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SUMMARY

The basic rsquirements of a good plant are that it
comee in ‘to operation on schedule, within the budgeted costs,
produces specification product at design cepacity, and is
" relieble over long periode of operation without undue breskdowne

and troubles.

In this papsr, ths authore havs discuessd various uarrantees
~and guarantese that must be built in the contract between the
Engineering Contractor end/or Liceneors and the Purchaser in
order to ensure that ths interssts of th; Purchaeer are sefe~
gusrded so that ths nscsssary rsquirements for a reliable

plant are latilfild.
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PERFORMANCE GUARANTEES AND TESTS

During the last fifteen years dramatic changes have occurred
in the development of new procseses for commodity chemicals and
products such as synthetic fibres, rubber, plaatics, and chemicels
fertilizer etc. which are based on cheap gas and petroleum feed
stocks. In addition tremendous progreses in chsmical and mechanical
engineering design, and new materials of construction has enabled

large ecele producticn of theas commodity chemicels et relatively
low coete.,

In the paet emphasies was placed on absolute reliability in
operation and on speedy ersction of the plant. In the main, the
plcﬁt eizes were small and individual chemical companiee designed
an: erected their oun plante to provide cepeacity matching s fairly
corservetive and short term estimate of demand. Plant design,
particularly in ths cese of a new process was generous in providing
fo- onerationel flexibility and for spare unit equipment. The
thinking behind this policy that the plant wae unliksly to be
rendered obsolete fairly quickly by major technological advances and
the: it would be scoromically beneficiel to have spare capacity which
coul: be utilized as more and mors operating experisnce was gained.

To-dav the attitudes are entirely different. The development
of shemic3. processes and the design and construction of large
plents tased on new processss ars cearried out by engineeing
contracting companies. These oompanies have accumulated extensive
sxperiencs in the menagement of ohemioal projects. They have
sevelopes moiern sophisticated techniques such ae PERT, pritical
'puth enelveis, linear programming and ccmputor sided design and
coneiruction which has not only helped in cutting down delays in
project ¢chedule, but has sleo exercieed control on proJject coets.
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the eellordin for guod procoss seloction is that the proposed
ptnq{ {n eapahlo of atondy, economic, and safe operation and that
{1 comus in=lo productlion on schaodule. In order to attract business U’
the ongineering contractor has to develop anq‘mainggfn hies reputa=-
tisn and he veually provides guaranteos of ono form.or the other
to help convince the oporating Compuny(omnurs) of his velinbility
and performance.  These quarantons aro howevor, of to qroat connoe=
Tatton Lo the purehaney, 10 a new plant fadin bn pevboen, 0 amdey

to fulfil the guarantes. the engineering contractor may be reguired
to replace some part of the plant or modify the syetem, while the
purchases withhold temporarily a pa}t of the sngineering contractor's
fes. The Purchaser, on the other hand may suffer & considerable

loss in profit due to delays and dislocation in production and they
"have no hope of receiving any compensation from the contractor,

’

In a turnkey project epecially the errginesring contractor's
design ie liable to be skimpy and tight with the result that the
plant may not satisfy the required quality and/or quantity criteria
for the product. He may trim the capitel coete at the expensce of
maintenance and services costs. As an example, the adoption of
optimistic heat trensfer fouling factors will give a plant which
will produce the dloigh output Huring the performance tests when
the plant is etill cleen, but may not perform the required heat
tranefer duty once the equipment hae blin in eervice for sometime.

A Little extra capital spent to prevent fouling, can eoon pay for
iteelf {f it resulte in a plant having to be shutdown less frequently
for cleaning, It ie not Just the cost of cleaning but the production
cost while shutting down and re- starting the plant often accompanied
by reduction in raw materisls and eervice efficienciee during theee
periode., As every process® operator knows it is worth making
considerable efforts to keep @ plant on-line continvouely for, after
a shutdown he can sxpect a variety of troubles such as leaking

jointe and leakages in other parts of the plant which may not have
been troublesoms before the shutdown,




For theee reasons, it is niousaary that performance guarantees
and tests are reasonably well spelled out so that the interests of
the purchaser ere sufficiently safeguarded by providing Zncentives
and liabilities to the engineering contractor for satisfzctory
performance during various phases of project developmen: and
execution., In addition, it is necessary that the purshaser,
specially in the developing countries, has a team of epecialisis
or consultante at their dieposal, in order to supervise the work
of the engineering contractor and iafaguard the intereszts of thei:-
Company.

