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PHEPACE

Each year the Overseas Development Administration (ODA)
commissions a mmber of ex-post evaluation studies with
two aims in mind; firstly, to assess the effectiveness
of its aid activities and secondly, to learnm lessons

for improving the effectiveness of future aid activities.

This evaluation is one such study.

Evalwation studies are undertaken by individuals or by
teams especially recruited for their particular knowledge
with regaxrd to the subject under study. Sometimes these
teams will include persommel from ODA (increasingly
teams are a mix of ODA and external personmel).

In all cases the reports and conclusions are attributable
to the authors, who are finally responsidble for their
contents, and not to ODA.

Evaluation Unit
Manpower and Evaluation Department
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AUTHORS' PREFACE

The sources of information for this report were the Overseas Development
Administration files on the IFFCO Project, supplemented by IFFCO files
seen in Delhi, and Kalol in Gujarat. A valusble guiding summary was
the Cremer and Warner ‘Completicn' Report.

We interviewed representatives of ODA, of one of the contractors
(Humphreys and Glasgow), of Cremer and Warner, in Londom; of the Ministry
of Chemicals and Fertilisers, of the British High Commission, end of
IFFCO in Delhi; and other representatives of IFFCO in Kalol.

One of us (FFS) has been involved for many years in all aspects of
chemical projects, both large and small. One of these was an ammonia/urea
fertiliser project in India, of which he was General Manager, being
respansible for deeign, negotiation of 'oontracts. implementation of the
project, commissioning and operation. He is respansible for the
technicnl content of this report. The other (DCWS) is & member of the
Economic Planning Staff of DA, and 15 responsible for the financial and
econcmic content.

We wish specially to thank all those in IFFCO, both in Delhi and Kalol,
who gave us of their time and afforded us so much help while we we:e
in India.

A list of those interviewed and our terms of reference are given in the
Appendices. .

FFS
DCws
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2.1

INTRODUCTION AND SUMMARY

This is a report of an ex-post evaluation study of the Indien Farmers
Fertiliser Co-operative (IFFCO) fertiliser project completed in 1975 at
Kalol and Kandla in Gujarat. The study is one of a series commissioned by
the Overseas Development Administration (ODA) to help it assess the
effectiveness of its aid activities.

Aid has played an important role in the development of the Indian
fertiliser industry, usually taking the form of providing foreign exchange
for the licensing of processes, for the purchase of equipment not made in
India, and for the services of foreign experts and contractors.

The IFFCO fertiliser project comprises a 910 t/day ammonia plant at Kalol
to serve a 1200 t/day ursa fertiliser plant also at Kalol. Scme 200 t/day
ammonia is railed 200 miles to Kondla where with imported phosphoric aci:d
and potash it serves to produce up to 1500 t/day nitrogen/phosphate/potash
(NPX) fertilisers.

The total capital cost of the project in 1975 amounted to £52 million
{sanction £49.5 million). The foreign exchange content was $19.7 million
(€8.2 million) going mainly on the ammonia plant from the USA, and £6.2
million going mainly on the urea plant from the UK,

IFFCO itself was a new company set up to own this project, and with its
successful implementation became the largest single fertiliser company in
India, accounting for scme 10% of fertiliser production. It has just
completed construction of a second larger ammonia/urea complex at Phulpur
in Uttar Pradesh.

In Part I of the report we follow the project from its inception to the
present, summarising its financial and technical implementation, and
recording its subsequent technical, financial and economic performance.

The project was successfully implemented although production of urea at
Kalol was about seven months late, chiefly because of delays in delivery
of two major items of UK equipment. There were however some parallel
delay:z in completion of auxiliary plants and equipment (generally referred
to as offsites) on Indian delivery.

P
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The ammonia plant commimsioned satisfactorily, and a debottlenecking
programme when completed next year will bring plant capacity to 1000 t/day.
The urea plant has been satisfactory apart from design faults on the main
compressor » These and later problems with

the machine, have brought about considerable lost output of

urea amounting in all to some 50,000t or about 1% month's output. However
it was possible to take up the bulk of the released ammonia to increase
the autput of NFK fertiliser.

No problems were encountered in commissicning the NIX plant at Kandla,
although this was delayed by four months because of lack of supplies of
phospharic acid. At the modest cost of £1 million it has proved possible
to increase the nominal amnual NFK capacity from 375,000 to 500,000 t. A
second identical NFX stream is now being installed, bringing the nominal
NPX capacity to 1 million t/year.

We compare the subsequent technical performance of the key ammonia plant
with that of other ammonia plants: it emerges amengst the beat for Indian
plants and indeed if the less favourable technical environment of the
IFFCO plant is taken into account it measures up well with the performance
of North American plants. Utilisation of the Kandla plant has been
exceptionally high, and the level of production has exceeded the increased
nomnal capacity in recent years.

The financial performance of both the Kalol and Kandla units has been
highly satisfactory; good returns an capital have been recorded and the
present financial rituation is sound. The achieved levels of capacity
utilisation have contributed to a substantial extent to these favourable
results, but the GOI's pricing policy has also played a major role in
determining the level of profitability. The prices of many of the inputs
and outputs of the project have been fixed by the GOI, and the present
prices of IFFCO's products are based on a formula which should yield an
annual after-tax return of 12% on net fixed assets if the plants are
operated at 80% of annual capacity. Assuming that capacity utilisation
at Kalol and Kandla remains above this level, the plants should continue
to preduce a substantial financial surplus.
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Our economic evaluation indicates that the net present value (NPV) and
internal rate of return (IRR) of the overall project should turn out to
be broadly similar to the results of the 1969 (DM appraisal. Our
evaluation yields an IRR of about 5%, and the 1969 appraisal gives 6% when
calculated on a eimilar basis. However we have proceeded a step further
than the 1969 ODM appraisal by the preparation of separate evaluations of
the Kalol and Kendla plants as independent entities.

The results of our evaluation of the Kalol plant are satisfactory. The IRR
of Kalol is estimated to be just over 12% (which is currently the "cut-off"
discount rate employed by the GOI Planning Commission); and the IRR rises
to 17% if the evaluatien is recalculated using the 1969 price assumptioms
for the outputs and main raw material inpute in order to remove the main
impact of internaticmal price movements during the 1970s.

The results of our evaluation of the Kandla plant, on the other hand, are °
far less satisfactory. The plant produces no positive IRR and the NFV is -
24 million discounted at 12¥; furthermore the NFV is even lower if the
main 1969 price assumptions are uged in place of cur own. However we cannot
be sure that our methed of valuation of the benefits fully capturea'the
value to the farmer of Kandla's NIX produstion, and this aspect of our
evaluation requires further study which is outside our areas of professicnal
competence. If the Kandla plant is to yield an IRR of 12%, the benefits
would need to be 20% higher than we have estimated, leaving all our other
assumptions unchanged.

In Part II of the report we discuss the project management, the choice of
technology, the supply of raw materials and services, the authorities
involved and their role and relatiomships, drawing out the positive factors
which contributed to the technical success of the project. We identify
these as the valuable collaboration of IFFCO with the experienced Co-
operative Farmers International (CFI), vwhich led to sound choice of proven
processes and' contractors; the competent leadership and good quality of
the IFFCO team, the sound training of operatives and staff; and efficient
management. CDA, being without appropriate technical staff for such a
project, appointed an experienced external consultant (Cremer and Warner)
to carry out the technical appraisal and to serve as monitor through
implementation. The arrangement worked well and should serve as a useful
medel for other sizeable industrial projects for which UK aid is provided.



2,4

It would be unusual in a big industrial project if no weaknesses emerged.
These included a long delay in signing the major contracts because of
supposed problems in site orgenisation, serious delays in the fabrication
in the UK of two major items of equipment for the urea plant, a big under-
estimation of the requirement for working capital in the early stages, and
failure to bring in phosphoric acid in time becamuse of lack of a firm
supply contract.

Finally we draw attention to what we believe is a changed context in
India for fertiliser projects and possibly for future UK aid to such

projects.

In ocur opinion one of the best features of the IFFCO project has been the
demonstration that with initial assistance a new Indian organisation can
acquire sufficient knowledge of, and confidence in, handling a big project,
and go on to tackle a second project of similar size without further
asgistance.

.
Recommendations
1. A study of the economio value of NPK compounda compared to equivalent
volumes of DAP and potash should be made (3.77 line 16).

2, A report on each sizeable ODA aided teclmical or induatrial projeot
should be written '(4.58 line 2),

3, ODA should study the changed oontext of the Indian fortiliser industry
in liaison with British oontrastors and licensors in order to assess the
future pattern of UK aid to the industry (4.62 linw 30).
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3.1

PART I : THE PROJECT

FOREWORD

The 'Completion Report' on the Project, prepared by Mr G H Hayward of
Cremer and Warner (CW) who were consultants to the ODM (now ODA) for
the Project, was written in July 1978.

Tt provides a clear factual account of the Project, summarises the
capital costs and the sources of finance, and then concerns itself
with the outline of the technical implementation, going on to give

the production record up to April 1978. It does not deal with economic
performance.

We have found it accurate and have drawn freely from it, sometimes to
the point of reproduction, there being no point in duplicating effort.

In this first section we give an account of the Project and aesess its
technical and economic performance.
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J3.21
HISTORY OF THE PROJECT UP TO EFFECTIVE CONTRACTS IN 1971

Initiative

In the middle sixties Co-operatives were well established amongst farmers
in the USA and this extended to fertiliser manufacture and marketing. In
1966 American Farmers Co-operatives approached the Government of India and
put forward the idea of assisting Indian Co-operatives to set up a
fertiliser project in India. The Government of India (GOI) responded by
asking the United States Agency for International Development (USAID) to
carry out a study.

The USAID study, completed in August 1967, recommended the establishment
of an ammonia/urea/NFX complex at Kandla Port in Gujarat. A deepwater
port was necessary for the impart of phosphoric acid and potash for NFX
manufacture, and of naphtha for ammonia manufacture. The Report put the
total cost of the complex at about £50 million, financed as £15 million
equity and £35 million debt.

Cabinet Encouragement

In September 1967 the Indian Cabinet approved the issue of a Letter of
Intent for the Project, offering rupee participation if USAID would
provide the necessary foreign exchange.

In November 1967 an organisation of Indian Co-operatives called the
'Indian Farmers Fertiliser Co-operative Limited' (IFFCO) with member~
ship open to Agricultural Co-operatives in India was set up to implement
the Project. It was to be assisted in this by a corresponding
organisation of the USA Co-operatives set up at about the same time
called ‘Co-operative Fertilisers International' (CFI). In July 1968

an agreement between IFFCO and CFI was signed whereby CFI was to
provide technical assistance to IFFCO in the implementation of the
Project, made possible by a grant of 1 million from the USA
Co-operatives.

-\
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Definitive Capital Estimate

In May 1968 IFFCO commissicned Chemico to prepare a Definitive Engineering
and Investment Cost Report. At the same time USAID carried out a market
Burveye.

The Engineering study indicated that the cost of the Battery Limits and
Offsites Plants would be about £41 million, excluding escalation, pre-
operating costs and working capital. The Marketing study concluded that
there would be no difficulty in selling the Project output of urea and NFK
fertilisers through the already established IFFCO member co-operatives,
which were already selling some five times this quantity of fertilisers.

The production of ammonia and urea fertiliser was to be based on the use

of naphtha as feedstock. However by August 1968 the Indian 0il and Natural
Gas Commission had established that at Kalol near Ahmedabad, some 200 miles
east of Kandla, sufficient natural gas existed to serve as feedstock for an
ammonia plant of the size envisaged for the Project. Studies showed that
the use of this gas as feedstock at Kalol instead of naphtha at Kandla
would lead to substential cost reductions. In the light of this IFFCO and
CFI revised the Chemico study, and the present shape of the Project emerged,
namely an ammonia plant (910 t/dsy) and a urea plant (1200 t/day) at Kalol,
leaving the NFX plant (1400 t/day) to be located at Kandla. Ammonia for the
NI plant would be sent to Kendla by rail. The capital cost of the plants
came down from £41 million to £36 million. In February 1969 the Indian
Government formally allocated the Kalol natural gas to IFFCO.

British Aid

Initially USAID had intended to provide all the foreign exchange, but by
1968 1t became clear that because of outs in USAID appropriatiens this
would no longer be possible, and alternative funding was sought from

US banks, led by the Bank of America. By the middle of 1969 however
interest rates in the USA rose to 103% which was oonsidered by IFFCO to be
unacoceptably high. As a result alternative sources of foreign exchange
finance were sought. USAID was willing and able to provide £15 millien
(26,3 million) as direct loan to the Project and so a request was made by
the Government of India to the UK Government to meet the balance of foreign
exchange by allocating £7 million from UK Overseas Aid to India.
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Responding to this request the UK Ministry of Overseas Development (ODM),
with the assistance of their technical consultants Cremer and Warner,
undertook an appraisal of the IFFCO Project.

The CDM report was completed and submitted to their Projects Committee

in December 1969. It showed that the total capital cost of the Kalol and
Kandla fertiliser Project would be about £42 million, this figure including
escalation, start-up costs, contingencies and working capital. The foreign
exchange content would be £17 million (£7 million) mainly for the ammania
plant (USAID) and £7 million mainly for the urea plant (UK aid). Approval
of the Project was given by the UK Govermment in January 1970, subject to
certain conditions being fulfilled by IFFCO.

Tenders invited

During December 1969 and January 1970 IFFCO invited pre-qualified contractors
to submit tenders for the Kalol and Kandla plants. A principle adopted for
pre~-qualification was the ability of the contractor to offer plants using
proven processes and which were essentially duplicates of‘ plants which had
been shown to be successful in operation.

MW Kellogg was asked to tender for the ammonia plant at Kalol. This
Company had built three very successful ammonia plants (910 t/day) for the
American Co-operatives and had shown a successful record of repeated
construction.

In the case of the NFK plant the same principle was followed and Dorr-
Oliver were invited to temder. They had’ just completed the construction
of an NIX plant for the Madras Fertiliser Ccmpany.

It was not possible to follow exactly the same principle for the urea

plant, as although proven processes were offered by UK contractors
(Stamicarbon by Humphreys and Glasgow, and Mitsui Toatsu by Power Gas) no
rlant of the desired size (1200 t/day) had been built. Competitive bids
were invited from each of these contractors, and the tenlers were carefully
evaluated by IFFCO/CFI, who selected Humphreys and Glasgow as contractors
for the (Stamicarbon) urea plant and the Kalol offsites.® Discussions then
commenced between IFFCO and the ohosen contractors to negotiate satisfactory
contracts between the parties.

*Offsites is the general term used for auxiliary plants and equipment.
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Eite organisation

OFI and USAID had definite views on the contractual arrangements they would
like to see during comstruction, believing that of the two major contractors
involved (Bumphreys and Glasgow, and MW Kellogg) one should act as prime
contractor, taking overall responeibility for all the plants at Kalol.
Agreement could not be reached on this and finally IFFCO took on overall
management and co-ordination, led by Paul Pothen, and assistod by the CFI team.

Contracts

At the time of the (DM appraissl it was expected that construction might
begin in mid-1970. However the argument over site organisation led to
considerable delay in placing the contracts with the result that the validity
of the tenders, submitted in April/May 1970, expired. Renegotiation of
these tenders, at increased prices, and the setting up of the site organisa-
tion, took until March 1971. However it proved posaible to reduce the delay
by three months by negotiating preliminary contracts to enable basic
engineering and work on import procedures through DGTD to be started ahead
of the main contracts. The ammonia plant contract became effective on

1 July 1971, the urea and Xalol offsites plants contracts on 7 July 1971

and the Kandla contracts by 31 July 1971.
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3.3 1

THE FROJECT AS SANCTIONED IN 1971

We have seen how the Project developed into a two-site project, but we
shall discuss later the reasoning which led to its particular technical
shape., It may be helpful to bear in mind that the ammonia and urea
plants are technically much more complex than the simpler NFK plant which
is basically a mixing plant.

Kalol

At Kalol, some 20 km from Ahmedabad in Gujarat, the ammonia/urea complex
was built on a greenfield site. It comprises a 910 t/day ammonia plant
and a 1200 t/day urea plant, urea storage and packing facilities, azmonia
storage and rail loading facilities, and supporting off-sites plants.

The ammonia plant is a single-stream gas-based plant designed by, and
engineered and constructed by M W Kellogg. Natural gas is compressed,
mixed with steam and reformed at very high temperatures in two stages to
give ammonia synthesis gas. The second stage involves air additiem
thereby introducing the nitrogen. The gas is then cooled, taereby raisiag
steam, and passed over catalysts to convert all the carbon zonoxide to
carbon dioxide. The carbon dioxide is then scrubbed out, and ig used as
raw material in the urea plant. The partly purified ammonia synthesis
gas remaining is further purified, compressed to 150 ata and circulated
over ammonia catalyst at 5oo°c to produce ammonia which by cooling is
condensed out as liquid ammonia.

The urea plant is a single-stream co?_- stripping plant designed,
engineered and constructed by Humphreys and Glasgow from a Stamicarbon
process package. It takes in ammonia and carbon dioxide from the ammonia
plant and reacts them in a large stainless steel lined reactor at 150 ata
and 200°C. Unconverted ammonia and 002 is stripped ocut of the solution
by the incoming GO?_ and recycled to the reactor. Urea is crystallised
out of the stripped sclution, melted, and pumped to the top of a high
prilling tower. A spinning bucket sprays the molten urea down the tower
and the droplets solidify to spherical prills as they fall down the

tower. The prills are conveyed either to the storage silo or to the
weighing/bagging machines.
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Ammonia is stored in a single skin atmospheric pressure 10,000 t storage
tank, and urea in bulk in a 30,000 t silo. The urea bagging plant con-
sisted of six bagging lines each rated at 22.5 t +hr. Humphreys and
Glasgow had responsibility for the off-sites.

The main utilities comprase two 43 t /hr boilers raising steam at 60 ata
and ‘+05°G. water cooling towers and pumps to handle 95 million gallons/
day, tube-wells to supply 5 million galloms/day raw water, and electrical
equipment to take SMW from the grid.

The main raw material and fuel requirements of the site were 165 million
ms/yr natural gas, 82 million m3/yr associated gas, 80,000 t /yr naphtha
and 53,000 t /yr fuel oil.

The expected annual output of ammonia was put at 300,000 t /yr, arrived
at in the ocustomary fashion by taking 330 streamdays at design daily
capacity of 910 t /day. The annual urea plant ocutput was similarly

arrived at by teking 330 stream days at design daily capacity of 1200 t /day,

and was put at 396,000 t /yr requiring 230,000 t /yr ammenia thus leaving
70,000 t /yr ammonia available for transfer to NFK production at Kandla.

Comments will be made on these assumptions later in this report.

The Kalol site covered 230 acres; the IFFCO township of 280 houses and
a bachelor hostel were built an a nearby site of 50 acres.

Kandla

At Kandla Port on the coast some 200 miles west of Kalol the NFX Plant
and its offsites were built om a 62 acre site, together with a township
of 320 houses and guest house an a site of 30 acres.

The Dorr-Oliver NFX plant tekes in as raw materials imported phosphoric
acid as S4¥ solution, imported muriate of potash in bulk, and liquid
ammonia in rail tank wagons from Kelol. The proceas consists of mixing
these ingredients, followed by granulation and drying. Several grades of
NIX can be formulated, such as NFK 10/26/26, NFK 12/32/16, NFX 22/22/11
and NFX 24/24/0 and the capacity of the two plants provided depends on the
proportion of the chosen grades. The most popular is 12/32/16 and
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400,000 t /yr of this grade would require 60,000 t /yr ammania,
134,000 t /yr phosphoric acid as PZOS' and 112,000 t /yr muriate of

potash as xzo. Small amounts of urea, filler and coating cil would also

be required.

The ut?.lities requirements were small, electric power amounting to SMW
from the grid, 3% t /hr steam at 10 ata, and some 500,000 gallans/day
raw water from tube wells. Two 1500 t ammonia pressure storage spheres
were provided, two 5,000 t storage tanks for 54% phosphoric acid, and

a 30,000 t NPK bulk storage silo. The NFK bagging plant has twelve lines
each rated at 12 t /hr each in 50 kg bags.

Both sites were greenfield sites and IFFCO was an entirely new company.
Even though CFI could provide valuable expsrience through some individuals,
the implementation of a project of this size and complexity would be no
easy task.

A\
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3.4 1

TECHNICAL IMPLEMENTATION 1971« 1975

CFIZIFFGO Collaboration

The shaping of the project, its implementation and early operation, owed
much to the collaboration with CFI. During the implementation stages

the most senior technical management positions were filled by CFI men.

The operations manager (W Brooks) responded to the IFFCO Managing Director
Paul Pothen, and was respensible for all work at Kalol and Kandla, In
addition there were the respective Project Managers at each site, and
responding to them were six other senior CFI men. They brought with

them direct experience of implementing similar projects.

However this was not to diminish the role of Paul Pothen, a man of wide
engineering and project experience. In addition to his lemding role

he proceeded to attract to IFFCO a team of able men from the developing
Indian fertiliser industry who would soon acquire their own confidence.

Ammonia Plant

At Kelol the implementation phase got off to a good start, greatly
helped by the preliminary contracts which operated ahead of the main
contracts. On the ammonia side lists of foreign equipment were cleared
with D@D by July 1971, most US items were ordered by August 1971 and
by October 1971 21l US orders had been placed, and even the ordering of
spares commenced in December 1971. By February 1972 MWK engineering
was substantially complete and by April 1972 such good progress had been
made that MWK brought forward their completion date to December 1973
from the contractual date of 30 March 1974.

In August 1972 MWK even talked of finishing in November 1973. However

by Jamuary 1973 MWK had a setback in deliveries of structural steel for
the reformer. Apart from this, good material deliveries were made in
spite of growing labour unrest in vendors' works and in Gujarat in general.
By August 1973 however MWK announced that completion was now likely to be

1 April 1974. This date was almost held, completion being achieved on

9 May 1974, slightly disappointing after such good early progress but
still very creditable for a oompany without experience in India.
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Urea Plant

H & G also got off to a good start on the urea plant with long term items
ordered by September 1971, and big items such aa the urea reactor, HP
vessels, and the (302 compressor all ordered by December 1971. However by
March 1972 E & G hed fallen behind schedule, but no eritical milestone
delays had ocourred. In Hay 1972 and in June 1972 H & G strengthened their
organisation in India and felt that they could still meet their completion
date of March 197k,

In December 1972 and January 1973 serious delays emerged in the fabri-
cation of the HP condenser and the lining of the urea reactor, partly
stemming from the UK contractor's lack of experience with the specialised
liner material and consequent welding difficulties. The reactor should
have left maker's works in January 1973 but clearly would now be months
late. In May 1973 oracks developed in the reactor bedy bringing further
delay. However by this time the HP condenser was being satisfactorily
fabricated. The completion date was now put at June 1974. In Octcber 1973
the HP condenser left maker's works but a further setback occurred when the
reactor failed its pressure test, and it was not until January 1974 that

it was finally satisfactorily completed. Strikes in the works of Indian
fabricators delayed urea plant piping and by February 1974 the completion
date was put back further to October 1974. The achieved completion date
was 15 Octobér 197k, being seven months late. The lateness of the urea
reactor completely over-shadowed the late delivery of many other items of
equipment and materials from Indian vendors caught up in the wave of
industrial unrest particularly in Gujarat.

Offgsites

H & G were responsible also for the Kalol utilities and offsites plants,
and they did this largely through H & G (C). Good progress was made on
the offsites until about October 1973 and at that time it appeared that the
general completion date of March 1974 would be achieved. However delays in
delivery of the largely Indian equipment began to develop, particularly
towards the end of the year when a state of labour unrest developed in
Gujarat. Further afield unrest and strikes in vendors' works began to
affect the later piping programmes. In July 1974 the emmonia plant
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commissioning was held up because of lateness and the need for some remedial

work on the cooling water system. However practically all utilities were
available in some degree by August 1974 end any lateness of offsites was
concealed by the lateness of the urea plant.

The work by IFFCO itself at Kalol namely railway tracks, natural gas lines,
raw water and electricity supplies, the provision of ammenia tank wagoms,
and of course the housing colony were all finished in time to meet the
requirements of the main plants.

Kandla

At Kandla Dorr-Oliver (India) was the main oontractor for the NIX fertiliser

plant, end they handled all design, engineering, proocurement and constructi
IFFCO themselves were responsible for site filling, railways, electricity,

On.

raw water, housing, and in addition the two 1500 t Hortonspheres for ammonia

storage.

