
rienze and the technology to manage and operate the
f Cies within projecied cost parameaiers. Wihout rhis
t overed, tie lenders would have oo assurance the
facilities would continue 1o be run and operaied by ex-
penenced and rzined personnel.

5. The Product Sale and Purchase Agreement is (0
assure that the end product will be soidl. It generaly in-

- ) Janu.:-{ry 1380

volves the various commercial jorny venture sponsors
buving their prowrata share from the Join Venure a
market or formuia price, whichever is higher. Aim:
assure economic t'iaEiii[}- and meet debi service reguire-
mrenis. Without such assurance, Lthe lenders will face ad-
verse markel conditions which could himtr debt service
abiliy.

6, The Loan Agreement is betwzen the Joint Ven-
ture as borrower and thelend ers. It feliows the patiern
of domeslic term credits and establishes interest rate,
repavment Lerms. borrower covenanis as well as evenis
of clefault.

The rigks. Mennon was made that the above conusos
are o deal with the issue of risks. Three fundamental
riske are associated with a major HPI capital project in-
vestment:?
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* Commercial richy—Frice and supplypdemand re-
latinghips of the feedstocks 2pd product g projeced
for the lile of Lhe projec may I‘:irln Foliaw the proes-
ligni. This may result in the forecast cuah fhows boang
iradeqjuaie 1o pay off the Joan.

& Political/weomomic riehs—The Lryngan reveiuton
makes these risks cany 10 underaand. However, don'l -
auyme that thrae risks are conlined to len developed |
COUMEES. ARy cauniey can ause dilficuluies for & pro-
Ject. Enamples. turrency devaluabions, raming andf
Rarreery. changing nvironmena! regulavons oF na-
vonaliting a whole industry.

# Technicy) rishe—These risky are aspciated with
the physical plant itself, T the absence of the other 1wy
rals, they drrerming whether or nol the project can
geperale income by producing product 2ty com peti ve
frice Lthreughoul i whole Bfe,

Profear financing lendets are pot rish takers. The,
serl 10 prosect themaeives from non-tepay ment of Ceir
kmry by 3cotabie conLracts and narandes. -

Lpforiunaicly, contrasival arranhgements are nol o
fuaranttes aguind prajeel failure, They mun be com-

- Bned with sound plinsing and skil] Mol implemen tavon
to reduce bnder £xpogure 4 unfpreseen. unploasan
SUFprises.

¢

Technitsi Azks. Lenden ook arefully 21 3 projenys
techniscal and economiz vabilny. Mujer Dxion exam-
ined include {1} seiccuon of 4 competive proces, (2
estimation of capita] requiremen. {3} chntracior sel eee
tan. {4} engineering arxl condtrucuon pracces and
procedures and (3} plent stanup Sangr, sudh al poden-
ua] lor delavs. \

Engliwer/cinsirurtors 104, Today, there i 2 pre-
mium b Lhe contracor's xbility wo ke zppal inve-
wrt and match them with clienr reguirciaents for con-

siruction of large HFI projects® This mark el has be | e,

tome w compeutive, pankeulary for Toreign praje,
Lha: che tancractor who mn ofTer the bt fingnong of -
ten gew the job. A patental contraner for a mapr pro-
Q01 enLert Lhe financing prelure i 1w Hages,

1, Preparation of bud paclages
2, Providing financal agsance 1o the clisnt.

Contrettor reeponsibdiity. The comiractor has rarious
financal responubilizies. Innzally, by must ofien help
his dient obiain firanong to get the project "off the
ground”, Then, during tht enlire conmruction pro-
am, there muogr b & contnuous eflort o guare tha
Lontraror's working (Rpual posiucn i not weak-
I:nﬂi. The 1oals foF Lhis are cavh mapagement, letters of
credit. and loreign exchange contra.

Propest loan structure, How docs 2 lender eapeny a
projent foan 1o be sruaured? A progect loan is a credin
1o capial nlensive [acifiny baving no hivorical operag- |
g record il The lender serks repaymen (o ap-
erapons af ihe progeas after i s bolll. Such a credit g r
divided int 1wo phases:d

1. The Constructivn Loan Period during which time '
the plant is buily by funds advanced from the kender and
OPErilons commence,

i The Fermanent Loan Period during which ime
the plant opermet, generaling cash flow 1o retire 1he
debt 1o the lender and rewmn equity Lo the 1ponsons.

Thia divition is helplul because 1he riska invobved i
tach stge are differcne. Jn many caves, uhe lender dut-
[ ing contiruction is different from ihe bong Lerm lender,
A loan lor th¢ comtruction phase mutt be repaid [rom

| Permanen financing.

Multlple partiss. Apart from the “mechanicy” of pre-
e financing discusued thus (ar s (he maner of parte
ifr eir comribution and iheir knowfas . Pro-
Jeris hive become w0 large and so complex thal muiual
underptinding of the overeall piclure s needed b
bankers (lendersh lawyer, sconommis. engineers, fiv
nancial anabeis and even polGdans, kenddert and
Ervernmem butvauvcran, A broad-brush comprehen-
50N i necessary for al] of yhese §

Project chsh Bow. Technical profesticmaly conce rmed
with prégea Financing matiers should undersund the
ramificatcns of projen eanh Aow, This inclydee com.

1 prehending 3 deseripaon and interprewnian of the cor.

cepl, the refinanong of exiting plan, how bankery
view cush flow mewens, and how Money s Munaged
from prejea concept 1o completion. HF hag produced 4
special FEpO 1o tover this iIMportan! debpro,”

Mirwr 0Dy sources. Finath, 2 new dimension has
been added 1o internauonal finance Maucr—the -
Lhetic fuel fachey . In the S ., sspecially, which has new

slaien reicvant o creanon of a ynlvels induam,
financing altermatives muy be undetaiood.

Financing opuions 1o be considered include (i) mu-
nictpal linancing (of coal gaificzion plants), #2) wwlio
financing. and {3) indunrial firancgng. Finumoal ena-
triu who are looling dosely @ develupmient of sdid
Tuels say that 1o offser the effects of infarkin these
souILes ML gey i operation. Onee he capiel hag
o 3penl. escalavon on that element o} Lhe enerp
price is svablished Tor whe life of che projea.-

Monny avallabfiity. What about the capital “erunch”™ we
Rave heind about in some quariers: The bes thinking is
that credit needs for the £quiny ponson of 1he prisate
seaor wili be met by the market mechanism ol i,
The market mechaniom of cash Now und eguits wnd
debx offerings will grow ara rae sufficien w meet HPT,
hesds in the Fatare, On an absoture basit, there wall be 4 ¢
capial shonage, slthough the imerface of market dh- |
namics wif) dicwaes higher retarns d ue fo the eondnuing |
inflationary spival*
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World money resources

MANAGEMENT GUIDELINES)

for project finance

International sources of financing should be known by
operating company and engineering/construction
company managements. Mega-projects of the future will
call for large and wide-ranging capital resources

H. 5. Kohll, The World Bank,
. Washiongon, D.C.

INTERNATIONAL MROJECTS comprise
ia big part of activities by cotnpanies
‘involved in the design, engineering,
:supply, construction and operation
‘of hvdrocarbon processing planis,
"Financing of projects overseas, par-
scularly in developing counzries, in-
;volves spedial considerations. Thisis

partly due 1o the difference in

tes of financing such projects.”

T most large projecw, govern-
menls provide or guarantee finan-
-cial resources. They ofien paruci-
‘pate in eguity ownership. In
addiuon, 10 overcome capital shart-
age (ard freely convertible foreign
exchange) in most developing coun-
tryes, large projects frequently aiso
reguire exiernal financial resources.
In recent years, major international
comtnerdzl banks have met a major
part of this need. However, due 1o
country creditworthiness or portfo-
llo reasons, commerdal banks can-
not meet these needs Fully, at least
on long-maturity Joan terms needed
0 make these projects with long
gestation periods financially viable.

Fitling & gap. To fill 1his financing
gap, developed countries (led by the
US. and in recent years joined by
OPEC counirses) organized bitateral
angd inernational insiitutions. Ex.
ampies: USAID and The World
Hank. They provide long-ierm
firz "4g. In 1975, they provided
abc 17 billien in medium and
long-term financing 10 developing

large expansion in the number and
composition of mululateral, bilar-
eral and commercial financing
sources for international projecs.
Many of these official and non-offi-
cial sources are also increzsingly co-
financing, 1ogether, large propcts
in developing countries. The role
which more esperienced: agencies
tsuch as The World Bank) play in
co-financing may vary considerabiy.
Vanances gtpcnd on facors like
thesborrower’s wishes, the capagry
and experience of co-lenders, and
the type and source of co-finzancng.
The lead lender, such as the Worid
Bank, may solicit co-lenders for a
project prepared with the bank's
techniczl assistance and [ullv ap-
praised by the Bank on bebalf of al
co-lenders. The Bank may also fully
assume responsibility for negotia-
tion and supervision on behalf of
the co-lenders. There can also be
much lesser degrees of Bank (or
lead lender) intative and responsi-
bility,

There are hmponanm differences
in the criteria used, and depih of
analysis employed, by differem
sources of financing in derermining
project suitability, :

. Abput more information . ..

For more miormation on project
Bnancing ralavani 1o the HP(, pon
the spacial reper in 1he Decambar
1970 asue, pages 71-22, and the
irticts by C. H. Vervalbn in the
Jargkry 1950 issue, page 18%. For
othar HP-relgisd papers on the
Subyect, not published by HP, note

counirigs. This amouni 15 now . Hlarghorg Sitations at the and of the
abaut 531 billicn. Varvakbn article,
In 1ecent vears there has been a
IIT.- 6 -1
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Commercial banks, a5 in domes.
tic financing requests, are con-
terned primarily with determining .
management capabilittes and bor- |
ower financizl credilworthiness. !
However, where the project is large’
relatve o the borrawers opera-’
uons, the commercial lenders must’
confirm that the projea would no
have an adverse impact on,
borrower’s furure financial viabiliry. :

Export credit agencies are con-:
terned primarily with the source of ;
equipment and services purchased:
by the project from the credit ex-!
tending country, and with thel
barrowers ability to repay their
loan, However, many export credit
agencies are now required 0 :nture}.
that the projeas’ do not advcrsc]”
impaca ot their own home indusiry.’

[
Interpational development i.l'llti-}
tutions—bilateral, regional andj
multilateral—are generally muchi
more comprehensive in their anal-|
vsis of projecis submitted. Thisr
anahviis includes detailed technical;
evaluation of all technil, organiza-
tonal, eronomic and finanaal as-
pects. Iz s 10 confirm that the pro-
ject is economically desirable from
the country’s poinmt of view. Is &t
soundly conceived? Will it be imple-
menled and operaied soundly¥
Therefore, while apprzising the
propasal for financing, an imerna-
tional development instituoon such
as The World Bank notonly reviews |
in dewil all aspects of the plam
faclives but also their impact on——
and the need for—all relaled physi-
cal and social infrastructure in the
country, Examples: housing, envi-
ronmenlal comerol, raiiway, por,
road, power and water facilities.

Long-term retationships. Pardy
due o the above zpproach o pro-i
Jeau analysis and partly due w the
inexpenence of many borrowers in
developing countries, the interna-




Pn-:nmt desrluping coun .