In modern large soale ensrgy intensive process technology, the

following ositnria for cf‘lii‘lln.io ie ussd end adequa’e guarantess
must be pro or eatisfactory exeout.on of work and to enzuze

that the projeot is completed on schedule and that the plant is
reliable and easily operateble to yield specified quality and
quantity.

Q. The Plant must work l.e.i%t must produce specifiseiion

produot,whioh should be acceptable intsrnally and
internationally, it must produce the desired procduct

at deeign cepacity, it muet meet the deaign ylelds, and
the opsration must be fres 6f frequent brsakdowns, Of
thees requiremente the ability to produce t'specification!
produot ie the most important., The worst that can happen
to e new plant {s its 1nab§1ity to produce 'spec!
product, beocause the product will not be saleable., Thus
the choice of appropriate and well tried process knowhow
and technology ir the fundamental requirement of any
contract, Developing countries cannot afford to take

the risk of experimenting with new technology without
previous satiefactory commercial produstion record of
trouble from operation. . The licencor. or the engineoring

- o —————
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contractor must provide absolute guarantee that the

plant will produce 'apec' product at dezign chpadgmxiﬁ
It ie emphasized that this, mean s that the plant must
operate continously at an annuasl designed cbpédfbf;}and 3

not only for the period o7 the guarantee test,.

b. Cost of Production muet be kept lou,-i.g.,.the cost’ of {
rev materials, utilities, éuxiliary chemicelg,, vastes e¥ce IR
muet be competitive with similar or othariprbches Toutus
for the same product operating in the wo&lﬁg;“in!.iiﬁﬂn'ﬁﬁﬁz,oﬁ
or engineering contractor must provide adequate guarintees ! ,
that the overall cost of utilities end oouw mateniple shall f
be within the deeign limits specifiled.: Any vﬁfﬂitigna' a i
in.these limits From design will Iindicete that the plent. .
is not operating at deeign yields eithér due to process ' f
deficienoies or equipment inadeguacies.,; i ‘

c. Cepital Costs must be kept low: Low capital. tosts involve

-

not only low equipment costs but also minimization of’ f/ | é
engineering and construction costs. In this connection it i
must be stressed that underdesign of maljar equipment: ‘in g?

an attempt to reduce the capital investment, is hard to 7

correct once the plant has besn built and modern ptodiic%@%"
Juest cennot be run without generous and emple intﬁtuﬁoﬁ;tf -
tation. At the same time it ie necessary to kesp etEitt. .
coet control during verious stages of plant design &nd
construction in order to avoid "overruna" end keep the
project costs within the finencial resourcss avéileble.-

" The enginsering contractor must provide adequate guardpntess
that the project will be completed within the budget.’ |

’

d. Sghedule myset be mgi: Meeting schedules will result in

low engineering and construction costs, but more imporfent'-
for the Pyrchaser, is that the end product must be marketed

o e cemsmem e e o n | g o-wv-—--«T
. . & '.'.»-



a5m

and oubpliod to the oconsumere as planned., In addition if
the plant is not completed on schedule, it will affect

the financial return, This factor hez been emply demonstra-
ted by Holroyd(I) who has calculated DCF for & 1000 ton
ammonia plant and has also shouwn the effect of delay in
project completion on the financial return. Theose figures
are recorded in Teble-l. (attached). It-is evident thet

all efforte ehould be made to complete the prq3i§t on
echedule and the engineering contractor muet provide
adequate guarentees to this effect.

P Equipm mu form under all aqdr tb":ﬂ’THe

retiability of individual items of Plant and uqbipmpnt

can usually be obtained through more stringent "spécitica=-
tione in their design and manufacture, or by deliberate
overdesign and larger safety margins in performance,
Criticel items of equipment cen be duplicated, a stand-by-
being immediately brought in to service when the-operating
squipment faile. It may be possible for one spere item

to act se etand-by for several others, for example inh the
caese of pumpe, provided proper choice is made in thsir
election. Another approach to improving reliability ie

by replacing e eingle piece of equipment by two or more
emeller unite operating in parallel. 1In such, a ‘ccse

i? one of the unite fail, the plent ie not shutdown -
completely, but ie sble to operate at reduced thkroughput.