Dorr=Oliver kept to programme only umtil June 1972 when delays first in site

plling developed, to be followed by long delays in delivery of steel plate.
For some considerable time the revised completion date of Februery 197k was
held but in January 1974 riots severely disrupted the area. Welding gases
in particular were unavailable and the completion date slippad further to
March 1974. It was not until May 1974 that completion was achieved. Even
s0 commissioning could not properly begin until July 1974 because of delay
in the supply of raw water to the site. The more serious delay was with
the two storage spheres for ammonia. The vendor had great trouble in
fabricating the steel plate for the spheres and it was not until January
1977 that the first sphere was ready, the second following in June 1977.
Meanwhile rail tenk wagons were used as storage.

Mechanical Completien

We can sum up the construction phase by noting that the ammonia plant
was just over a month late - 34 menths against contrastual 33 - a very
good performance. A whole variety of delays over a range of items, large
and small, effectively meant a comstruction time of 4O months against
contractual 33 for the urea and offsites plants at Kalol, and similarly
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produced a construction time of 36 months against contractual 27 for the
Kendla site.

Commercial Production

The overall time for the implementation of the complete ammonia/urea
complex at Kalol was 42 months from the effective date of contract to
commercial production - a very creditable performance, even though late,
not often bettered in India.

For the Kandla NFX complex lack of phosphoric acid for 4 months meant
that commercial production took 40 months from the effective date of
contract.

Commisaioning

It was convenient to carry this brief history of the implementation of
the Project through to mechanical completion. However it is always the
aim to carry out as much pre-commissioning as possible before mechanical
comnletion. We therefore retrace our steps somevhat to take up the story
of commissioning.

In April 1974 when mechanical completion of the ammonia plant at Kalol
and of the NFK plant at Kandla was in aight IFFCO put forward a wildly
optimistic forecast of ammonia, urea and NFK output for the perioed July
1974/June 1975. Discussion of this certainly did bring out the realities
of the situation up to the end of 1974 at least.

Firstly some offsites were behind schedule, such as cooling water and
boilers at Kalol, ammonia storage at Kalol and Kandla, and ammonia tank
wagons, all of which threatened early and sustained production. Secondly
production at Kandla would be limited by lack of phosphoric aoid if by
nothing else. Thirdly even if early commiassioning of the ammonia plant
was completely successful output could only be sustained until the advent
of the urea plant if it could be regularly sold.

Ammonia Plant Commissioned

Some pre-commiasioning had been carried out before mechanical completion
on 9 May 1974, In June hotspots were found in the auxiliary boiler
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ductwork and repairs to refractories had to be made, Further progress had
to await completion of and remedial work on the cooling water system and it
was not until August that the reformer was lit and commissiocning proper
started. During August liquid hydrocarbon was found in the natural gas and
separators had to be fitted by the Oil and Natural Gas Commission. During
September catalyst reduction was successfully carried out end the high
pressure synthesis loop tested. Hotspots were found in the reformer dusctwork
but temporary protection by water cooling enabled ammonia production to be
achieved on 5 November 1974, Production continued until 20 November when
over 8000 t had been made and put to the 10,000 t ammonia storage tank. The
front end was operated to provide C!O2 for the commissioning of the urea plant
until 25 November. It was then shut down to await repairs to the urea plant
compressor, and meanwhile repairs to the reformer and auxiliary refractories

were made.

The commissioning, although not particularly quick, was satisfactory. The
test run was completed satisfactorily in March 1975.

Urea Plant Commissiocned

By August 1974 pre-oommissioning work was being done on the urea plant.
Mechanical completion was announced on 15 October 1974. By 17 November the
main CO, compressor was tested to 100 atmospheres but design faults in the

2
coupling and the flywheel halted further commissioning until December.

Urea was finally produced en 31 January 1975, faults on the compressor trip
system having caused several interruptioms to comissioning. The ammenia
plant only operated for 5 days in February because of fouling of the
auxiliary boiler, but it enabled the urea plant to reach 60% capacity.

In March output of urea totalled 16,700 t and in April 17,000 t, limted

by continued problems in the 002 compressor.

A somewhat protracted commssioning - but in retrospect troubles were
confined largely to one machine, the main c02 CONpPressoX.

Although the plant had shown its ability to operate at 100% rate, a
compressar restriction operated until June 1976, Immediately after that
the plant successfully passed its test run.
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NIX Plant Commissioned

Mechanical completion of Train A was 3 May 1974 and of Train B 24 May 1974,
However it was not possible to start commissioning until temporary ammenia
storage in the form of handling from rail tank wagons becume available,
together with the supply of raw water, in July 1974, Preliminary trials took
place in September. When sufficient phosphoric acid became available in
November 1974 Train A was commissicned and made over 1200 t of 10/26/26 in
four days. A succeasful tect run was held in December 1974 on Train A.

Lack of phosphorio acid prevented the commissioning of Train B until March
when monoammonium phosphate (MAP) was substituted for phosphoric acid.

Train B had a successful test run in March 1975.

The whole of 1975 was a poor year for NFK production. There were shortages
of ammonia and urea, an interruption of six weeks because of cyclaone damage
to power lines, and above all extremely low demand. It was not until the
second half of 1976 that the plant waa able to get into its stride. The
plant produced 109% of flowsheet output in November 1976.
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3.5 1
FINANOIAL IMPLEMENTATION 1971-1975

The first capital estimate for the project in its present shape was that
prepared by IFFCO/CFI in 1969. It amounted to £42 milliem,* including
escalation, start-up costs and working capital, of which the foreign
exchange element was £14 million. In late 1969 CDA was asked by GOI to
provide £7 million in sterling to cover the foreign exchange costs of the
urea and NFX plants and some offsites. ODA carried out its own appraisal
of the project in December 1969, assisted by its technical consultant, and
accepting the IFFCO/CFI capital estimate. After approval of the project
by the UK Government in January 1970 little time was lost in seeking bids
for the urea and NX plants, and indeed in choosing the contractors.

However nearly a year was lost in making further progress because of the
strong views of USAID and CFI on site organisation at Kalol in so far as
it affected the main contractors MW Kellogg and Humphreys and Glasgow.
This turned out to have been more an imagined problem than a real cne but
by the time it was sorted cut the validity of the contracts expired, and
because of recent price inoreases had to be renegotiated. So by the time
the contracts became effective in July 1971 the project capital estimate
had risen to £49.5 million (Rs 916 million), with a US dollar foreign
exchange element of US $20.6 million (£8.4 million). The sterling element
remained at £7 million.

It is this capital estimate, valid for July 1971, against which we compare

the achieved capital cost of July 1975. We draw heavily on the CW 'Completiaon

Report' for this comparison.

* Although the rupee sterling exchange rate fluctuated to some extent
during the early 1970s, a constant exchange rate of Rs18.5 = £1 has
been assumed throughout this section.

- . — . ——. &+ s GAE - e
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Financial Plan

The financial plan for the capital expeanditure was as follows:

Rupees £ sterling willions
millions (rounded)
Share capital GOI 180 9.7
Co-operatives 90 k.9
Foreign loans USAID (USZ) 155 8.4
UK Aid (£) 120 7.0
Dutch Credit 5 0.3
Rupee loans GOI 106 5.7
Ind Dev Bank of India 100 Sk
Life Ins Corp 100 5.k
Ind Fin Corp of India 30 1.6
Unit Trust India 20 1.1
916 kg,

The Dutch credit covered the Stamicarbon licence fee.

Achieved Expenditure at July 1975

The achieved expenditure at May 1975 was £52.7 million, ie an over-run
of £3.2 willion (6.5%). The over-run was financed by shareholders'
contribution of £0.7 million, with the Life Insurance Corporation and the
Industrial Development Bank of India together putting in £2.5 milliom.

Only £6.2 million of the £7 million UK aid was used up, and US#19.7 million
of £21 million dollar aid.

A breakdown comparison of the July 1971 control estimate and the achieved
May 1975 project cost is given below:
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Com son bf achieved 1 cost with 1971 estimate

£ million
Estimate 1971 Achievei 1975

Kalol site
Ammonia plant 1.0 1.4
Urea plant 7.0 8.6
Offsites 7.0 7.3
Other costs 3.0 4.6
Contingencies 1.9 0.2

29.9 32.0
Kandla site
NFK Plant 3.6 3.7
Offsites 3.1 3¢5
Other costs 2.8 4.3
Contingencies 0.9 -

1.4 1.5
Project Overheads
Pre-sanction costs 0.1 0.2
IFFCO costs & seeding programme 3.1 3.2
Interest 3.7 4.4

6.9 7.8
Working Capital 1.4 1.4

Total lf905 52-?

At Kalol, the over-run was 7%. Factors contributing to this were increases
in import duty, some scope changes, and price inflation of equipment and
materials beyond the 12 - 15% allowed for by IFFCO in the control estimate.

At Kandla the over-run was only 1%, There was some under-estimation of
civil work costs, and a higher cost of special steel imported for the
ammonia storage tanks.
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The Project Overhesd costs exceeded estimate by about 13%. This was caused
mainly by the ? months delay in the commissioning of the urea plant, caused
by the lateness in delivery of the urea reactor. It is reckomed that
interest charges were thersby increased by about £0.7 million., There was an
under-run in the estimated costs of the seeding programme because of lack of
fertiliser supplies. The prompt collection of the equity finance helped
keep interest charges down.

Overall, two-thirds of the over-run is accounted for by inflation, change of
scope, and reduction of the seeding programme, whilst the remaining ocne-third
was on acocount of the higher interest charges incurred by the delay to the
urea plant commissioning.

As inflation in the carly 19708 accelerated faster than anticipated in 1971,
the total over-run of only 6.5% was a most creditable performance. However,
the provision of £1.4 million for working capital turned out to be grossly
inadequate for the early years of operation, end an additional £4 millicn had
to be borrowed for this purpese.

The provision of foreign exchange for the project from two sources (USAID
providing dollars for the ammonia plant, and UK aid providing sterling
for the urea and NIX plants) did not present amy problems apart from the
induced (and unnecessary) prolonged argument over site organisation. No
difficulties arose in the disbursement of either foreign exchange or of
rupees.

2]
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TECENICAL PERFORMANCE 1975 TO DATE

In Appendix I the monthly cutput to date is presented in bar chart form
with brief comments.

Here however we ehall simply set out performance on an annual basis over
nearly five years of operatiom, the years being co-operative years
July/June, over the pericd July 1975 to March 1980.

We remind ourselves that the conventional annual capacity is expressed
as 'mameplate daily capacity' x 330, and this was used in the ODM
appraisal study.

For the Kalol plants these are:-

Conventicnal capacity t[xr

Ammonia 910 x 330 = 300,000

Urea 1200 x 330 = 396,000
For the Kandla NFK plant the capacity depends on the product mix and the
nominal figure taken was 375,000 t/yr. )

Annual outputs '000 t/yr Julx[d’une

Start up Target
June 75 75/76 26/77 I/78 78/73 79MMar 80 79/80
Ammonia 63 185 248 263 276 190 261
Urea 56 2o 312 305 349 218 310
NEX 60 162 368 517 551 376 510

The millionth t of ammonia was produced on 12 April 1979, that of urea on
25 September 1978, and that of NFK also in 1978,

It should be remembered that the urea plant can only operate when 002 is
being produced by the ammonia plant. On the other hand the smmenia plant
can operate without the urea plant provided that the minimum cutput of
600 t/day can be disposed of. This interactiom needs to be borne in mind
vhen discussing achieved or likely outputs.

The main plants proved to be capable of exceeding their design capacity,
and debottlenecking programmes on the ammonia and NPX plants have increased

"



3.6 2

capacity still further (see below). Nevertheless we believe that even
taking this into account the performances displayed above stand up well
amongst those of the best-comparable Indian fertiliser plants, especially
with regard to output in the early years. In Appendix II we make a more
detailed comparison of the IFFCO amnonia plant performance with that of
comparable Indian and also American plants, since in an amaonia/urea
complex it is the ammonia plant which largely determines urea output.

A second figure of merit can be displayed, namely the number of days in
the year on which the plant produces some product, a direct imdication
of the most important facter determining annual output.

For the years 1975 to date we show days om line/yr (DOL)

Days on line[E
July/June 75/76  76/77 7%/78  78/79 79/Mar 80
Ammonia . 275 309 18 308 235
Urea 265 283 281 284 193
NI 263 306 >3 330 233

'Days on line' as defined above are recorded by IFFCO in their monthly
reports: it is slightly different from 'strean days' which is a figure
calculated by dividing stream hours of actual production by 24 to give
equivalent days. Days an line/yr usually exceeds 'stresm days/yr' by
about 10,

In Appendix II we express the opinion that even when the ammonia plant
debottlenecking programme is complete, bringing capacity up to 1000 t/day,
the ammonia plant will need to achieve some 315 days on line a year (ie
calendar days on which some ammonia is mads) to reach the conventional
capacity referred to in the appraisal, nemely 300,000 t/yr ammonia. To
achieve the conventional capacity of 396,000 t/yr urea a similar on-line
Performance will be required from the urea Plant, even though a daily
capacity of 7390 t/day has been reached. The nominal design capacity was
1200 t/day of urea.

We have discusaed technical performance of the plants as a whole. However
it is important to identify aspects of deaign or performance of individual
items of equipment which have turned out to be disappointing.

A



3.6 3

Ammonia Plant

The ammonia plant has hed few prooess troubles. There were early problems
of purging of the air compressor with consequent internal damage, and
hotspots on the auxiliary boiler ducts were soon overceme. A third problem
arose with two failures of the insulated hot reformer exit manifold, This
was traced to old technology and after modification no further trouble has
occurred. In December 1976 a failure of the air compressor steam turbine
ocourred, bringing about a six weeks' shutdown.

Ammonia plant debottlenecking

The design daily cnpacity of the plant was 910 t/day. After improvements
to the cooling water system it proved capable of providing 935 t/day.
Recently an Air Liquide Cryogenic system for recovery of purge gas was
installed which will raise ammonia capacity to about 965 t/day. The
existing ID fan will later be increased in diameter and this modificatiom,
expected to be complete in 1981, will raise daily capacity to 1000 t/day.
The cost of these and other modifications, together with the installation

of a third boiler, will amount to about £4 million of which some £23 million
is foreign exchange, financed by the International Bank for Recomstruction
and Development, '

Urea Plant

There have been no process problems of any consequance with the urea plant.
Some modifications were made to the urea evaporator to bring the biuret
content of urea into specification. Some restriction on output occurred
up to March 1976 because of problems with the urea reactor level controller.

There was an explosion in the HP scrubber caused by evolved gas being
ignited during a shut-down in March 1977. Damage was caused to the intermals
of the scrubber and the urea plant was out of commisesion for two weeks.

A major problem however has been with the main c02 COMpressor.

We refer to the use of a single machine for this duty when discussing the
choice of technology in Part II, When commissioning the machine the flexible
coupling proved to be unable to cope with the vibration load. This was
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eventually put right by changing the material and increasing the flywheel
inertia. Subsequently cracka developed in cylinder blocks and campressor
load had to be restricted from November 1975 until April 1976. After
repairs it then operated satisfactorily until April 1979 when a fresh crop
of troubles arose. Valve failures led to comnecting rod seizures and a
mistaken modification to avoad this led to further seirzures. No urea was
nmade- in June and July 1979 because of cylinder cracks, and nearly a month
was lost in November 1979.

It is now hoped that the compressor problema have been solwed, but it 1e
estimated that they were responsible for the lose of 50,000 t of urea
production. In addition there would have been some imposed loss of
ammonia production. However some of the ammonia released by not being
consumed in urea productiom no doubt found financially profitable con-
sumptior in additional NFK manufacture and the net result of the lost urea
production is difficult to ascertain.

Consideration is being giver to purchasing another COZ compressor. If sa
we suggest that alongside any scheme there ber considered the dsbottle-
necking' of the urea plant to take it up to a capacity matching tha maximum
amount of 002 vwhich will become available from the fully debottlenecked
ammomia plant. When not limited by the (202 compressor the urea plant has
produced 39,700 t urea in & month, and 1390 t in a day.

NIX Plant Debottlenecking

Only minor technical problema have been experienced on the NFK plant. It
has proved possible to bring about a major increase in capacity by

relatively inexpensive debottlenecking, so inoreasing it to some 500,000 t/yr

compared with the nominal design capacity of 375,000 t/yr, the coat of the
modification being about £1 millioem.

A second identical plant (but no doubt incorporating, the modificatiom) is
being tuilt in Kandla, and this will bring NPK capacity to T millian t/yr.
Three sdditianal 5000 t phosphoric acid storage- tanks are being tuilt - at
present there are two 5000 t tanks.. Because of shipping and port delays
at Kandla this limited storage: of phosphoric acid has at times restricted
production.
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Offsites

We have noted that off-gites were generally late in comstructien, but that
only to a minor degree did this hold back commissioning (except at Kandla)
because of the lateness of the urea plant.

This is a not uncommon failing since the importance of the offsites to a
project tends curiously encugh to be less appreciated than it should. We
do not know whether this (and for that matter the serious delay on a
crucial main plant item namely the urea reactor) could have been obviated
to some extent by more comprehensive and tougher expediting. And although
there is much evidence of concern and care taken in arriving at the correct
choice of technology we do not know whether this extended to a searching
review of the capacity and layout of the offsites. It is admitted that
boiler cepacity and cooling water capacity should have been bigger to
provide more flexibility in operation of the main plants. We understand
an additional cooling tower cell has been put in, and a third boliler is
now being installed, both with seme difficulty because of cramped 1ayou;..

The only major failure in offsites was that of the main power transformer
in August 1975. Fortunately an identical transformer was located within
days. Here again, perhaps there was too much reliance placed in having

a single item.

Although far from being alone in this the IFFCO choice of having a single
skin 10,000 t ammonia storage tank with no retaining tank or bund would
not be shared by everyone.
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3.7 1
ECONOMIC PERFORMANCE
Introductian

The main objective of the project was to produce nitrogenous and NFX
fertilizers solely for domestic consumption. India has always been a sub=
stantial importer of both types of fertilizer and is likely to remain an
importer for same years to come. The project is therefore ome of Yimport
substatution", and its econamic justification should be assessed on the
basis of whether the costs of production at Kalal and Kandla are lower in
real resource terms than the costs of importing the fertilizer from outside.
In this section we take as cur starting-point the economic appraisal
prepared by the ODM towards the end of 1969, and coampare it with our own
economic evaluation which takes account of actual performance during the
19708 and makes revised projections for the future.

12@ ODM Appraisal

Extracts from the 1969 ODM ecanomic appraisal are reproduced in Appendix IIT
and are summarised in the follewing paragraphs.

In general terms it was argued that the IFFCO project had soveral important
advantages vis-a-vis other fertilizer projects which were under consideration
in 1969. Natural gas was recognised as the most cost-effective feedstock
for ammonia production, a point whish has been greatly reinforced by the
dramatic oil price hikes since 1973 (which have had the effect of enhancing
the cost advantages of natural gas compared with other feedstocks).

Enphasis was given to the expected cost advantages of selecting relatively
large ammonia and urea plants (which would yield economies of scale) and

of "duplicating" succeasful ammonia and NPK plamts in the USA. On the
marketing side (which is cutside the scope of this repoz"t). advantages were
seen in the close links between IFFCO and the co-operatives respansible for
fertilizer marketing, and in the relatively wide range of fertilizers to be
produced at Kalol and Kandla. Attention was also drawn to the strength of
the IFFCO management. As will be evident from other sections of this report,
the passage of time has confirmed the validity of these general argurents.

After establishing that the Kalol-Kandla project compared very favourably
with other Indian fertilizer projects, the 1969 CDM appraisal sought to
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establish the economic viability of the project in terms of its costs and
benefits. The methodology employed was based on the "Manual of Industrial
Prejeot Analysis in Developing Countries™ by Little and Mirrlees which was
published by OECD in 1969. This methodology has since been refined and
developed, and now forms the basis of the cost~benefit appraisal techniques
which are used by the ODA and the Indian Flanning Commiseion. At the time
of the appraisal of the Kalol-Kandla project, the method was still new to
(DM; but the main thrust of the analysls in Appendix III is considered to
be sound.

The basis of the "Little end Mirrlees" technigue is to value the costs and
benefits in terms of international prices, to discount them at an appro-
priate rate of interest and then to establish whether the project has a
positive or negative net present value (NPV). Drawing primarily on CFI's
"Financial Analysis" dated 25 April 1969, the NPV of the project was
estimated to be gi.6 million using an 8% discount rate; but our evaluation
of the project has revealed a number of apparent errors which need to be
corrected before the 1969 ODM appraisal result is compared with our own
results. In particular there appears to have been a significant arithmetical
error in the discounting process and we disagree with some of the basic
assumptions underlying the valuation of the NFK production (paragraph 41 of
Appendix IV). Amending the 1969 ODM appraisal to eliminate these errors
yields a NPV discounted at 8% of -£13 million and a corresponding internal
rate of return of 6.0%.

Economic Evaluation and 1%2 ODM_Appraisal Compared

Our economic evaluation is set out in detail in Appendix IV. It is based
on historical data up to 1978/79 and our own forecasts for the remainder of
the 1ife of the project. On these assumptions the NFV of the overall
project, disoounted at 8%, is estimated to be -£15 millien, and the IRR

is L4.6%.

This is a similar result to that of the 1969 (DM appraisal as amended
above, but the similarity in the aggregate figures conceals quite sub-
stantial differences between the estimates of some of the constituent
parts which were made in the 1969 appraisal and in ocur evaluation. These
differences can be conveniently divided into two categories: firstly,

A
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there are what' might be termed 'real differences such as higher or lower
levels of production than expected at the time of the 1969 appraisnl; and
secondly there are differences in prices.

Among the 'real" differences between the 1969 (OM appraisal and our
evaluation, the largeat were in respect of the level of production at
Kelol which was lower than the (rather optimistic) 1969 projecticns; and
the level of production at Kandla which has been higher than expected
due to the success of the debottlenecking scheme which was implemented

in 1976/77.

The reasan for separating out the differences in prices from the '"real
changes is that the price movements have been cutside the centrol of the
project management, and in some cuses cutside the control of the GOI.
Consequently the impact of price movements on the project is to a large
extent fortuitous. During the 197('s there were some very dramatic changes
in the prices of some of the project's outputs and raw material inputs.
Largely as a result of the oil prige rises of 1973/74, the prices of many
nitrogenous and compound fertilizers (eg urea and DAP) tripled between
1973 and 1974 and then fell back clase to 1973 levels by 1976. There

were also, of course, majar increases in the prices of the ail-based
inputs, and the price of phosphoric acid has exhibited large fluctuations.
As the project did not come into comnercial production until 1975, it
unfortunately missed the perird of peak fartilizer prices in 1974, although
it is of interest to note that production would have commenced towards the
end of 1973 if the project had procecded according to the schedule
envisaged at the time of ODM's 1969 appraisal.

Since these price movements could not reasonably have been foreseen in
1969, it is perhaps fairer and more realistic to compare the 1969 CDM
appraisal with an evaluaticn adjusted to remove the impact of major price
movements during the 1970s. Thia has been achieved by recalculating our
evaluation using the prices assumed in the 1969 appraisal for the outputs
and the main raw material inputs in place of our own corresponding price
assumptions (but leaving all our other estimates unchanged). The result
of this "recaleculated" evaluation is that the NPV discounted at 8% rises
marginally from -$15 to -#12 million and the IRR increases from L.6% to
5.3%. This suggests that the price movements during the 19708 have
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adversely affected the economic viability of the project but only to a
small extent. However, as will be polnted out later, the price movements
appear to have affected the Kalol plant adversely but have had a favourable
impact on the Kandla plant.

In 1969 the Kalol and Kandla plants were treated as ome project, but
eithar unit could have been developed independently of the other with only
small conceptual modifications. We therefore compiled our evaluation in
a form which enables us to prepare separate cost-benefit analyses of each
unit. The conclusions reached are summarised below.

Evaluation of Kalol

Our evaluation of the Kalol unit yields an IRR of just over 12%. If the
outputs and raw material inputs are valued at the prices assumed in the

1969 DM appraisal (but all other assumptions remain unchanged), the IRR
rises to 17%.

As the "out-off" discount rate which is currently employed by the GOI's
Planning Commissian is 12%, these results are satisfactory. If the Kalol
plant had been faced with the product prices assumed in the 1969 appraisal
the IRR would be well above this Y"cut off" rate, and the investment
decisicn made in 1969 can therefore be confirmed as being entirely sound.
However, price movements since 1969 have moved against the project; and, on
the basis of the prices experienced during the 1970s and our own projections
for the future, our estimated IRR is only marginally above 12%.

