Chapter 111 :

- PROCESS TECHNOLOGY FOR FERTILISER MANUFACTURE

The period between 1925«~1950 was the golden era in the
history of fertiliser indusitry. Various processes for the
production of different types of fertilisers from a variety

of raw-materials were invented and modifled.

:

Development in process technology

Since 1950, the process technology has developed remarkably
as & result of whieh the comsumption of utilities (i.e. power
and water) per unit of fertiliser production has come down
substantially..There has aléo been more sconomical use of raw
materials ard capital per unit of fertiliser production. Table
3.1 shows the decrease in cousumption of intermediates as well
as utilities with the modification of urea process. Although the
consumption of intermediates tNH.J, and 602 have not shown signi-
ficant decrease, there is substantial saving in the consumption
of utilities like steam, power and cooling water. Table 3.2
shows the saving in Horse Power with the modification of granu-
lation process for NB/NPK fertilisers. The 'melt process' used
for gramlating NPK complex fertilisers will use 20245 H.P. less

then the conventioral process in a plant having 30, tommes per
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Table 3.1 3 Consumption of intermediates and utilities for
one tonne of uree production.

Process Ammonia Carbon Steam Power Cooling
developed:t dioxide water
in.year gas(C0,)

(§H3) ‘ '

(Tonnes) (Tonnes) (Tonnes) (kwh) (Tonnes)
Process-A(1958) 0.585 0.780 2.0 200 135.00
Process-B(1960) 0,580 0.770 1.8 185 120,00
Process-C{1966)  0.575 0,760 1.2 165 100,00
Process-D(1971) 0.570 0.760 0.5 114 63.86
Process-E(1973) Q.575 0.750 0.5 135 41.91

Source: 1, Shonosuki Kimure, Cost reduction in urea production,
Fertiliser Associastion of Iindia Seminmy1966,Dp.130.

2. FPertiliser News, Sept.1971, Fertiliser Association
of India, New ﬁelhi, p;330

,7). Fertiliser News, Febc19?3’ FA-I, New Delhi, P-36¢

hour gramulating capacity ahﬂ the same process used for gramila-
ting ammonium phospaate will use 375 H.P+. less than the conven-

tional process in & plant heving 50 tonnes per hour granulating

capacity. These data, of course, are produced by the menufac-

1 However, in actual

turers supplying the process technology.
operation, the coefficients may vary depending upon the capacity

utilisation or other factors affecting overall efficiency.

(a) Shonosuki Kimura: Tdchnical Manager, Toyo Koatsu Industries
Inc., Toyo, dJapan.

(b) Young R.D. and Lee, R. Goy Tennessee Vallqy Authority (TVA),
Alabama, U.S.A.
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Table 3.2 ¢ Savings in horsepower for melt process over
convent 10Nal DProcess rfor gramilation of NP/ NPK
fertilisers.

Capacity Capacity
30tph* NPK  50tph*

ammo nium
Rldsphate
() Horse poer eliminated
(a) Dryer combution oil
blower TS 10.0
(b) Dryer drive motor 160,0 30040
(c) Pan drive motor ' 125.0 200.0
(d) Elevator drive - _10.0 15.0
Total saving 302,5 52540
(B) Increased Horse power for
layer cooler, serubber and
fan. 100.0 15010
Net S&Viﬂg in HoPe 202.5 375 +0

* tph = tonnes per hour
Source: Young R.D. and Lee R.G. Advantages in energy, fuel

and investment by melt e granulation processes,
Fertiliser Apsociation of India, Seminar 1975,D11/372.

Raw material ard intermediate based processes :

The consumption of inputs (raw-materials, utilities etc.)
per unit of product.are known as 'input-—coeffieients'. Tables
%43 and 3+4 are 1nput coefficient matrices for the fertiliser
industry. Table 5.3 is the inpu‘t; coef:x;lc:t.ent metrix for fertiliser
intermediates ammonia (NH3) ard sulphuric acid (H2804) Ammonia

can be produced from various hydrogen generating raw materials.
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Table 3.3 : Input structure for the mamfacture of fertiliser
intermediates ammonia amd sulphuric acid. )
(Figures in tonnes per tonne of product)

Name of the ; Ammonia (EH3) Sulphuric aecid

rew material Proce- FProce~ Ifroce- Ffroce~- ﬁﬁzsfi)
ss I | ss II ss III ss IV Proce- FProce-

N

. sg 1 sg II
1 2 3 4 5 [

Nafural Gas¥ 860

Nephthe 0 +90=~1,02

Fuel o0il 0.91

Coal o ‘ % .62
" Sul phur ' | 0.35

Pyrites . , 0.90

Note: * Natural gas is meadured in terms of N .