[Bllciers! wnd Muttiatermi. These in-
klwd# three graups-

r.'I Bilatcrai sid agencies, See Tuble
2. Loars atec made a1 congEMunar
Iermid angd are mmes 30 Lhe poorsst
leveloping counures. Mol al 1hes
Joany are [of non-indusral uge, Le-
gal and apgeicers Lexampae: USA 1D}
dhitr gprarade subsiantial techric as-
pinance.
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TARLE 1-<Major &2 por] eridlt foarntng netitmans
{iemertochitche Konridflonk 4,0

1. Repicnal developmeni baoks
and :Elnd- Srr Tib]l:mﬂ Mops: of
thewe are owned by their govern.
menis, Financing 1 provaded on
Bah oneesrional and marker
o, They cellaborate chosely with
uiher regional and mernminnal de.
v:lupmtm instiatiang,  Go-finan.
ing i omimon. in which caue pro-

andhvaic u owualty done by the

FET ICSTILULMT.

1. locernationn] development
tanhs yod funds. See Tabie 4. Thu
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"Except for the lcased eveloped

source for induztral projea.
{CHelal axport credhs. Sources:

tional development InTLLBORS Lend
101 b chope ]y assaciated with the pre-
Jects for a lang prrod—-sometime
10 yean—dunng Ueir sdeotilics-
Wim, prepafilbicn. :pprml and
wibsequent implementation. Such
cloae collaboravion between the
kenders and borrewer i enendal w
ensure mow cifcoent wie of e
COUNIFY | TERUTTes

FINAMCING SOURCES

There are four maor sources of
loreign funds available 10 develop |
ing tountries 1€ finance large devels r
oproenmal progects: (L) commercial
banks apd pjvarc sources. {23 offi-
vial granu [rom govermments,
N oificial expot credrits. and
€} belaeral erd mob-laieral aeen
(=, 4 1

Commeralal. Sources: imernatichal
sommercial banki, Eurodaltars, €
it credis by Rt sources and
mdividugls, and equuy invescroen
; privare wurces, These represcnn
w half of aft nev G pal Now 1o
dew]upung munl.nﬂ., They are io-
credunghy nvobved in ¢finanong
with multilatera! development inxj-:
wGons such ki the World Bank. |
Mosi commerciat loans are Bot
tied o purchases from any one
couniry. And they arc relatively
quick 1o arrange. Bul thay are avail-
able only 1o the mou credil: worthy
of (he developing countres and
borpeeers. Al eXeEPl in periods
of gxcews liqumdy they Qrry shoner
repayment torme and higher imer-
ou 180 Lhun other saunces.

oinciei grants, Thes funds are
available .on 3 governteny-io-gas-
emment leve] They @army ne mar-
gnal imeres apd repaymoen oblige-
Ly Main sourtes are mernbers of
OECD and some OFEC countries
such ar Kuway end Saudi Arabia.
Thes grant funds are incressinghy
earmarked for wacial, infragrecure
and sgrculture.related projwons or
for general non-projen asusance.

COURINES, ey ANE Rt 2N iro portkat

Goveramenl owned ingtnuions
such as LS. Exporl lmpor Eank.
(S5ce Table 1.] Inierest race and re-
paymeri petied 16T ware e b,
LTI 1L l-mnﬂng 1l L

urthine of gosds and srrvices
from the country of the inLtuLion.




wp of inwitutions i more broad “COFINANCING BETWEEN |
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IV.A-i

Trends - Construction Activities

1hese data are confined to the Hydrocarbon Processing
Industry (HPI). This is defined as new capital invesctment
for planning and constructicn of: refining units, petrochemical
units, natural gas processing units and other units which
include environmental contrel, dedicated urility systems and
solids fuels processing units.

They are considered 'activities' since any single
confirmed entry inte our data bank may consist of a complete
'grass roots' refinery, a complete petrochemical facility
or only an addition or a single refinery processing unit.
However, each activity must reflect a capital investmenc of
at least $500,000.00 U.5.

These worldwide daca have been ceollected and confitmed
in writing since 1947. We will discuss data from October
1977 through October 1980--a total of 16 data points.

In Plot He. 1 you will notice that total worldwide
activities remain in the 3000 range. However, we have noticed
a rapid increase in 1980 to an all time peak of 3470--and
atill climbing. Within the next five years as solid fuels
and biomass conversien facilities begin emerging we expect
8 continuing increase in HPI construction zetivities. The
engineering and constru:tion;campanies. equipment suppliers
and other service groups are all currently expanding to meet
this expected demand in construction and engineering activirties.

Another problem area we are begintilng to encounter which
is also indicated in Plot No. 1 is the restraint imposed
upon capital construction by the capacity of the service and
supply industries capabiliries.

Engineering, design and fabrication capacity--worldwide--
has been level between the 3000 and 3300 activities which
appears to bethe upper limit of worldwide capability.

Also norice the nice increase in U. 5. acetivities since
February 1979 and now a slight increase in Outside U, 5.
activities, The ratio is beginning to shift in favor of
U, 8, activities.

» Status. All activities in our HPI Boxscore are reported
as Planning, Engineering, Underconstruction or Completing.
Once shown as Completing they are deleted from the active
data bank. In Plot No. 2 we show the status of the activities
from Plet No. 1.

Because most HPI prejects are rather complex, Planning is
rather constant taking inte consideracion normal worldwide
business cycles.

Engineering is slightly more erratic, but again seems to
hover arcound one-third of the tetal activities.

Construction shows the most variagtion and corresponds

MORE



IV.A~2
closely to the Completing line.

By following any single actlvity through its history
in cur Boxscore, one can determine a 'residence' time of
or activity life. We have compiled these on a rather crude
basis and found that a U. 8, activity sustained a 'residence'’
rime of about 22 months while an Outside U.§. activity was
gbout 533 months on average. Many Outside U. S. activiries
require lepger planning, engineering and construction time
due to many reasons.

Types of activiries. In Plots No., 3, 4, 5 and 6 are
shown the woridwide activities by type--Refining, Petrochemicals,
Natural Gas Processing and Others.

In Plot No. 3 notice that while Refining activities
have been up since Feb. 1979 in the U. 5. we are now seeing
a nice upturn for Qutside U. S, activities.

Petrochemical activities in Plot No. 4 may appear to be
level for the U. 5. but keep in mind that these 200 or s¢
have all been rather larpge preojects. As you would suspect,
Qutside U. 5. petrochemical activities are more than six
times those of the U. 5. 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 Qutside U. 5. activities as the-
large Arabian Gulf and African projects are completed (Plot
No. 5). .

Other activities have always been low with U. S§. around
100 and Outside arcund 200. However, with current developments
in alrernate fuels and feedstocks projects this could become
a very important area of capital investment.
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IV-4-3
Trends

Enerﬁg, Cost of energy is projected to gontinue rising.
Plot HNo -A-7 shows the average refiner crude cil acquisitien
cost in current § U.S. Notice the phase out of U. S, price
gantruls in 1982 which will place all consumers on an egual
asis.

However, since most crude oil ie purchased with § U.S.
we should have some idea of the effect of currency exchange
rates. As seen on Plot No. IV-A-8 are projected exchange
rates for the West German Mark and the Japanese Yen versus
$ U.5. While the DM continues strengthening and also the
Yen, there appears to be a break after 1983. Currency
exchange rates must be carefully considered 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, §., Western
Eureope and Japan. The strengthening of the § U.5. beginning
in late 1982 will have a noticable effect on Western Europe
and Japan ethylene prices.

Potential growth areas. First look at-ammo nia demand
as shown on Plot Ne. IV-A-I0, HNotice how the demand is
shifting from the developed countries to the developing
areas. This represents opportunities for industrialization
to supply local dewand.

Benzene is another important indicator as a rather complex
projection is shown in Plet No. IV-A-l1ll, In this case
'"MOVEMENTS' are transfer of product to fill do mestic and
trading demands. Perhaps an example is in order. 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.S5.5.R. This presents opportunities
for developing countries to enter this market--either as a
consumer Or &s an exporter.

The basic petrochemical--ethylene--indicates industrialization
at high technclogy levels. Plot No. IV-A-12 shows a 15 year
forecast of preductien by geographical regions. It is
interesting to notice that while production should increase
three times in 15 years, the industrial countries show good
growth rates. 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-4-13 shows these
data in bar chart form.

As discussed in the section on PLANNING, feedstock
selection can be very important. Depending upon availabilicy
and overall complex preduction vlans, & feedstock can be
selected to produce a single preduct or a broad spectrum of
coproducts, This is shown for various ethylene feedstocks
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IV-A-4

in Plot No. IV-A-14. Feedstock requirements also vary as
shown in Plot Np. IV-A-15. Notice the increasing amounts
required as the feedstock becomes heavier. It shoulgd 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 presents one prejection of polyethylene
demand growth.
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__THE HORLD OUTLOOK FOR PETROCHEMICAL SUPPLY
ETHYLENE PRODUCTION BY REGION, 1,000 METRIC TONS PER YFAR

1976-1978 GROWTH RaTE

REGION . Averasz 1995 Z/Yr
UNITED STATES | 11,506 28,750 6.4
CANADA 634 1,925 b.4
LATIN AMERICA 769 - 5,550 11.6
Eurorean Economic CoMMuNITY . 9,807 22,875 4.8
Non-EEC WesTERN EurorE 869 5,650 11.0
U.S.S.R. | 1,700 5,825 7.1
OTHER EASTERN EUROPE 1,690 6,975 8.2
AFRICA/MIDEAST 196 4,150  18.5
JAPAN 4,049 g,450 4.8
OTHER As1A/OCEANIA 832 5,950 11.5

ToTAL ‘ 32,052 97,100 6.4

Ref: Predicasts Research Group, 1980
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[V-A-14
OLEFIN PLANT PRODUCT YIELDS BASED ON FEEDSTOCK TO PRODUCE 1,000,000,000. POUNDS OF ETHYLENE

T PRUDUCTS l;UDU OUU PDUHDS
FEEDSTOCK.  ETHYLENE VROPYLENE BUTADIENE  BENZENE. POTOR FUEL. BEATING.FUEL

ETHANE 1,000 40 30 10 25 235
PrOPANE 1,000 90 55 45 140G 660
N-BUTANE 1,000 630 85 50 225 650
Lv. Naputha 1,000 620 170 125 825 540
Keros1nE 1,000 580 175 140 1,170 995

Gas 01l 1,000 630 220 150 1,380 1,270
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T{Recycle Ethane
*70% Normals, balance mostly Cg materials Hydrogen &
Methane
Propane
Other C4I5
Butadiene
Propylene
TN
AN AN
ALY R
i\'\\l\é\m 2,48 2.5 | {3 {30 | Ju3s
EED FeeD FEED FEeD FEED FEED
Re'Mt | IREQ'MT | |Rea’mT | [Rea'mr | (Rea’mT | [Req’mT
_ — _ : IV-A-15
Eriane  Propane  N-Butane  Mixep  HapHTHA  Gas O
Buyanes®

Typical Ethylene Feed and Co-Product Ratlos with Differing Feeds
(Tons/Ton ethylene, assuming ethane recycle to extinction)

Ref: Turner, Louis - Royal Inscitute of International Affairs. T.oadan 1agn
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1,000,000 METR'" TONS/YEAR

UUS.A. HD-PE AND LD-PE

" CONSUMPTION AND EXPORTS"

Rer: J. L. Coes; ARCO PoLvymers,

1980
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Forecakting D..- cd Bams

Toral sceivitien )

"7 Fig. )} showa the himtorical pattern of Total

Worldwide HPL sctiviciws. borice the dip from the

197 war folleved by che tapld recovery. The maximum
waz less than 500 activicies off a stendy

. rn of arcund 3,000, We get no repyon for

another significant deviation #from & himtmry of almoac

four ¥ears af 3,000 plus activiiien.