Since Kalol 15 an efficient and technically successful plant utilising an
econamic feedstock (ie nearby gas supplies), 1t 1s perhaps surprising that
the IRR arrived at in our main evaluation 18 only marginally above the

12% discount rate used by the Planning Commission. Furthermore the IRRs
whach are being estimated for the new gas-based plants around Bombay are
understood to be significantly higher, and it is therefore appropriate to
investigate why the IRR for Kalol is not larger. Part of the explanation
must lie in the greater efficiency and the economies of scale expected from
the new plants, which will benefit from technical advances during the 1970s
and which are substantially bigger than Kalol; but another reason why the
IRRs of the new plants are higher is thought to be the choice of fuels. At
Kalol, fuel oil is used for steam raising and naphtha is used as fuel for

2
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the reformer, whereas the new plants will employ coal and gas respectively.
It may therefore be prudent (if this has not already been dane) to investi-~
gate the econonics of moving over to coal-fired boilers at Kalal; and, if
further gas supplies becoame available, replacing naphtha by gas as the
reformer fuel.

As part of our evaluation of Kalol, we have subjected our main result to a
variety of sensitivity analyses. The greatest uncertainty attaches to the
future urea price and the prices of the pestroleum-based inputs (ie gas,
naphtha and fuel oil). We have valued the gas in terms of the quantity of
fuel oil which has the same calorific value, and we have assumed that the
price of the petroleum-based inputa will increase by 3% per anmum in real
terms. If energy prioes increase more rapidly, it is probable that this

will be refleoted, at least to a substantial extent, in urea price rises.

The urea price projections are based essentially on estimates of long-run
prices which will provide a reasonahle return to a European preducar investing
in a new econowic sized gas-based plant. In practice the warld urea price is
likely to continue to exhibit fairly substantial fluctuations, but our view
is that there may be larger fluctuations above ocur trend prices than below.
If there are world shortages of urea there is no theoretical limit above
which the price could rise, but in times of a world surplus the price is
unlikely to fall below the short-run variable costs of production for any
sustained period of time. For these reascns, and barring any sudden techno-
logical innovations in urea production, we consider our price projectioms

for Kalol to err on the side of caution rather than being favourable to the
project.

Evaluation of Kandla

Our evaluation of the Kandla unit produces a far less satisfactory result,
but as will become clear we have less confidence in the accuracy of the
Kandla evaluation than that for Kalol. On our calculations Kandla yields
no positive IRR and the NEV is =824 millicn discounted at the rate currently
employed by the Planning Coomission, namely 12%. If our price assumptions
for the outputs and main inputs are replaced by those employed in the 1969
ODM appraisal, the NPV (again discounted at 12%¥) worsens to =38 milliom,
indicating that price movements since 1969 have been favourable to the
Kandla projeot.
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It is also clear that a closer examination of the ODM appraisal in 1969
would have reached a similar conclusion. If a rough estimate had been made
of the costs of the phosphoric acid, potash, ammenia and urea and of the
other productien costs at Kandla, it would have been discovered that the
annual net benefit stream at full production was either negative or only
marginally positive, and was inadequate to cover the capital costs let
alone to generate any internal rate of return.

In view of this ocutcome, we have organised our sensitivity analysis so as
to determine by how much particular costs and benefits need to be above

or below our estimates if the IRR is to be at least 12¥. In this exercise
we have concentrated on the costs of phosphoric acid, ammonia and urea and
on the benefits, since these are the elements in the cost-benefit analysis
which are both important and subjeot to a substantial margin of uncertainty.
We have excluded variations in the potash costs since potash is both &~
input and an output so that a change in the potash price alters the size

of the costs and benefits by almost equal amounts; and wv excluded variatiems
in non-raw material production costs and capital costs on the grounds that
they are known with relative certainty and are less significant in the
determination of the IRR. 'The results of this sensitivaty analysis can be
expressed s in the table below which gives the percentages by which the
costs need to be reduced, or the benefits increased, if the IER of the
Kandla plant 18 to be at least 12%. The results are given for two periods,
namely the life of the project and the years for which we have had to make
projections (ie the period over which our estimates are the least reliable).

Over life Over years
of project 1 1939/90

% %
Phosphoric acid costs down by 33 55
Phosphoric acid, ammonia and urea costs
down by 25 L2
Benefite up by 20 30

Our judgement is that the costs are highly unlikely to prove to be under-
estimated by the percentages given in the above table (indeed it is
possible that our price projections for phosphoric acid, which is the
largest input, are too low rather than too high). However there are

certain grounds for thinking that our valuation of the benefits may under-
estimate the true magnitude of the value to the ecomomy of the NIX

)
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produced at Kandla, although it is not possible for us to assess the
extent of any such undereatimatiom.

The difficulty which arises in the valuation of the NFX benefits is the lack
of suitable "world prices" for the particular grades of fertilizer produced
at Kandla. In the absence of such prices we have adopted the same approach
as in the 1969 ODM appraisal, which expressed the NFK in terms of DAP and
potash (for which "world prices™ are fairly readily available). For the
conversion to DAP and potash equivalents, we have calculated the volumes of
DAP and potash which contain the same amounts of nutrients as the NIX
compounds; but we are uncertain whether this methed fully captures the
benefits to the farmer of the NPFK fertilizers. It is obviously desirable
to reach a final decision on whether, and the extent by which, the economic
value of the NPX compounds exceeds that of equivalent volumes of DAP and
potash, but unfortunately a comparison of this kind would take us outside
the scope of this study and our areas of profegsional competence into the
fields of agronomy and fertilizer distritmtion. We can therefore only con-
¢lude this aspect of our evaluation by recommending that a relevant study
should be made.

If, after further study, it is still concluded that the IRR of the Kandla
plant is likely to be below T2%, it is apprupriate to ask the question why
the plant does not generate an IRR which is satisfactory to the GOI
Planning Commission. At least part of the answer may be that the main raw
material (phosphoric acid) is imported, and, being an acid, 15 relatively
expensive to transport and store compared with finished fertilizers. It
also raises the point whether the additional benefits derived from a
granulated rather than a powdersd NFK fertilizer are sufficient to offset
the extra costs of granulation.

gl
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3.8 1
FINANCIAL FERFORMANCE 1975 TO DATE

Being a development agency, ODA is primarily concerned with the technical
and economic viability of projects snd their impact on the national

econcmy of the aid recipient, ODA interest in financial viability takes
second place to economic considerations, and in industrial projects such

as Kalol/Kandla s usually 2imited to being satisfied that successful
implementation and operation will not be vitiated by financial difficulties,
This approach differs from that of most banking institutions, for which the
capacity of the borrower to repay its debts is of paramount importance. In
the case of UK aid the national Governments, and not the end-users, are
respansible for servioing any loans, although the (DA often requires specifio
allocations of aid to be "on~lent" by the Government to the beneficiary om
specifio terms., However no on-lending terms were stipulated for the Kalol/
Kandla project.

The 1969 ODA appraisal drew on the results of the Financial Analysis by CFI
and IFFCO dated 25 April 1969 to demmstrate that the project should be
financially sound. This confidence in the profitability of the project has
been amply borne out by the financial results for the first few years of
operation which are presented in Appendix V in the form of profitability
statements and balance sheets for Kalol and Kandla separately. A summary and
analysis of the results is given below.

Jo78/75 1975/76 1976/77  A972/78 1978/79

Kalol

Profit before interest

and depreciation (Rs m) 2.4 148.0 207.91)

194,1 183.9

Interest (Bs m) 12.9 54,4 bs.0"? 30 309
Depreciation (Rs m) 17.5 45.5 46.9 48.6 49,1
Net Profit (Rs m) (28.0) 48.1 116.0 110.4 96.9
Ratios
Net Profit/Income (¥)  (51.8) 1.0 22.3 21.1 6.4
Return on Capital®’ (%) - 13.8 19.7 6.6  15.5
Gurrent Ratio> 2.6 b.6 1.3 10.3 9.8
Debt/Equity Ratic") 78/22  7h/26 62/  Sh/u6  43/5p
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1974075 1973/76 1976/77 197278 1978/79

Kandla
Profit before interest and 1) 1)
depreciation (Re m) 12.7 2.7 164,2 290.6 287.0
Interest (Rs m) 7.9 18.1 20.0"”  20.0"  12.7
Depreciation (Rs m) 6.5 13.6 h.4 14,8 16.0
Net Profit (Bs m) (1.7)  (3h.b) 129.8 255.8 258.3
Ratios
Net Profit/Income(%) (1.1) 8.2) 15.8 21.9 20.3
Return on Capital (%) - - 28.1 45.5  30.8
Current Ratio>’ 1.5 1.3 1.8 b2 5.3
Debt/Equity natio") 63/37 72/28 L6/sh 26/ 21/79
Notea
1, Estimated.

2. Profit before interest as a % of total capital employed including long
and short-term borrowings.

3. Ratio of current assets to current liabilities at end of year.

4. Ratio tetween long-term debt and total equity (ie share capital plus
retained earnings) at end of year.

Kalol was profitable in its first full year of operation (1975/76) and has
generated a good return on capital in every year since then. The high level
of profitability has greatly improved the debt/equity ratio (which was
probably greater than desirable at the beginning of the period), and has
generated a very strong financial position which is reflected in the large
current ratio, Kandla operated at a loss in 1975/76, hut has eince then
outatripped Kalol in respect of most major financisl indicators.

The finencial analysis in Appendix V has been limited to the performance

of the Kalol and Kandla planta as we are concerned in thia report with an
evaluation of these partioular projects rather than of IFFCO as an
institution. However it is also relevant to point ocut that the projects
have provided IFFCO with a sound financial base on which to proceed with a
third (urea) fertilizer plant at Phulpur and to double the size of the Kandla

W\
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plant. Financial projections for the whole of IFFCO's operations over the
next five years indicate that ccomsclidated net cash flow and profitability
should remain satisfactory.

The good financial results of the Kalol and Kandla plants ere partly
attributable to their sound technical performances which have been noted
earlier, tut a major factor has been the domestic pricimg structure. The
prices of urea and NFK fertilizers have been centrally determined and/or
subsidised for all or most of the period under review, and major input
prices (particularly at Kalol) have alsoc been fixed by Govermment or GOI
agenoies.

At Kalol the combination of relatively low feedstock costs and an efficient
plant produced in 1976/77 the highest annual profit levels so far achieved
by the unit. The emall decline in profitability since then was due to the
jntroduction of a lower ex-factory price for urea as from 1 Novémber 1977
(Table 5.5 of Appendix V) under the "Marathe Formula". In essence this
"Formula" fixes for each urea plant in India an ex-factory price which will
enable the producing unit to earn an annual 12% after-tax return on net .
fixed assets (as specifically defined) if the unit is operated efficiently
at 80% capacity utilisation on en annual basie, namely 80% of nominal daily
capacity x 330. Since the IFFCO plant has generally operated above 80% of
this capacity, a substantial level of profits continued to be achieved in

1977/78 and 1978/79.

The losses incurred by Kandla in 1975/76 were primarily due to the low
level of domestic demand for NFK products, which in turn was largely the
result of high prices. Following the emergence of lower phosphoric acid
prices in world markets, IFFCO reduced its NFK prices in December 1975
(Table 5.5 of Appendix V), but sales remained low and profit margins
unsatisfastory. However in March 1976 the GOI introduced a subsidy of
"Rs 1,250 per t of 1”‘2 05 which enabled IFFCO to make snother substantial
reduction in its NPX selling prices. Assisted by two further d ownward
adjustments in prices in 1977, demand recovered strongly and Kandla
production and sales reached high levels well in excess of the nominal
capacity of the plant. Consequently the plant became highly profiteble.
In 1979/80 some reductiom in profitabilaty is forecast as NFK fertilizer
pricing was brought under the "Marathe Formula" as from February 1979 and

the subsidy on PZOS has been reduced.

Y
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The GOI has intervened in the pricing of inputs and outputs of fertilizer
plants with the objective of promoting the development of the indigenous
fertilizer industry and ensuring the financial viability of efficient
production units, while at the same time encouraging domestic fertilizer
consumption. The rapad growth of the Indian fertilizer industry during the
19708 is testimony to the success of this policy in certain respects, but
it is generally recognised that price intervention can carry with it certain
dangers. In particular, if investment decisions are taken on the basis of
financial prices which diverge significantly from ecomomic prices {(which
reflect real resource costs to the economy), there is a danger that the
allocation of resources might be seriously distorted. It is c¢lear from the
econonic appraisal of this project that there have been comsiderable
divergences between the financial and economic prices of the cutputs and
some of the inputs of the Kalal ard Kandla plants, and consequently there
is the possibility that the financial and economic analyses of the plants
can yield different conmclusions. While the Kalol project is considered to
be both financially and econcmically profitable, it appears that there must
be some doubt about the economic viability of Kemdla. In financial terms,
Kandla has recently been more'proﬁtahle than Kalol, and this has encouraged
IFFCO to double the size of the plant; but in economic terms the domestic
production of NFK fertilizers from imported phosphoric acid is, as we have
pointed out in the previcus sectiocn of this report, open to question.
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PART II : DISCUSSION
FOREWORD

There is no question that apart from one or two areas where initial judgement
might be questioned or where equipment failure has resulted in considerable
lost output, the Project was and is a considerable technical success.

In this section we try to identify the factors which have contributed to
this success and note the few areas where things might have been done better.
We leave on one side the economic aspects which are discussed in Section 3.7.

We have aloo looked at the role and activities of the various hodies and
anstitutions involved in the quite complex task of initiating and
implementing (in the broadest sense) such projects as this.

'Ve were asked to provide guidelines for future projecte of this type.

Drawn from an evaluation of this project not all of them would necessarily
be valid if the context in which the Projeot was conceived and implemented
had ohanged. We believe that it has changed and make comment on this in
section 4.6.
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TECENICAL COLLABORATION AND FROJECT MANAGEMENT

The initiative for what ia now the IFFCO Kalol/Kandla Project came from
the American fertiliser co-operatives who were keen to collaborate with
Indian fertiliser marketing co-operatives to assist them in setting up a
fertiliser manufacturing co-operative in India. They made a donation of
£1 millien towards such development and in 1967 set up the Co-operative
Fertilisers International (CFI) to arrange appropriate technical
assistance to the newly formed IFFCO, set up to implement the Project.

CFL were able to draw upon considerable experience, since inecluded in
membership of CFI were producers: such as Central Farmers Co-operative
who owned very successful fertiliser plants in USA producing aver 4
million t/yr fertilisera, including * milliem t/yr of ammonia capacity
using the recently developed M W Kellogg 91Q t/day ammcnia plants.

They were thus well equipped to collaborate with IFFCQ apd their assistance
took the form mainly of supply:ng key experts to wark with IFFCO in the
task of shaping the Project, preparing tender enquiries, examining bids,
drawing up contracts etc. They alsc were able to supervise construction,

assist in selecting and training staff, and to'supervise initial operation..

To this end they designated an Operations Managen who would function under

, the IFFCO Managing Director, 2 Project Managers, and 6 other Americans in

senior management positions to assist IFFCO in the implementation and
early operation of the Project.

This CFI group with its experience of the new generation of ammonia plants
in the USA and of NFX manufacture was to be of considerable asasistance to
the very competent team brought together by IFFCO, enabling them in the
first place to arrive at sound decisions on the: choice of processes and
contractors for the IFFCO project and secondly tn the implementation of
the Projeat.

Some personal problems arose, particularly at higher levels, and some
working relationships deteriorated to the point where some CFL men left
the project. There had been plans to continue- technical assistance well
beyond the commissioning stage, but partly because of the-difficulties
mentioned above but more so because of the rapidly increasing management
skills developed by the IFFCO staff, this proved unnecessary. By May 1975
only 8 expatriates remained and by July 1975 amly 2.

W
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After final settlement of the H & G contract at the end of 1976 IFFCO
felt quite capable of proceeding without any post-completion technical
service from H & G, Moreover when in 1977 IFFCO came up with their
Phulpur ammonia/urea project they felt strong enough and confident
enough to proceed without fereign technical collaboration of the sort
typified by the early IFFCO/CFI collaboration.
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CHOICE OF TECHNOLOGY

Ammonia process choice

The early sixties saw the first of a new generation of ammaonia plants
ushered in by M W Kellogg. The first was a 545 t/day single-stream plant
based on natural gas and using a rotary synthesis gas compressor. Plants
of 910 t/day soon followed.

One of the early 910 t/day plants was built at Donaldsonville for Central
Farmers Co-operative. A second identical plant was built for them also at
Donaldscnville in 1969. The two plants at Donaldsonville had performed

well and it was a short step for CFI to advise IFFCO to choose an MWK 910
t/day emmonia plant identical with those at Donaldsonville. This proved a
wise choice - it was at once a step into the new ammonia technology and

with several similar plants already in operation this new technology could
be said to be proven. A plant identical with those at Donaldsonville was
ordered. Not only were Donaldsomville plant drawings used (=aving some
design charges) but MWK were to do not only the engineering and procurement
but also conmstruction, through their Indian subsidiary Kellogg India Limited.
This ensured a high degree of identicality between the successful Donaldscaville
plants and the IFFCO plant. It was true that MWK did not have experience of
construction in India but in the event they carried out construction without
difficulty.

Urea process choice

For the urea process the IFFCO choice was similarly sound though it was not
to be an identical copy of an existing plant. The classical urea processes
were the so-called total recycle processes, offered by Mitsui-Toatsu,
Stamicarbon, and Snam-Progetti, having not very great differences between
them, and those chiefly in materials of construction and prilling technique.
Stamicarbon then introduced the d)a-atr:.pping process which avoided the use
of high-pressure recycle pumps which were difficult to maintain. By the
time the choice was to be made USAID had indicated that it would not be
able to provide all the foreign exchange for the Project. It was able to
provide £15 million which would be sufficient for the (American) ammonia
plant. So the UK offered British Aid. Two UK contractors offered sound
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urea processes. FPower Gas offered the Mitsui-Toatsu totsl recycle process
and H & G the Stamicarbon processes, and both bids were studied by IFFCO.

IFFCO, assisted by CFI, chose the Stamicarbon 002 stripping process,
having satisfied themselves about this more modern process by visits to
plants in Europe and USA. The process did eventuelly require two modifi-
cations, one a changed materiel of construction in the stripper, the other
a safety modifioation, but these were satisfactorily introduced during

construction.

There was at the time no 1200 t/day SBtamicarbon single-stream stripping

plant in existence and co there was extrapolation in size, a risk that

was taken by IFFCO which turned out to be justified. However we do question
the judgement of choosing (or accepting) a single reciproocating 002 compressor
for this plant. Reciprocating compressors do suffer from valve failures and
changing velves means an interruption. Moreover any major maintenance on

such a big machine is time comsuming. It would perhaps have been better

even though somewhat more expensive in capital to have gone for two smaller
machines. A single machine of the size chosen also represented a consider-
able extrapclation in size and design, and this was not entirely successful

as we have seen.

Humphreys and Glasgow, the contractor offering the Stamicarbon process,
had experience of operating in India through their Indian subsidiary

H& G (C). It was found during oomstruction that some strengthening of

H & G (C) was necessary and this was immediately forthcoming from H & G UK.

We oanclude that the IFFCO/CFI choices of appropriate ammonia and urea
technology (and of the contractors to implement their cheices) were sound,
and these choices contributed hugely to the success of the Project. Their
choices were endorsed by USAID, by (DA and by the latter's comsultants,
Cremer and Warner.

NIX process choice

At full output a 1200 t/day urea plant will consume about 700 t/day
ammonia, end thus with an ammonia plant capacity of 910 t/day some 200 t/day
ammonia would be available for NFK production at Kandla.



L3 3

The NPK process chosen was that of Dorr~Qliver whose Indian subsidiary
was just completing a plant using the same process for Madras Fertilisers
Company. It was based on purchased phosphoric acid, with the potash
purchased as muriate of potash. The process was simple, being basically
one of mixing, granulating and drying, and the uee of purchased phosphoric
acid obviates the troubles often associated with making phosphoric acid

on site from phosphate rock.

The proceas chosen therefore was simple, and the plant identical in size
with one just bualit in India. The nominal design capacity was 375,000 t/yr
but the plant has been debottlenecited to be capable of producing 500,000
t/yr. No serious technical problems were encountered in commissioning or
operation. The plant is now being twinmed, the reguisite ammonia to be
purchased and probably arriving by ses.

We conclude that the processes were well chosen, the two guidelines of
choice being 'proven' but ‘modern'.

. \)(0\
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SUFFLY OF RAW MATERIALS AND SERVICES

Gas

The discovery of natural gas near Ahmedabad was a stroke of good fortune
for the Project. The use of gas as feedstock to produce synthesis gas
allows a cheéper plant and ome easier to operate than ome using naphtha
as feedstock, and local gas is cheaper then naphtha. Another advantage
in this particular situation was that the ability to site the ammenia
(and hence the urea) plant at Kalol rather than at Kandla reduced the
transport distance of urea to most of the consumers, and of course very
1little cost was involved in getting feedstock to the plant.

There is sufficient gas from the small field to last until 1990; after
its exhaustion natural gas will probably be taken from the Bombay High
trunk gas line.

A smaller emount of associated gas is also available, of not greatly
dissimilar composition. This is being used as fuel on the auxiliary
boiler of the ammonia plant and a small amount is used as fuel for the
reformer. The bulk of the reformer fuel is naphtha.

Dual purpose burners are being fitted to the auxiliary boiler to allow
naphtha to be used as fuel if desired ~ there is a commitment to supply
local industry with some associated gas.

At the time of sanction the gas was priced on calorific value the same
as naphtha, namely Rs 3.8/million BTU. At this time fuel oil was pricsd
at Rs 7.2/million BTU., These prices are compared below with basic prices
being used by IFFCO in 1980:

Re/million BTU
1970 i 1980
Gas 3.8 10.3
Naphtha 3.8 16.9
Fuel 0il 7.2 23.9

Thus the domestic prioe being paid by IFFCO for its feedstock is now
substantially less than if it were using naphtha.

. 5o
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Other Materials and Supplies

The other raw materials used at Kalol are naphtha and fuel oil which are
cbtained from the Koyali refinery some 100 miles away at Barode. There
are no problems with their supply provided that they are available., They
are delivered by rail tank wagcn.

The major raw materials for Kandla are phosphoric acid widch is imported
directly by IFFCO, and muriate of potash which is purchased from the
Indian Potash Company but is usually shipped straight to Kandla. In
addition ammonia and small quantities of urea are transferred from Kalol.
In late 1974 and early 1975 there was an acute shortage of phosphoric
acid in the intermational market which restricted cutput from the NX
plant and delayed the commiassioning of Train B. The situation was
relieved by the importation of mono ammonium phosphate (MAP) which was
used in conjunction with phosphoric acid until February 1976. Since then
supplies of raw materials have been regular, although in recent years

the ammonia supplies from Kalol have been supplemented by purchases from
other Indian producers in order to achieve higher levels of NPX produotien
than was originally envisaged. .

Other supplies used by both plants include spare parts, bags, chemicals
and catalysts (at Kalol). No particular difficulties have been
encountered in the procurement of these materials. :

Power and Water

Both Kalol and Kaendla are dependent on the supply of electricity from

the grid. Power instabilities and power cuts have proved to be a major
hindrance to the smocth runming of fertilizer plants (and other industries)
in many parts of India, but both of the IFFCO plants have to a large
extent escaped these problems. This is mainly due to the relatively good
performance of the Gujarat electricity supply organisation, but we note
also that the Kalol plant wag cpscially designed to minimise power
requirements. By the use of steam drivers for the compressors for the
ammonia and urea plants, the electricity demand at Kalol was brought

below 5 MW. The demand at Kandla is alsc about S5 MW.
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Raw water is obtained from tubewells on site. It has presented some
problems cn control of algae and bacterial growth at Kalol, but a con-
siderable (and successful) biochemical effort has been mounted to ring
the changes on algicides and bactericides to keep on top of the problenm.

Empl oyment

The numbers employed are small in relation to the cost of the plants,

The total employment in the two production units in May 1980 was a little
under 1,600 which represents a capital cost per employee of some £33,000
(at early 1970s prices). This is simply a reflection of the capital-~
intensity of fertilizer plants, but our attention was drawn to a particular
opinion expressed in the UK that it should be possible to substitute labour
for oapital in the bagging activities. Our view is that labour-intensive
bagging would not be cost-effective at either Kalol or Kandla due to the
large volumes of products which must be handled.