Source: Fertiliser Statistles,1979-80, Fertiliser Association
of India, New Uelhi, p.lI=241.

{

Presently for fertiliser manufacture natural gas, naphtha, fuel
0il and coal are commonly used. Similarly sulphuric acid can
be produced from’sulphur‘or pyrites containing sulphur
ingredients. Since all these raw materials are aiternate

raw materizl, they can be substituted for one another. Thus

" each column of table 3.3 represents a separate process ﬁﬁich
cen be distinguished from the other processes on the basis of
rav ma;eriél consumption. Since theré are four alternste raw-
materials for ammonialprqduction and two alternate raw-

paterials for sulphuric aclid production in Table 3.3, there

-
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are four ammoniza processes (columns 1 %0 4) and two sulphuric

ac‘iri’prncesses (columns 5 and 6).

Table 3«4 is the input coefficient matrix for fertiliser
intermediates phosphoric acid (H3P04) and Nitric Acid (HNO3)
and various fertiliser products. Coefficients presented in a
particular column of Table 3.4 represent the raw-materials/
intermediates required for the menufacture of that product.
" All products excépt nitric acid of Table 3.4 require more than
one input and their input coefficients are given in the respec=~
tive cells. Thus each column in the teble is a process of produc—
ing a fertiliser. These processes are distinguis.hed on the basis
of intermediates and rawymateria}.s used within each one of these
processess. . There might be further sub-processes based on the
design of the plant. These sub-processes make a difference in the
use of ‘utilities psrticularly. Thet is why in these tables we
are not presentixig the coefficients for utilities like water and

power. This we will deal separately.

The input=-coefficients given in Taebles 3.3 and 3.4 may be
‘regafded a‘s first \approximation Yo deal with much complex
problem of process technology for fertiliser manufacture. The
coefficients of these tables are computed on the bgsis of consump-
tion norms for various processes developed by & number of

eng ineering firms.



Process differentiation based on design of the ﬁlant H

Before we go in for analysing the problem empiriéally
it is important to mention that fertiliser industry is a
mul tiproduct industry and for each type of product various
processes are available. Furthermore, the output of one
process is used as an input in another process. Also the
output of each process depermis on the desigﬁing of the process
and input used. For example, if hydrocarbon raw-material ig used
for the production of intermediate ammonia, by=-product carbon-
dioxide gas is generated which is used for the production of
urea fertiliser. However, in tge electrolysis of water process
which generates hydrogen from water, carbon-dioxide gas can not
be pgoducedq Therefore, if urea fertiliser is to be menufactured
in such a plant, a separate carbon-dioxide producing plant will
have to be installed.

A brief descripyion abou% the comparative stﬁdy of two
ammonia processes will throw some light on the complex mature of
fertiliser technology. The processes for the manufacture of
ammonie from a variety of hydrccarbon raw-materials may be
classified iﬁ two categories (i) Partiel oxidation Process and
(ii) Stean féforming process. These two processes are used by a

fertiliser manufacturing firm in three different ammonia plants.2

Sharme, P.C. "Cost stu@&‘of gynthetic gas production at FACT"
Fertiliser Association of india Seminar, 1969, New Delhi, pp.167-17C
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‘“Pax"tial oxidation process consumes less quantity of naphtha then
s,’geazﬁ}reformimg Proc ess. The gas generated from partial oxida-
tion Npla‘._ﬂl*l’h containe 42% carbon monoxide (C0), 3.5% carbon dioxide
(002) and 52% hydrogen (Hz) whereas steam reformed gas contains
only 13-14% of GO, 11% 0, and 52% Hy+ The carbon monoxide gas

is further heated with steam 1o generate hydrogen and cerbon
dioxide. Thus, the total generation of hydrogen gas is higher

in ‘partial oxidation process. On the other hand, the amount of
steam required for shift conversion is évaiilable in steam re~
formed gas while 1t is plcked up by the hot ges in the water
scrubbers in the case o/f partiel oxidation. Thus the gas has to
be heated again before 1t enters the shift comversion. On the
other nand in the steam reforming process, the hot gas has to

be cooled to & certain degree to sult the converter inlet
temperature, as a result of which some guantity of steam is also
generated there. In the partial oxidation, the use of catalyst

is more and the reactor equipment is comparatively costlier.