Coneiderable guidance is needed by the Purchaser in the
developing countries in the selection of process squipment,
ae it occupies the role of less experienced client, Under
'ihoou conditions, the engineering contractot is exposed

to e variety of conflicting constraints., Its commerciasl
interests are best served by supplying a process package

o
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requiring the minimum process modifications, The
developing country, on the other hand, is attempting to
sstablish a contract at as favourable a price as possibloe,
end is frequently handicepped by the amount of capital,
availeble. In thie bergaining eituation economies muet
be mede, and it is in the nature and extent of these
sconomise that ths critical réffect of process selection
and design performance is frequently overlooked,

Nevertheless, the enginesring contractor must guarentee that

the process equipment will perform without breeskdouwn and that the
}duhot.‘vo squipment ie repleced at their cost,

e p—— iy st = = ——
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GCuarantces and their Objsctives -—

In generel, the contractor's work hes @ eingle objective which
is of major financial significance to the purchaser. This is the
construction and sterting up of a plent within e specified time and
allocated financial resources. There are various constrainte
which may effect the achievement of this objective and the
‘contractor must guarantee that he will fulfil his obligations in
accordance with the requirements of his contract with the purchaser,
Thess constraints may be diescussed under three headings as .
follows:

. Eredect Schedule and Cost Control

For thie purpose the prgject may be broken down into
different phases spaced out in time and the contractor

is obliged to juarantes the completion of each phase
within the specified time and cost. However, in order

to achieve the project scheduls and cost, the contractor
muet be given certain incentives or peneslieed depending
upon his performance. As an sxample, the progrem of work
end time of completion can bes broken doun and 8 time-limit
eet on verioue activities ae followe:

@, delivery of time-critical items et the plant-oito.

b. delivery of complete equipment and materisle at
the plant.gite.

C. conetruction schedule and mechanical complotion of
the project.

d. project cost control.

2, The escond eree which cen affeot the schisvement of
requisite objsctive ie the sttainment of specified
product quality and deeign capacity ae defined by the
purcbhaser'e design criteria. In order to determine
whether the plant ie cepable of meeting thie requiremcnt
¢f design capacity snd quality, and raw meterials and
utility requirementa, performence tests are carried out
for;

=
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a, utilities and offsite plant and squipmenty- . I
b, battery limits plants ,

.

The contractor/licensor must agree wtth the p&rcw !
regarding the logistics of these performance to@-‘iﬁﬂmd ,!
sleo provide absolute guarantess for the quariﬂﬂﬁnd
production cepacity of the plant. The aboolut’d’.gu&untns 'h
nuet bo unsquivocel end not limited in emount.y

|
"

., \ : ‘ ;
| !
I
|

The third area which can affect the ut‘i‘;f&ctor,yﬁnomﬁiuidn-
ing and performance of the plent facilities A8:tHe equipment
snd conetruction defects which might aris® due 3 Qdeeign
orsnrs, squipment defecte, and ccnetruckibn fau*H_; These
mey be grouped eo! : .h

s, defeciencies in procsss design and dt’f:’i&&d 1
engindering

.

T TR TR
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b, defects in equipmsnt design and rabrigeition
e, construction faulte. .

1¢ should housver, be pointed out that while the contrsctor
hee to take action to correct any defects, the cost of
making good thess defecte (including those arising from
gontractor's mistakes, but not from his negligence or
feilure to sxercise reasonable skill and ceare) e
reimburssble i.s. it has to bs peid by the purthasst,' who
would therefore, make an appropriate prouision .in his
budget., Nsvartheless, the contractor has a duty to
mindmize ths possibility of defects. In order ‘to reduce
the frequency of errors, ths purchaser must defife in

the contract, his requirements with regerd to quality of
design, meterials, snd workmsnship. Particuler ettention
should be psid in the specificatione to itenm which may
fail during the defects lisbility period due to normal weer
and teer, or due to operation under conditions not in
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sccordance with the supplier's instructiona.