Cepgrephical distributjon

Figs. 2, J and & ahow our ten geographical sreaa
with totsl HPl accivicies ovar the period October 1370
Febrvary 1976. Fig. 7 shows the U.5., 0O.W.H. and
Canada==the Ventern Hemiephars. For che U.5,,
caximuzm rate 97 change has been about § parcen: fer
any reporting period. Afcer the 1973 2ip, the 1.5,
has hald wround 700 activiclas. O.W.E. haw shown the
least deviapion rate and has refdiosd co & wteady
A00 artivicies. Canadps sppedts (¢ by raltheT errpbie;
rowever, Chis 1m & semilog plor and race of change
haw sctually been lexyg than thoas of the V.5 for
jdentital parlods. Cafuds ghould continur ar arocumd
$0=-100 conetant Eota) sctiviiien.

Fig. ) shows Furops, the CONECON and Africa.
Europt has held stemady and had 8 sAteady dacline.
Howaver, we now hotice & slight Tecovery and holding
around 6530, Dependiog vpon COMECOW activitias, which
appaal back on Chelr sTeady rate begun in 1974,
Enropatu activities may declipe for such sctivities
ag we call EFI. Africy appeats OO0 &n upltUrR and W
exprel this 1o hold,

Fig. & ghows the Far East, the Hideagt, rthe
FR.C. and Austrelasia. A= che Far East wap declining,
the Mideaxt began o rime. Cur data frop the P.A.C.
or” “scame reliabla ip 1973, Thars wms 4 rapid
] rtate followed by & decline, probably due e
ha, .ufzency problemss, wvhich sdils to have glabl-
lired 2t arownd 70 activities. Australavis has
Alunys been up and down and pravently appears in &
mrgady decline.

Scatus tyacking. The problem with eletCfrenic
dats banks is Pretecting coenel! from the paper
"fload-" Therefore, we have selected data shown in
Figs, 5 and & by carefully asking the wachine for omly
a bip of ftw fantasatic semory. The pariod Dctober 1975
and Fabruary 1%78 wre well withid normal human reeall.
Also, these have bheaen placed 1n ohe well-kbhown )
gtopraphical ales and cae Tathe? broad afea. This
Pelackion way made o ordar bo bBetrer underststd
cartaln treecd lines we ehell discups below,

Agaio, we find tha fami{liar P, C, ¥ 4od L atatuas
ploceed for the U. 5. in Fig, 5. MNotlce bow F amad O
trkck vary closely if ome alides E to the left to
account for normal angloesaring tiwd and U to the
tlghz Lo dccount for prolonged tonatruccion periode.
Completing, while appearicg racher “psv-tooghed ™
tracks guite wall when the Ewvo sarliar factors ara
#aved tD thair approximace position.

Motice the rather wudden declinpe and virtusl
[latpening of the P lige afeer Juox 197E. This iw
important io analyxiog U.5. data as 11 periaing to a
lack of an enetgy policy and rellable governnent
landership, Acrually, sost of theae actlvicies are
“world scale™ snd sngintering time and construction
prric"" may extend. This shows s very flat activily’
lor Y.5. for ac laaat five years shaad. This
LT 1] ve best ascartaloed from Fig. 2; however, It
i excphntized here. Omet key to fubure covt may well
lie in reported planning sctivities. Without
burdening you witk cha entire datd bank, permic a
STatement thar "Thers 1o & deflinits corvelatiom "%
betwedn plamning activitiwa and the ochare,”

IV,

" that pupply Taw

‘constant (or flat) U and E. plets.

Another crend peen from Fig. 3 ia rthe shatp
increass in snginesting ectivities. This Furthar
emphasizan the imporrance of the cranmition frem
planping to sngineering. These are slrvady baginoing
to sahow in constructicon artivitias apd will svencually
bhe reflacted in completing.

Pathaps &4 word of cpution Lla in order. The old
siiom aboul compulars--gaThags in, Eparbags Sul——doms
not prevaill here. For example, this daca bhach is
scrubbed gquarctarly for tancellascions and bad dats,
In the Februgry 1978 “gerubbing,™ ooly ten of 1,000
acrivities vare Tewcved for "bad data.”" By meams of
this coosbtaot suTvelllync#, current rapores 47 within
tanthe of a pereent of actusml reporrad and confirmad
inputs, While 1t i» not our purpoee to puchencicats
these data {and we have norfhing to #x]ll), 4T is
imporrant that yow understand the survelllance
exercised in maintaining this dats bank.

Faup 1o mind, Fig. 5 in 3 somewhat dersiled
analysis of appproximately 700 HFI activicies. MNogica
tha correaponding parcantais relaciopehlp for the
warions ackivicy acatum condirions Ior sach reporiing
pariod. For gxample, Iin February 1978, approximacaly
58 P's, 140 C's, 170 E's and 8% U's waTe reportad
for che T.5. This is sbout ¥ parcent Flaoniog, 26
parcent Enginsering, 44 parcen: Under construction
and ?1 pearcent Complecing. Thua, for shorc-tsmm
forecanting, w.g-, five yearm, E abd O wich carefyl
watch on € would suffice, Mowevsr. for loager range
foracapting, e.g-, Can yeaTy Pplus. & careful study of
hintorical , current snd future P J4Ls wugt be used,

Turning o Fig. &, which is for Outaide the C.5.
(s rathat largs grouping of =crivicies), soflce First
tha effect of a large daga back, BSmocrhness add cload
trscking'of F, E and U are quite abvious, An you would
axpace, Compleriog cen be sawmily ubderstood cenmidariag
the large mumber of activities in cethar harab
clismtenp. Again, this im raflecrad Io tha racher
It just Takes moTa
angineqring and cosatruction time for che large 0.U.5.
wctivicies & vall as wome of che Emallar omas.

Cowt Engisesrn Toalize the diffleulties of
Complering ap sctivity in certain harsh acd hoscile
climares whers mych of oyl Activipies arse occuTTiRg
today—and west 1{kuwly will concizus in the oear term.

Therefore, I would wuggesc chat thess dats are
useful ip a}l phases of Cost Engiosweriog and sepecially
in the Menagegent Scisnce ATea.

WORLDWIDE MATERIAL COST INWDIZES

Ganarul

The world ia stesdily evolving into a single
world economy with cycles thae gifeact crede anmd
tomsarce CEcurring mors of lans slmulzanesusly around
ths world, Cuorrencly, the Wesrpern World and Japag
opeTate on cloasly intarrelated cyclas. The curTent
recovery 1o The United States ia slowly sprasding to
Weatero Eurcps. The gcontmic ackivity iz the catlons
miterigly depende ultimatal¥ oo Ehe
vicality of the consuming natioos.

With & ood4Ts, efficlect staelmaking plant, Japan
has developed a ¢mpetitive sdgs over dowaetic sTesl-
makary in pomg Iodusirislited catjons in che Fres
Worid. Japan bas demonarTated soms farsighted wision
in ite actions to Teatrict lte imports ioto the Dnited
Staces and Weprern Europe- Some 011 producers, llie
Saudi Arabis, have supporied restralnoce on oll prices
in recent Yeary. Thasz restraince have hulped held
thet lines o0 #herE¥ conbts and have &]llowed the
tndyprrialized patlony o proceed AloRg che path of
atonomic I'ecovery.
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Univcd States Dizect HMaterial Indices -

Pullman Kellogg had developed correlatlons far
pany BLS indices coveriay the vallous clamagn of

cquipmant and hulk macerialy used in guT Drocess planta.’

For #xzazple, piping focludes pipe, flanpes, fittings,
valves #nd shor labor., e awcartain fhe curtent
acatue ©f apecific commodities (1ot monthly saatings
wirth aur Frocuresent Department. Covered are sach
factorn A% damand, shop loadings, delivery lsad Cimen,
incTeanE OT decTEmpe 1p oumber of acceptable vendors
and the genara] fealing of where the mathker {a heading
by the veodoers of theae diTec: muteriain.

We have had & messure of success In developing
these corTelntioos for che Uniped Stares. Flg. 7
thour & plat of & wvaighted multicommodity ALS plant
incex ytllizing 197} sp base 100. We recognize that
the BLS indices, when compared to Pullman Esxllogp's
stfyal dl-ect material cost exprlenca IR which we
odasLry what wa patd ip the marker place [or our
wacerialy ac crat polot and fime, tend (0 undarvtate
the fyll mapoitude of price inereames during rappidly
ticlop cost pericds, such as accurred duriny J157%75,
& prime facror 16 the tnabilicy of che BLS gyormm to
r#cogrii¢ thanges in the quantiry digcinunts obrained
by cocttactors who Buy 1large quantitiep frem ppwcific
verdors and sacufsctursars. [uring Cloes of relabive
Ftability, chare ia a peoeral tandency [or tha BLS
indfces, nt Jlaast [or rertaln cowmndicies, o gomevhay
overgrate the projectsd comt when compated te sctual
maTketplace rrangaciions &4 indicated BY Our ETpe-
rlecce. For axamplie, In Fig. 7, the aciuval market
thowed 8 decrease guring 1976 an compparsd 1o wmewt BLS
icdicag which showed & muall jncreda=,

Dutaide the Unjted Staras

In order to davaler nfew tosls to seeisc 1p fore— -
wuting worldeidy dirsc® marerial price Yrends, we
porated the warld fmto ten geographics] arsss an

sincogawd previcunly, ¥e plan 1o develop Lorecants
and then crach thes for the patlied 1973 through 1985
baaxd apn worldwide HF] activiries, ,

Our origioal plap was e Jook at process plants
coly ig the srhrlene and rdonls acccore, with
particular exrphaxis on (F) Flanolog and {F)
Engtaerring clawaificarions. We found a good cor-
telatzpn for the Dmited Stetes when &) HKFT accivities,
Tagaroalass of gtate of complecion and type of plant,
witr utilized. In bindaight, chis would seez to meks
aezae gloce the dezapd for bulk materials and aquip-
ment raally dogw fburt depetod on the cype of procwss
plane, but wore likely oo the volume of procass plaoca
tequired o be bull:,

Une major factor (hal natds to be sccounted for
in the wflect of location of supplisrs of worldwide
et malgriain in ralaricomahip to the cooptriee
where these placta i1l be byili. Hany of the ten
geographical arsas sre engentially developing nation
srgas with =ipilars capabllities Zelative ro tha
suoply of dirpct wazerials. Thersfore, owed Lo
monitor comt trande may of neceseity be liciced te
those iodustrigl centerd tuch ag the Pniced Stapas.
Cenada, Jepan and the EEC (Eurcpean Fronomic
Coraeunsty), cachar then all of the ten geographicsl
drzan, Thia gpproach would tequire grouplng process
rlant facilicfan baswd on tha prime source of werndor
matarisla. Usfertupately, ceny cffshore U.5. prejeco
will have suppliscs of direct materinls from sevarsl
#F the wajor developed nations. TherafoTe, Ehe

lation forecssts, although related to total HPFT

wwicimn, will hawe (0 be closcly sxamined in order
to develop & tool that fite the Teal werid. e m -

A |
Figs: & sn? 5% utillse dats Published ip

Engineericy and Process Econowics {EPEZ) by Johm
Cran. Those curved whsn ploarced sesnad to hive
Litile goTrelarion wizh Tk HTT fetipiciae,

These indicen, based on BLS or other published
inforpation, record past khistory ozly. Wher 1 of
witwl intersst 15 the future. Mosr lmporcanl are che
inflection peintm wheh changes in the price t(rends
occyT. o ascercain these polnte, IF is shatlutely
essanCial o Aovow precissly whers, fTOm &4 traching
point of wiew, we ars at any given polot in rime.

Pullman Kellogp utllices sconometric modale to
aakt projectisons from vmrious BLS indizem tor che
Coicted Scaced, Through geogrephical scopoxic relacion-
whipe, we plen to monitor and adjust our foretasting
withanizm.