Marketing

The project came on stream at a time of exceptionally high world fertilizer
prices which were partially reflected in the domestic pricing structure.
These high prices suppressed the level of demand and caused temporary
marketing difficulties for NFK products from Kandla, which were exacerbated
by large imports of DAP by the GOI. Subsequently successive reductions

in Indian prices and the run-down of stocks of aimported fertilizers
resulted in a sharp recovery of demand and by 1977/78 NIX sales exceaied
500,000 t, and the Kandla plant was being operated substantially in excess
of nominal capacity. The plant is, as we have seen, now being doubled in
size. Meanwhile the demand for ureas from the Kalol factory has been
satisfactcry throughout the period and in recent years has been particularly
buoyant.

There has been a general shortfall of railway capacity in India for a
nurber of years and the IFFCO project has not been exempt from these
difficulties. Especially over the past few years both Kalol and Kandla
have suffered from a shortage of railway wagons for their finisghed
products. This has not generally caused production shut-downs {except
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briefly at Kandla), but has resulted in certain marketing difficulties.
Some of the smaller markets have not been regularly served, and open wagons
have had to be used which are adequate during the dry seasoma but result in
opollage during the monsoons.

Being a Co-operative IFFCO is required to serve all the State co-operatives
which hold shares in tie Company. Some of the States involved are at the

far Southern end of the country, and in order to reduce transportation costs
IFFCO pioneered two product exchange agreementa with the FACT and Mangalore
fertilizer companies. Under these agreements FACT and Mangalore provide
urea to nearby markets on behalf of IFFCO in exchange for reciprocal arrange-
ments which are fulfilled by Kalol.. These agreements have opsrated well and
are being recommended by the GOT to other fertilizer companies.
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AUTAORITIES INVOLVED: THEIR ROLE AND RELATIONSHIPS

Overseas Development Administration (ODA)

ODA is responsible for administering UK aid, which in 1978 amounted to
about €700 millian, of which over £500 million was bilateral, India
receiving about £100 million. In India the aid is administered by the
Development Section of the British High Commission (BHC/D) in Delhi. We
can set out the various authorities and bodies involved in the IFFCO
project as follows:

UK Govt - CDA = BHG(D « DEA - GOI - TFinancial
~ e Authorities

‘Contractors

Project

ODA was brought into the IFFCO project after proposed partial funding by
dollar loan from UK banks appeared to be too expensive. In August 1969
GOI therefore sought through the DEA - BHC/D - ODA link £7 million UK

aid to be spent mainly to provide the urea plant. ODA (or ODM as it then
was) responded by reviewing the work done so far on the project and
concluded that the project appeared to be soundly based. It proceeded to
appoint an external comsultant to assist it in the work of preparing its
own appraisal. In November 1969 (DA's comsultant (then Gibb-Ewbank)
approached British contractors, and later that month ODA participated in
a joint mission with USAID, CFI, and Gibb-Ewbank and had discussioas
with IFFCO. By January 1970 CDA had approved the aid subject to a number
of the qualifying conditions. In June 1970 CW (who had superseded
Gibb-Ewbank) scrutinised the H & G and Power-Gas bids for the urea plant
and Kalol off-sites plants, and ODA drew up the GOI - BHC/D agreement.

In July IFFCO chose the H & G bid, and this was endorsed by CW.

al
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In October 1970 ODA agreed to the proposal whereby IFFCO/CFI would
manage the project, with H & G implementing the urea plant and offsites,
and M W Kellogg implementing the ammonia plant in its own battery limits.
Discussions were carried out with CW on the likely disbursement curve
for the UK aid. In November 1970 sm ODA representative visited India
and the project management arrangements were finally agreed.

Because of the delays over this management problem the comtracts outran
their validity and hed to he up~-dated. In March 1971 @A informed DEA
that the IFFCO/H & G contracta had been initialled and that it regarded
the price rises as justified.

In June 197t the UK and US atd agreementa were signed, and all the
contracts were signed by the end of June.

During the construction period the project was monitored by CW who
specifiocally drew QBA attention to matters requiring QDA amaistance or
support, examples heing the need to strengthen the H & G erganisation
in India, the ooncern felt about the lack of firm phospharic acid supply
contracts as completion of the NPK plant approached, and a request for
additional UK aid (£46,000) for fittings for wagons to move ammonia to
Kandla.

In order to illustrate the role of OPA in the IFFCO project it has been
uscessary to take an historical approach. We believe that (DA fulfilled
its function adequately and was well served by BHC/D and by CW in this
task.

The British High Commissien in Delhi (BHC) and Government of India

The Developmant Section of the British High Compmissicn in Delhi (BHG/D)
is the link between ODA and the. Government of India (GOL). It responds
to GOI requests for aid and it 15 also the channel through which the
amount and nature of likely British aid is indicated ta GOI. An important
GOI link with BHC/D is through the Department of Economic Affaira (DEA),
but BHC/D has many contacts with other Ministries, public sector
crganisations ete in administering the many and varied forms of aid.
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It may be useful here to summarise in simple form the mechanism of the
planning process of the GOI for the fertiliser sector.

The Flanning Commission makes major projections of fertiliser needs using
inputs from the Ministry of Agriculture. This of course may have to be
subject to some constraint by the overall plan.

These projections are taken over by Sector Planning, in this case the
VWorking Group on fertilisers. At this point the Ministry of Chemicals

and Fertilisers (MCF) provides its input, namely the projections of
fertiliser production expected from installed capacity, or capacity being
installed, if the projection span warrants. It also works out the
corresponding feedstock requirements for this production. In the light of
the Planning Commission's projected future demands the MCF will put forward
its proposals for new capacity.

The Working Group produces projections such as N'omsumption trends,
production capacity, feedstock requirements and policy, schemes under
consaderation, additional capacity to be plamned, capital requirements etec.
In addition it feeds back to the Planning Commission data on infrastructure,
manpower, requirements of working capital, yearly investment etc.

In this way new plant capacity is identified, and its phasing, capital
costs, and foreign exchange requirements determined. These data go out
to the DEA which examines the availability of funds by dialogue wath the
World Bank, other axd authorities, and Governments offering aid.

When foreign exchange funding is identified the MCF becomes the instrument
to direct such funds into identified projects and becomes ultimately
(after due appraisal and approval) the sanctiening body for a project
through its approval of draft comstruction and supply contracts between
owners and contractors.

If QDA has offered aid to say a fertiliser project it makes its own
appraisal and also imposes conditiems before approval, some of which may
involve GOI. As the link between ODA and GOI, BRC/D makes an important
contribution to this phase.

8
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When a fertiliser project of the aize and shape of the IFPCO project
under review gets under way the questionm of monitoring arises. Technical
and financial menitoring is crucially necessary to identify and deal with
delays in implementatiom, or over-run in expenditure, which if not tackled
can seriously jeopardise the success of the project. This of course is
primarily the concern of the owner but is far from being of little concern
to the authorities providing finance in general, or aid in particular
such as QDA.

The owner, or his contractor, is likely to carry out fairly sophisticated
technical monitoring (which in this context includes monitoring of the
financial plan for the project) and if confidence can be reposed in the
reporting of this, cun serve the other interested parties. Thisg is
usually the situation in big projests such as the IFFCO project. It may
not be the case in amaller or more diffuse projects.

BHC/D has an obvious interest in monitoring projects, and indeed has a
responsibility to DA in thia respect, as being closer to the project

in space and in time.

At present, apart from non-technical monitoring (which for meny projects
is parfectly satisfactory) and nonitoring of civil engineering projects,
it and ODA must rely on owner-, or contractor-monitoring, unless as in
the IFFCO project under review, an external technical cansultant was
employed not only to assist in appraisal but to carry ocut technical
monitoring of the implementation of the project on behalf of CDA. The
performance of this consultant in respect of the IFFCO project is briefly
discussed below, but the desirability of technical assistance and
technical monitoring is of general validity for projects with appreciable
technical content.

It does not matter who does the monitoring aso long as he functions
efficiently enough to satisfy the needs of the bodies concerned, and

is accepted by them. In scme circumstances where other aid donors are
involved joint danor monitoring may be arranged. If this is not possible
then it would seem desirable to appoint to all (DA-aided projects of high
technical content an external consultant able to provide continuity of
technical monitoring, the value of which we think was demonstrated by the
example of Cremer and Warner in the IFFCO project.

g
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IFFCO

We were impressed by the IFFCO people we met, and this impression was
by no means confined to their most senior pecple. We were also struck
by the thoroughness of their appraisal of the Project from the earliest
stages as evidenced for example by the series of Finencial Appraisal
Papers. No doubt at this stage good edvice was given by CFI but the
necessary work put in by IFFCO is impressive.

If we had a criticism of these early stages it would be on the delamy of
several months which were lost as a result of the argument (chiefly put
forward by USAID and CF1) on site organisation. Whilst agreeing that a
single authority was essential during implementation, the solution, namely
to heve the owner carrying out this role, was too long in being propounded.
In the event IFFGO performed this role (assisted by CFI) with credit, which
opinion one would temper only by wendering whether more pressure could
have been exerted on the brosder areas of expediting delivery of materials
and equipment, in addition to that exerted on main plant items.

IFFCO said that there were no real difficulties on site during comstructiom,
apart from those caused by delays, and co-ordination procedures worked
satisfactorily. They were satisfied with the performence of the main

contractors.

IFFCO was consclous of some of its advantages at the time of the Project.
It was a young organisation, with good lesdership, with the senior team
very competent and highly committed, and experiencing a great deal of
professional satisfaction with its work. They developed good relations
with all levels of staff which is possibly slightly earier in Gujarat
than in some other parts of India.

One of the best features of the IFFCO project has been the demonstration
that with initial assistance a new organisation can acquire sufficient
knowledge of, and confidence in, hendling a big project, and that 1t was
very quickly capable of going on to tackle a second project of similar
size within two or three years of completing the first, providing from
its own resources the necessary people. Indeed IFFCO have gone further
and are now into a third and even bigger fertiliser project, as big as
any being undertaken anywhere. Of course this has became possible also
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because of the recent growth and development of the Indian chemical
process industry. This is discussed later in this report.

We were also impressed by their attitude to training. Thorough active
(in contrast to passive) training is essential in setting up fertiliser
manufacturing projects. IFFCO are quite clsar about this and this is
demonstrated by the training at Kalol for the Phulphur project. For
example young graduate engineers are receiving 13 years training at
Kalol before going an to Phulpur, and Phulpur junior operatives receive
a year's training at Kalal first.

We thought that housekeeping at Kalol although gemerally good, could be
even better. However the wearing of helmets was somewhat patchy, as was
the use of goggles for certain operations and areas. Similarly the
marking of escape-gas-mask areas left something to be denirei. There
was not time to examine safety records, but the momthly reports seen at
Kalol showed detalled examination of even minor accidents.

The housing colony at Xalol was particularly pleasant.

Consultants

Although two technical comsultant groups were involved in the IFFCO
project (Gibb Ewbank for a very short time, followed by Cremer and Warner)
in reality the work was done by one man who moved from Gibb Ewbank to
Cremer and Warner when the latter group was apvpointed. He was supported
occasionally by a senior partner of Cremer and Warner (CW). There was
thus a fortuitious continuity which we feel was a great value.

The consultant group was appointed by COM in November 1969 and made the
first approaches to UK contractors, shortly aftsrwards taking part in
a combined project mission to India. Altheugh no doubt some intermal
(DM technical assistance could have been organised it was unlikely to

be able to match in suitability that which could be provided by a
competent commercial opecialist group. In any case it probably would

not have been likely to provide comtinuity throughout the planning,
implementation and early operation of the project, a point to which we
attach importance. We believe it was a sound decision to appaint the
consultant.

51
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His main immediate task was to assist ODM in the appraisal of the Project
to enable them to make their recommendation to the Minister of Overseas
Development about granting UK aid. This involved reviewing the various
feasibility studies that hed been made, and the technical assumptions
behind them.

The second task was to examine the competitive bids for the urea plant
put forward by Humphreys and Glasgow and by Power Gas, and make comment
to (OM. After H & G had been selected the draft contracts had to be
examined and amended where necessary.

When construction started CW entered into its menitoring role, receiving
monthly construction and financial reports, commenting when necessary to
ODM or BHO/D, and at times actively assisting in expediting work being
carried out in UK, partieularly the urea reactor and HP exchanger which

ran into fabricatiom difficulties. They made six-monthly visits to site
and had progress discussions with IFFCO, H & G, ODM and BHC/D as necessary.
In addition to warning DM of delays CW also made a contribution in
bringing about resolution of problems which occasionally developed between '
IFFCO and the contractors. CW for example at cne stage susccessfully
recommended the strengthening of the H & G orgenisation in India.

A particularly important warning was sounded by CW in 1974 when it was
found that phosphoric acid supplies were unlikely to be available in the
quantities required, and that 1t looked as if plant modification would be
necessary to enable monammonium phosphate to be used instead. Strong
recomrendations were made about the need for firm leng term contracts in
place of separately negotiated shipments.

Appraisal and monitoring are essent:al tasks, and in the absence of
in-house staff of the particular experience for this work, the use of
professionals is the only way of providing the necessary skills and
continuity. The cost, relative to the cost of the project, or even to
the amount of UK aid involved, is extremely small.

CW also produced a 'Completion Report'. This was a fairly detailed
document dealing with the implementation and operation of the [roject.
It did not deal with the economic and financial performance.
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We understand that the World Bank prepares a detailed report on and
evaluation of every project it finances. We think that a report on each
sizeable DA aided technical or industrial project should be written. It
need not be quite so detailed as the CW 'Completion Report' on the IFFCO
project, but must be sufficiently so to give a clear account of how it was
implemented, how it turned out, and perhaps by later addition or review,
how it performed. Again by comparison with the amount of aid involved,
its cost would really be quite small, It oould conveniently be prepared
by the technical consultant to the projact who also would have monitored
it. An economic addition to it and to any later review could be provided
by appropriate (DA staff.

A summing up

In this discusaion, we have made observationa on various aspects of the
project, and on the activities and role of the various bodies and
autharities involved. We conclude with a brief summing-up of the main
features which in our opinien .oontribnted to the success of the IFFCO
Project:

1. IFFCO's valuable collaboration with the experienced CFI.
2. Good leadership of a good and dedicated IFFCO team.

3. Careful IFFCO/CFI appraisal leading to sound choice of processes
and contractors.

L. Sound training of staff amd operators.

5. BEfficient and continued good management,

A most important feature of the Project as a whole was the experience
and confidence &5 rapidly gained by IFFCO, sufficient, as noted above,
to enable them to proceed to a second (and even a third) projeot without
the need for further callaboration of the IFFCO/CFI type, and ta do very
mich more of the projeat management themselves.

On the other ei&e of the balance sheet howsver there were some weal
features, mainly in the implementation, For example there were the very
serious delays in fabricating the urea reactor and the HP condenser, the

o\
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extremely lale delivery of the reactor making the urea plant seven months'
late, Without investigation it is not possible to do more than pose =
question. To what extent was detailed investigation made into the
manufacturers' equipment and experience needed for the fabrication of
such big and complex items?

Moreaver some of the off-sites were just as late, and indeed later, and
we doubt whether all this could be put down to the labour difficulties
besetting the Indian suppliers and fabricators. Should there have been
tougher expediting? Were the suppliers' other work loads sufficiently
examined before accepting either their offered delivery dates or their
agreement with the requested delivery dates? Such questions cannot be
answered so long after the events, but should be borne in mind in future

projects.

A third weak feature was the very big underestimation of working capital
(Rs 2} crores estimated, Rs 10 crores required) which necessitated
additional bank borrowings and temporary transfer of Phulpur funds.

Finally it should be noted that failure to negotiate firm supply,
contracts for phosphoric acid delayed the start-up of the NFX plant,
even though & sight of such firm contracts was a condition of granting
aid. Over the pericd 1970-71 ODA staff gave out several reminders about
this., IFFCO apparently had a draft contract but it wac never signed
because of difficulties over a wider inclusive Indo-Iranian agreement
which the two governments failed to achieve. Both ODA and IFFCO

should have presented their justified concern to GOIL with even more
determination,

(;l/
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THE CHANGED CONTEXT IN INDIA

It is some ten years since the IFFCO plant was conceived. We believe
that the context in which that plant was implemented has changed, and
any lessons that might be drawn from that experience must be considered
in the new oontext.

We can diastinguish three phases of the Indian fertiliser industry in

that time. The first phase saw the introduction of naphtha-based

ammonia plants of size 600 t/day to 1000 t/day and mainly serving urea
plants (Visak, Kanpur, Kota, Goa, Madras). Apart from Kanpur these were
plants of the modarn single stream rotary oompressor type. They were
built by a variety of contractors, B & @, Power Gas, Chem.co, Kellogg,
Chiyoda etc. On the urea side Mitsui-Toatsu were prominently represented,
and in addition there were Chemico and Stamicarbon. The pattern usually
was aoe of the foreign contractor offering a turm-key contract, doing the
design, engineering, procurement apd comstruction. Construction was
often handled through an Indian subsidiary of the main contractor.

The next phase came in when concarn uas expresged about the increasing
dependence on naphtha, even though the refining pattera in India, together
with the relatively low demand for petrol, made relatively more naphtha
available. At that time heavy sulphur fuek oil was half the price of
naphtha, partly brought about by i1ta cheapness on the world market through
reduced demand stemming from environmental considerations. And so & erop
of plants appeared (Haldia, Nangal, Sindri, Patinda, Panipat) uesing the
Shell and Texaco processes. Again foreign deaign, engineering and procure-
ment packages were frequent. There was perhaps a little more Indian
engineering participation during this phase.

Apart from World Benk aid which is uptied, natianal aid meant for the
contractor/licensor that trade followed the flag. Some countries were
more 'successful' than others in this depending on how complete a package
oould be offerede The UK for example could not offer big rotary com=
pressors or some of the bigger reactor vessels as plants grew larger.

It locked at cne point as if a number of coal-based plants would emerge
as a third stage, but in the event only two have been built and have not
yet been fully commissicmned.
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We define the third stage as that now emerging. The discovery of offshore
oll and gas now makes it possible to base the current expansion of the
fertiliser industry on gas-based plants, and the situation appears to be
that some ten plants are envisaged between now and 1990, all gas-based
and of capacity 1350 t/dey ammonia, serving 1100 t/day cr 1500 t/day urea
plants. IFFCO has set up a company to build two 1350 t/day ammonia plants
serving four 1100 t/day urea plants on one site at Hazira, and Rashtrya
Chemicals and Fertilizers are setting up two 1350 t/day ammonia plants
serving three 1500 t/day urea plants at Thal. The remaining six 150
t/dey ammonia plants have not yet been allocated. Gas for these plants
will be supplied from a centralised gas-gathering and distribution scheme.

The pattern of implementing these schemes differs from that of the

earlier plants. The Indian chemical process industry has developed
rapidly in the last few years. It can now offer much more equipment built
in India under collaboration with foreign manufacturers, for example
Pignone oompressors built by BEFV., Indian companies (EIL, FPDIL,
Development Consultants etc), now offer design engineering, procurement,
and management services. The old pattern of relying an foreign con-
tractors' packages has given way to much more independent Indian mansgement
of projeocts, with Indian companies inoreasingly doing the engineering
design, and managing comstruotion. Fereign lioensors and contractors will
still be involved but the content of future contracts will change. These
new fertiliser projects are massive and will present a very big challenge
to the developing Indian process industries and management resources,
particularly when one contemplates the intended momentum of this new phase
in the expansiocn of the Indian fertiliser industry. These projects are
also very costly, the Hazira and Thal schemes running into several hundred
pillion pounds. We think that this alone may bring about changes in the
required pattern of internatiomal aad to the Indian fertiliser industry.
We think that the ODA should study the situation along with British
contractors and licensors, possibly seeking the viewe of authorities and
individuals in India, in order to assess realistically what might be the
future pattern of UK aid to the Indien fertilaser industry, and the
opportunities for UK participation, in the best interests of both parties.

X
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APFENDIX II : COMPARATIVE PERFORMANCE OF IFFCO WITH OTHERS

In any nitrogenous fertiliser complex the performance of the ammania plant is
crucial. It is the most sophisticated plant in the complex and it will usually
be the case that the output of the fertiliser produced will be determined by
the performance of the ammonia plant.

It is important therefore that we compare the IFFCO ammonia plant performance
with that of other ammonia plants. In this section we make only passing
reference to urea and NIX plant performance.

Comparison with other Indian ammonia/urea plants

The most up-to-date data on performance of Indian nitrogencus fertiliser plants

are given in a World Bank report of June 1979. D G Rao, Technical Adviser to

the Indian Ministry of Chemicals and Fertilisers, published a collection of
performance data at the Fertiliser Association of India Seminar in 1978 (Proceedings
Tech-I/1). The World Bank Report reproduces and extenls these data. The 'installed
(annual) capacity' has reference to the ammonia plant capacity. 'Capacity
utilisation' is defined as annuel output x 100/'installed capacity'.

We give a display of annual 'capacity utilication' drawn from the above data which
refer to the private and joint sectors and the best of the public sector plants,
for the years ending March 1976 to 1979. It affords visual comparison with IFFCO
data.

Table I : % Capacity Utilisation for ammonia plants

Public ending Mar 1976 1977 1978 1979
FCI Trombay 98 126 106 106
FCI Namrup a0z Jok Joo Joo
Total 100 M5 103 103
Private
SCI Kota 72 7 79 76
IEL Kanpur 89 9k 98 93
Zuari Goa 66 72 85 88
CFL Vizag o :)] 2z :i)
Total 74 8o 86 77
Joint
MFL Madras 88 78 7?7 92
GSFC Barcda 73 80 81 77
8PIC Tuticorin S0 66 val 56
HCFL Mangalore _ &4 6 _76
Total 7 69 73 73

Co- operative
IFFCO Kalol 69 93

8
2
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The conventional definition of 'installed capacity' is given by the expression
'installed capacity' = 'nameplate (design) daily capacity' x 330 days. However
for the display given above it is possible from a knowledge of actual nameplate
daily capacity to deduce that for some reason 'installed capacity' has been defined
as 'nameplate daily capacity' x 282 days. In Tuble I above, the IFFCO data has
been calculated similarly, and so the Table is self-comsistent, enabling comparison
of plant performance one with another to be made.

The IFFCO data are for the IFFCO year July/June. With the exception of the
Tuticorin and Mangalore plants, all the plants were commissioned rather earlier
than was the IFFCO plant. To a degree therefore this should rplace the IFFCO plant
somevhat at a disadvantage in comparison. In spite of this the IFFCO plant stands
up well in comparison with the private and joint sector plants, 85 well as with the
two best public sector plants.

D G Reo 1n his paper also gives ‘days warked' for some of the Indian plants for the
years 1976/77 and 1977/78.

The average Zor the best seven plants comes out at 316 'days worked'. It is not
clear whether these are 'stream days of 2 hours' or 'celendar days on vwhich some
product was made'. The average figures for IFFCO Kalol over three complete years
1976/77-1978/79 is 312 'calendar days cn which some product was made' or about 302
'stream days of 24 hours'.

Comparison with American Plants

The most recent survey of the performance of US ammonia plants is that of

G P Williams published in 'Chemical Engineering Progress' Beptember 1978. It
presents data covering the period 1969-1976. For the two later periods in the
survey namely 1973/74 and 1975/76 a total of 30 plants ranging in size from 600 t/day
to 1500 t/day were involved, accounting for the bulk of North American productiom.

Performance of the ‘average' ammonia plant comes out at about 50 deys downtime,
downtimes being measured frow the time the plant ceases to produce ammonia until it
resumes. Whenever the plant ceases to produce ammenia it is reported as a 'shut
down',

For the periocd 1969 -~ 1976 we have the following displey:

Table II : US plants : Stream dazs[xr

Period 1969/70 /72 /7 75/76
Number of Plants 22 -4 30 30
Downtime (days) 50 4s Lo 50
Stream days 315 320° 316 315
Number of shutdowns 10 9 11 11

These periods are arithmetically averszed from the performance of all the planta
for the periods concerned. The range of downtime experienced by individual plants
can be quite large, from as little ez 10 days to as much as 110, and the industry's
arithmetic averages in the table above exaggerate somewhat the downtime experienced
by most plants. In the last two periods 20 out of the 30 plants had downtime not
exceeding the arithmetic average of 50 days.

A\
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We would not be far wrong in saying that the IFFCO performance denoted by stream days
of 297, 305 and 302 for the last three years, achieved in a much less favourable
environment, 1s commendable. Part of the more favourable environment in the USA is
the ability to achieve short turnrounds by the use of skilled contract labour. The
Donaldscnville ammonia plants, which were copied for the IFFCO project, achieve
turnrounds which lose only about 11 production days. There is also almost a complete
absence of power failures.