if these conditions ara not cleerly defined, the purchaser !
will have the right to invoke the defects liability clause, O
while ths contractor's designers msy have intended that i

the item should be renewed or repaired as pert of routine

meintenance. . ;

The applicetion of s defects lisbility period ehorter or
longer than twelve months may bs sppropri'atsd for some

itsms under unusual circumetances, and these should be

covsred by epsciel conditione. It is aleo suggested '
that adequete insurance must be teksn out by either the !
purchaser or contractor against design and erection !
dsfects and the functions of each should be defined in '
ths contract. : : “ 1

Progremme of Work and Time of Completion _ o

A fertiliser plent or a petro-chemical projsct is baeed on E '
highly complex, sophisticated technology, and the plent ususlly
consiste of ssveral sections or units, some of which are
operstionslly dependent on sach other. Thers is thue & logiceal
seguence in which completion of each unit is required in order
to schievs the most satisfactory commissioning of the uwhole
project. As ean example, in a fertilizer complex consieting

of smmonis and urea units with integrsted facilities consisting
of steam and power generation, inert gss, plant air, water
trestmsnt plant facilitiss, the utilitiea and offsitee arxe first
commissioned in sequencs followed by commissioning of smmonia
and uree pleante. .Thus it is invariable to the advantage of

the purchaser to heve the projsct completed to a program. If
this is prepered sufficiently early, he will be able to arrange

e s s S eam D . W T A G o S S AR U O TR0 v ¢ S8 M S A OSPR n We  m A -qﬁ BT Lad o
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for the neceseary plant operating and maintenance resources '
to be available at the time of start-up and to coordinate
the timing of raw material eupplies, utilities and effluent
facilities, and marketing activities to coincide with the
start-up program.

d Damages for nd Bonuses for Early Completion

Ths word "liquideted" ie used to distinguieh such paymsnts,

the: magnitude of which is egreed in advance, from danagee
assessed later by a court as compensation for the loss suffered
by the claimant. Liquidated dameages should not, of course, apply
to abeolute guarantees. The operative dates and the rates of
damages should be agreed between the parties at a etage when
the contractor can assess his financial rieks., Ae an sxample,
the liquidatsd damages for failure to complete the project
according to the echedule should be properly defined at the
proposal stage, and the contractor's potential liesbility

should be made cleer at that time.

It is elso worth considering the payment of a bonue by the
purcheser es & reuard for early completion. The spirit of such
e arrangement is in contrast to the liquidated damagee clause.
It is £r the purchassy to sst the target dete and the rate of
bonua at & leval which will be profitable to him in the long
run, He 19 oncduraging the contractor to come forward with
propoeals, and to take sctions to pragraos at the maximum

@chievable rate. If completion of construction cen 6- achieved
ahsad of schedule, it will be beneficial for the contractor eas
well as the purcheaser.
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Bonus/Penalty Formula for the Delivery Schedule

of Time-critical Equipment

An example of the epplication of bonue/ponalty clause
for the delivery of time critical equipment is given

in Appendix I. It is considered that it would be in
interest of the purcheser to give sufficient incen-
tives to the contractor to complete the delivery of
criticel items of equipment before schedule, because

it will ultimately determine whether the project can be
mechanically completed on time. However, as outlined
in thie example, the penalty for delay cen be made

to increase without eny time limit, while the bonus cen
be made to apply for e limited period because the
delivery of these items too early in the construction
eteage may not be helpful beyond e certein maximum 1imit,

The same criteria cen be ussd for the delivery schedule
of compiete plant equipment and bulk materials.

n uction Schedule and Mechanical Completion of
0jec

Mechanical Completion

Towarde the end of construction, mechanical commiseion-
ing of equipment is undertaken under the direction of
the construction orgenisation although the purcheases's
operating personnel also help in inspecting, checking,
and commissioning the equipment. Theeae opereatione
include alignment of pumps and drivers; inspection

of rotary equipment such as compressors, turbines,

- pumps, turbo-generators, etc;circulation of lube oil,

and seal o0i! through bearings, gear boxes; checking of
motor rotetion; testing end installation of relief
velves, sefety valves; hot checking of turbipee;