In steam reforming process the pressure of CH4 and argon in
synthesis gas necessitates a continuous’ purge from NH3 synthesis
loop to keep the levels low. This results in & higher consumption
of gas per tonne of NHB 1eéding to hi\gher consumpt ion of raw
material. Since the partisl oxidation plant reguires an air
separa;tion unit, the initial capital cost is higher and it also

accounts for & higher requirement of electric power per ton of
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NH - The power requiremené for producing one tonne of NH; &%
FACT Alwgye\Phase III plant which is based on partial oxidation
procéss is 1.440 Nwh of*which'nearly one Mwh power are required
for the prﬁduction of ayntheéisﬁgés glone. On the other hand
Phase~IV plant at Alwaye and Cochin plant are based on stesm
reforming process. The power requirements for Phase~IV plaent at
Alwaye are only 0.810 Mwh end for Cochin plant which mékes use
of centrifugal compressors for compressing the synthesis gas the
power consumption is only 0.210 Mwh," Since the generation of
steam in the partial oxidation plant is lower, it necessitates
the vse of more fuel (coel, fuel oil etc.). It should be noted
here that 13.63 KL fuel oil and 1050 Kgs of water(are required
for the generation of one tonne of steanm. Apparen‘izly there is -
tendency for input cefficients to differ in different processes.,
Tables 3.5 fe 3.8 show the input coefficients for the production
of varinué‘types of fertilisers in different fertiliser plants.
Although the ingredients of a particular fertiliser remains the
same, whether it is mamfactured by one process or another, the

input coefficients vary significantly from one process to another.

Ammonia contains 82.3% nutriemt nitrogen.All the seven but
one processes in Table 3.5 are based on raw-material naphtha.
0f the seven processes first five processes use the general
process ‘steam reforming'and later two processes are based on the

general process 'partisl oxidation'. The input coefficients for



*BIPUT JO JUBULISACH ‘STBOTHAYY PUB S8J2STTIII9d Jo LArgsTUtf :90anog |
21BN FUTTO0D PUB UCTIBISUDS WEIYS J0F JO1BM SIPNTOUT J9LEM

*
h4)

*STABTIBAY 304

6L6*6 6166 6,66 616°6 6L6*6 SR ¥ I93BY

266G L Lot 6LL%0 9¥8*0 oot t Eh wussl g

688° | oﬁ.o,» _ 0%6*0 988°*0 06L*0 Al I3M0g

- m 10*0 - - ™ TE0 Tang

- - ¥81L° 160 - msm 88y Teanjep

L¥8°0 108°0 - 068°0 8840 G gyruden
gea0 oxd ss8d oad s8g0 oo0xd
00T moYo 02T WaN0 s85900ad gseooad gorte
/ITRug /TT8ug get2a  Da1/I0T  odtweyy JI0T /101

3uBld d=3u8ig d=-3UBTd [ -3UBId g=1UBTd _ yV=-jUBTT mduy

§890 0X7 UOT}BPLX( T BLGII8d

6880 0Xd SJUTWIOIS X Wedlg

ITun oy Jo dumey

(92npoad yo euuoy Jad pearnbea syndur)

A
o,
%
N

(BeTPUI UT) 909860 0ad SNOTJeA Aq UOTFONPOXI & [UONWY X0 SaNgondjg JNAUL ¢ G' ¢ 1087

1
.



59

the ammonia production by these processes differ substantially..
?ﬁg water consumption in these processes.is taken es similar
éinge the data pertaining to this input is not available and
normally the water consumpition per tomnne of awmonie production

ig about. 9.58 tonnes.