Wa hope through ucilipatioz of proper evelustioo
recholquas t¢ utilize the ¥PI Comscruction Boamcorw
to asslet in making sccurste forscasCs, Tecofzliing
the €ritical factors thar sffece the coar of direst
saterials in the worldwids Brdrocerkon Frocessing
Indostrles.
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HUMBER OF ACTIVITIES
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NUMBER OF ACTIVITIES
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TOTAL U.S. HPI ACTIVITIES
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increase your plant’s productivity "

IThe kay is to establish a formal
program, with top management support.
It should have realistic, measurable
goals, and a system to evaluate

and report improvement

Richard F. Boker, American Productiviny Genter,
[fouston

PLANT MANAGERS tan get good results from what may
be termed a “total productivity™ concept. This pertains
to the efficient use of aff company resotireed. It s & co-

ordinated methodology for managing the juany complex’

*tort which affect plant productivity, Bv incorporaung

) concept ag an jntegral part of the plant's ranagemeant
Froce3s, Manapers <an ebsuge that the proper resource
trade-offs are being made for maximum plant produc-
dvity improvement A coordinated productvity improve-
ment progTam will provide the organization and the
precesses by which productvity gaimy can be achieved.

Low growth of produsctivity, Later, I'li cover some of
the “how 10" aspects of implemenung a total productivity
program in an HPI plant. But first, & word abou: the
ratignale for whAy such a program b needed. To stan with,
the recent declining rate of preductivity growth in the
Unied States emphasizes the critical need for plant man-
agers to strengthen their productivity improvement per-
formance.

In the past, U.S. productivity increases contributed to
hizh employment jevels, low infladon and the highest
standard of Lving in the world. The superior level of U5,
marufacturing proguctivity epabled the hation to establith
stsed] as the dominant industral nation in world markets,
in recent vears, however, this position of suength aod
gominance has begun to erode. Compared with other
major industrialized countries, the United States is now
last in terms of produciivity growth. (See Fig. 1.}

The United Stares it rapidly losing ity competitive lead
i *he world cconomy, Foreign trade balantes are nega-
! contributing te the steady decline in the valus of
it atiiar. Domestically, inflation 2nd unemplovment are
ur.Cesirably kigh, while the average standard of living is
impl‘::wing minimally.

IV.-C
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" Moncger's perforrnencs, To regein 1ot ground, the

private secror, and particularly indnidual plant man-
agers, must take the lead in managing for productivity
Erowth. A roanager who incorporsies producihiny bm-
provement inte his short and long-term operations heips
tn alleviate inflationary cost increspes. He thereby con-
tributes 1o an improved compentive position: and increasec
profis for his company.

The ability to hold down costs and increase profits is
ap tapertant measure of a plant manager’s performance.
Managing a plant’s 1] productivity is 2 vajuable tech-
nigue for achisving these objectives.

ArUS [ Coacly eyl

iy [T
Goatn g iy Brta-h Bipiea

Fig. 1-—Averapw produclivhy Qrowth percantage [outpii per -
hours worked), 19851976,

Total productivity concept. Productivity is the ef- !
ficiency with which resources are used 10 produce goods !
and services. It s penerally expressed a3 2 ratio of out-
puts to inputs. The most common productivity raties i
use are those published regularly by the Bureau of Labor )
Staustics: Output per Employe and Quiput per Employe.
Hour. However, these ratios only consider the efficiency
of using human resources and thuc are parnal produc-
tivity measures. [See Fig. 2.)

Hvdrocarbon procemsing industry {HPI) opemations are
very capilal and energy intensive, while feedstocks are a
rnajor portion of total costs. Conseguently, partial pro-
ductvity matios pertaining 1o the efboiency of capiwl,
energy and fesdstock use provide impertant additional
measures of plant performance. What ik needed 10

-1 -1 !
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INCREASE YOUR PLANT'S PRODUCTIVITY

Farusl rdutingey

whetm coRiRed

T e

Chrigm
kiror + S + agvmeney, + Unary + aasasien.

Fig- I—Parilsl and gk proauct|vity rpllon.

propesly evaluste plani produetvily, therefors, b & family
of producinaty rakos relaling plant sutpat o eech of 1
various reeourmet used b the plant procen

Mk bvg frade-ofy. Doong the ronmal coome of daiy
operations, HFI plaot manager frequently make trage-

neririmry

1OV ey b HYy
L

off decizions between various faclon of Praducton (e.§,
taptal Wrenpichl v onerpy conkompbien, os oinwe-
nance dirm iBe v pland production. The reult of
puch decliiomy mey cayse 3 pirticwlar prrogl productiviry
ratic w decline Bun if the proper bumnew darisont ant
made, L Luza] prodyctivily rabis [l gutpur teer glal |
input] whould impreve. For Example, an energy conaer!
vialtion capite] invesiment wil] morease enerpy Rroaductivny
while dacreating capinl profuctiaty {agumiry, no el
on output}. IF the imvestment way propesly made, the pel
efect o otal praductivity thould be postive In the sl
productivily fabo, &4 i the Jamaby of pattal productogty
ration, the Swipul and @aputt moa &l be peeasored e
physica] units or in constan dollar Verme & remove the
efocts of infation

The doal proderiiry cancept 7 i MAnsLEman] Ehiks
ophy in which ail plint resourert—h uman, capstal en-
ergy, muierials, feedatocks—are uped in such 2 manner
W optimiae ootel plynt preduetity, Thn phiboe: piy
leady dirwetfy tp macmcang o refuchon snd arofiee
biliry objeatives.

FACTORS AFFIETING TOTAL FLANT PROOUETIVTIT

Total plant proguctivity o gfecred by a complex inter-
relpionstup of iechnucal and hunan lacten invelving
naarly all dapects of plant panagement. Efecuve plami
preductiviry mprnersnt mequires thut Al of thew Facon
be maneged 85 a0 integral seoptechowal e,

Tochalenl factors, Plant and oquipfenr, meestoris
teedanchrl, cnerpy and materiab are the pErmcal inpun
of an HF] plene The relaienabipy among the technical
luetors afecting the efficensy of proessng these lnpurn
imta the pland's prodwes are diusrated in Fig, 5.

Plart preducety 4 a Drwoery Tuosisos of plant thn.
put {or product preducuen), product yickh and the
quanttes of resyron consgmed in the prooes Each of
thede Famary (108071 are, o TEm,
affecred by varigua secondan, orga-
nustignsl and exiermal fncwn. The
orpnictione) [aciae pertin o ohe
plani'y organEation struciure, policiss
and managemeni prefermance.  Ex.

Eximrmmp!
e

teral laciory are Uhose which Dar-
mally f2ll optiade the eperatenal con.
el of plamt Mmanagement. Variators

of tho diagram wil] oocur o womm
len mdividusl compadny crcymatatoes

Ensrgy: wmn axempie. A an o
anpir of the muanoer n whsch thee
tagctors afey productivity, consider
plane energy presluctiviey, As an out-
putfinut rarw, Terpy productnaty
can b kated i mch termne s Barrel
Procrued /Hu Energy Cotaured ar
Pounds Produced /Mol Gay Burned.

Frp ¥—Ramirahe ol schaical hecicny invancing prodictvily ol an A plent

The wind volume of plant thrupaut
(8¢ production] 5 conolied by oae
of three facom ! fecdstach availability,
product dernand or avabehle plam
capatity. The yield of plant product

v, -¢ -1-2

n
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cun be affecisd by many facem i
tloding; fesdstork quality, the re.
Qurrd mix and gualiy of produen
and the operating cfficincy of the
plant, These Tacters all influcnes e
final utpui—the Dumersws of e
frod uctivity Tadio,

Energy cormaumplion—the denom-
ingtor—is determined by Lhe bevel af
phnl thrupyt (o prodicton) and by
the eficency and wverity of the plam
tperation, The cond®ion of &quip-
ment and eatalyng, the evel of plane
technology (aulamalion, cnemy con-
AN cquIDenerl, ew.) angd per-
igrmamer of Lhe BperagRg, madnte-
narnce and engineering [unetons ali
influents the plantd ererpy efhomncy,
The rtlanonsip of plun: putput o
toonpy eonsLEpton it the daprrd ea.
gy prodyctivity rade. Similay parzial
preducdvitr relatkabies can by oval-
uated frop Fego 3 ler rach of the

. Dlasn's pricmary repources.

Emplays factors. As vital 1o the operapan of any HPI
plant a4 the trchrpeal ot are te ernplovey ang trar
nadividual contribyDome W plant produstedity, Equipemeni
makey production pesible, but propl make it happen,

Fig. 4 iliustrutey lhe relationshipe aroong many of the
lactgry affecting emplove producynty. Iszors e
lared 12 emplove abiliy can proerally be conoolled wath
tffegve recrwnng. hunng and traning programe. The
primaty hey 1o improving employr producrivity invelve
nrengrheming emplove motvacon through wiulsetn of
thr varouy indnadual and orppncatsal needs indpcured
i F|!. 4

The emphasiy on employe motivavion shoukd be to en.
courage empioyer (0 work smarier rpther than hander
Obvipudy. reductsan of emphoye Mdle ime, suih 2 may
exnt dur 10 Mainrnence work chefubing problems, will
have & potitive effect on produttivity. But with the highly
sudemated, £apital intentive naturt nf most HP] plann,
more impoartant gaike can be relized by enhuncing the
empitwr pontribulons toward mon Bfoent e of the
pranth phvica] repurmei—lredwocks, Energy, Materigh
and capaal, For meamphe, the productivity contribubon of
process unic operaten relates moch more cloaely fe the
cfiam1 which the operalors have on unit yieids, evergy
ronsug pon angd SgoYpmeEL mamenanoe than i felater
1 the physical offon of Lhe tperaer,

Taka| plont productivity,. The technical fartom and &m-
plave lattars afecting plant productivity ane il indepen-
dent syema They necruanly operate wogribe; 1o farm
ihe ot aoer-techiical RSty within which e plam's
tota] productivicy i1 determined. The sommen relatian.
shups betwerens the Fystema shown o Figs. 3 and ¢ 2z the
argarization! factors

Managrment palicin durectly afect the productivir ef
both the plant and cmpleves, in pddition, the polleetiwe

Fig. &=—Raplonahip of (actany Influsnesng a mpkrs produdibvin.
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THCREASE PLANT FRODUCTIVITY

|l-"-.l||- .- - - - -t

Fij. J—A produdtrrity SnpdorinTeyt PROQIE
pacal programe They we Piedapyndmt,

o Y ol

productivity of the smploys enablithe® (e opermune,

manienanc: grd enpaceiog perfommence acton whach
have & major impse; on vowal plant producovity,

Three primary eonclusions can be drawn Irotn thi an.
vy :

1. Tutal plent productviry s in8ueneed by 8 somplex
Inasrrelationship &f technical and human fagton.

2, Plant managen muit aprroach producuvity im-
provement effors on 2 rotal pystern bag, evalutting afl
relevant feewors dnd Trade-aiTs betweer Feiourc e,

J. Apari from sfucent cperating and Maintcnance
practices, the Loy W mmproving e produczviny e i
medvating emplmes o increase their comipbuton 1o
greater plant efficieney and reaource wiikization.