Ly
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blowing and flushing of process lines; and drying
of refrectories. When ell the equipment has been
inspected and checked, the plant is handed over to
the operating personnel and the'pro ject is consideted
mechanically completed. ’

A time limit ie sst in the contract for ths comple~:
tion of the projsct which for a fertilizer complex
in a dsveloping country may very bstween 28 to 36
months., If the project is not completed within the
specified scheduls, the contractor is liabld to a
penalty clause. On the other hand, ths contractor
msy complete the job befors scheduls by allocet'tng
additional construction resources, and it is in the
interset of the purchaser to provide this incsntive
in the contpuvt” by the addition of a bonus clause.

The usueal pattern in international contrscts ie to allow
s graos period of esy ¢+ .15 daye on the sctusl
completion targst dete, and if the projsct is complstsd
early or beyond this grace psriod, the contractor is
sither penalizsd or rswarded for hie psrformancs., In
addition a maximum limit of say 90 day or s sum of

say $ 450,000 is set se the maximum psnelty/bonue
clavees.

P 0 ntro ‘

e. Lump-Sym Contracts

Project cost control for lumpsum contracts’
is the responsibility of the contractor, becauss
euch contrscts ars negotiated on competition
tendering. They are agresd upon following the

- svaluation of several offers all mads on subs-
tantially the seme basis. However, bsfore

ROV ]
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re-imburesd all the coste he sctually incuse.

=

‘ 4
entering into Lump-sum contracts, the purchaser

must clearly define the scope of the work in
the form of Design criteria, both in its
technical content and commercial/contractual
besis of the project. The sxact battery
limits of the supply, and contractors oblige-~
tion to supply within thess battery limits
squipment (except that specifically to be
supplied by the Purchaser) should be deteiled
in the Contract.

Once a contract ie finalieed, the contrector
éxerciems coptitdl on the project costs, because
it ie in hie own interest thet these do not
over-run the budgeted coets. Howevern, it would
be in the intsrsst of the Purchaser to ese that
there are no deviatione in design, and the
contractor doss not under-design the equipment,
and introduces sconomies at the conetruction
stage at the cost of the purchaser. The main
feature of this type of contract ie that the
purchsaer does not carry the risk of cost
overruns, but doss not banefit from any savinga.

o .

There are many veriations of the re-imbureable
contracte. These may include:

i, Cost plus a percentage fea

ii. Cost plus a Pixed fae i.e. Lumpaum
Fixed Price.

114, Terget (Shared ovor-fun)
“4v. Guarantesd maximum aelling price

In most of these variations, the ccntractor is
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Ths esssnce of the re-imbursable contract is that the :
contractor suppliss such goods and/or services as the ”
purchaser requiree and, provided he exercises his
normal professional skills, the contractor is re-
imbursed for all the costs he incurs including
corrective costs arieing from design and construction i
srrors. Tho'purchaacr gains the benefits of any
sngineering, material, or construction cost savings
but, does of course, bear the risk of any over-
expenditure. In view of the poeeibility of over-runs
or under-rune, it would bs neceseary that suitable
penalty/bonusse are introduced in the contrect -

in order to protect the interests of the purchaser.

P MsP o

In this form of contrect, the contrector eubmita en Estimated |
Maximum Selling Price (EMSP) for the complste project including ’
hio fees (Lumpaum Fixed Price) at the time of tendering ite
Technicel Proposal. According to the terms of the contract,

the Enginsering Contractor egrees to furnieh GMSP required by

the "Request for Propoeal® within s epecified period of time

after the initistion of the project. In the event the GMSP

exceede the EMSP which the contractor eubmitted in its

Technical Propoesl, the contresctor ie obliged to pay penalties

which may be 2 to 9% of the differencs between the GMSP and

EMSP. On the other hand, if the contrecctor ie sble to reduce

the CMSP beloe EMEP, he may be given a bonue ee a incentive

to reduce the overall cost of the projsct.