Table 5.6 shows input structure for urea production. This
table also gives similar information. Although the urea process
was supplied by the sanme engineering firm- to two fertilisers
plants, their input coefficieﬁts differ. The variation in input
coefficients for different processes or for the same process in
dlfferent fertiliser planzs confuse the amlysis. We can compare

the efflczency of a particular process on the basis of its input

7

Table 3.6 : lnput structure for urea production in different
fgrtiliser units (in lndia)

(Inputs required per tonne of product)

Unit Plant~A Plant-B Plant~C
chemico chemico Montedison
process. . process '

Ammonisa Te " 0617 0.622 0.635
Carbon Dioxide

Gas(GOz) Te 0.617 0.622 0.63%5
Tuel oil jan - C.152 -
Power Kwh 230 131 247
Steam Te 2,180 NA 2,254
Ve ter Te 2.180 2.763% 6.180

Mb = Tot Available.
Source: Ministry of Fertilisers & Chemicels, Government of India.
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structure, but when these ccefficients for the same process are
unequal for different plants, the problem becomes too complex.
In Teble 5«6 the values of only two inpubts vary proportionately.
Theyﬂére coefficients for input ammonia and cerbon dioxide gas.
Carbon dioxide gas and ammonia are reacted in equul quantities
for producing uret. It should be noted here that these coeffi-
ciénts.are not equal in value in Tables 3.1 and 3.4. Thus we may
. conclude that the real value of input coefficlents may be diffe-

~rent from their theoretical value.

Effect of capacity utilisation @

‘Tablés %.7 and 3.8 show the effect of capacity uiilisation
on the staﬁility of input coefficients. These tables show the
variation in designed and actual input structure for a few
fertiliser plants in India. Al though the data is available only
for two years of plant's operation, these tables give very
important information. Firstly, the ianput structure for a
particular process depends on the designing of the process.
Secondly, the value of input coefficients ére affected by the

capacity utilisation of the plant.

The average purge and emission of product gases directly
atfeet the input coefficients. At full capacity utilisation,
the emisslion and purge of product gases wili be normal and at

over capacity utilisation, ihe average loss will decrease in
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Table 3.8 3 Input coefficients for NPK fertiliser production.
{Inputs required per tomne of production)

Name of the Unit NPK.Grade 10-26-26(A) .JFertiliser Grade
Input 12~32-16(B)
a Dorr Oliver Process Dorr Oliver Process
Deslg~ __ Actual Norms Desig- Actual Norms.
ned  1977- 19Y8- ned 977~ 1978~

norms 78 79 norms 78 79
Phosphoric
Anmonia Te 0.112 0.113 0.127 0.1%4 0.155 0.151
Urea Te 0,035 0:018 0.017 0.042° 0,021 0.023
Muriat of
Potash Te 0469 0.421 0.451 0.289 0.257 0.278
Fuel oil KL 0.017 0,013 0.010 0.017 0.013 0.010

Power Mwh 0.070 0:050 0.035 0:070 0,050 0.035

Source: Ministry of Fertilisers & Chemicals, Government of
Indis, New Delhi.

the initial stages as a result of which the value of input
coefficients will further decrease./But, when the capacity uti-
lisation exceeds certain limits, the average purge and emission
of product gases will start increasing due to overload of product
in the process. Hence the law of decreasing returns will become
applicable beyond that level of capacity utilisation: Apparently,
the capacity utilisation affeets the input structure very signi-

ficantly and, henqe, the cost of production too.
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Table 3.7 shows/the variation in the input-coefficients
for urea-fertiliser. The capacity utilisations in plants 4, B,
C, D amd E are respectively 25.15%, 33.52%, 67.74%, 94.89%,
and 46,03% during 1977-78 and 35.06%, 24.91%, 67.46%, 89.5%%
and T7.44% duwring 1978-79. &8 the capacity utilisation increases,

the value of input-coefficients decreases and vice;versa.