Conventional Capacity

We have seen that the conventional annusl capacity is arrived at by the expression:
Annual capacity = nameplate (design) daily capacity x 330. This is often used at
the appraisal stage to calculate ultimate output and hence ultimate profitability.

The real relationship between daily capacity and achievable annual output is rather
more complex than 1s usually assumed.

The daily output of a plant will certainly have an upper limit and equally certainly
18 unlikely to stay constant. An ammonia plant employs several catalysts which

are subject Lo decline in activity, and one may find that the plant output can
progressively decline as a result. Similarly heat exchangers may become progressively
dirty with time, which may also reduce plant output. Ambient and cooling water
temperatures vary with the seasons and this will change heat transfer performance.
Machines such as pumps and compressors may decline in performance for mechanical
reasons such as valve wear and changes in clearances.

Apart from the above-mentioned progressive changes, complex plants like ammonia piants
may suffer minor upsets, recovery from which may take some hours (but often requiring
a reduction in plant rate) until stability is achieved.

Only 1f the design 15 such that margins are sufficient to make up for all these con-
sequent shortfalls in output can the specified daily capacity be cenfidently used in
assessing likely annual output.

Even the definition of time on line requires to be carefully defined. For some it
is the nurber of hours (converted to 'equivalent days) that the plant is producing
product. For others it is defined as those calendar days on which some product
18 made.

We can see that the simple formula: Annual ocutput = daily capacity x days on line
a year is quite inadequate without considerable definition.

Moreover on a complex plant a minor mechenical or instrument failure resulting in

a major upset (or a short stoppage) might result in an appreciable time, perhaps a
day, being needed to get the plant back to full steady output. On a large plant

a fault on a big machine may bring the plant off production for a day or two and to
get such a plant on line again may well take two or three days at below design daily
output., The simple formula for annual output is seen to be too simple, particularly
if we wish to use it predictively.

A useful expression which mcdifies the conventional formula: Annual output = design
daily capacity x 330 is as follows:=
Annual output = Maximal daily capacity x days on line x F

'Maximal Daily Capacity' (MDC) is the maximal daily output which can be achieved
under the best conditions.
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'Days en line n year' (DOL) is the number of calendar days on which some product is
made, and is most reliably determined historically. If it has to be estimated this
is best done by estimating the number of days of no production. This will be made
up of:

a. days off for planned maintenance

b. days off for unplanned maintenance

c. days off for regular shutdown perioadl for process reasons
'F' is a fastor less than unity which is introduced to allow for the inevitable
periods when the daily output falls below ‘maximal daily capacity' whether progressive,

or resulting from plant upsets, or resulting from the process of building up to full
output after a plant restart.

The formula becomes more accurate for predictive purposes when aptual preduction data
have become available for the plant or for similar plants. It is then possible to

be more confident about the expected ‘days on line a year', and past data can be used
to derive values of F.

Where we have knowledge of maximum daily capacity for the period in question we use it.

For the IFFCO ammonia plant we have the following data:

Table III : IFFCO ammonia plant : derived ¥ factor
2976/72 1972/78 2978/79

Annual output

'000 ¢ 248 263 276
DOL 200 318 ' 308
MDC 910 910 935
F 0.88 0.91 0.96

We would say that the velue of 0,96 for F 1s rather high and may be due to a
combination of favourable factors in that year. We can interpret the increase in

the value of F as due to better and steadier operations as experience and skills
increase. But the use say of F u 0.95 to predict output for 1979/80 whilst appearing
reascnable at the time would have been vitiated by the ‘external' factor of the
limitation of ammonia output because of compressor trouble on the urea plant. &o
care is needed in the case of an ammonis/urea complex where there is interactiom
between the plants. For shorter term predictions, knowledge of planned shutdown will
allow reasonable estimates to be made of likely days on line for the short term.

Ammonia output prediction

A longer term prediction of annual ammonia ocutput for the IFFCO plant after 1981
when the urea plant should not be limiting emmonia production, and after the I D
fan has been enlarged, might reasonably be in the region of:=

MDC x DOL x F = annual output

1000 x 315 x 0.91 = 285,000 t/yr
Note that this suggests that it is most unlikely that the conventional capacity (name-
plate daily capacity x 330 = 300,000 t/yr) could even be approached without having
debottlenecked the ammomia pleant almost by 10%.

N7
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It will be realised that annual output will vary from year to year and that such
calculations only serve as a useful guide.

We find support for such an approach in some production data for the Central
Farmers' ammonia plants at Donaldsonville, enabling us to calculate a value of F
for these plants.

Outﬂt '000 t
Year No 1 Flant No 2 Plant DOL
69/70 )
70/71 ; 32l average 333 average About 345
71/72 )

The maximal dally capacity noted was about 1035 t/day. We then have:

MDC x DOL x F a Anmnual output t
1035 x5 xF = 328,000
o.o F = 0192

We note here that the comventional capacity of 910 x 330 = 300,000 t/yr was exceeded,
partly because days on line exceeded 330 but also because the plants turned out to
have a maximal daily capacity some 14% greater than nameplate daily capacity. It is
not clear why such a maximal daily capacity is not reached by the supposedly identical
IFFCO Kalol plant.

Urea ocutput predictiom

As far as urea is concerned, provided that it can be managed that to a high degree

the urea plant is available on the days that the ammonia plant is at least supplying
CO2, then 1f we take the plunt to be capable of achieving 1350 t/day with certainty
(it is said to have produced 1390 t/day on cme day in March 1977) then the con-
ventional annual capacity of 396,000 t/yr of urea can be reached if values of F = 0.93
can be sustained : for 1978/79 F averaged 0.93.

MDC x DOL x ¥ = Annual ocutput
1350 x 315 x 0.93 = 296,000 t/yr

Actually since NFK is the preferred product rather than urea since it is more
profitable, the production of 285,000 t/yr ammonia would permit 500,000 t/yr NFK
12/32/16 to be produced, leaving sufficient ammenia for 350,000 t/yr urea.

PAe
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APPENDIX IIT :EXTRACTS FROM 1969 QDM ECONOMIC APPRAISAL

SUMMARY OF CONCLUSIONS

1. The project has several important advantages vis-a-vis other fertilizer projects
under consideration in India:

a. The proposed raw material for ammonia and urea, natural gas is technically
the easiest raw material to use, In terms of real costs and benefits for
social cost/benefit analysis in India, the Kalol ammonia plant would have
capital and operating cost advantages over all other ammania projects in India.

b. The scale of the ammonia and urea units proposed at Kalol has been plenned
80 as to be close to the limits of the present technology, while still retain-
ing the important benefits of duplicating existing plants. The result is a
scale for ammonia and urea plants which is more than 50% larger than all other
plants existing or planned in India, with undoubted economies of scale.

¢. Unlike most other projects in India, the Kalol-Kandla project should

obtain important economies - in capitul costs, in time saved in achieving
capacity operation and in operating costs - from "duplicating" existing

amnonia and NFX projects. The possibility of duplication exists - in the
future - for the major Indian public sector producer, the Fertiliver Corporatiom
of India, but has not otherwise been considered for private sector projects.
EPS believes that, conservatively estimated, the "duplioatioms" envisaged will
be worth several million dollars in net present value. Importantly, the
duplication strategy is a new and perceptive response to the growing problem

of maximising Indian procurement at least cost, in terms of both quality amd

price.

d. EPS considers, in spite of the huge unfitted potential for fertilizer
consumption in India, that marketing problems will be a key censtraint for
some of the existing plants ar projects in India. This project however, has
an almost captive market through the co-operative marketing organisation
vhich already handles the bulk of existing sales.

6. The plamed product-mix for this project - urea menufactured at Kalol,
DAP manufactured at Kandls, plus a small but flexible combination of these
two with potash - has two advantages over most other projects. First, a full
range of balanced nutrients will be available from the start, whereas most
other projects offer only nitrogen as the first stage. BSecond, the choice
of urea and DAP as basic vehicles for nitrogen and phosphate has been
justified by marketing experience over a wide range of agronomic conditions
in India: a number of existing plants are at a major disadvantage in being
obliged to offer only other, less flexible, nitrogenous or phosphate
fertilizers.

f. This project offers a strong combinatien of Indian and International
management experience which has yet to be found in existing plants and is
not in prospect in other projects.

2. For these reasons, only sume of which are quantified in the cost/benefit analysis,
EPS believes that this project is the best fertilizer project of any on offer in
India. However, it might be wondered whether any fertilizer project is economically
justified in India, a country which is relatively poorly endowed with fertilizer

raw materials. The social cost/benefit analysis shows that, on very conservative

.
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assumptions, which treat this project as a marginal competitor for India's scarce
economic resources and which price all inputs and outputs at international prices,
the project has a g4.6mn net present value at an 8% discount rate. The canclusiom
is that India is economically justified in developing its own production of
nitrogencus (and phosphatic) fertilizers in spite of the existence of resource=
based international suppliers, eg Persian Gulf suppliers.

INDIAN CAPITAL COSTS

3. In the social cost/benefit analysis, Indian equipment costs, as given in the
project report, have been reduced by 27.5% to obtain an approximation to the
internationally traded price of the same equipment. This corresponds to the fairly
widely held view that the present import duty on capital equipment, 27.5%,
realistically measures in broad terms, the extent to which Indian domestic capital
equipment costs are above foreign prices cif Indian ports. Representatives of
this project's promotors believe that this 1s the case. Evidence to suppart this
view was also obtained by the ODM mission in November 1968, which discussed in
some detail the costs of three or four similar fertilizer projects. (It may be
noted that in cases where the Indian activity consists of fabricating directly
imported raw materials or components, the project report treats the imported raw
material or component costs as foreign exchange costs.)

4, A similar conversion factor (0.75) was applied to other project costs shown

as rupee costs in the project reports. This factor was applied to the total of
these costs after the exclusion of: (i) import duty and sales tax (approximately
10 per cent) on impaorted plant and equipment costs; (ii) financing charges during
conatruction. Some estimate was available fram the original - now superseded -
project report of the breakdown of different Indiam cost items. It was assumed
that 50 per cent of construction costs in India are for unskilled labour, or labour
otherwise unemployed. A factor of 0.5 was applied to this assumed 50%. A similar
aggumption was made about Indian costs in design, engineering and procuremgnt.

5. In fact, therefore, the treatment of capital costs in this project appraisal
is close in practice to a straight shadow price of 25% on foreign exchange. This
seems appropriate as a preliminary operation. A more sophisticated examinatiom
of Indian costs would be likely to lower further this traded good value, but

since this project justifies itself in cost/benefit terms without this further
analysis, the sophistication does not seem to be necessary. In discounted present
values, capital costs represent some 20% of total costs over the life of the
project.

LITE OF PLANT AND TERMINAL VALUE

6. In the central assumption, the plant has a 15 year life from Year 6 when it
reaches capacity operation. This assumption was made on the advice of (DM's
technical consultants for this project, who said that in the industry it is
assumed that plants of this type could expect to have 15 years effective operating
life. If, alternatively, i1t were assumed that: (i) the plant had a further
useful life of 20 years beyand Year 21, (ii) all other operating costs and sales
values remained unchanged, and (1ii) no allowance need be made for special capital
renewal, then, the net present value of the project would rise by some $16 million
(at an 8% discount rate? after adjustmeat for the lower terminal value of the
plant.
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THE PRICING OF INPUTS

(a) Phosphoric acid

7. The most important item of operating costs is imported phosphoric acid, which
contributes almost half the total traded good value of operating costs. EPS has
adopted a price for phosphoric acid delivered to the Kandla site of 146 per
metric tom. Phosphoric acid is a highly corrosive liquid which bas only recently
begun to be shipped internationally in bulk. Shipment has been primarily on bulk
long-term contract and special terminal facilities and even special tankers are
required, India has not hitherto imported phosphoric acid in bulk. This makes
it difficult to establish an international price cif Kandla. The project report
adopts a cif Kandla price of §139.3 per metric tem, and adds £11.8 for wharfage
and $0.5 for landing charges. (It also adds 25% as import duty.) EPS has taken
the cif Kandla price emd added, rather arbitrarily, some £7.0 per metric ton as
the traded good equivelent of the project report's #12.% for wharfage and landing
charges. The assumption here is that these charges represent, substantially,
unskilled labour (and to a smaller extent under utilised infrastructive) which
would otherwise be underemployed over the life of the project.

8. However, the Madras fertilizer project, which will be the first Indian plant
to uge phosphoric acid, has negotiated a long term contract at a cif Madras price
of §133.5 per metric ton (£5.8 below the project report price for Kandla), and
this s also the price adopted in the USAID appraisal of Trombay expansion and
Kandla as appropriate grices cif Bembuy and Kandla respectively. These are all
prices based on the assumption of supply from Mexico or the US Gulf Ports, the
principal existing source of internatiomal supply. IFFCO is currently negotiating,
with official Government of India wupport, for bulk supply from Bandur Shapur in
Iran. The main attraction of this source would be very low freight charges,
$11-12 per metric tom, as against some g24 per metric ton for supply from Mexico
or the US, So again, the project report's pricing assumption (taken over into
this aprraisal) is significantly cautious. On the other hand, ODM's technical
consultants have suggested that some of the very low reported prices which are
influencing current thinking masy represent distress prices to keep plants
employed. If IFFCO does reach agreement wath the Iranian suppliers, as seems
likely, the saving in freight costs should add #£Bmn. to net present value, If
IFFCO obtained the reported Madras price (£133.5) rather than the project report
price (£139.3), that would add £3.8m. to net present value.

(b) Potesh

9. The second most important cost item is potash, which represents some 14%
of total traded goods costs. The project report takes a cif Kandla cost of
£48.78 per metric tom, which is increased to £53.78 by handling charges to the
site. In adjusting to traded good value, the handling charges are reduced by
LO% as most of these charges are for unskilled labour.

(c) Natural gas

10. EPS hns taken as the economic price of Kalol's natural gas, the cost of that
amount of naphtha that would be needed to produce an ejuivalent amount of ammonia
(and urea). The naphtha eguivalent is valued at a relatively high assumed cif
import price for naphtha of £20 per metric ton. These are restrictive assumptions.
They imply that, if the natural gas were not used for this project, it would be
feasible to use it in another chemical plant (producing emmenia or methanol®)

* The Kalol gas is largely methane: it would not be usable for ethylene derivatives.

. A
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where it would replace naphtha as feedstock. In the near term future, however,

it 18 not clear that there are altermative users for the Kalol natural gas who
would pay to use it as feedstock, if all their inputs and ocutputs were similarly
priced as "traded goods", as DM's guiding principles require. The analysis of
capital costs and management efficiency of the present project suggests that there
are no alternative ammonia projects which could afford to pay as much for natural
gas and still show an acceptable rate of return. So, to an important degree, if
the use of natural gas were ruled out for this project for economic reasons, it is
likely that it would be ruled out for the same reasons for other ammonia plants.
This proposition is plausible so long as this project represents the most efficient
use for natural gas in the area. Ultimately, however, technical improvements in
efficiency are likely to favour later plants. Given the delay in developing new
processes on a commercial scale, ocne should probably assume that only in the
1980's will there be a significantly better feedstock use for this gas.

11. To the extent that this is so, 1t seems plausible that the next best economic
use for the natural gas would - at least during the 1970's - be a fuel use =
plausibly wn steam raising for a thermal power station. The economic price would
be determined by the available alternative fuel - probably fuel ocil - suitably
prriced to reflect 1t3 real cost. If this were the appropriate comparison, natural
gas would be priced into the Kalol-project some 15-20% lower than the naphtha
equivalent price - with a saving in expected annual costs of £1.0 mm. and an
improvement in net present value cf some $6.6 mn (at an 8% discount rate). (Even
this "economic' price would be substantially above the price that Kalol seems
likely to have to pay for natural gas in practice.)

(d) Other operating costs

12. Other costs contribute about 20% of total annual costs at normal capacity
operation. Some 25% of these other operating costs are for fuel, naphtha and for
fuel oil, which is priced an this appraisal at (relatively high) traded good
prices of $20 and %18 respectively per metric ton. A further 22% is contributed
by maintenance material costs, which the project report takes as 2¥ of initial
capital costs for battery limit units and off-sites, but which has been raised to
3% of total initial fixed capital costs in this appraisal. Almost 28 per cent is
contributed by costs of bags and miscellaneous supplies. These are rupee costs
for which no easy traded good value is derivable: they are rather arbitrarily
converted by a 0.7 factor. Utility costs represent about 7% and the operating
results are, therefore, not sensitive to the assumptions made about them.

PRICING OF OUTPUTS
13. Urea

EPS has assigned a price for urea bagged ex-Kalol of Z55 per metric tan over the
life of the project. This would correspond to a cif Kandla or Bombay price of
about 50 per metric tan. India is at present paying very much more than this for
its, largely avd-finenced, imports. World urea prices have, however, been falling
and are expected to fall through to the middle 1970's as new export-oriented natural
gas-based capacity comes an stream in the major lde petroleum-producing countries.

1%
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It, therefore, seems appropriate to impute a price to this project, at which India
could cbtain marginal but substantial quantities in the 1970's and which does not
involve any protection against ldc exporters. In its 1969 appraisal report on the
Goa project, the IFC staff argued that India could probably hope to obtain Persian
Gulf supplies at £50 per metric ton cif West coast ports. It is clear, however, that
IFC and others do not think that India's traditional suppliers in North America and
Western Surope could get their prices below some £65 per metric ton cif Indaan ports
in the late 1970's. USAID in its cautious economic apprarsals of Trombay and Kalol-
Kendla imputed urea prices at or above £70 per metric tons. In practice, the IBRD/
IFC staff have done the same. This would add some £56 mn to the net present value
of this project.

DAP and potash

44, 'This economic appraisal adopts the USAID, evaluation of likely prioe trends.
Over the life of the project AID assumes a DAP price of $87.0 per metric ron and a
potash price of £50.0 per metric tomm. The DAP price is well below the project
report's £100.0 per metric ton, which reflects expected price levels within India.

TIME SCHEDULE AND ASSUMED NORMAL, OPERATING RATE

15. The project's promotors have assumed for cash flow purposes that construction
will require 36 months from signature of contract to mechanical completion., Start-up
trials and commercial production would, therefore, begin in the fourth year. The
assumed date of contract signature is now mad-1970. An assumption of 36 months
would be normal for the major ammonia and urea plants and contractors are willing
(if forced) to guarantee 36 month completion dates. Mechanical completion inside

36 months has recently been achieved on three fertiliser projects in India.

In fact, however, there are good hopes that this project can reduce this construction
time:

i. A large amount of detailed preparation has teken place over the past
two years.

ii. With contractors largely designated already, detailed project
preparation work will take place over the next six months to mid-1970.

iii. The imgortani: element of duplication (primarily in ammonia and NFK
plants) should yield time savings both in planning, procurement and
erection.

The promotors hope that effective completion in 30 months will be achieved. In the
case of the NIX plant at Kandla, a 36 month completion assumption would be generous
in any case, and it would be appropriate to assume no more than 30 months. We have
not done so, because on present project assumptions there would be no raw material
(ammonia or urea) from Kalol to use with the imported materials at Kandla. However,
the project promotors amre actively comsidering the possibility of arranging temporary
nitrogen 1mports at Kandla to allow some production before the completion of Kalol:
at this stage an arrangement seems possible. BSo the output and benefit assumptions
for 1974 seem conservative.

27. The project is assumed to take three years to build up to capacity operatiom,
with a build-up assumption of 50%, 70¥ and 90% for the first three operating years.
These are normal, fairlycautious, operating assumptions for fertiliser plants of

A
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this type, and have been bettered by some recently established plants in India.
The project's pramotors believe that they can get a better performance build-up
than assumed. In planning the project,. they have been willing to eschew some
savings in capital and operating costs to obtain proven reliability in the three
plant designs. In the case of the (difficult) ammonia plant, the planning
strategy has been to duplicate (in very similar climatic conditions) a. plant which
reached capacity operatioan within weeks and has operated beyond capacity since.

17. The assumption of normal operation at full capacity might seem optimistic.
However, normal 15 taken to be 100% of rated capacity for 330 days, leaving 35 days
for annual maintenance. Moreover, rated capacity is cuonservatively estimated.
The concept 15 of that capacity that the contractors and process licensors are

prepared to guarantee,

EXPECTED RESULTS AND SENSITIVITY ANALYSIS

18. Expected Results. ThHe national econcmic cust/benefit analysis has been set
up with very cautious technical amd economic assumptions. The calculations- show,
even on these restrictive assumptions, a #4.6 million net present value at an 8%

discount rate.



KALOL-KANDIA FERTILISER PROJECT ~ SOCIAL COST/BENEFIT ANALYSIS - MOST UNFAVOURABLE ASSUMPTIONS

(gmillion)
1970 1971 1972 1973 1974 1975 1976 1990 1991
BENEFITS
Sales: Urea - - - S.h 14.0 17.3 21.6 21.6 21.6
DAP + Potash - - - 7.2 18.6 22.9 28.6 28.6 28.6
Terminal value - - - - - - - - 22.5
TOTAL BENEFITS - - - 12.6 32.6 4o.2 50.2 50.2 72.7
COSTS
Capital: Project 12.0 31.1 27.0 8.4 - - - - -
Inventory - - - 2.5 * - - - - -
Materials: Natural Gas - - - 0.9 2.3 2.9 3.6 3.6 3.6
P2°5 - - - 4.8 12.3 15.2 19.0 19.0 19.0
Potash - - - 1.4 3.6 4.5 5.6 5.6 5.6
Naphtha and fuel oil - - - 0.7 1.8 2.2 2.8 2.8 2.8
Operating costs - - - 2.0 5.2 6.4 8.0 8.0 8.0
CFI costs - - - 0.4 1.0 0.9 - - -
TOTAL COSTS 12.0 31.1 27.0 21.0 26.2 32.1 39.0 39.0 39.0
Surplus (or deficit) (12.0) (31.1) (27.0) (8.4) 6.4 8.1 11,2 1.2 33.7
Discount Factor at 8% 1.0 0.93 0.86 0.79 0.74 0.68 0.63 0.19 0.20
Net present value (12.0) (28.7) (23.1) (6.6) k.7 5.5 7.1 2.1 6.7
(% miliion)

NET PRESENT VALUE = gi.6 million

DM
December 1969

4 III



APPENDIX IV: ECCGNOMIC EVALUATION

Int roduction

1, This evaluation of the project is based on factual irformation on the
costs and benefits for the period up to IFFCO's financial year (July=June)
1978/79, together with forecasts for the remainder of the 11fe of the project,
Unlike the 1969 OIM appraisal, cost=benefit analyses have been prepared for
Kalol and Kandla separately, as either plant could have been developed as an
independent entity.

Hethodology

2. ODM's "Cuide to the Economic Appraisal of Projects in Developing
Countries" 1) has formed the methodological foundation for the evaluation, The
numeraire 1s present net social income measured in terms of convertible foreign
exchange of constant purchasing power. For eage of comparison with the original
1969 OIM appraisal, the numeraire has been expresged in the same currency as

in 1969, namely US dollars, and the same constant prices, which appear to

be 1968/69 prices. All of the benefits and part of the costs can be readily
expressed in dollars, but a substantial proportion of the costs are dencminated
in rupees and, to a lesser extent, pounds sterling. The conversion of rupee and
sterling values to constant 1968/69 dollars raises both theoretical and practical
problems dus largely to the fluctuating exchange rates which have obtained sinoe
1971, The issue can be tackled in a number of ways, and the course selected
(as set out below) was determined largely t the availability of data.

3. Tt was decided that the most appropriate price deflator to use is the
dollar prace index of industrialised countries! manufactured exports to
developing countries which is produced by the World Bank. The index has been
transposed to a 1968/69 base and 1s shown in Table 4,1, All costs and benefits
expressed in dollars have been deflated to 1968/69 prices using this index, but
rupee and sterling expenditures must first be converted to current dollars.
This raiges the issue of fluctuating exchange rates.