P 1 n

In order to demonstrate that the battery limits plant cen
produpe the specified product et design cepecity, within
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contractor's guarantesee regarding rew metsriasla snd utility

- requirements, and that the battery limits plant is capable of
producing the required amount of the end-product, the contractor
must give absolute guarantees that the battery limits plant
ehall be capable of performing as set forth in the Design
Criterie.

Performance teste for offsites muet alsc be performed in
accordance with the set procedures in order to ensure that
each unit is capable of producing the specified utilities
and that thess conform to the Dssign Critsrie for quality
and cepacity. Offeites ueually include:

8. Raw meterial supply and treatmsnt
b. Water eupply and treatment

c. Steam gensration and supply

d. Powsr generation and supply

¢.. Product handling and shipping

f. Cooling water systems

9. Plant and instrument air

h, Efflusnt disposal

Performance Tests

Performance tests are performed by the Purchaser under the
direction of the contractor/procsse licensor's personnsl, the
atart-up pereonnel, and any other personnel deemed necessary
by the contractor and approved by the purchaeer, The
oontractor prepares and proposss the details of the procedurs
and urrnngomonti to be followed during the tests, including
performance teets for the offsites not less than six monthe
prior to the anticipated datss of euch teste, and supplies
the operating and maintenance manuals not later than six
months before such teste.

- a—— . B 4 — . —e o AP =% ey T 0 %W R GW 0B e




The performance tests for the battery limits plants is speci-
fied to last seven days in order to establish the guaranteed
quentity, quality of the end-product and raw materials and
utility consumption end is conducted under safe operating
conditions. It is suggested that the 7-day test should only
bs run after the plant has been continiously working for 21
to 30 deys.

Quring the performance testes, the consumption of raw materials,
ard utilities are measured and firmly established per metric
ton of ths end product preduced. Ths methods of messuring raw
materials and utilities are also esteblished by the contractor
and the purcheser as set forth in the Design Criteria,

Liguidated Demeges

In the svent that the contractor faile to mest the guarantees,
he is obliged to promptly make such changes, additionse,
alternatione, adjustments, repairs, replacements as mey be
required in order to achisve the neceseary product quality.

In eddition if the production cepecity of ths plant ies not met
after the conclusion of the perfcrmence test, the contractor
ie obliged to make remedies a8 follcwe:

1. 1f the production is less than 9s% cr 98X or more
of the guarentsed quentity, the contractor hae the
option to pey liquidated demeges in lieu of making
repeirs or carry out ite obligétions to repair

e and modify the plant in order to achieve the dosired
capacity. The liquideted damagee must bs negotictod
between the contractor and the purcheser.

2, I the production is less than 9s% or 98%(dspending upon
the type of Plent ) the contractor shall heve sn obesolute
obligetion to carry out the modificetions/repairs until
the specified production cepecity is eschieved.
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Raw Materiels and Utility Costs

If the guaranteed consumption of the raw meterials and

utilities

1-

2.

In addition the contractor must provide sbesolute guarantees for

is not met, the contractor is also obligated.

To pay liquidated demages if the utilities/raw
material consumption is less than 10% above the
specified design limits.

If ths coneumption >f raw matsrials or utilities
sxcesds 10X abovs ths dssign limit, ths contrector
is obligated to make necessary repairs/modification.
to the plant in ordsr to achisve the dssirsd
consumption rates.

product quslity and quantity for the rest, the extent of the
maximum 1liebility is considsred to bé about 10 to 15 psrcent
of ths Lump Sum Fixsd Prics (Contractor's Fess).

A,

. yment In n nst on Fault

When the plant squipment are subjected to design temperaturce
and preeeurse for the first time, thers ere bound to be

failures.

Pump ssals will surely cause problems, so will the

instruments, compressors, turbinss, and othsr rotary equipment.,
Despits Vsndsr tests end rigoroue 'inuplction procsdurss, inferior
workmanehip is an sver prsssnt problem and many failurss occur
. due to defsctivs shop fabricetion ae wsll es fisld constructed
Most of theee probloﬁfo havs been aesoribed tuv frequent
. changes in design and pricee rivelry. Becauss inspection coets
money, it is most likely to bs dons perfunctorily or juet ignorsd
altogether at a time of intsnss competition.

squipment.
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Holroyd, in his analysis of plant start-up problems has reported
that 61% of ths start-up problems are caused by equipment
deficiencies, 10% due to design inadequaciee, 16% due to
construction shortcomings, and 13% by operating errors.