~Table 3.8 cites the case of a complex fertiliser plant.
This plant has over capacity utilisation. Since the designing
of a complex fertiliser process is done for multiproduct manu-
facture, it is difficult to specify exactly the effect of over
capacity utilisation for one particular fertiliser product
because the production of one product can be increased at the
cost of anotherg'mhe plant which we analyse here has the amual
installed capacity to producé 92.8 thousand tonnes of NPK grade
10-26~26, 92.8 thousand tonnes of NPK grade 12-32-16 and 189.9
thousand tonnes of NPK grade {4—36-12. It should be moted here
that the annuel installed capacity is fixed on the basis of 330
working days. Thus the case of over capacity utilisationd will occur
only if the plant is operated at full load throughout the yéartThe
production of fertiliser 10-26-26 in this plant during 1977-78
and 1978-79 was 108, 900 tonnes aml 78,600 tommes respectively.
The production of fertiliser 12-32-16 during 1977-78 and 1978-79



in the plant was 392,200 tonnes anl 484,400 tonnes respectively.
This plant did not menufacture fertiliser 14-3'2-12 duriné both |
the &eégé. Totel installed capacity of NPK. fertilisers in this
plant 151375,500 tdﬁnés and total production of these fertilisers
dur ing 1977-78 end 1978=79 was 501,100 tomes and 563,000 tonnes
respectively. Hence the total capacity utilisation of this

plant during 1977-78 amd 197879 was 133.45% and 149.93%
respectively. Table 3,8 shows that the value of actual input
coefficients of the plant was lower than that of designed narms’
duriuvg 1977-78 and 1978-79. But during 1978-79, tﬁe value of input
coefficients was sliéhtly higher than that of 1977-78.

Although the data is not sulficient to derive forceful
concluéicns, we may say on the basis of available evidence that
the value of input coefficients decremse with the increase in
capac ity utiligation, it reaches approximately the designed level
at full capacity utilisation and further decreases at over
capacity utilisation. However, this decrease is not continmuous
and beyond certain level the value of irput coefficients start

rising.

Complex fertiliser‘procgss,~variation

in grades.-and input coefficients 3 \

The production of NB/NPK nitrophosphate fertilisers and
NB/NPK coﬁflex fertilisers has brought 2 major break through
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in the fertiliser technology. t‘he terms 'nitrophosphate' and
'complex' deserve clarificetion beceuse their inherent qual i~
ties often confuse & leyman. Complex fertiliser may be defined
as the fertiliser which conteins two or more plant nutrients

and is produced by & process which involves a major degree of
chemical reaction. Chemical fertilisers mainly provide three
primary mutrients. They are nitrogen (N), phosphate (9205)'ahd
Potash (K20). The grade of a fertiliser is the composition of
theée primaxry nﬁtrients and is expressed in terms of percent
content of these nutrients in the order of N%PQOEAKZO in a
particular product. If & nutrient is absent in the product grade
it is denoted by zero. Thus ammonium sulphate may be represented
as 20,6«U=0 as it does not contain nutrients P205 and KEO.
Diammoninm‘pﬁospbate'is represented by 18~46~0 as it contains
18% N and 46% ?205 and zero K,0. Other grades of fertilizers

are represented in the similar mammer.

Formerly the name nitrophosphate was used for NPK
fertilisers baving low percentage.of Qater soluble P205 say
gbout 30 per cent. Presently the term is used for representing
the fertiliser produced by acldulating phosphate rock with
ﬂitrio acid instead of phosphuric aecid. Nitrophosphate ferti-
lisers are also included in the general class of complex

£3

fertilisers.
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It is obvious that both nitrophosphate and complex ferti-
lisers contain two or more plant nutrients. The only point which
“ecan dﬁstinguish 'nitrophosphate' and *complex' term is the use of
acid for the manufacture of fertiliser. If nitric acid is used
the product is called nitrophosphate and on the other hand if

phosphorie acid is used the product is called complex fertiliser,

Since sulphuric acid is the basic raw material for the
manufactuye of phosphoric acid, the development of nitrophosphate
teohnologylhas proved beneficial for the sulphur importing
countries, Nitrophusphate plants also create less nuisance in
the atmosphere. Phosphuric acid using plants enit comparatively
large quantities of pollutants as a result of which the overall
recovery of product is just 91-92% whereas in nitric acid using

plant the product recovery is 97-98%.°

The designing of the reactor as well as gramiletor also
affects theypurge and emission of gasés. Processes are being
developed and modifiedvfor the control/recovery of product
through purge ard emission. The replacement of 'Pipe Cross’
reactor for 'Pipe Teg' rezctor in the modified TVA (Tennessee -
Valley Authority, USA) gramilation process for NP/NPK ferti-
lisers has significantly controlled the emission of product

gases. Other advantages of this process are that it can he

Grundt, T. and I.S. Mangat®: "Modern Nitrophosphate Process
Technology, Economics and Application to Fertiliser, FProduction
in India", FAI Seminar 1975, p.ii/4-5.