4. If the movements in an exchange rate only reflect differential rates of
inflation (1.e. there are no "real" changes in the exchange rate), the relevant
money exchange rate in a particular year can be uged to convert rupee or sterling
expenditures in that year to current dollars which can then be deflated to
1968/69 dollar prices by the price index mentioned above. This procedure has
been used for all sterling exprnditures, as the relevant data suggests that there
was no major real change in the dolla.r/sterlmg exchange rate over the
relevant period (i.e. from 1968/69 up to 1971/72 - 1973/74 when the bulk of the
sterling costs were incurred) and sinoe the sterling expenditureswere small in
relation to the total costs and benefits. The dollar/sterling exchange rates
which have been used are given in Table 4.1,

Se The rupee costs have also been oonverted to dollars at the ruling exchange
rate in each year (Table 4,1), but in other respects they have been treated
differently from the sterling costs, In the first place they have all been
classified as "non-traded" goods. For the bulk of the rupee costs this is
probably a reagonable assumption, either because the inputs are genuine non-
traded goods such ags electricity and construction or because they are effectively

1) Published by HMSO, London 1977.



nn-tmded e to GOI restriotions on imports; but it is recognised that this is

a simplifying acsumption which does not strictly hold for the full range of
rupee costs over the eriod under review, The next step was to assign appropriate
' sonversion factors'to each main rupee cost item., For the early years of the
project (i.e, during the construction period) the choice of'conversion factors'
has been based on information which has previously been made available to the
ODA by the GOI Planning Commission and which is considered to be relevant to the
early 1970s. For the subsequent period higher' conversion factors'have in general
been applied, as it appears that in a number of instances the international
competitiveness of Indian industry and services has increased during the 1970s
and 1n some cases domestic prices have been increasingly subsadased., This
conclusion 18 substantiated by a comparison of some of the relevant Indian
wholesale price indices with the international price index and movements in the
d.ollar/rupee exchange rate. The result of this comparison reveals that the
Indian rate of inflation in tradeable goods has generally been lower than the
rate of increase in the internmational prace index, and that these differential
retes of inflation have not been compensated by a corresponding appreciation of
the rupee agninst the doler,

6. In summary the rupee expenditures have been converted to 1968/69 dollars
firstly bty applying the relevant 'oonversion fa.ctor', followed by the ruling
dollar/rupee money exchange rate, to express the costs in current dollars, which
have then been deflated by the international prioe index, Since the 'conversion
factors'are not known with a high degree of certainty there is a potential
measure of error in this approach, but this is unlikely to affect the results
to any great extent as the costs which have been estimated in this way are

fairly emall in relation to the 1.‘:l costs and benefits.

Discount Rate

T. A 12¢ discount rate has been employed as this is the current praotice of
the Indian Plaming Commission. However, the 1969 OIM appraisal adopted an

8% rate, and the main evaluation results have been recalovlated on this basis
for comparative purposes,

Life of Project

8. The economic life of the project has been assumed to be about 15 operating
years up to 1989/90 (inclusive), After this period both the Kalol and Kandla
plants are assumed to close down; and a terminal (scrap) value of 10% of the
initial capital cost has been credited to the project in the last year of its
1ife, 1In line with this soenario, no allowance has been made for special
meintenance costs or substantial replacement investment in the later years of
the project. In reality the project is liely to be operated for longer than

15 years but at the cost of escalating expenditures on the plants, The choice of
15 years has been made largely on the basis of the "normal life" for process
plants of the kinds at Kandla and Kalol, In addation there are doubts whether
the reserves of gas near Kalol are sufficient to supply the ammonia plant beyond
the end of the 1980s, but in practice this potential difficulty may well be
overcome by the availability of gas from the offshore oil and gas fields near
Bombay.

/9.
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9. The 1969 OIM appraisal adopted slightly more optimistio assumptions,
namely a project life .of about 18 operating years and a terminal value of
about 25% of the initial capital costs.

Capital Costs

10, It is convenient to divide the capital costs into three categories:
initial foreign exchange expenditures on the original plants, initial rupee
expenditures, and additional capital oosts inourred after the oompletion of
the original plants.

11, The initial foreign exchange expenditures have been taken from the CW
Project Completion Report as shown in Table 4.2, The preoise phasing of these
‘costs is not readily available, but estimates are given in Table 4,3 after
reviewing the planned drawdown sohedules in the 1 Nay 1971 "Financial Asaistance
Paper" and after taking account of known delays in implementation.

12, The initial capital costs incurred in rupees have been derived from
details provided by IFFCO of their "Final Revision (B)" of the capital oosts
(which was made in May 1975). The differences between these revised costs and
the MActual Costs" (for which the same breakdown is not available) are small,
Table 4.4 gives the costs in both financial and economic prices, together with
the 'conversion factors 'used to express the financial costs in economioc prices;
and Table 4.5 gives the phasing of the rupee oapital costs (in economic prices)
based on the same guidelines as in the case of the foreign exchange expenditure.

13. The total initial capital costs (at economic prices) are given in both
current and 1968/69 dollars in Table 4,6, The total in 1968/69 prices is now
estimated at about $57 million compared with $78.5 million in the 1969 OIM
appraisal, The ressons for this substantial difference of about $21,5 million
are not entirely clear as details of the derivation of the 1969 estimate are
not available, The 1969 appraisal stated that the finanoial cost estimates made
at that time would probably prove to be on the high side, and this may well be
one of the reasons. It is also possible that some of the econouic cost
estimates made in 1969 were not fully deflated to oonstant 1968/69 prices and
therefore contained an element of the allowances for price escalation during

the contraot period.

14, Estimates of the additional capital oosts whioh have been (or will be)
inourred since the completion of the original plants in 1974/75 as given in
Table 4,7, No corresponding estimates were made in the 1969 appraisal, The
assumptions behind the Kalol figures are as followsi=

i. Examination of IFFCO's Balance Sheets for 1976 and 1977
reveals additional gross fixed assets amounting to some
Re70 m over and above tlie oost of the original project
at Kalol. A 'conversion fictor'of 0.8 has been applied to
this figure and the additional costs are assumed for
simplicity to fall in 1975/76.

gt



ii. The debottlenecking schemes which are in progress at Kalol are
estimated to cost ReT4.4m of which Rs47.4m is foreign exchange
(IFFCO's 1978/79 Annual Report). This hes been rounded up to
Rs75m to include an allowanoe for other minor items, and the full
amount has been debited to 1979/80.

iii, The sums included for 1981/82 and 1984/85 represent approximate
estimates for a new CO2 compressor and replacement items for the
ammonia plant respectively.

15, At Kandla a seoond NPK plant (similar to the existing one) 1s under
construction, tut no provision has been made for this on the grounds that it
congtitutes a separate major project. The only additional .oapital costs which
have been included in this evaluation are Rs25m in 1976/77 to cover the debottle-
necking of the Kandla plant and other mincr items, and $1m in 1980/81 for
additional phosphoric acid storage.

Production

16. Table 4,8 gives details of the outputs of the Kalol and Kandla plants up
to 1979/80. For the purposes of this evaluation it has been assumed that
sales to outside consumers and stooks held in warehouses outside Kandla/Kalol
directly replacel imported fertilizers and can therefore be included in the
benefits of the project, but that stocks held at the factxy sites constituted
part of the project's working capital. Consequently 1t 18 necessary to identafy
the volumes of production whachwere held as stocks at each plant, and the volumes
which were sold to final consumers or despatched to co=operatives! warehouses. It
is also necessary to determine the volumes of ammoma and urea which have been
transferred each year from Kelol to Kandla,

17. An analysis of the use of past ammomia production 1s given in Table 49,
Transfers of ammonia to Kandla have been included in ihe benefits of the Kalol
plant and the costs of the Kandla plant; sales to other consumers have been
oredited to the Kalol benefits; and the stocks form part of Kalol's working
capital. Projections for the future assume a build=-up to 285,000 t /yr by 1981/82
2) when the full benefits of the debottlenecking schemes should be realised (see
Appendix II for the derivation of this fagure). Of this amount, 210,000 t /yr
would be used for urea production (assuming that 0.6 t of ammonia are requared
to produce 1 t of urea which is probably conservative), and the remaining
75,000 t /yx' for NPK productaion at Kandla. Ammonia stocks at Kalol are projected
to be 6,000 t which is a little above the average for the past fave years,

18, Table 4.10 gives a similar analysis of urea production. The {reatment of
the despatches and stocks in the costi=benefit analyses is the same as in the case

/of

2) Ammonia production in 1979/80 and 1980/81 is estimated to be 260,000 and
270,000 t /yr respectively.
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of the ammonia produotion. In the future, urea produotion is projected to
build-up to 350,000 t/yr by 1981/82 3) of which 13,000 t/yr will be utilised

at Kandla, Stooks of urea at Kalol are estimated to remain conatant from
1981/82 at 15,000 t. The 1969 OIM appraisal assumed a more optimistic long-term
production level of 392,000 t/yr.

19. NPK produotion has been broken down into sales and stocks at plant as in
Table 4,11, For simplicity, production from 1979/80 onwards is assumed to be
antirely in the form of NPK 12:32:16 and is projected to be 500,000 t/ ¢ The
level of stocks at plant are assumed to build-up to 20,000 t 4in 1979/80 and
then to remain oonstant, This long-term production level is higher than the
375,000 t/yr assumed in the 1969 OIM appraisal due to the success of the
debottlenecking scheme.

Benefits

20. The benefits of the Kalol and Kwndla projeote are represented by the value
at economic prices of the despatches of products from each plant. The volumes

of despatohes are set out in Tables 4.9 - 4.11 and have been valued at world prices
oif Indian port. This method of valuation assumes that the costs of distribution
(including procuct losses) are the same for imported fertilizers as for the
products from Kalol and Kandla. Since it is understood that a large part of
India's fertilizer imports are landed at Bombay or Kandla, this is probably a
reasonable assumption. It is possible that the costs of distribution of IFFCO
fertilizers may be raised a 1ittls above those of imports by the requirement

that IFFCO sells its products to all States which have shares in the company.
However an analysis of despatches to each State indicutes that IFFCO's sales

have been concentrated to a large extent in those States which are likely to have
been supplied by imports through Bombay or Kandla in the absence of the IFFCO
project (ie. ireas in the Rorth-West segment of the country). Furthermore, IFFCO
has developed praduct exchange arrangements with the FACT and Mangalore fertilizer
factories under which some of the more distant areas from Kalol/Kandla are served
by these factories in exchange for IFFCO supplies on behalf of FACT and
Mangalore to areas in the North. As a simplifying assumption any "additional®
distribution costs associated with IFFCO's products are assumed to be offset by
other misoellaneous benefits which are inoluded in IFFCO's profitability
statements but have not been inoluded in the cost-benefit analyses (ie. part of
"Other Revenues"),

21. The valuation of the urea is straightforward, but the NPK produotion raises
difficulties as it has not been possible to obtain reliable world prices for

the particular grades of fertilizer manufactured at Kandla. In the 1969 appraisal
the value of the NFK production was expressed in terms of DAP and potash, and
the same method has been applied in this evaluation. The underlying assumption
we have adopted is that the NFK compounds produced at Kandla are equivalent in
value to the corresponding volumes of DAP and potash which contain the same
quantities of NFK nutrients. It is possible that this understates ihe value of
the NFK compounds; but we are unable to judge whether, or the extent to which,
the NPK fertilizers are of greater benefit to the farmer than DAP and potash,

as the necessary comparisons involve a range of agronomic considerations which
are outside the soope of this study. This area of uncertainty is discussed
further in the oontext of the sensitivity analysis (paragraph 39).

] /22.

3) Urea production in 1979/80 and 1980/81 is estimated at 310,000 and 320,000
t/yr respectively.
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22, The 1969 OIM appraisal assumed that 375,000 t/yr of NFK fertilizers were
equivalent to 265,000 t/yr of DAP and 109,000 4/yr of potash. These DAP and
potash equivalents appear to have been lifted out of the June 1969 USAID
appraisal of the projeot, but it is not understood how they were oaloulated.

In our opinion they are too high. The produot mix assumed in the 1969 doouments
was?

189,900 t of NPK 14-36-12
92,800 + of NPK 12-32-16
92,800 + of ‘NPK 10-26-26

On our caloulations this is broadly the same as 375,000 t of NPK 12,5/32.6/16.5,
which in turn is equivalent to 227,000 t of DAP and 102,000 t of muriate of
potash, 60.5% K, O (which was the grade of potash assumed in the 1969 reports).
These DAP and potash equivalents mre below those used in the 1969 OIN appraisal,
particularly in respeot of DAP,

23, The import prioes used for valuing the benefits are given in Table 4.12.
The historical figures for 1974/75 - 1978/79 are based on average import prioces
revealed by India's import statistios, and the projections for the future are
generally in line with the World Bank's commodity foreoasis prepared at the
begiming of 1980. The comstant 1968/69 price forecasts whioh were used in

the 1969 OIM appraisal were $55/t for urea, 87/t for DAP and $50 /t for potash.

Kalol Operating Costs

24. The operating costs at Kalol have been divided intc two groups. The first
group oomprises natural and associated gas, naphtha and fuel oil (ie. the main
material inputs), whioh have each been valued directly in terms of world prioces.
The second group includes all other production oosts, which have been valued by
the applioation of 'oonversion factorsd

25, The main material costs are shown in Table 4.13. The quantities of each
item consumed over the period 1974/75 - 1978/79 are based on acturl data provided
by IFFCO. The projections of future quantities are derived from the following
technioal coefficients, which have been drawn from IFFCO's Corporate Plan for
Kalol 1980/81 — 1984/85 and have been ohecked against coefficients achieved in
the past:i-

i. 656 and 205 m> of natural and asscoiated gas respectively per t of
ammonia;

ii. 0249 t of naphtha per t of ammonia; and
iiie 04120 t of fuel oil per t of urea.

26, The pricing of the gas is based on the assumption that its alternative use
is as a Bubstigute for fuel oil in steam generation. In terms of their calorific
values, 1000 m” of natural and asscoiated gas are caloulated to be equivalent to
0.93 and 0,98 t of fuel oil respectively and these coefficients have been used
for estimating the economic prices of the gas feedstock. Naphtha and fuel oil
prices for the years up to 1978/79 have been based on historical trade
statistios, and the projections for future years are generally in line with
World Bank statistios produced in early 1980, The GOI's medium-term policy on
naphtha is to restrict the licensing of new naphtha~conpuming indusiries so
that the domestic supply and demand situation is usually in balance or there is
& small surplus for exporte However India has been a net importer of naphtha
since 1976, and it has been (pessimistically) assumed that net imports will

/oontinue
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continue for the remainder of the project's life, The prices of fuel oil and
naph}ha. have been projected to inorease by 3% per annum in real terms from
1979/80.

27, Details of other operating costs at Kalol up to 1978/79 are gven in current
rupees in Table 4,14, The costs at finanoial prices have been expressed in
economic prices by the application of 'conversion factors! (which are assumed to
be unity unless there 1s good reason to suppose otherwise), In 1979/80 these
costs are estimated at $4.0 million in 1968/69 economic prices, which is
marginally higher than the costs in recent years, rising to a constant level of
$4.5 million/yr based on IFFCO's corporate plan for the next five years.

Kandla Operating Costs

28, The quantities and values (in economic prices) of raw materials consumed

at Kandla are detailed in Table 4.15. The quantity projections assume that the
output of the plant will be 500,000 t/yr of NFK 12:32:16 (paragraph 19 above)

and are based on input coefficients provided by IFFCO. The price projections
for potash, urea and ammonmia are drawn from Table 4,12 and represent landed
import prices. The impact on the Kandla project of valuing the ammonia and

urea at the real costs of production (at Kalol) are discussed later (paragraph 38).
The future price of phosphoric acid has been related to the World Bank's
projections for triple superphosphate (TSP), and 1t 18 generally assumed that the
phosphoric acid price at factory will be twice the TSP price, fob US Gulf, This
relationship has roughly held for parts of the first five years of operation,

but in 1976/77 and 1977/78, and at the time of our visit, the phosphoric acid
price was substantially higher. Fuurephosphoric acid prices may therefore be
higher than projected in this evaluation thereby increasing the costs of the
Kandla plant.

29, The 1969 ODY appraisal assumed a phosphoric acid price of 8146/1: which is
markedly above the price projections used for this evaluation. The ccrresponding
potash price was taken to be 351.78/t, which is again higher than our present
projections and 18 also marginally higher than the sso/t which was used in 1969
to value the benefits. The reason for using a lower potash price to value the
benefits than the price used to value the costs is not understood, although the
reverse would have some justification as the potash consumed 1a in powder form
and is imported in bulk and the NPK product is granulated and sold in bags.

30, Table 4,16 gives details of the other operating costs incurred at Kandla in
current rupees over the first five years of production. The costs are given in
both financial and eccnomic prices, In 1978/79 these "other costs" averaged
about $7/t in 1968/69 prices, and on this basis they are assumed to amount to
$3.5 million/yr from 1979/80 onwards (in 196869 prices).

Working Capital

31, In economic terms working capital mainly comprises the physical stooks of
raw materials, finished goods, spare parts and other gtores; the real resource
costs of financial working capital are relatively small.

32, Details of the working capital at Kalol and Kandla are given in Tables

4,17 and 4.18 respectively. No allowance has been made for stocks of apare
parts and tools as the capital costs include gubstantial amounts for these items.
At both plants, therefore, the main components of working capitel are the stocks
of finished goods, which have been valued at world prices, The amounts of

other working capital are estimated from the current assets in IFFCO's balanoe
sheets.
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iV e

Results of Evaluation

as Kalol

33, The costs and benefits of the Kalol plant as caloulated in the previous
paragraphs are summarised in Table 4,19, The net present value (NPV) of Kalol
is estimated at $0.6 million discounted at 12% back to 1970/71, and the internal
rate of return (IRR) is 12.,3%. The Kalol plant therefore meets the GOI's
present eoonomic decision oriterion (ie. a positive NPV at a 12% discount rate),
although only by a small margin.

M. A variety of sensitivity analyses have been carried out, the results of
which are given in Table 4.20, The conclusions which can be drawn are as
followss=

i. The IRR is not particularly sensitive to inoreases in the capital
cost estimates . A 10% increase in the capital costs reduces the
IRR to 10,7%.

ii., The gas costs are subject to a relatively large margin of uncertainty
as the pricing of the gas depends on its value in the next best
alternative use rather than on the direct application of a world
price (paragraph 26), An increase/decrease of 10% in gas costs
reduces/increases the IRR to 1043% or 14.1% respectively. If the
gas costs are reduced by 50% (eg. as a result of a different method
of valuation more related to the costs of production) the IRR riges
to 20.0%.

iii. If the historical costs up to 1978/79 are accepted as being eseentially
acourate, the most important area of uncertainty on the cost sids is
in relation toc future energy prices. An increase/decrea.se of 10% in
the combined costs of gas, naphtha and fuel oil over the period
1979/80 - 1989/90 rednces/inoreases the IRR to 8.7% or 15.2%
respectively.

ive On the benefit side, the estimates of the value of urea up to 1978/79
are oonsidered to be relatively reliable, but less confidence can be
placed in the projections because of uncertainties about the future
urea price. If the urea prioe is inoreased/decreased by 10% over the
period 1979/80 ~ 1989/90 the IRR rises/falls to 17.4% or 5.4%
respectively. As the benefits are larger than the cecsts, the IRR
is,not surprisingly, particularly sensitive to changes in the size
of the benefits,

ve The "1ife" of the project is to some extent a subjective issue, and
our assumption of just over 15 years of operation (paragra.ph 8) may
be oonsidered to be pessimistic. If the life is extended by 2 or §
years, and if it is further assumed that the additional replacement
costs agsociated with the extension are equal in preseni value terms
to the terminal value of the plant, the IRR rises marginally to
12,7% or 13.3% respeotively.
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35« Over the past decade since this projeot was first appraised, there have
been major changes in the prices of both the main inputs and the outputs of the
Kalol plant., Following the oil price hikes which commenced at the end of 1973,
the cost of hydro-carbons has risen dramatically in real terms. Partly as a
direct consequence of these events the price of urea also shot up to record
heights in 1974, btut then fell back to a depressed level in 1976; it is now
recovering to a more realistio long-term value given current fendstock costs.
In an attempt to isolate the "quantitative" performance of the Kalol plant from
these exceptional price movements (which could not have been realistioally
foreseen in 1969), our price assumptions for gas, naphtha, fuel oil and urea
have been replaced by the corresponding prices used in the 1969 OIM appraisal
and our gvaluation has then been recalculated. The results are presented in
Table 4.21 which yields an IRR of 17% and a NPV of $15 million at a 12% discount
rates This NPV is substantially higher than that given in paragraph 33 indicating
that price movements during the 19708 have adversely affected the Kalol project.

be Kandla

36, Our estimates of the costs and benefits of the Kandla plant are summarised
in Table 4.22. On the assumptions in the previous paragraphs, the NFV of the
Kandla plant is estimated to be -¥24 million discounted at 12% back to 1970/71,
and the project yields no positive IRR. ,

37. 1In the light of this conclusion the sensitivity analysis in Table 4.20

is primarily concerned with the extemt to whioh the costs or benefits need to

be changed in order to yield a positive NPV (discounted at 124). It is clear

that the NPV is relatively insensitive to changes in the capital costs (which

are also known with comparative certainty), and therefore attention has been
focussed on the operating costs and the benefits. If the NFV (discounted at 12%)
is to be inoreased to at least zero (or put another way, if the IRR is to be at
least 12%), the costs or benefits need to be reduced or increased by the following
percentages:-~ (derived from Table 4.20)

Over life Over years

g_f_g;gj_g_cl‘lBOﬂBO
0

MAP/Phosphorio acid costs down by 33 55
Phosphorio acid, ammonia and urea oosts down by 25 42
Benefits up by 20 30

Changes in the potash costs have been exoluded from this sensitivity analysis,
ag variations in the potash price will affect the costs and benefits almost
equally and will therefore have a negligible impact on the NPV, Reduotions in
"other” operating costs (ie. other than raw material costs) have also been ex-
chided on the grounds that they are relatively small and can be forecast with
greater certainty than the raw material costs.

38, It will be seen from the table in the above paragraph that the raw material

oosts need to be lower by very substantial percentages if the NFV (discounted
at 12%) is to become positive. Suoch overestimation of the costs seems highly

/unlikely



unlikely, particularly since it is possible that the major phosphoric acid

costs have been under — rather than overestimated (paragraph 28). It might be
argued that our valuation of the ammonia and urea input costs at world prices

is inappropriate since the produots are largely obtained from Kalol (paragraph 28);
tut Table 4.20 indicates that a reduction of 20% in these costs only increases

the NPV from -§24 to =20 million. Furthermore our evaluation of the Kalol
project indicates that the real resource costs of ammonia and urea from Kalol
(which should include the costs of transport to Kandla) may not be substantially
different from the oosts of imported urea (since the NPV of the Kalol plant is
estimated to be close to zero at the relevant discount rate of 12% - paragraph 33).

39. Turning to the benefit side of the analysis, the table in paragraph 37
indicates that an increase in the benefit stream of 20% over the life of the
projeot (or on increase of 30% over the period I979/80 = 1989/90) would be
suffioient to yield a positive NPV at a 127% discount rate. One potential cause of’
an increase in the size of the benefits would be higher DAP prices than those
which we have assumed, but it is probable that higher DAP prices will be
associated, at least partially, with higher raw material prioes so that there
would be some increase in the costs as well as the benefits. A far more important
area of doubt relates to our valuation of the NPK production in terms of the
corresponding volumes of DAP and potash which oontain the equvalent quantities
of NPK nutrients. As explained in paragraph 21 we do not know whether this
method of valuation fully captures the benefits of the NFK produced at Kandla

and further study 18 required before an assessment can be made of the size of
"premiun", if any, which should be placed on the NPK compound fertilizers.

40. As in the case of Kalol we have recalculated our evaluation replacing our
main raw material and output price assumptions by those used in the 1969 OIM
appraisal, in order to remove the impact of international price movemenis since
1969, Substituting the prices used in 1969 for phosphoric acid, potash, ammonia,
urea and DAP for the corresponding prices in our evaluation reduces the NFV
discounted at 12% (back to 1970/71) from -24 to -£38 million. The prioe
movements sinoce 1969 appear therefore to have affected the Kandla project

lovourably,

cs Comparison with 1969 OIM Appraisal

41. Extracts from the 1969 OIM appraisal are reproduced in Appendix III.
Although the estimated NPV of the overall project (ie Kalol and Kandla oombined)
i shown on the last page of Appendix III to have been estimated at #4.6 million
discounted at 8% (bvack to 1970), we have discovered a number of apparent errors
which require correction before the 1969 OIM appraisal result is compared with
our evaluation. Firstly, there appears to have been an arithmetical error in

the discounting process, as the NPV discounted at 8% on our calculations is

£11.5 million and not $4.6 million. Secondly, we have identified two apparent
errors in the estimation of the benefits in the 1969 appraisal, the major one
relating to the DAP and potash "equivalents" for the NPK compounds (paragraph 22)
and the other relating to a discrepancy between the price used to value the potash
inputs and that used to value the potash outputs (paragraph 29). It is estimated
that the net effect of these two errors is that the benefits of the NFK products
were overvalued by about 13,5%, If the NPK benefit stream is adjusted by &
faotor of 0,881 (ie. 100 & 113.5), the 1969 NPV becomes - $13,1 million discounted
at 8% and the IRR is 6.0%. Tt is these amended results which we have compared
with our evaluation.
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42, Using our estimates of the actual costs and benefits up to 1978/79 and
our projections for the remainder of the life of the project, our evaluation
of the overall project yields an NFV of - #14.6 million using the same discount
rate as that employed in the 1969 appraisal, namely 8% (discounted back to
1970/71), and the IRR is 4.67. This result is not substantially different
from the outcome of the 1969 appraisal as amended in paragraph 41. However,
the similarity in the aggregate figures disguises a number of significant
differences between the estimates made in 1969 and our own estimates of the
oonstituent parts. In particular the capital costs were lower than estimated
in 1969; the output of the Kandla plant has exceeded expectations by a large
margin; but urea production has been lower than predicted. Raw material
requirements (per t of outputs) and other operating costs, on the other hand,
have been broadly in line with the estimates made in 1969.