Although such problems may very somswhat, they usually occur : |
and pinpoint equipment failures or construction faults as the
source of major troubles which most frequently delay plant
etart-ups. These probleme are not insolible although they would
result in lose of production,

Howsver the contractor muet guarantee workmanship of all
materials, equipment, supplies, and the offsites and battery
limits plants constructed by him. In addition the contractor
must quarantee that he agrees to remedy by repairs or replace-
ments any plant or equipmant promptly ppon receipt of written \
notice from the purcheser despatched within 10 days efter

discovery and recognition provided theee faults/errors are

reported within 12 months warranty period efter the final

acceptance of the battery limits plant. The contrector, howovoi',
le not responsible for undertaking eny remedial action
neocessitated by normel wear and teer, corrosion or sroaion,
improper maintenance and operestion, etc. ' '

The contractor shall provide 18-months warranties after start-up
either himself or through his vendore/aub-contractors for
-defette as to material, workmenship, and mechanical deeign and
performance of equipment and meohinery, supplied by eub-
contractotrs and vendors.

The oontiactor'n obligations for breach of varrantiee are limited:

1. To the repeirs and modificetione to be carried out
under his supervision subject to the limitatione that
he will be liable for payingthe cost of correction
in excese of 8 minimum negotiated velue which variss
with the eize and nature of the contract.
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2. There will be an upper limit for the cost of
correction to be borne by the contractor.
Thie limit is usually set by the size of the
contrect and mey vary between 2 to 3% of the
Lump Sum Fixed Price (LSMP or Contractor's
Fees).

Parformance gonds ' ' !

3 ;
As a ssfegusrd for the verious .performance gusrsntses, the ’
contractor ie required to furnieh a performance bond or Bank ' ’
Guarantes in the smount of the equivalent of five percent(5%)
‘of the Cetimated Maximum Selling Price (EMSP) of the project.
This performance Bond is realiaed by the purchaeer after all
the guarantees in connection with the project are fulfilled.
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Case 1

Cass 11I

Caselll

Case 1V

TABLE - 1

OFC RETURN FOR 1000 ST/DAY AMMONIA PLANT USING VARIOQUS
PLANT OUTPUT LEVELS AND CONSTRUCTION PERIODS

Annual Output 0,C,F, RETURN
No. Dwlay months onths
2 yesrs Delay Delsy
construcs

tion period

h
Yesr 1 onwards 100% 26% 23% 21% '
Yeor 1 60%
Year 2 80% 16% 14% 13%
Yesr 3 onwards 100%
Year 1 30% |
Year 3 90%
Ysar 4 onwsrds 100%
Year 1 30X
Yoar 2 70% 7% 6% 5%

Year 3 Onwards 90%




APPENDIX I

Bonuszpanaltx Formula for the Delivery Schedule of Critical
ltems of Equipment -

Assume total value of criticel equipment ¢ 10 m.
Also each squipment cout is @ multiple of $ 100,000 ,
Totel No. of points to be awarded to all 6
items of equipment 10 x 10_ . 400
| 10 x 104

If the eeven critical iteme for & particuler
unit are,

x1‘....................x7

and the valus of each item ie
y1...0...000.0000.OOOOQY-’ ;

Ng. of points allocatsd to sech squipment ere: x, . Y]

x2 = Yzioocvvno

' 10%
And the bonus money for eech itsm would be 8 v
' | 1" 21 x gvo!ooo
4
| 10 |
) e
Lxample )
The coet of e chemical reactor ie § 2 m. 6
No. of pointe ellocsted to it sre: = 2.x10 . 20
| % 40 x10*
And ths mex. bonus money for thie 1tl'§
would be '

Penslty/Bonue over 90 deys . $ 54000
Bonus/day $ %4000/90
« § 600

‘With the provieo thet penelty will go on inoroloing of the dolay in
delivery extende beyond 90 cdeys et the seme rete; but the borus will be

limited to $ 54000 even if the delivery is before 90 days periocd,