PRODUCTIVITY IMFROVEMINT FEOGE AME

The ruturr and imporince of productivicy may be
| tlearky undenytond by plant management, And yet, there
mmay bt & nargty] refoconcy g indlae 2 COMprEREEg
productivity improvement progzam & the plant Typr-
cally, managers and superviiors are ulready overburdened
with apecial proEfdmMs—enesgy CoRMrvation, bealt and
safety, proventptive Mainteianee, eophoe oeining. o
reduction, cavimartaental, EEO, etc,

A aypical harned Tereman's comment i, “I''n already
spendihg w much Ume on cpecin] commitier and pro-
rrams that T hardiv have eocugh dme for my proman
respengbilites The Jag thing w need is anguher pecial
program.™ How car 1he propesal {or o produectivigy im.
prevement program be approachked inosuch g Wtwation®

Iv.-C-1-4

s |

Coordinoting progrom. hiost of the spreia] progrum
which plant mansgers have srtahbished ary Sweific of-
[onis 2 Taprove M0t aspect ¢f plant productvity, Ercrpy
cimscrvatin, for stemple, w g direst offort o improve
energy productivity. A proventative maiptesance program
b an indotcr attempt 10 ingresse ourpul and afl plant
productivity rabios, apsaally capital productviny

On the oiher hand, perdons of wme program mun be
implemented o tamply with vastus govermmental n.-;u-l
lavoet fenwmnmental, OEHA, ne) dopie pouldr
repabive elfectr on plant productivty.

The potentisl prablem with mansgng such an array
of dpetial progrime i that, whik they all aFect plang
produtivaty in some manver, thitt may poc be ARy to
ardinating efort to enpure that afl programe are werking |
topether for maximum poral productivity of the plant. |
Unnpider the illussrauian o Fig. 3. Each of the prograes, '
indicarsd by the smalier pran afecs plar productivity
Lmprovernent performance. Mote thae il each program o
adranietered independendy, conflictt can ocogr in the
plam's poeductivies ioprovesent ~fforn, just au atempo
w dine exch small pebr indepehdently weuld cause me-
chanicsl conflicty, However, jf & productivine ioprone-
Tent program opcralel i the primary dnving fovee for
all other special programs | ceeept government Eungated
quirerena), & coordmated matematr offort o roasi-
roree plani productiviey will resule I

1
Fregrom srpenizotien. The ofpunimbional ftruciyie’
of HF] plinw vary conuiderably from plamt e plane ip)
wiisly the unique requirrments of sach jocacon angd e |
eration  Likewise, the mon: approprisic organization T
mahaging @ produecthaty mmprovement prigram wall differ ;
fu s xient sl cach gan, !
Revera! pancipul Temtures of the rogram orygafization
T recommended

I

1. Frodectivien improvement tbtuld be ar integrsi|
part of the plant meoagement process. Coraeguentty, !
primibry respomaibility lor produccivity improverment -
should folierw the eaisting line erganization, from o
Plant manager down o Use first line supervisors.

2. A preductivity tommitter or coundl should br
esrablphed 10 provide coordinstion atatme depsramenial
and fjwdzl program productvity improvement effory. If
a vanely of commitiezs or task forces preaendy exdou for
variout special progTam, they could b eombined ing a
productng: commiter  Alierngbvely, they coald rom-
dnit b funcen AL srparace sub-committees of the proe
duttivity couneil.

3. A plant procuctivity tordinator, purr tooe or full |
uroc, should be establihed ta provide day-to-day ad-
ministratian and coordination ef sl producrivity jm-
provemnent ¢Hors.

Key proprom slemunts. In additon o a produetivity
organization, the [ollowing key thmezo e recom-
mended for an eflecrive produtivity improstosent pre-
gl‘lm:

1. The most obvitis snd capentinl i 1op masagenwns
wpport. Managers mutr be dedicartd to the retal pro-

Augurt 1028 Hybeocaasow Paoczasova
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ductivity concept of plant periormance umnprovement.
They must be willing to chalienge tradiuenal polices, at-
rept innovative changes and commit the necesary re-
sources to make productivity improvement possible.

2. Effective 10p-dowh coInmunications mre necessaTy

» stimnuiate an awareness and concern for productivity
throughout the organization. This involves the important
area of motivation, essential to all attempis to 1mprove
employe productivity. Employes must understand the
importance of productivity both to the viability of the
cempany and 1o their future job security and standard
of living. Training programs, company publications and
emplove neetings frequently are wsed 1o enhanct com-
Ui Lions.

3. Partiedpation of all eroploves generally yields the
best improvement reults. Maotivaren must come from
the top, but cften the best knowledge of specific produc-
tivity problems and the most practical solutions te these
problems come from the peopie acteally perdonning the
jobs. Bouom.up communicanons, therefore, are egqualiy
ar importat as top-down. Employe surveyl, suggesnon
programs, labor-management productivily commitiees
and incentive plans are various approaches being wed to
increase employe involvernent.

4. Realistic goais and objectives should be established
for prodectivity performance, The simplest procedure s
to incorporate productivity planning directly into the
rormal business planning and budgeting process. In this
way, productivity improvemnent objectives and thejr ef-

fecrs on plamt performance are built digecdy inte the’

-rating budget, and the resources [capital, materals,

HYDROCARBON PROCESSING
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About the avther
RicBamp F. BAXER ¢ an aprocicle gl
the Amarizn Produztivity Cmter, om
frar from Gulf Ol Refaing ond Mor-
keting Co.'s Office of Lhe Prandent. He |
holdn o B.CAE. degres from the [Fnie .
© vermty ¢f Virgimic ond o MEA from
Widemer College. HO previus &pen-
emee with fulf Ol Aoy Drvolvad op-
wratongy ond scomomtiz HNgEmL ol
the Phifodelphia nd Port Arthur re-
Fomeries and sotmonae onolyris in Guifa
Refining Dlpartmml headguarters. Mr. Baker's most recen:
pontion prior io joining the APC war superviser of eco-
nomice cf the Port Arthur Rafoery, wherchmfupnm,
bie for the preparclion of ol refowery scmermic muhu
budpetr and leng ranpe plannmg.

ranpower, e1€.} necessary te achicve thowe objectives are
provided for in the buliness plan. '

[}

5. A system for measuring, evaluatiog and reporting
productivity improvement resuls logically foliows the
establishment of objectives. Such a syrtem provides for
analysit of the plant's productiviry strengths and weak-
nesses, evaluation ol productivity performance relative to'
the established objectives and reporting 1o companyl
management the results of productivity improvement ef- '
forts. Also, emplove invalvement ¢an be reinforced oy
communicating productivity results to them on a regular
basiz. Measurement systems vary from simple raues to
comprehensive total productivity analvsis. The best ap-

proach 15 to keep the system sufficiently smple to pro-

vide meaningful results to those people managing the
productivity Hmprovement program. x
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MANACEMENT GUIDELINES

‘Can engineer/constructors

cope with tomorrow’s challenge?

Yes, says this author, but only by maintalning awareness
of the changing market, willingness o adapt the
company structure, motivetion to develop new roles, and

technological excellence

B. Pascoli, TechniPetrol 5.p.A.,
Rume, Laly

ExtinEERINGA-ONsTRUGTION (EAC)
COmpantes Mmust Now operate in an
environment guite differem from
the conventional one (s2e Box) 10
which they have been accusiomed.
The changing scene is due to the
syaergy of several decisive factors:

1. Sudden industrial and sacal
development of oil-exporting coun-
tries. This brought huge invest
ments o the HIM and in other in-
dustrial Gields, as well as in general
inlrastructures (transportation, avil
construchon, education, health, tele-
cummunicalions, defen’e}, partic-
ularly since the 1973-7T4 events.

2. Decline of HP! investments in

Europe and, to a lesser extent, in
gther industnalized areas, because
of {1) a "majure” market and GNP
vsituanion, and (2} a decline in ex-
' pected marker trends iulluwmg the
|19.r3 74 ¢risis {not to mention the
: present one) in energy and raw ma-
 terials availability and costs.

3. Developmemn ol hasic national
cil’‘chemical/fertilizer . industry in
Third World countries became in-
dependent in the '60s and ecarly '70s
25 well as in other regions such as
Lauip America, India, South-Easi
Asia,

4, Growing importance of
COMECON-ur#a markel, specially
for European a#nd [apanese con-

i Iraciors,

Consider aiso possible sudden
ri'l'.lnnnt v ek e AT R R IR L o

[
Engeraaring Tathnoingy Rirbe
L s - | Poecaetat TR
Cormmmt i Ty Cxmmmy
L]
h '
Wie'var aradyniy
Praevtviarn —
. | —
Ty i—--_;m—mm-&rrﬂ
s
[

Fig. 1—Owveicpment path of an E/C ang of 1
Slucty and devekopmant lunchon.

a local basis berause of political ac-
uon, new discosveries or other rea-
sons outside E/Cs" control, Recem
exaniples are closure of the Iranian
market on the one hand and, on the
other. recent or potential opportu-
nites in the North Sea, Mexico,
China.

f——r—

ot - ¥

Gone . . . perhaps foraver

Opportunities. In addidon, ECs'
market environment is Jikely o be
substantiaily affected in 1he coming
vears by ferecasi developments and!
of strengthening of preseny trends
in the following fields:

* Gas

® “Poor”
sources

s Coal

* Nuclear
¢ Energy saving (both in the HP)
and in other industriss)

# Shift (mainly in Europe) of refin-
erv operaitons toward higher con-
version of residues inwe lighter
products, in accordance with declin-
ing trends of fuel oil demand

¢ Industrial uses of aliernative
energies, such as solar and geother-
mal

¢ Recvcling and upgrading maie-
rials Tecoverable from wastes andfor
by-products

e Emerging of alternative fuelsiraw
materials {aicohol, methanol}

# Possible mediumflong 1erm de-
velopment of opportunities con-
nected with a more “indusirial” ap-
proach to agricuhurza] and livestack
operations and (o optima] upgrad-
g of agro-animal products/by-
producis/wasies.

andiur expensive oil

+ Plenty of large projecis, both grass-roots plants and substgnlial expansions.
concentraied Mosky in the daveloped countrias (where the mos! HOMISNG
markals for end-use products wera locaied).

*» Clenis consisting mamly of megor oil and chemical fimms, characterized by
sirong managemen, fnancial, technologicel and marketing capabdiities,

o An EXC mole that is generaily fimited 1o Dask design (somaimes); enginesr-
Ky procuremnent; arecion; ComMiSSonng; assisancs 1o stadup (not always)
» Upstream and downstream activities performed directly by the owner, who
held in his hands the overall projact contrel as well s full responslbility (nisks

and prolit).

# An E/C role, even i tum-key projects, mt!arfrmmemummd'_
m&mmmmoemnmmmuumsmmmm'._

dures. vII
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Flg, I—Funtiongl conraclion o & sludy 1 CMHEENTET Q.

HEW ROLE FOR £Cs

A man kel was heavily afferied
a the (9T Usmpartioularly second
Pdll—by abe rhunges oullined in
pramts 14 i this ariches opening
paragraphs. Thew have foreed
et EACs v enhane e Wheir rzpabaly-
et srructare, work presedures and
womnmercial Mrategy, o oorder 1o
aurvive amd compeis, BACo have de.

Thaly it

vehoped krenp capubilines in areas
upstrearm and dow msirean of (letr
angial fields {design, [rrogure-
ment, erection). This includes wide
retpuarbilfties in 1he loflowing oric-
wal wpeas of venlure manage-
memi:

* Maiket research and analvsis

* Defniven of opmimum products
shne and specificannons

[Pty ] oo

Tt o L

Edrmiry
:
Ltrrt e

Thim-¥ield winronrers Lo

M e Prmicgs .
Trawrnry, pragrarmm .
hits  iarlup and Dp Ehpn [

e
a

T

[~ el el romrosa. | .. -

=)

Chmbriorey OC—-Yn

[m-ummhlwmn] N

[ | -

T ik i DGR ROy,

Buhiaoacy, W el
Conplnesne. - | Persponaliy of &3-500% of job -
Lo ] Bl TVt ropmcm,

==

Fig 3—Crrsinprars ol a0 EC 5 Srvevn,

Te11.-A-2 "

& Technology evaluanon and u:Itc-I'
hin H

® Locatien sudy !!