43, The difference between the results of the 1969 OIM appraisal and our
evaluation can be attributed partly to "real" changes (eg. production being
higher or lower than projected) and partly to international price movements.
Since international price movements are largely outside the control of the
project management, it is of interest to compare the 1969 ODM appraisal with
our evaluation having removed as far as possible the impact of these relatively
fortuitous price effects. This can be achieved by using the data in Table 4.21
and 4.23, which give our evaluation results on the basis of the price assumptions
used in the 1969 OIDM appraisal for the outputs and main raw material inputs

{ paragraphs 35 and 40). On these assumptions our "recalculated" evaluation
ylelds an NPV of - $12.2 million discounted at 8% and an IRR of 5¢3%, which

is again close to the amended 1969 OIM appraisal result in paragraph 41.

44. Finally, the sensitivity of this "recalculated" evaluation result has

been tested for changes in the life of the project. Our own assumptions about
the life of the project in paragraph 8 were more restrictive than those used '
in the 1969 OIM appraisal (of paragraph 9); but if our assumptions are brought
into line with the 1969 ODM appraisal by extending the life from just over

15 to 18 years of operation, the NPV of our "recalculated" evaluation, discounted
at 8%, rises from - £12.2 million to - 7.9 million and the IRR rises from

5¢3% to 6.5%

Summary of Main Results

45. The central or "base casc" results of our evaluation of the Kalol and
Kandla plants are given below:=

NPV at 1 IRR °
million =
Kalol
- using our own price assumptions 0.6 12.3
- using the 1969 price assumptions for
gas, naphtha, fuel oil and urea 15.0 17.2
Kandla
-~ using our own price assumptions - 24.4 1)
= using the 1969 prioe assumptions for
phos acid, potash, ammonia, urea and DAP - 37.9 1)
Note

1) No positive IRR
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46. The oomparison of the 1969 OIM appraisal and our evaluation oan be

NPV at 8%
million

summarised as followsi~-

1969 OIM appraial of Kalol and Kandla 1)
- unoorrected
- oorreoted for apparent errors

1980 evaluation of Kalol and Kandla 2)
- using our own price assumptions
- using the 1969 prioe assumptions for
outputs and main inputs and
1life of 15 full operating years
1life of 18 full operating years

Notes

446
1301

14.6

12.2
79

i

IRR

3)
6.0

1) The 1969 OIM appraisal assumed a project 1life of just over 18 operating

years.

2) Our evaluation assumes a life of just over 15 operating years unless

stated otherwise.
3) Not calculateds



TAELE 4.1 - INTERNATIONAL PRICE INDEX AND EXCHANGE RATES

ear Exchange Rates International
J une $ per 1) $ per 2) Price3)

Rupee £ Sterling Index
1968/69 0.133 2,40 100
1969/70 0.133 2,40 106
1970/71 0.133 2.42 116
1971/72 0,133 2,48 127
1972/73 0,130 2,48 147
1973/74 0,128 2.8 180
1974/15 0.123 2,28 215
1975/16 0,115 233
1976/1T 0,113 244
1977/18 0.118 213
1978/79 0.1224 313
1979/80 0.1234 3494)
Notes

1, The rupes exchange rate has been based on an IMF series for the fisoal
year April-March adjusted to give estimates for the financial year July-June,

2. The sterling exchange rate has heen based on the UK CSO "Financial
Statistica" for calendar years, adjusted to give estimates for July-=June.

3. The international price index is the World Bank's cif index of US dollar
prices of industrialised countries' manufactured exports (STTC 5-8) to develaping
countries, interpolated to cover-the relevant financial years and transposed to
a 1968/69 base,

J

4. ° Estimataes.

TABLE 4.2 = INITIAL CAPITAL COSTS IN FOREION EXCHANGE

$ million £ million

Kalol
= ammonia plant, battery limits 17.124
~ other engineering & equipment
costs in $ 0,040
= CFI oosts (estimated breakdown) 1,200
- urea plant, offasites & other

costs in &£ — 5.279
Sub=total 18,364 5.279
Kandla
- NPK plant & offsites, $ costs 0,828
=~ other engineering & equipment
costa in § 0,009
=~ CFI costs (estimated breakdown) 0,512
= £ costs 0,947
Sub=total 1,349 0,947
Total 19,713 6,226
L ] L ]

Sourge: CW Project Completion Report, July 1978



Kalol
1971/72
1972/13
1973/74
1974/15
Total

Kandla
1971/72
1972/13
1973/74
1974/15
Total

Note

TABLE 4.3 - ESTIMATED PHASING OF INITIAL FOREIGN EXCHANGE CAPITAL COSTS

Dollar Costs

% of Total

B/ s
d . 58w

55

12

| .

-l
o

5451
10,65
1.84
0.36

LI

0.74
0.41
0,16
0.04

25
40
30

(=
&l
Ol \n

|, 2 8 5

B

Sterling Costs
$ million ¥ of Total £ million $ million}’ $ million

1.320
2,111
1,584
0.264

5.279

0.379
0,473
0.095

H

3.27
5.24
3.77
0.60
12,88

0.94

1.17
0.23

.

1, £ have been converted to $ using the exchange rates in Table 4.1.

Total

8.78
15.89
5.61
0.96

3124

1,68
1.58
0.39
0.04



Iv 15

TABLE 4,4 = INITIAL CAPITAL COSTS IN RUPEES

Financial Conversion Econcmic

Costs Factor Costs
(Rs m) (No) (Rs m)
Kalol ,
Land & site preparation 3.5 1.0 3.5
Ammonia & urea plants, and offsites
~ Indian equipment, spares & oivil works/
construotion 142,5 0.7 99.8
= Engineering & supervision B4 1,0 8.4
~ Import duties & sales taxes 67.0 - -
= Other 2000 018 16.0
Works outside contracts
~ Township 13,6 0.8 10.9
« Other 2404 0-8 19.5
Project management & oontingencies
= Net start-up costs 18,1 0.8 14.5
= Other 13,9 0.8 1,1
Egtimated allocation of overheads
~ Finanocing costs 62.4 0.1 6.2
- Head office eto, 10,0 0.8 8.0
Total Kalol 421.5 28,3
Kandla
Land & site preparation 9.3 1,0 9.3
NFK plant and offsites
= Indian equipment, engineering and oivil
works/const ruction 103.9 0.8 83,1
-~ Import duties & sales taxes T.3 - -
- O'ther 4-2 o.a 3.4
Works outside contraots
= Railway facilities & equipment 15.4 0.75 11,6
- Tomship 1208 008 10.2
- Othe!‘ 37.5 018 3000
Project Management 1,2 0.8 1.0
Eatimated allocation of overheads
=~ Financing costs 20,0 0.1 2.0
- Head office eto 3.5 0.8 2,8
Total Kandla 215.1 153.4

Source: IFFCO

O



TAELE 4,5 = ESTIMATED PHASING OF INITIAL RUPEE CAPITAL COSTS

in Table 4.1,

v 16

Year % of Total Rg Millien $ Million
Kalol
1971 /72 10 23.8 3.17
1972/73 50 119.1 15.48
1973/74 30 1.5 9.15
1974/75 10 23.8 2,93
Total 100 238.2 30.73
Kandla
1971/72 30 46,0 6.12
1972/73 50 76.7 9.97
1973/74 15 23.0 2.94
1974/15 5 7.7 0.95
Total 100 1534 15,98
Note
1, The oonversion from rupees to dollars has been made using the exchange rates



TABLE 4,6 = CAPITAL COSTS OF INITIAL PLANTS AT ECONOMIC PRICES

Kalol, Current $
= foreign exchange oostsl)
= rupee costs
= total

Kandla, Current $

= foreign exchange costal)

~ rupee costs
- total

Kalol, 1968/69 $ 3)

Kandla, 1968/69 § 3)

Notes

1, From Table 4.3
2. From Table 4.5

971/72  1972/13  1973/74  1914/15

8.78
3.17

11,95

1.68
6.12
7.8

9.41

6.14

15.89
15.48

L3

1,58
9.97

21.34

7.86

5461

9.15
.78

0.39
2,94

8'20

1.85

$ million

0.96
2.93
35

0.04

0.95 -

[*B3)
1.8

0.46

3. Current $ deflated by the international price index in Table 4,1

w17

Zotal

31.24
30,73
31.2'

3.69
19.98
2381

40,76

16,31



TABLE 4,7 - ADDITIONAL CAPITAL COSTS AT ECONOMIC PRICES

Jear

Kalol 1975/76
1979/80
1981/82
1984/85
Kandla 1976/11
1980/81

Note

Current

Rs million

56
75

25

Current

m. on

6.44
9,23
5,00*
3.00%)

2.83
1.00

2,76
2,64
1.43
0.86

1.16
0.29

The current costs incurred from 1979/80 onwards are expressed in 1979/80 dollars.



TABLE 4.8 - KALOL/KANDLA PRODUCTION DATA 1974/75 - 1979/80

Metric Tons '000

190415 191546 1906/T1 L1/t 1918/19  Amefso V)

Kalol:=
Ammonia 62.9 185.1 248,1 263.2 276.2 261.0
Urea 56.4 241.0 12,1 305,0 347.4 310,0
Kandla (NPK):-
10 : 26 & 26 15.6 22,0 731 81,2 79.2 55,6
12 : 32 : 16 25.8 105.5 295.3 435.,8 471.8 454.4
22 : 22 : 11 8.7 - - - - ~
24:24: 0 9.9 34.5 - - . - -
Total ®L ®Ll ¥E A0 0 HO 0 60

Source: IFFCO

Note

1, The 1979/80 figures are targets for the year. Actual production wag:=-

Kalol as at 19 May 1980:= Ammonia 227,500t
Urea 264,400t
Kandla as at 21 May 1980:= 10:26:26 48,600t
12:32:16 408,000t



TABLE 4,9 = USE OF AMMONIA PROIUCTION 1974/75 = 1978/79

Used at Kalol for
= urea production
= offsites
Sub~total

Despatches to
=~ Xandla plant
= other consumers
Sub=total

Change in Kalol stooks

Total Produotion

Notes

Metric Tons 000

o74/75  1975/16  1916/11 1U1/18 1978/19

n.a 146.2 ) 183.3 177.8 202.5
NeB } i I! !
—34.51) 147.5 184.8 179.5 204,2
9.92) 17.7%) 45.9 7.8 68.3°
10.8 23.3 9.3 T2, .2
20,7 41,2 65.2 179.0 T4.5
7.7 (3.6) (1.9) 4.7 (2.5)
82.9 165.1 245.1 263.2 218.2

1. Estimeted on basis of about 0,61% ammonia per 1+t of urea produotion,
- Balanoing figure (but alsc checked against Kandla oonsumption of ammonia from Kalol

over the period),
3. Estimate
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TABLE 4,10 -~ USE OF UREA PRODUCTION 1974/75 - 1978/79

Metric Tons '0CO

ln/ts  lusfe lme/m m 9l

Despatches to

- Kandla plamt!) 8.6 15.22) 12,7 13.1 11.8

- consumers/warehouses 39,5 221.8 300.0 287.9 350.6
Sub~total 48.1 237,0 312,7 301.0 362.4

Change in Kalol stocks 8.3 4.02) (0.6) 4.0 (15.0)
Total Production 2.3 2410 2.1 305.0 347.4

Notes

1, Despatches to Kandla plant are balanoing volumes, but agree well with details of
oonsumption of urea at Kandla,

. 26 These figures have been marginally adjusted to agree with Kandla urea consumption

data,
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TABLE 4,11 - ANALYSIS OF NPK PRODUCTION 1974/75 - 1978/79

Metrio Tons '000

904/75  MI5/16 M06/71 LI1/8 A8/19

12t 323 16
- sales/warehouses 16.5 114.5 2680,2 429.8 484.4
- gtock movement 9.3 (9.0) 15,1 6.0 (12.6)
101 26 ¢ 26
- sales/warehouses 10.4 27,1 64.5 87.2 80,2
- Btock mommt 5.2 (5.1) 8.6 (600) (1.0)
2412420
- sales/warehouses 4.8 39.6 - - -
=~ gtock movement 5el (5.1) - - -
22 : 22 : 11
- sales/warehouses 1.0 7.7 - - -
= gtock movement 7.7 (7.7) - - -
Total Production 20.0 182.1 3884 517.0 1.0

Note

Some of the figures have been massaged a little to make them consistent with the data on
production and despatches,
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TABLF 4.12 ~ IMPATT FRICES FOR CALUAZ10N OF ECONCMIC EENZRISS

US I per Hetric Ton

LR I Actua] - - - - - -~ c-ap g-- ... .- . temmeesso~ f_m”_tm-lz ----------------------- »
wﬁmmmmmwmwmmmwmmm
Urea = curvent 8/t 2163 2721 15703 14203 16?0 5 sa- o g apo 25 0 %2 305 37 3o
- 1963/69 s/t ; 128 19 2.5 5.6 L5 &,y 62 €3 65 1.6 1.7 M8 2.2 831 257 8as
smonia - 1963/69 3/t 4) ns 107 4.3 431 466 B4 996 606 626 662 69.9 1.6 T M3 153 764
NP - current 3/t 22 350 162 152 16 w0 7 e s . 3 M5 %5 % ¥ 33|
- 1963/69 $/1 131 137 66.0 64.1 52,7 76.3 80.3 51.3 85.5 $3.9 94.0 99.5 100 101 101 102
Fotash®)- current 8/t 90.22) 9.2 7.2 7.6 8.2 135 e w0 10 1o 10 u2 14 145 149 152
- 1968/69 3/t 42.0 41.6 3.3 23,4 27.5 3.8 8,2 39,2 8,2 3,2 8,2 38,7 39.2 3.3 . 40.6 n.4

NFX - 1363/69 $/t 6

12:32:16 93,6 97.1 2.4 50.3 43.4 93.7 62,3 63.4 65.8 63,2 70,6 4.0 74.5 5.2 75.4 16.2
10:26126 85.6 88.3 90.0 41.7 4.8 57.1
24324:0 103,2 103.1
22:22:11 102.4 102.1
Notes

1. The projections in “current dollars™ are in 1980 prices and have been deflated by a factor of 3.£7 to giye 1963/69 dollars.

2, The import prices of urea, DIP and potsah in current dollars have been calculated frcm the values and volumes of ioporte given in "Pertilizer Statistics® produced by the Fertilizer
Association of India, The import statistics ralate to financial years April-March, but have nc been adfasted. The prices have been converted from rupses to dollars using the IN~
exchange rates for the finaacial years April-darch,

3. The bistorical urea prices ars szmumed to relate primarily ‘o imports in bags, but it is known that thers have aleo Leen some bulk iaports. *3/t im 1974/75 rising to $6/t 1n 1973/
79 has been added to the cif iaport prices to covar handling and storage at port and any bagging costs,

4., In the absence of reliable data, the ia price is a d to be of the urea price., Differertial transport coste are agsumed to be inaignificar®,

5. Pure muriate of potash (100% KCL),

6., Tte basis for the valuetion of the NPX coapounds is thati-

t of 12:32:16 ccatains 595 kg DiP and 254 kg XCL
t of 10:26:26 containa 433 kg TAP and 412 kg ACL
t of 24:24:0 contains 446 kg LiP and 311 kg ures
L of 22:22:11 contains 409 kg DLP, 237 kg ures, and 174 kg XCL,

1
1
1
1
4 further $5 per t at 1963/69 prices has been added to cover the costs of handling and begging.
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TABLE 4.13 - MATERIAL INPUT COSTS, KALOL 1974/75 - 1978/719

€- - - - -~ - --Actual-- ~—cmcem . > €----omoono Projections - - - - - - — - - - >

974/15 1975/16 1916/11 111/718 1918/19 1979/80 1980/B1 1981/B2  1982/B3-X

Gas consumption, quantity

- natural gas million m3

3 st.2) 1491 168.5  180.6  178.4 mn 177 187 187 p.a.
— associated gas million m

22.5 69-8 67.3 67.9 61,0 53.3 55.4 5804 58-4 P8,

Naphtha
- quantity 000 t 2) 16-2 44.8 55.5 60.0 65.1 64.7 67.2 71.0 71.0 PeBo
— current price $/t 124 135 135 134 135 300 2) 300 4) 309 4) 3
- value 1968/69 $ m 0.9 2.6 3.1 2.9 2.8 5.3 5.3 6.0 3
Fuel 0il ) .
- q'uantity 000 t 4) 6-51) 26-5 3602 36-61) 37-1 37.2 w.4 42.0 42,0 PeBle
- current price $/t 70 n 17 86 85 125 165 170 3)
GCas as Fuel 0il Ekmivalents)
~ natural gas '000 t 41.6 138.7 156.7 168.0 165.9 159.0 164.6 173.9 173.9 p.a.
—~ associated gas '000 t 22.1 68.4 66.0 66.5 59.8 52,2~ 54.3 57.2 57«2 pede
Value of Gas & Fuel 0il
- quantity *000 t of fuel oil 76.2 234 259 27N 263 248 4) 257 ) 273 ) 273 p.a.
— value 1968/69 $ m 2.5 7.1 8.2 8.5 7.1 8.4 1n.6Y  12.64 3)
Notes
1., Estimated

2. Naphtha prices for 1974/75 - 1978/79 based on import and export data in amnual reports of GOI department of Petroleum and include
small allowance for differential handling and internal transport costs. Projections based on 1.4 times the crude oil prices,
expressed in constant 1980 prices.

3. Naphtha and fuel oil prices are assumed to increese at 3% p.a. in real terms from 1980/81 onwards. 4
4. Values in constant 1980 $ have been deflated by a factor of 3.67 to give 1968/69 8.

5. Fuel oil prices for 1974/75 — 1978/79 derived in same way as naphtha prices (Note 2). Projecticms expressed in constant 1980
prices,

-9
6. GCas expressed as fuel oil equivalent assuming 0.93 and 0,92 t fuel oil per 1000 m3 of natural and associated gas respectively,

-~



TABLE 4.14 ~ oraE) opERATING COSTS, KALOL, 1974/75 - 1978/79

BRs million
1974/15 1975/16 1976/11 1977/18 1978/19

Financial Economic Financial Economic Financial Economic Financial Economic Financial Economi
Prices Prices Prices Prices Prices Prices Prices Prices Prices Prices

HEmployees Remuneration &

Benefits 2.6 2.6 10.6 10.6 10.5 10.5 9,5 9.5 11.6 11.6
Catalysts & Chemicals 1.5 1.5 10.4 10.4 8.0 8.0 1.7 11.7 13.1 13,1
Tocls & Stores 3.5 3,2 ;12 02) 10.8 3.4 3.1 3.1 2.8 2.9 2.6
Spares for Plant & Machinery * y ’ * ) ¢ 12.6 1%.3 1:.9 11.6 19.8 17.8
Power 2 2 6.5 5 ol 6.1 1.9 7.9
Water ;1'7 1.7 ) 9.3 9.3 2.7 2.7 2.7 2.7 2.8 2.8
Bogs 3.6 3.6 17.2 17.2 22,3 22,3 22,9 22,9 29.5 29.5
Depreciation 17.5 - 45.5 - 46,9 - 48.6 - 49.1 -
Other Manufacturing Expenses 2,2 2,2 4.62) 6.6 7.1 7.1 9.3 9.3 10,0 10.0
Head Offices Expenses 2.8 2.8 8.0 8.0 11,02) 11.0 13.5 13.5 3.9 3.9

Total 35.4 17.6 119.6 729 1310 82.5  140.3 90.1  150.6 99.2

Sources~ IFFCO, Delhi and Kalol

Notes

1, Operating costs other than costs of Natural and Associated Gas, Naphtha and Fuel 0il.
2. Bstimated breakdown of certain aggregate costs,

41
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PABLE 2,17 - MATIRIAL TIFUT 0(S7S, KAVILA, 1378/75 - 1973/79

€-crmm = Actual---- - =-=- - > Le-memm e mmm - w o= ==~ Projectiong = = === -==~- == e meme e »

MMMMMMMMMMMMMMMM

Fhosphoric Acid

- quantity *000 ¢t of on 1 14.7 31.3 112.4 ‘.5::.1 179.6 153 188 1683 163 163 168 163 163 168 168 163
- cu-rent price $/t 2) 5 35 445 26¢ <75 301 360 313 n 393 407 421 435 4% 431 439 441
- price 1963/69 &/t 163 191 117 K2 96.2 3.1 102 103 107 111 115 119 119 119 120 120
« value 19A3/69 § million 2.5 6.0 1.2 2.7 17.3 16,5 17.1 17.3 13,0 18.6 19.3 19.9 20,0 20.0 0.1 20.2
Potash (5C7 K,7)
- quantity 'CCO tl) 3) 15.8 2.3 117.4 132t 166.3 147 - 147 147 147 147 147 147 147 147 147 147
- price 1963/69 3/t 4C.0 39.6 30.3 2.0 26.2 35.0 5.4 5.4 35.4 5.4 35.4 3.9 37.3 31.2 3.7 39.4
- val 1 1963/69 $ million 0.6 1.6 3.6 £.3 4.4 Sl 5.3 5.3 5¢3 5e3 5.3 5.4 5.5 5¢6 57 5.3
Aemoria
~ Geantity 000 t 1) 4) T.2 15.3 3.9 ~4.1 81.5 15 15 15 15 15 15 75 15 15 s 15
— prica 1968/69 3/t nus 107 47.3 £2.1 46.6 58.4 53.6 60.6 62.6 66.2 69.9 13.6 74.1 74.3 75.3 16.1
- value 1963/69 $ millica 0.3 1.7 2.4 3.6 3.8 4.4 4.5 4.5 4.7 5.0 5e2 5¢5 5.6 5.6 5.6 Se7
Urea
- quantity '000 t 1) 8) 3.0 15.6 8.0 12.5 12.2 13 13 13 1) 13 13 1) 13 13 13 13
- price 1968/69 &/t 128 n9 52.5 24.5 51.8 64.9 65.2 67.3 69,5 73.6 .1 81.8 82.3 83.1 33.7 84.5
- value 1963/62 $ million 1.0 1.9 0.4 e.7 0.6 0.8 0.9 0,9 0.9 1.0 1.0 1.1 1.1 1.1 1.1 1.1
Hono—-armonium Phosphate
— quantity *00C ! 5.5 35.6 5.5 - - - - - - - - - - - - -
- current price £/t 463 337 00 - - - - - - - - - - - - -
- zurrent value § million 2.5 12.3 1.7 - - - - - - - - - - - - -—
— value 1963/69 $ million 1.2 5.3 0.7 - - - - - - - - - - - - -
Total Value 1963/69 § millian 6.1 16.5 2C.3 23.3 26.1 26.8 27.8 25,0 23.9 29.9 .8 31,9 32,2 2.3 32,5 32,3
Kotes -
1. The quntitiea of materiala used up to 1973/79 are actual quantities cousumed, The projections from 1975/30 onmvards assume that the output of the plant will be 500,000t /yr of IFX
12:32:16 and that 1t of thig product requires:— 0.335 ¢ P203, %.29-% potash 60% X20, 0,190 t zmmonia, and 0.026 ¢ urea,
2. Tne phospharic acic prices for 19714/15 - 1978/79 are dized on quantitien consumed and costs to IFPCO net of import duties, The "Current™ price projections from 1979/30 onwerds are
211 in 1930 prices and have been deflated by a factor cf 3.67 to @re 1768/59 dollars,
3. The potash prices in Table 4.12 relate to (1cL ) ZC1 whick is equivalemt to 63% Kz0. The potash used by IFFCO is equivalent to 607 X20 so0 that the prices in Tabtle 4,12
have been reduced by a factor af 1.05 (i.e. €3/60).
4, The rricec in Teble 4.12.
5. Prices net of import duties, based on data provided by 17800,



TIEE 2,14 - ccuer 1) opmarivs COSTS, KL'TIA 1975/77 = 157. *°

Er million
D5 197° /16 1976 130 ala 14:
Pinancial Econwatc Finaneial Econoaic Panancial Zecrnimic ¥inancizl Leonuszie Jinancial Feonotic
Prices Prices Prices Prices Prices Frizes Prices Prices Prices Pricas
dployees “emperelion & Benefits 2,2 z.2 546 5.6 6.5 €.: 1.5 1.5 5.6 3.6
Tenarals 0.1 .1 0,2 0.2 6,2 .2 C.4 Cote c.6 v.6
2ller T e 0.1 0.4 0.4 c.7 R 1.c 1.c 1.0 1.0
‘ools & S.cres 0.9 [ 0.9 0.3 1.1 L9 J
2) 2) 2) v = 13,1 11.8 511.1 17.7
laintenance - - 2.4 2,2 11.¢ ., M
‘uel 041 . 4.2 4.5 ~T £.7
‘orver 1.7 .7 5.9 5.9 2.0 ze” 4.7 £.7 o2 5.2
ater ) ) 0.2 c.2 0.5 c.5
ngs 2.3 2.8 13.8 13.8 23.0 23,7 7.4 37.4 ~3.0 43.0
sepreciatior 68,5 - 13.6 - 14.4 - 14,5 - 16,0 -
ther Mazafectiring Lvpences 0.3 .3 s.0?) 5.0 7.6 7. 7.5 1.5 10.5 16.¢
ead Cfice Prpenses 2.2 2. s.c 2.0 1.0% it 0.4 2. 6.5 6.6
Total -i'l—-4 ;:': -5':; G 5—3-_7. 273-: 12¢.5 104.4 11€.4 E;
-— —_— —_— —_— —_— — — — — —

oles
. Operating costs other ttan costs of A 8, Urea, Fhosphoric Acid, Potask and ¥4AP,
. Catiraec breakdown of certain zggregete cculs,
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TABLE 4.17 — WORKING CAPITAL, KALOL (ECONOMIC FRICES)

1974/75 1975/16 1976/71 1971/18 1978/19 1979/80 1980/81 1981/82-89/90

IR WOEDOBL W &b 3 % ue
R LY 1 dh & 8 &b s e
Other - 1968/69 $a?) 0.1 0.2 - - - 0.3 - - 3)
Iotal I %EF T % (63 53 03 =3
{otes

le IEnd-year stock levels at Kalol,

2, The stock levels have been valued an 1968/69susing the prices in Table 4,12, and
the figures shown give the changes in the value of the stocks each year,

3, From 1980/81 onwards the stock levels of urea, ammonia and raw materials etc are assumed
to remain constant. For simpleity, no allowanoe has been made for increases in the
real value of these stocks, but ageinst this no allowance has been made for a positive
terminal value of the goods in 1989/90,

}e  Stocks of raw materials and other goods are small, as are the real resource costs of
financial working capital. The figures give addilions to this "olher worlang capital,

R\
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TABLE 4.18 - WORKING CAPITAL, KANDLA (ECONOMIC PRICES)

1974/75 1915/76 1916/77 1971/18 1978/79 1979/80 1980/81-
1989/90

X Stooks, 000 t 1)

12:32:16 %3 0.3 15.4 21.4 8.8 20,0 20,0
10326326 5.2 0.1 8.7 2.-7 107 - -
Other 12.8 - - - - - -

ange in Value NFK
tooks = 1968/69 § u?)