® Feusibility study f
Finanting folten & most crivical’

Hem) !

® Crener's persunnel training pro-

Rram

* Diract plam aperaion for the

'!ﬁn-t I-7 vears

* Marleung of preducis. wp w

buy-back arrangemencs.

Taking oz thow diverulied_re.
tpoennbiliies sems In pun fron.
new businets with the Third World
clients. Thes clienis genersil have
boweer iethnica and marteung capa-
blines when compured with mujur
Wesrern hydrocatlson proceusing
firms. Moreover, B0 have 1o cope
with a koeal ermaronment characier-
ued by & gencraly poor imdusnad
background.

Third Weesl. Clicns in de ehoping
URLries . Com s ol Lhe Mlualiim
in which they are operaung, often
di ot even En 10 control Lhe engis
TECIREONITCTION PrOLess. AT,
PIOJCO IMARLETIRETL @ voely fo-
cuked mainly on a carels! control of
e activites such s -

* Frice

* Schedube

* Persunnel Lrainmg

* Test runt (plamt capacnmy and
Pruduos quafry) '
* Markeiing apeements inhen ap-
plicable). m aciuidance wily ST
Pl 1ETINg

The B2 thereFare Borced ine o’
bt of “paripership” wil the clien;
Heieo the EAC risly ure highe
than in “cLessical™ enginesring proc--
uce. The conracivr has pustar Leche
mical untrol aned assdsance {1ome
the owner. Su che postibilies o n.rr-i
recung error during projeeo devel’
RIpmeTL b buwer. I

Ditticutt kogiatics. All (e riks off
lrn-n;g‘ing 4 projeel in a devebopeang
prouniny are borme bn the B4 From
[PARSPOTY t Cusionmn, Prom upe o)
lucul manpuwer and wulbcuniragiars
19 muterial suppl frum fecal
WM FCES

Frujeas fisguemb g Levong the|
wrapinat schedule Aud this nicans
adduiongl Field and humie-olTice
Iq.nu, escalalion. and muvbe pesial-
L.




' The cusis and rigip wf pn.mu-L

viortal actrviies wnd propusal prepa
rauon are higher than in 2 soore
comteniunad enyivunmeny, Loo.
Threre wdctivional rishs and ool
mus e Carefuliy evalugied in defi-
mlon f conilragl price; Lhe @em
“mmlﬂﬂrndﬂ" v BA S o e v
Gl rosle i Lhe p:rl::q_‘nrsdl prkf P nal,
This iler vanior be e high. or i
will Couve the EAC v bose the cnan-
e, But ficither can b kmer
than 1easnable. Ruch L 1o Iug_-I
i gonergetl ae 10 luse money on )
Lhtrad ) mwdardied.

10, Fimancing plan
. Owerall evaluation of veninre

1. apprabtal o induacrial com-
partics and ol Lhewr cxpandssn pro-
gram [viually for Ninanang pur-
pmates)

13, bBahuations ol paossille tedbion-
lgical amdd wopmercial el ernliog-
T sfetepnes, vither [ #xcernal
shemy or for il tontr agpor i

T4, Evaluarion o possible e elop-
s in FACUs gperution: o Due
“revanping” b Cexpansion” ol
FAZa strueyunre andd caguabiliies,

|

A Lralusion aud thevekapmaem :.I{

bears st promogimg lor EAX s luigrg
R ML

# Definition ol grogrs phical urras
wanh detp commercial effort. |
* Chite of besl iechnojogitif
womme i Lial Tinam ial panners. .
* Evaluation of momt semable o
metoial snd cofioral wuds Be fa
tual Sy tlal Talin H| IFrI ] Ih:hrn LUK LI -
Cial'eerhnnkigic al areas.

new Lol auitsble (o devebrpimehe’
wl b, BAC's e ration in new poon!
graphical, seciaf, polingal environ.' |
nienls. |

1 i
Dpperiunity. Convcrsch, profie up-l
fpenunney lor piepared, Nesibic
eareful EMCy wie mes higher than|
ever,

* Impremens ol EACS proces
dures and cpabdities i o full
Arsag of remponsibllity, Irems 1.3 range of activitrs: 1
alewe sie wsualle The vepponmbitin |
vl e Froces et ment . Ttem 4 e dvan el phoncielex woexpes!
requires Estnating Departments | diing :

{ The EAs" 1ode s mauch choter Lhag e ! cp h T :
TH Previaat 1ears W jial ol the 2. cdpabiines The vepaining mems -« frum guick twiling Ih_"wghF
I“‘-‘Prmrut, The robe i rhareer re t the presem and puenoad direct cousiers e adminnirain e up-

Led by oa wide ranpe of capwbilniesi
and responilalives. deep o
menl i bemure suciess, high rshe
nd figh predil wppomanies . |

r Expec do svulutron'revalutivn in
EAs" comvmercial strangg, vechno-
fopwal approach. aruoure, and
winkh procedl e

STRUCTURE MUET CHANGE

The witde amf compler marke .
EmvirgRment X the Cenitepre-
feurial™ Faperiationg e By
rule reguire heep changes m sirg.
lure. by with sich ehange can”
they elevelop nen capaluliiies Al
sirenheh exinfiNg e,

Stugty and development is 4 lunc- .

¢ i alveads pan ol pajur Fs,
Thes Fumction is likele w grow fur
ther i the twure. Hinoriuadh, i
Ay
1. Technohsgny evalaatinon and ac.
Yuisiing
i‘_. Frovess warianties (gonbsump-
Vs and vieklyy
L Persmnel tequitements
. Hudpel e extiniane,
8. Podal running ceses
B Fradinaleling andlvsis angl eyl
= bieny
T Mlacben analuosis and atcetwmeent,
amd Gowplinawm of sxiernal -
Let rpsgatc e capialviliies
8. Lo spads

F. Feasibiln wuh

I HYDROCARBON PRDEESSIFJ;

fictd n which the Study o Devel
opmepl Dejueriment iy called 1o op-
cface. L these areds, S5 grves iop
mLageittent gseential suppurn,
helping them e validave irnRurma.
wan on which decivom arr buted.

lablnjied Vield nf action bor "Soed v
il Davelopooent Deparimem™ for
whatever Woin taaed g vdrvious
LM panes ),

Liems I0-14 are dﬂ:lnﬂng Junl
rom in st B4 Probably some
fimpanies hestale 1o assgn such a
drlicace wnil mmlplrx role bina Bung-
tmin drequemh elongnge, a Ieast
trar hinitarical reasmg, wethe |frocess
Deparimen.

The seed Tor item 14, Suy ond

drtifopmeent of FHD striecticre 15 prede
abify hat vee idenidied by nieg engi-
tererhn wusmi g s, Ele AT Dkt
Thedr senier mangerent believes ir
wier i bandle the maler direcily
neeli ar (hrough eoerpal consuk-
aris. Exttrnal consultancs are uaeiv)
W panufacturing fomrpanies B
{1 wervie-arien el el psiries such
as EACs the “inaiile” view s cricical
I 1l yervice-omenied speration, in
Ty, turretiens canniu be considet o
wparaich trom the prople pe-
fonming ther T bact, appdting the-
P b frERCE e ki e el eguate
whbtigl dApprrecaatban of "P-e:nur_u_l.
et el

A itemal consutlant’ iy necey-

tary o pplmire an ED' srruciure
and nperanion. Poesulile subjes
aralydiv, evalgion and :]t'u'fir|||-!
fent aer

|
* Definiion uf rechnologual |
April 1388

I 9 inctude the ulreads e

crabkips

v o ATUITL Epe Pd A aglements
03 1 gL tion ol aerars

v lem pelatiny with lugal
agents w computeried lnanomg
prografit

o lfem comnedtion with extey-
Ral marketing comsultanis W opi.
Frial s ern 1o g wwn peaple work.
eoyr alyrisad

oo frum onnecinn with mlnq'
et al dawa bynk srtiems 1o sz
of prigess equipnent Ei

-« Itom pogramming of per|
san el FEluiremEns W el o
cuningd

<o Irom dewiled enpineering
{piping. eleciricals. mechanicaly,
ol work, MV L HE} 1 opormize-
on ol subconiracimg and Tiekd
wirh iR eelures,

A mullirdiciplinary approach
ehenuul Inohis pe of Organiza-]

Lol e Rari.

MarketIng wpproach. T he pramaion
of new opportuninies v gradualh
shilling Irom 4 "sabey™ Junclion ny a
bnuder "muarbenng” sttt s
cerdurwe W the ahili ol markes
From mdpot Wesiern chenu 10 staje
comtralled evenpanics s aleveloping
ol 3.

" Progntinn peaple have 10 be
mure 'Ih'lrd-“'urid-unrnud than
betuie. Thet need 3 njader pre
Tedaicansal and culinral thag b groand.
A nwre eatencded use o “nacs e
Rrootion peopte and bl agen
15wl visgide.
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the drichpmeni and dillysn ol o,
snong, 1 elimbbe, spualilied Cimage afft

Caarfud gumtatians wnd o dimmzs]
prigect conwrol require, i 4 Third |
Woerkd spvironment. 2R aCCUrdLE
amahisis of locz) condiuome and an
mpluvement o generaf pklls, The !

possible unccruaintes alewye I'.‘CH-IJ.I
schedule sind work quahin.

Frocess Dapartininl sould b-.-*
Veame tumiliat wih 4 bruader il‘l.l!'
uf technologres, 41 required by Lech- |
nuhigical dnepaiiacon. An m:ldlrr
Hemlal duey is represenied By Lhe
wraining progeamd lor ghhen! pen-'.rn-
nel- Alwa Lthe heainer responsibibties
for commissioning and sWMup of!
plants i & Thid World emvrun-
ment musi be carelally hen
accuung,

Engirating Department would att
first appear 1o be seas inveleed ind
the chunge. On the contrar, i wizs.
resuiret W carcful opuamizangn
tthrough bivh compulerratian and
wse of exicrnal resoutoes, indluding?
sl wraen]. Only Lhen gan 1 vpb-
mize the eflicepevieos Tavo ol i
perlormance. 1 wili thas centnbuie
e suceers of the o o1 a4t operatiung ia
§ compentive s ironment.