12:32:16 0.9 0.8 0.8 0.3 20.7; 0.8 23

10:26:26 0.4 0.4 0.4 (0.3) 0.1 - -

Other 1.3 1.3 - - -
ange in Other Working Capital

1968/69 $ ud) 6.7 (4.7)  (0.9) 1.3 (0.1) 0.5 - 3;)
tal 3 T @ Lo By @ =

or
fd
@

End=year stock levels.

The stock levels have been valued in 1968/69 $ising the prices in Table 4,12, and
the figures shown give the ohanges in the value of NPFK stocks eaoh year.

The value of working capital has not been increased in line with the real rise in
prices after 1979/80, but against this no allowanoe has heen made for a positive
terminal value of the stocks in 1989/90.

Nainly stocks of row materials based on the values in IFFCO's balance sheets,



TABLE 4.19 - COST-BNEFIT AVALYSIS, fALOL, 138¢ PRICC ASSUIPTICES
1968/69 US Dollars million
lomr/e 1972/3 1973/4 1974/5 1915/6 1316/1 1918 191/9 1979/80 19B0/1 19612 1982/3 1363/4 1994/s 1935/6 1936/7 1981/8 1%3/9

Capital Cosis
- original plants!) 3) 9.4 2.3 3.2 1.8

- additional investments 2.C 2.6 1.4 C.3?
Operating Costs
- as, naphtha & frel oi1 %) 3.4 27 13 M4 27 137 169 18.6  19.2  19.7 20.3 20,9 21.6 22.2 22.9
- other 5 1o 36 1.3 33 33 ac L5 A5 35 wS = A5 45 45 4
Uorking Capita1®) 21 0.2 (1) 6.4 (C.3) 0.9 0.6

Total Costs 9.4 21.3 8.2 8.3 16.3 14.0 15.7 12.3 21,2 22.0 24.5 23.7 24.2 25.7 25.4 26.1 26.7 27.4
Benefits
- orea’ 3) 6.2 28,2 164 164 153 19.6 207 236 24.3 253 27.2 28.6 23.3 29.1 29.3
- emmonia 2.4 4.4 3. 3.9 k%) 4,3 4.6 4.5 4.7 5.0 562 5.5 5.6 5.6 5.6
- Total & TE 95 W3 T3 W B3 FJad [o X3 TIE U UL BT "I
Het Berefits (9.6) (21.3) (S.2) 0.3 16.3 5.5 4.6 2.4 2.7 3.3 3.6 5.3 6.6 6.7 3.7 3.3 3.0 7.5
Hotes
1. Tabdle 4.6. . S Table 4,12 and parnrraph 27.
2. Teminal 7alue of nlent =i 1™ of origiral plan* capital ccsts. 6. Toble 4.17
3. Table 4.7. 7. Despetcher ir Teble .10 valued at price in Table 4.12,
4. Tabdble 4.13. E. Despstches in Table 4.2 valied at price in Table &,12.
P drecwred 21T Yeec 4 /T e L7 3illten
T el vie of M1 - 12,0
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TABLE 4.20 = SENSITIVITY ANALYSIS RESULTS, 1980 PRICE ASSUMPTIONS

NEV
at 129
$m
Xalol
Bage Case 0.6
Sensitivity analysis:=
Capital costs up 10% over whole period
Gas costs up 10°" over whole period
Gas costs down 10% over whole period
Gas costs down 509 over whole period
Gas, naphtha & fuel o1l costa up
10% over years 1979/80 - 1989/90
Cas, naphtha & fuel oil costs down 10% '
over years 1979/80 - 1989/90
Benefits up 10% over years 1979/80 -~ 1989/90
Benefits down 10% over years 1979/80 -
1989/90
Extend life by 2 years deleting terminal
value
Extend life by 5 years deleting terminal
value
Kandla
Base Case (24.4)
Sensitivity analysiat=
Capital costs down 20% (21.6)
¥AP/Phos acid costs down over whole period byt
107 (17.0
20% 9.5
3 2.1
MAP/Fhos acid costs down 1979/80 - 1989/90
30% (11.2
40% 6.8
504 2.4
Ammonia/urea costs down by 20% whole period (19.9
Phos acid and ammonia/urea costs down by:=
25% over whole period 0.2
404 over 1979/80 - 1989/90 1,1
Benefits up by:=
10% over whole period (12.0)
20% over whole period 0.4
20% over 1979/80 - 1989/90 58.2
30% over 1979/80 - 1989/90 0.1

Note
1, No positive IRR

o,

IRR

™~

12,3

10.7
10,3
14,1
20.0

8.7

15.2
17.4

5.4
12,7
13.3

1

)



TABLE 4,21 ~ COST-EENEFIT ARALYSIS, KALOL, 1969 PRICE ASSUMPTIONS

1968/69 US Dollars million

Capital eratin Costs Working. Net
Year coszalj W cagita.13) BenefitsB) Benefits
feer 2B aterinls?othert)motal = EE—
1971/2 9.4 ) (9.4
1972/3 21,3 (21.3
1973/4 8.2 28.2
1974/5 1.8 1.5 1.0 2.5 1.0 3.6 1.7
1975/6 2.8 4.6 3.6 8.2 0.2 15,0 3.8
1976/1 5.2 3.8 9,0  (0.1) 20.4 11.5
1977/8 5.5 3.9 9.4 0.4 20,5 10.7
1978 565 3.9 9.4  (0.9) 23,6 15.1
1979/80 2.6 5.2 4.0 9.2 0.4 20,2 8.0
1980/1 544 4.5 9.9 0.4 ) 21,0 10,7
1981/2 1.4 5¢7 4.5 10,2 23,0 11.4
1982/3 567 4.5 10,2 23,0 12,8
1983/4 5¢7 4,5 10.2 23,0 12,8
1984/5 0.9 5.7 4.5 10,2 23,0 11.9
1985/6 5.7 4,5 10,2 23,0 12,8
1986/7 5.7 4.5 10,2 23,0 12,8
1987/8 5.7 4.5 10,2 23,0 12,8
1988/9 5.7 4.5 10,2 23,0 12,8
1989/90 5.7 4.5 10,2 28.54) 18,3

NPV discounted at 12% back to 1970/71 = $15,0 million
Internal rate of return = 17.2%

1. Same as Table 40190 3

2, Qas valued at $14.5 per 1000 m>; naphtha at $20/t; and fuel oil at $18/t.

3. Urea valued at $55/t and ammonia at 0.9 x urea price.

4., Includes terminal value of $5,5 million (1.0, $4.1 m being 10% of initial capital
costs plus 1.4 m for working capital).



TABLY 2,22 ~ COST=HTINIT AMAL /I, RADIL, 193¢ PRICC ATSITF27Ils i
196 £~ T3 cllars millicew

19N/2 1372/3 1973/4 1974/5 1996 1916/1 1977/3 1973/9 1979/S0 1s%0/1 1331/2 135272 1333/u 19°4/c 1323/6 2936/ 1T 1338/ 1933f9¢

Canitsl Cemts

- orignal Flomtal) 3 €1 73 1.3 05 (16"

= additioral investnents 1.2 0.3
Operating Cexts
- phosphoric ncid“ 5) 2.5 6.0 13,2 16.7 17.3 16,5 17.1 17.3 16.0 1.6 19.3 13,2 20,0 20.C 20,1 2.2
= other rau materiala 6) 3.6 1,.° 7.1 3.6 2.8 10,3 10.7 10.7 10.9 1.3 11.5 i2.C 12,2 12,3 12,4 12,6
- other oparating costs o6 2.1 3.1 4.5 3.2 3.5 3.5 3.5 3.5 3.5 3.5 3.3 3. 3.5 3.t 3.
vorxing (‘apnnl-() 9.3 (7.2) 0.3 1.3 (0.9) 13
To1al Costs 6.1 1.9 1.9 16.5 1.4 24.9 1.4 29.0 3.6 1.6 .5 32.4 33.4 3.3 3c.2 35.7 35.3 36.0 3.7 “
hnefit-s)
- 12:32:16 1.5 11,1 14,7 21.6 2.0 23,2 3.4 .7 32,9 4.1 35.3 31.0 37.3 37.6 na 3Ba
- 10326326 0.9 2.4 3.2 4,2 3.4 C.1 - - - - - - - - -
- Other NFX 0.6 4.9 - - - - - - - - - - - - - -
- Total 3.c 13.4 17.9 25.8 24.4 29.3 N4 .7 32.9 3.1 35.3 31.0 373 37.6 371.7 38.
Yet Benefits (5.1 (1.9) (1.9) 3.5) 7.0 (7.0) (5.3) (4.6) (2.3) (o.2) 0.2 c.S 0.7 1.0 1.5 1.6 1.3 1.7 3.4
NHotes
1. Tadle 4.6
2. Terminal value of plant at 107 of original plant capital cost. 5. Costs of potash, ammonis, urea ana FAP in Table 4,1Z.
3. Table 4.7 6. Table 4,15 and paragraph 30,
4. Tadle 4.1F 7. Table 4.18

8. CQuantities solc or despatched to warehouses in Table 4.11 valued at praces in Table 4,12,

PV discounted at ~° " oack to 177C/T) @ =£2%,.4 siliter
I's posative intermc. -ote =i re'wr

t

t€
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TABLE 4,23 -~ COST~BENEFIT ANALYSIS, KANDLA, 1969 PRICE ASSUMPPIONS

1968/67 15 Iollars million

Capital Operating Costs Horkang Het
Year Costs 1)  TFaw , Capitsl 3) Benefited) BeneTits

Materiale®) Other® Total

1971/2 6.1 6.1
1972/3 7.9 7.9
1973/4 1.9 1.9
1374/5 0.5 4.9 0.6 5.5 8.5 2,3 (12.2
1975/6 13,7 2,1 15,8 (6.4) 12,8 3.4
1976/7 1.2 26,1 3.1 29,2 0.8 24,0 7.0
1971/8 36.5 4,5 41,0 1.3 36.1 6.2
1978/9 39.5 3.8  43.3 (2.1) 39.4 2,8
1979/80 36.2 3.5 39.7 1,2 34.3 6.6
1980/1 0.3 36, 3.5 39.7 35.0 5.0
1981 /2 36.2 3.5 39.7 35,0 4.7
" " " " " ” "
” " " " ” ” [ 1]
" ” " 1] " " "
1988/9 3.2 35 397 35,049 (4.7)
1389/90 36,2 3.5 39.7 40.9 o2
NPV discounted at 12% back to 1970/71 = =$37.9 million
Jotes

l, Same as Table 4,22,

2, Phosphoric acid valued at £146/t; potash at $51.8/t; ammonia at $£49.5/t (i.e. 0.9 x
urea price); urea at SSS/t; and MAP at same prices as in Table 4,22,

3, NPK products valued using same co—efficients ar in Note 6 to Table 4.12, a DAP
price of $87/t, potash $52/t (the same as the input price), and urea $55/t. 4
further 85/t has been added for handling and bagging of import substitutes.

A, 1Includes ierminnl value of $5.9 million (i.e. $1.6m being 10% of initisl capital
costs plus $4.3m for working capital).
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TABLE 5,1 — PROFITABILITY STATEMENT KALOL, 1974/75 - 1978/79

Income

Sales of urea and ammonia
Transfers of urea and ammonia to
Kandla
Other revenue
Stock variation
Total Income

Expenditure

Manufacturing expenses

- gas & naphtha

- bagg

- power, fuel oil & water
- employees remuneration
- other production costs
Sub=total

Marketing costs

- marketing overheads
- excise duty
= freight
- pool equalisation charges
= PFICC charges
~ interest on bills discounted
Sub~-total
Depreciation
Head Office expenses
Interest
Total Expenditure

Net Profit

IFFCO

Rs million
1974/15 1975/16 w6/ - M97/B 1918/19
55.1 342.1 474.4 498.0 503.3
1.7 19.7 26.8 43.3 41,5
10.7) 29.3 14.0 ;g.é 28.7)
(23.& M‘ 202 ‘ L) ) ‘ 2'2
54.1 436.1 521.0 522.5 589.6
18.0 56.5 66.9 72.4 74.8
3.6 17.2 22,3 22.9 29.5
5.7 32.8 41.5 4.5 43.7
2.6 10,6 10.5 9.5 11.6
1.2 29.0 28.5 33.7 45.9
37.1 146.1 169.7 180.0 205.5
1.7 4.7 11.2 10,1 20.8
6.2 45.7 54.6 50.7 57.0
3.4 23.8 27.9 19,8 25.6
- 549 37.3 18,7 22.8
- - hand 35.5 70.2
0. - 0.1 - -
22 11.8 134.1 131.2 T 134.9 196.3
17.5 45.5 46.9 48.6 49,1
-2.8 8.0 57.3 13.; 3.9
12' L) ° 2i. L2
3"22.1 .1 405.0 412.1 49%’.%
(28.0) 48,1 116.0 110.4 96.9



0(7\\

Source:

TABLE 5.2 ~ PROFTTABILITY STATEMENT KANDLA, 1974/75 - 1978/79

Income

Sales of NFX

Subgidy on P205

Other Revenue
Stock variation
Total Income

Expenditure

lManufacturing expenses

~ raw materials

- dbags

-~ power, fuel oil & water
-~ employees remuneration

— other production costs

Sub-total

Markeling costs

- marketing overheads
- excise duty
-~ freight
«~ interest on bills discounted
Sub-total
Depreciation
Head office expenses
Interest
Total Expenditure

Het Profit

IFFCO

1974/15 1975/16
82,4 284.1
0.9 4.0
15.1 103.9
158.9 422,0
114.6 313.8
2.8 13.8
1.7 5.9
2.2 5.6
1.2 8.5
122.5 347.7
3. 2.5
12,2 49.1
4.6 16.9
0.6 0.5
20.9 69.1
6.5 13.6
2.8 8.0
%.g _18.1
1 . 4%04
1.7) (34.4)

Rs million

1976/11 1977/18 1978/19
642.7 966.1 1084.2
133,1 200.3 171.6
24.4 24.9) 42,9
20.1 (23.5 .
820,3 1,167.8 1,271.0
457.3 601.4 685.0
23,0 7.4 43.0
8.0 9.4 10.5
6.5 7.5 8.6
17.5 23.6 30.8
512.3 679.3 1719
14,4 16,5 35.1
85.9 49.2 52.4
34,1 119.8 112.0
0.3 - -
135.2 185.6 199.5
14.4 ) 14.8 16.0
6.5
28.6 ) 32.3 12.
50,5 912.0 1,012,7
129.8 255.8 258.3
<

)0



TABLE 5.3 - BALANCE SHEETS, KALOL 1975 —~ 1979

Rs million
30.6.75 206,76 ° 671 20.6.18 20.6.19
Pixed Assets :
Gross fixed assets ) 627.9 675.0 672.9 692,5 699.0
Less accumulated depreciation 19.5 64.2 110.4 157.7 206.2
Net fixed assets 608.4 610.8 562.5 534.8 492.8
Investments (inter unit) - - - - 25.3
Horking Capital
Current assets
~ gtocks of finished goods 15.2 59.9 66.3 37.5 24.0
— stocks of spare parts 29.5 41.4 65.4 83. 124.6
~ stocks of raw materials - 2.3 2.8 1.8 2.6
- loans and advances 11.3 6.3 48.9 28.0 29.3
- debtors 2103 51.2 42.7 2%.3 géoz
- cesh 1.0 8. 2}02 o 1 1
Sub-total 78.3 139.2 279.3 383—3 391.8
Less current liabilities
- bank loans 0.2 - - - -
~ other current liabilities 30.0 371.2 y_,% «8 9.9
Sub-total 30.2 3702 24. » 39.9
Total Net Assets Huployed |5 51 143.2 817.0 B18.8 810,0
Financed by:~-
Capital
Share capital 174.0 174.0 174.0 174.0 174.0
Retained earnings (26.9) 20,1 136.2 233.6 320,7
Long-term Loans 509.4 549.1 506.8 471.2 375.3
Total Capital Hmployed €565 743.2 817.0 878.8 870.0

/
é Source: IFFCO
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TABLE 5.4 — BALANCE SHEETS, KANDLA 19751979

Rs million
30.6.15 30,6.76 30.6.77 30.6.78 30.6.
Fixed Assets
Gross fixed assets 195.9 205.3 223,2 239.3 277.5
Less accumulated depreciation 1-5 20,6 35.1 49,6 64.6
Net fixed assets 188.4 184.7 188.1 189.7
Investments(including inter unit) 0.2 0.2 0,2 0.2
Working Cagital
Current assets
-~ gtocks of finished goods 15.7 179.7 199.3 175.9 148.7
-~ stocks of spare partg 34.9 12,1 21,1 31.6 51.6
- stocks of raw materials 116.7 40.8 24.2 56.4 58.9
- loans & advances 16.6 7.1 23.3 21.5 57.8
- debtors 45.0 102.3 128.2 100,1 62.4
- cash 1.0 11.4 16,1 162‘2 -
Sub-total 289.9 353.4 412,2 547.7 7%%.3
Less current liabilities
- bank loans 113,7 201.2 122.3 - -
- other current liabilities :12.% o T.2 131.8 144.5
Sub=-total 193, 270. 229.5 3l. 144.5
Horking capital 96.3 74.6 182.7 415.9
Total Net Assets Fnployed 284.9 259.5 1.0 805.8
Financed hy:-—
Cagital
Share capital 109.0) 109.0) 109,0 109.0 109,0
Retained earnings 2.6 (36.7 93.0 339.7 582.9
Sub-total 106.4 2.3 202,0 448.7
Long Term loans 178.5 187.2 169.0 157.1
Totel Capital FEmployed 284.9 259.5 1.0 605.8

Source: IFFCO



TABLE 5.5 = EX-FACTORY UREA AND NFK PRICES, 1974-1979

Ex-Faclory Price (Rs Per Metric Ton)

Date Urea NPK, Kandlae

' ¥alol 10=32-16 10-26=26 24-24~0  22-22-11
7.11.74 2,500 2,400

28,12,74 1,030 2,500 2,400

Te4475 1,030 3,026 2,400 2,444

18,7.75 1,107 2,909 2,400 2,314

15.9.75 1,168 2,909 2,400 2,314

4,12.75 1,168 2,334 2,073 2,031 2,031
16.3.76 1,168 1,873 1,655 1,700 1,700
842,77 1,200 1,640 1,440 1,518 1,535
849,77 1,200 1,527 1,353

1.11,77=79 1,113 1,527 1,353

Source: IFFCO
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APPENDIX VI: THOSE INTERVIEVED

We take this opportunity of thanking all those who very willingly
gave us their time. Our thanks are also due to Miss J Holder,
Attache (Development) BHC, who made many arrangements, and re-
arrangements, for us.

British High Commission: Development Section (Delhi)

Mr M Jay : First Secretary (Development)

Ministry of Chemicals and Fertilisers (GOI)

Mr D G Rao + Technical Advisor (Fertilisers)

[FFCO Delhi

Mr D Talwar Deputy Managing Director
Dr K § Gill Executive Director
Mr B Ramdas Executive Director Finance

Mr Maha Planning Department

Mr Jayantha Rao + Planning Manager
Mr K N Parthasarathy : Deputy Financial Manager

IFFCO Kalol

Mr Joharpurkar General Manager

Mr Therat : Technical Manager
Mr Parikh : Maintenance Manager
Mr Gupta : Production Manager

Humphreys and Glasgow

Operations Director

Mr D Young

Cremer and Warner

Mr G H Hayward ¢ Staff Consultant

Overseas Development Administration

Mr K Osborne
Mr V McClean
Mr D Curran

South Asia Department
ODA

oe ee a»
P



APPENDIX VII: TERIS G RENERINCE

The study uill be underialien 1ath the intention of providing a basis For Lle ODA
und Lhe Government of India teo assess the effectiveness of CDA's pagl aid %o the
Indian fertiliser industry and to provide guidelines for any fulure aid to this

sector,

You will undertake a review of the role of Brilish aid in sesisling the

planning, implementation and execulion of the feriiliser compler ot Kalol/l:vnd]c
through:

a study of ODA files
a study of consultants'! reports
a field visil to the project

disoussions with all bodies and individusls concerned wi.h the
plannang, implementation and operation of the projeatl.

you will produce u report wvhich will:

examine Lhe history of the preparation of the project for approval by
0oDA,

examine the implementation of the project from the time cf iis approvel
an 1971 to the time of iis commencing operations ir 1976,

asseas (he technicul performance of the plant since commencewent of
cnerclions,

undericle o techniral and economic evaluation of lhe plan and
equipment including consaideration of the suitability of !ae produc.ien
proceases chosen and thie technologies end materials used,

annlyse the economic and financial perfommence of ihe projec..

comment on the adequacy of the suoporting infrastructure ond servacec
ancluding the supply of inputs to the factory and the transport of ine
outputs to the distribution centres.

comment on the role of .he various consultants oconcerned wiil tle
design, appraisal and management of the plant.

essess the adequacy of tho project mencgement and reporting sysiems,

You phould recommend on weys in vhich the planning, implementation ond opera'ion of
The plant could have been improved and nrovide guidelines for {uture rimilar

projecis,

¢
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