Purchaning and seminigirative oo~
eralmm 1equiies a conswierable im-
nrovement of shille oo, They will
ere artd Mere e e aperate W a
compher und unlavurable environ-
ment- Ard they huve o masimize
inille and perfommance.

kgt Third Wanld eliens 1equi
purchate of maierial from local
ferms. They abao call for cooperation,
with loca! enginrenng firme, This!
Timits the E/C's degaces of Frudomf
and complicater work al 1he
Furchaung and Admirgstratve dfi
PaTLmE G- i

Construclon mansgement i per-|

haps thr mast critical Tumeiun n’
the rew EAC worid, Erecin can
requite ap Fiuch ay 40 or 50 percent)
ol wveearnl Tor L rake roos prnji

HYDROCAREON PROCESSIK

gawl here s 10 Irmlt as much asi

\ _ Much Gf e proft of urn.les
Frojects in H?'-:I[npmg COURLTIER |

She vompaos™s The of sy ol key ET b mtsiaay
mmkidtiies it develupstg Gemries aarizaiony
canik, i L, Ime ahan! o HNPTI- * ominmmc g
tinse: theneslioes sk pranly kiwn, * Parkrrat habwg
doubtfully quahlied, "seeined Las” el MLy
E/tis w Diwrmarcisl
ng. Planning, cou : * Ampergn
e, and il have. 3 beading posi- Ty
tary 40 the challenge. :::li::l-c“b::ml \\\

Tt s
Wrtiryulty singn
= Gl M . i
u GEn pesd oW B0 P T

L A ]

¥ Alarrusieen fsplh
]

= Folafemgery SN ey
* Lgramng o

MO M PG '
Dok |, - [

m —— er g

e in remtie Jocalions Te br
rconmidered: bocal and forcigm sub
contraciors, direq-hinng oppar-
Miniel, cusiom and ITanspore
prabiems, raw maretialy gualiy
availability and costs, and kocal reg-
ulacigns. ]

came {rom extremely good fman-
prmen of consryction acivied. i
Friject mandger's job b nu:h'rng;
buy ¢onirol pnd oplimizaticn of lhq.
EXC's performance on i contract.!
'rnth.mg u thanging [rom e 'd.ll-
n: Prajn rianageMen Tole, ex-

[cept the meed fur broader, dﬂptr
"shilis ins the financal, wechnical, or-
ganizaonal end culiurt artis

+ The “winner™ EAC of romommos
twill 2iso organize 1o handle arvpical
(projens such as

‘@ Agroqndutinal progeci

-# Inlegraed projeas for regeonal -
- deweboprmem '
le General infranractures

18 Projects for mapulagruring in- |

dumry

* Cooperaton with Mate 1g¢nc:c|.
i development of public inwerer

profects [such a1 exploaton af new

raw materalenergy wources, en-’
‘ergy saving, wise TeCkcle, Tensw-
able energet)

i
4

;

The mom wuccessful E/Cs of o=
mearrere wifl bt Lhose that mach »
bigh level of professional shills 10

April 1980

Flg. d-fpredlcoma: ends ke gg:-umg CONIFRCTENE,

uprpunum:v for L'rr.:ll'l-ll}. biended
te a broad snd diverse organiza.
uon with cufiural sensuvizy.

SUCCESS THROUGH
TECHNGLODGY .

A creaive approach and creful!
aventon o develupmem of BT
lEChnl‘lngj is crivical o yurepal. &
majar #ep in this is deveboprmmt of
sprcialized ofganizations specili-|
cally wilored 1o some of 1he ww
EACh competitive noeds E.nmpl::--u

Abourt the auvthor

Rt arin Pagoins w dan- |
Lk Mamaper for Mudera q
ond deicpemen! !lhlkr
TerhniFfrirpl & p A,
Rowns He i vw charpr lj“
Lt ufrm -

& Management of all computer
MoimalisTos H
aralf gt en poiel-

=
1y wlwdbes, Wuﬁf ot

-t‘ b denrid fompaning, |
; WEaidfum and drweloymuer o wre O |

" wgtara, porviulnriy fie vl tod §
1 A W i ety Ny Amlds OI
+ dagrrit 1 chemul mgthadrmg from B ome

Cmiverayy 7S} Edfore farmimg Tachin

Petrol, Mv Caprpdl wear Duope! svegftmalor

dawistaml wilh Fasey Jidluwn .

proq:rdum connevied with LLs '
ActiviLes,

o Arrmn perstine ] gl Lo -
trrul kel

o iy v b e v Dall-
m,‘ ;mu e

Jrom g amkateeed il e o
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Pl drawings wr hanadling ol dala
LT %Y

Tt oorgamiavicg cold also offer
Iir.'n aervices i the gpen ket

I
& Training programs for clends
! Bl Comimssrng - S,
and| First-pe it aperatisanal plani,
vertwitinen nl leca) ur foreign man-
‘poner fur dareo-hiving cuns e
{rivny projeete. In the Tuare, vrgani-
Jzatnts of thie type w1l include;
— wimsulyin g serviges tor decels
aprical agendict or HUNLSITHEY.
and e1en beahih oy eduation o+
jaitizatiene ih detelupilg couRe
nics
— [r4ining prograns and onn ull*]

W S s fid enQineTrIng pers
sonnel and fur wher service-ori
eaietl argran zanions. }

k
# Commercial aciivities coanetted
with buy-beck or oumertradmy
agtremienm, expandable w0 other
bpe Lkl o reratnts when foa-
sitde and comenment.

® “Specialized™ engincering or-
ganiratione, Lnilored ne spenidi
‘lechidugical or geographical 8o
LETLLY

— paniulir :f-(hnnlugkﬂ 5o
vtk such @ mechamgal good
matrlaciuring or lood pnx:ss-!
ing. da nut require high-bkevel ens
gincering Yhulla {and ot bea
relevant coss} The wemgrler prtl_ii]
el Munagetent reguired -
puartes che se of “ad hoe” grgani-
LatmAis.

— witkall aisl flexible vrganiza-
dneteh vpy batal Toast, sbnelines e
4i|||l el |.n.-|, HTIEYS nl 1]“: !nliilil'al r i-l-]
mate, Lol coniniboe 1w
devehypment i ol enginee ning |
resairnes ahd credus wwelul cun-
r|r:'llil.|rl:. fiur Jocal business uppc!r-J
TLrines,

& Typing, grafiing and olher aux-
iliary services. This coukl d.p]lh'J
dlso o emplover bus serviee, ex-
prew muiting through seunen, ael
Thewr merigrs alu wvuld be oy feped
w7l the market,

* Specinlized conpulling o
andivr priwen develupment e
ram lahordtory walch could be ::I'-"|
jlered through separate cotopamics. |

| wophasicated sthipineening methisd-

Opiimited aperation. Anuoiher
gragp ol "R Fechnobogn ™ devel- |

opangnds ingludes the carelnl ansh|

HYGROCARBON PROCESSIN

it and optimization of all Lhe steps
~and procedures ul the EAT opera-
fli.;:lm. This would begen with selec.
dun of commercial oppreunites,
and be uperative chear down w0 the
imernal mailing service within
cermpanys boilding, The precise
IYpe of vrganizelion aystem re-
quired to accomplish this is cortin-
gont on Lhe needs and goak of tach
pinkular commpan:,

Teshrological'eommarciel dhved-
sificstion. The term "rechnelegy ™ o
weed hete i the classical sensc. Di.
wersity, Aeashility and creanivity are
sty for the succesaful B of -4
marrow, I is cary o forowasd thay
pau levels of imemmem in tradi-
tional refining/petroc hemical artvi-
tigs will not be Bainned in tom- s
ing years. Murker trendr hase
defiminely betn hrwered by high en-
eFEviTaw Matemaly pries.

Il i impracticd| Ej;r each EC to
Launch it own diversilfaion pro-
pram withou: a carefod analyus of
its “penonal” glusuoh and pppar-
ey, The experiencss. capldbili-
lies, cechrulogy availabiley, stroc
jure, and cormmercial sinaaton of
cach EAC push it 1oward a delimae
form or Hyie of rechnclogical :iﬂ't:l-l
ORI

Broacher Sirvicas. The nu:nmpvﬂinmu.-1
EC of jumorrow will offer wervices
and an spevaiionaf siWe rxtending
well beytnd (hose required it pan
comsirychion of HPI plaras, The wew
B2 will b ahle v handle g variely
oob prryertemlarge unicd bmall alike—
in widely diverse Nalds  Exgmpde
arc aynfucls, Somasy, wasie Feuoes
ery, puble iramiporwcon, heahh
srrvices, heavy mdualry construc-
Lan xnd sEFLVWCS, BIC,

Such a company will be characier.
ized by w1 abilny wa zpply highly

wligy e Many aspects of a nation's
echnicalieconormic needs, Such o
cempany <an ll afford 1o conlne ny
operatons e the HFL. Baber, i
sl uae Wa talets, gicaned irom
rxperiency with Lhis complcated in-
duslry, in o greatly expanded soupe
o acuwtien. n
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MANAGEMENT GUIDELINES

Control project
costs effectively

Give proper attention to the estimate, baslc
engineering, equipment, commodtes,

home office relatlonships. construction, fleid
subconiracts, achedgule, ang project changes

A, E Kerrioge, C-E Lummus,

THLFIRET STEF In oMt cBntral 15 1o
prepare a good esiimare, Codl can-
nag be contradied i there is an lnad-
tquate. incomplers, or urrealatic
emalr. F:'g. 1 illugiranes the in-
creasing probabilics of improved ue-
CUTACY ik FaLiMdles dFe frads a0 pro-
Eressive sages of propect execulion.

THE ESTIMATE

An order of maghiivde estimuce
i+ derved ITom cUTves O return
st fTom prevoud phopecs snd i
prepared in the conceplual sage,

A preliminary coniral estimate is
prepared when the process desgn is
compleie and equipment dawa and
sizes are agvailadle

A drefinitive sstimane is piopared
when basic engineering i compleie
and prehmipdny bulk matedal take-
offf have been prepared.

A dewiled or cheeh sutimare
prepared on completron of dewpn
engineering when proaduclion
drawings, final maieral guanliueg
and prices are Lnoawn.

Varigtione, The last two stages
thown in Fig. T il'usirare whae the
final ¢cost of a project 3 naL Lnown
unti] financial complevon, when all
cpmmitments and mvpites have
been paird. Prior wp that time there i
dlwars the possibility of varatien
from an etuvmale ng maiter how
detailed.

tormaliy, three jevels of esumare
ate prepared Juring prujfcl cxeru-

TR ® Order of Magnicude
= Prdiminary Cantrol
* Delinitive

HYDRDC AHRGH FROCESS NG

Huupton

Coat eantrol can only be applied
it a level orreyponding 1o the Qual-
ov ard detal of Whe efumae dvails-
ble.

Frugecr cost control staro an the
wrong base if there i3 a poar rai-
rsate. Estimairy may be artwirardy
reduaced or an QUM ACCUTuCY
myy be elaimed which it nm wup-
ported by the prajes scope defim-
tgn avalible, Poar project execu-
L g be Blamed for ooy es ermun
when an uprealtic or over optimis-
Ut prajedt estimate i the problem.

Procedurss. An eteential requires
ment for the producion of qualiy)
cicimaley i ﬁu exlimaling proce-!
dures, Dvwnbed formalit prﬂﬂ-i
dures, contitency of meuhod. Teed- )
back of previout cosl daw, and a
pandard code of acegunis are the
prime requisies for prryea ell:.‘i.rmq-!
ing. Project roses imiu be reponed

under the sime ©0de of steounip
maich thr tiimate 1o ensure gkl

leedback for comparivon

TABLE 1—Elements i capltal
cosl in & propct

% M b
Low  Tymizal  Hig
oy aihcr T 1 u
Etpyommn Fy n L
Commahiden H“ Ll i
Dwrpery dceen 13 Fy ] =2
CoratnyLlon #SirE B ¥ 12

Tesal

Table } shores the major elemens
of capital costin 2 propect. Although
cont coniral procedures showld ﬁe
apphed 1o all areas of coat. & knewh
edie of the con elemenes will alion
additaona! viglande o be ppplicd
COHL BERLLIYE Jredl,

Mo maner how thorough the =40
mate, there may be errors, omis
twmd, and unforseen cvenn To gk
kow for ihis, on sompistion of the
SLmaie, 3 ropungenty and sk
analvuis should be petformed. An

Foctatm scrywis:y of ablrmate
fincroaibg probipellly o nddcur gyl

Fig 1 =Froscl SOamgirt iy Wi SCCLFiny FTCrUag RE filerslich S0 Mol &0 [rOOFTREA |
Simylenr,

Mg, 0 progiel
YII.~E-1
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a4 in mtegral par of the ssumale,

BASIC ENGINEERING
The inirinsic con of a propea i,
st i the haaic tng“il‘lrt!ir?g phase, |
during which the following major|
project delinition documenuy are]
produced:
[' Fropeet Scope defirmion and Eu—!

ordymanion procedures

* Proces design packape

* Gencral cogneering speaifica-
Piicm

l * Lquipment lia and tquipm:n[‘
daa

i * Pping and insitument diagram
iprucets and wilay)
= Sine and plt plans
® Singie hine clecirical diagram:
* Construtlion plan
* Masier progect schedule.

Cost inftyence. Buic engineeting
fines the yuality and content of Lhe
projec which in tam fives the basic
o Such things as the equipmen,
the maierial and dengn sperifica-

jlium. philesophies regardin g refia-!
I hiluy, spares. Mfely, enronmental
Pprovesiion, amgmangn apd con
jtrols, exteny of buldingt and strgc-
fiyren. oo, are fixed. Aler bask
cepgineering hai been fixed, lhl.t]
'only oppertunitics for (o5l Ez'-'ingll
“are by improved propel execution
yeffigiency znd producdvity in tl‘IEI‘
|ru:rring apd CondTpcon or by
‘mott competlive equipment andi
 maierial purgliasing.

Sigmificant 005t 4Te Laved only by,
redutin g the ko peof the pregec: by
TAMOvINE CQuIpmMent e oF using |
less wirwmgeny design and maleriall
speilicationy. i

Because che Profect toty, 3T Com:
mitked when bape crpinecnbg ol
approved, there should be a thar-}
cugh cost revitw prior 1@ approval-L
It ihoukd be & separme enerisc)
from Hee technocal review, 10 mnsure |

thag exira <ost g not been buili in) |

|

unneces Ty,

EQUIPMENT

Equ:fmfnl nemy are parmally e
timated with ¢lose accurscy pro-

VI -B-2 !
RYDROCARBON PROCESSIN

appropriale conungency i included | | #ials, and 1ype hane

. vided the basic capacity, duty, mawe- | | * Insulation, fireproofing. painting

E‘:etn Jefmn.‘d_: \ The com of commodile i s by
CHien there may be large price dif-" + gualicy and quanoey. Quality i 32
ferences berween bids, Careful com- | | by the speaficatons deveioped dur-

mercial and jechpical analyms must!
be made 1o sppe Lthat acceplable
qualny iy selecyed st the lowesl prige

conditichi. .

A majar probi¢m comralling )
quipmenl totlk i 19 kaP price ads |
ditiuns afier the purchase order has |
beer plated. Changrs, such as noz- |
i $res, FALARS, Orienladont, ap-
wehmenu, instrumeny and electri 7

treats hin prict unless fined unit|
prces for addivons have been e |
Lalvished during the eumpettve |
bidding stage. |

]

|
Control equipmant coaty, The (ol f
lowing general rubes shoukd be part I
af the propeet proced utes 1 conirol !
SQUIPEIER CORts: i
* Do pot I3ue infuirics preme. !
ture)y. Wait until equipmens defini. |
won i5 frm po thay vendors can bed |
on lormaiion which wil| rlcrlr
chanye, !
* Dbiain tompetitive bids from a0 ;
I¢an three vendors. Search the mas-
kei zheagd ol time o determine’

WLk

* Obinia firm price queastionas. |
cualavon clauset are wnavoidable;
specify an epaalation formula which
can b momtared amd relaces 1o the
required delivery.

* I notrles or other anachmeny
may be added of chaaped, obain
fleed uni prices for thete additions
phier 10 the placement of the pur-
«chase order,

i' [f apares are required, ohan

Firm Pl'i-l:tqunul-‘ium with the bad

Jor before placement of the pur-

tchase grder,
[ COMMODITIES

t
i Commodition or bulk marerials
intkude:

» Civil. sngloral #nd building ma-
1erial

& Piping, valves, fiitings, and asso-
ctated marenals

® Fleancal squipmern and rmage-
rlaly

® Inpruments and inscrument ma-
terials

February 1580

to ke advanlage of 1pecific mlrtcl1 of

which vendor shops are hungry for |
i

ing basc engineering. Cruantiy il
abva ser during basic enganeering by !
the size. 1ype, and number of pieces
equipment, Lhe piping and -
srument diagrams, the age of the
plot plan, and the plant atrange-
menl. Wheh batic enginesring 15
complete, e base cou; (or ComT-
dities has also bean irreversibly &

| wblished, even theugh at that peim

i the praject execunon the edact

cal Comnevtions. e, provide the ! spmmodic quanbiles fay ol be
vender with 2n oppartunity 50 in- | b {nown,

reaher it i onk posu-
e to reduce excelbes, waslagr, °oF

incfficinces by good conueed dur-;
Ing design €Oginetring, procure-’
ML angd SO aton. .
Oocument review, To reduce the:
buse cobt of commodiies would re-|
quibe relurning (o bk enginecring
w Feduge the qualuy of speafice-
tighs, TEMEVE equipmenl ilems, gf
remave pipng and nstrumema-
tion. Thus reindarges the Imporance
of 4 specfic cost review of Lhe hev
hatic epgmeering documents priar
1w the starl of produciicr dtﬂ&
Approval ik 3 commilment far the
quality and guandy af comMmodies
required by the approved basic en-
gIntering documenis.

Contral commodity Quaniibes.
The following general roles should
br observed 10 achieve gffreyuve
tontrol of cummaodity quano et
* F 1 dewiled commodiy
masenin] enjmate angd maie Lhiy
avalable 1o thoae resporsible for
final design drawings and il of
mayeFuls.
® Egrimate taheolf quantitiss must
be rel erenoed 10 specelic £ quipiem
nerns, PEIDS. pipelnre numbern.
ploo plan area numben, of other
sunable identificaion so 1hat 0 js
pospble 19 make Compariscns dunl
ing the progress of dengn engieer-
ing. The drawings wied for mbeoff,
should be rewimed. J
% Eince the gpniimare tab=offs arry
based upon desipns which are noa
Miaal. &p wnte yilowapsces musl i
te ndded 10 the ssufmare Lakeol T to
cover final design, coneruyclion and
marptenance gpares. Allowances
msl b pdenifed. Lind prces used
in thr csbmare must alps Be re-
conrded.

As dresign proceeds, final nleaff
quanbbes v ares or sysern ahould
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be compared sgamst the Gleoil |
Guantitiey far the same Jrea or 3| -

bem i Lhe ssumane,
Figure 2 ([Tubiraces a 1ypical chndi'
curwr which should be maintained:

Ly T e L T T ™
1 e gl Y J
AT AL
] — e — — —— T—
|6 T
- s k

A

-
-

-

i
1a

Y 4 b ¥
Cogt PO ol 3 VOO

Fig, T=lCaervmagily Ml N (M0 CuRe.

for each major commodicy mauerial
CHICEOrY. ||

Commadity price eohiral. Com-!
, modity price comrol can be
| achucred by the (ollowing:

i ® Dbusdn el least Unres Competitve
quotes. Heview the markes ahead aof)
time 10 dexerming which suppliers)
need wirk, ]

i » Do ned issut invguiries undl 1peer

] Datons #nd quanuues kre firm
there i no chanct for a bdder o0

| change hiv price afier the purchiae,

! order hat been placed. i

1w Attempr te obimin Tiaed price,
quaotes or fixed unit pricer. Do net
accept cacalatian claupet or other
price adjusemen) tlause: wheoh can-
not be casi'y monilored.

* Do pol place orders which are
" open ended or where the fabricaior
! can inveier according 10 b mea-
, surement. This perticulatly applin;
1o prpe fabricatpn.

HOME CFFICE

Hoine olfice coats imzloce the
Tk g
# Salaryer and benefis of home of. |
Mr persennel (engpmeenng, pro-
cyperment. A SuPpOTUNE MKIVCCE]
» Home c¢lTice overheads for ace
commodanon, feciities, and r].Lu'l‘I

HYDROCARBON PEOCESSIN i

cFargeatle suppart =all. '
. HE::e nfﬁcr CXpeoses l.':-id‘l anze-;
production, communkalions.’
prave|, business cxpenses, snd com-;
puler lime. ] :

£ the above, Lhe major cost i3 Lhe,
walariet of the home offie prnons
nel. This coat can be controlled |{1
the hour tharged o the Ff‘bjéi::_un
be conrrolied,

The firp step towards conered iy

o Rrepare & manhour saomecs {or

cich discipline. These manhout e1-
timates must identify the number of
aquvilies 1o be performed in Lerme
af nurmber of squipfren: NETh. reg
winigiong, drawinge, model wbles,
etc. The better the quality of the
ranhour estmgte, the betier Lhe
opporunity for companng phyoical
progrey and manhours sxpended
agawnst the griginal plan and
budpes

During project executipn Lhers
should be rontinuoul manitening of
manhour cxpendnure, relaing this
16 Lhe progress achieved Jnd 1he
budgsL A particuler problem is ihe
2k rredrome” wherp progress
and expenditure reporn are fevor-
able wriil 90% completion s
reathed, 2t which ame the las 10%
ogaes 3 conaderable orerrun in,
manhours and schedule ume,

Ayold 9% wynaroma. The Iihe]i-Il
hoog of e W pertem hmdrorac !
oecurming can b reduged by the
Tellowing acuoms: i
* Use rralistic mapbour budgeu'
and realif pehedyle periods. Ln-!
realigtic schedules and budgew 1end
1o cresir wnreilistic and diganed
Tpons,

#® Ensure tha; methods of oreasur
ing physical progress are fpctual.
Thig vequires that Lthe schedele ac-
gunet are gven weighiings by
proper allecalion of the manhour
budger and Lthat progress is mea:
sured agaimst faed yardsteks and!
doer nor pedlecl IRTxPERience OF Hp-
Limigin, '

* HAycuopnite Lhat the mevting of 2
schedidle nae does mol mean that|
no further howrs will be charged.’
There i alwavs foliowup work, re-
meval of “helds.” rephes ta qurn'ﬂ:
and other ljaiven and linalizatioh
work which cafries on in engincer-
g rven though purchase onders
may be placed and drawings inued
for consibucion.

i
February 1980 {

i office manhours:

“
RAeduty H.OQ. manhours. The lal-
lowing are gofnc general guidelines
for controlling or redunng heme

» Do nod aliow work o gari In the
office unl all the necetsany inlor-
tnaton required it available An
early st without mfermaion does
not gan schedule ume and merely
cotsumes cxtrg hours when Lhe
work must eventually be done
again,
* Compleie tach sage of the pro-
ject work wilh TeEviews and ap-
Ernu.ll before the next stage pans
warnples are!
Process detigo
Eetic engincering
Enginesning design model
In each cast subsequent Foirnie
shoukt new be suned untl the pre-
coaging, wceivity has been finalized,
approced, and frozen.

& Coptrol review and ippmﬂ!{
procedures. Do not submet docu-f
meny for approval until they are)
comipicie and do mog relcase 1h-z:ﬂ-:|l
for further acuon umiil formal ap-|
proval has been received.

Dy 1ol 3Eep COMMEnU OF 0L
ofd theughu #icr formal approdal
has been grven.

Do oM subanil documents for ap-
proval in 3 pieemesl manner and
ensure thay approvais are complere
or that approvals with qualifications
are clear.

» Make every eHort o minimise
the products of lﬂ;‘inﬂﬂ'.ll‘ [?«;i‘
frationi, requititions, and dra

ingsi. Do oo do more than s
needed by the Procurement and
Consifuction oTganizations. Every
e ehminared B & tedutiian iR
mznhours, L sandard drawings
and drawin g forma wo the masim umh
rxienl-

& Do it do worh ot of wegquence
and aveid recycle, Aggrrisivch op-
pose progeal changes wiich ere ma.
ters of ophion aF improvermcRL
which are only marginal

& Mainisin individwal rend
curves &4 ilusicated in figure 4 Inr
e#ch of the gt disciphnes show-

¥il.-B-3
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