o
23

used for comperatively lwge size NB/NPK fertiliser plents and
for the production of large mmber of fertiliser gradec. The

cost of drying the product in this process is slseo low.’

Table 5.§’showé the inﬁut strucﬁure for the manufacture of
" different grades of NB/NPK fertilisers in a few fertiliser
factories. This table gives very interesting results. Al though
a process is designed for the manufacture of variocus grades of
fertilisers end the raw materials/ interx;lediates used in a
particular process in a fertilisér plant remains the same but
their consumption do not vary proportionateiy along with the
variation in product grade.’Thisfvariation al ters the input
structure for each grade significantly. Hence in a muitiproduct
process, the relatiomship between input coefficients and product

grades will be non-linear.

Choice of process technology s

It is possible now to design some of'the processes in\
such a way so that with minor alteratlons they may be operated
with different raw-materials. Fertiliser industry is very
sensitive to raw material prices. During the 1960's naphtha
was given more importance for the fertiliser manufacture but
in the later 1960's it was realised that naphtha can be used

more profitably in the petrochemical plants. Hence it was

Parker, B.R., M.M.Norton and D.G.Saelladay, "Development in
Produection of NP and NFK Fertiliser Using Pipe and Pipe Cross
Reactor”, FAI Seminar 1977, p.Tech.Il/4-6.
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decided t0 vase the new fertiliser projects on fuel oil but

with the escalation of oil prices the use of fuel oil in the’
fértiliﬁer plants has become uneconpmical. A% present natural gas
and coal are considered to be the omly alternate raw materials
for futwe fertiliser projects in India. Thus the relative

prices of the inputs slso affect:. the input structure of an

industry.

~

The selection of process technology for a fertiliser plant
is determined by various fectors. The mos+t importent factor
is the raw materisl to be used. Table 3.10 shows the alterma¥be
processes whieh'may be used for the production of synthetic gas
‘for intermediate ammonia based on different raw materials.
second factor which determines the process selection is the

availability of foreign collaborator.

Table 3410 ¢ Raw materials for syntnesis Gas production.

Raw material * Process

1. Water ] i+ Electrolysis

24 Hydroéen rich refinery 2. Steam reforming or partial
gas oxidation’

3. Natural. gas %. Steam reforming.

4. Nephtha . 4. Steam reforming or partial

’ oxidation.

5+ Crude or residual oil 5. Partial oxidation

6« Coal and carbonaceous 6. Water gas reaction and/or
material partiayéxidation.

7. Coke oven gas T+ Beformming or partial oxidaetion

or low temperature separation.

Source: Handbook om Fertiliser Technology,1977, Fertiliser
Associatlon of india, New *elhi, 1.7". p.15.
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The location of fertiliser projects also influenceq the
designing of process technology. The consumption of inputs
especially ut%litiés varies from process t0 process and so also
their aveilebility from place to place. At present sll the
engineering collaborators emphasise more on the reduction of
utility consumption as these constitute 2 substantiel part of
cost of production. The modification of technology has brought
- substantial savings. in utility consumbtion. This has been»sﬁown

.in Tables 3.1 and 3)‘,2 ard also discussed earlier‘ in this chapter.

Technological advancement and capital input.

Fertiliser plants require'substanxial investment of whieh,
about 30 to 50 per cent in Indiz has, in the past, been borrowed
from foreign sources such as IBRD, IDA, loans from foreign
Govermments, etc. With the advancement in process technology,
the scale of production in the fertiliser indﬁstry also tends
to increese. lLarge-size fertiliser plants. require higher capital
outlay on fixed assets, especially on mechinery and equipment
which constitutes about Bb'te B85 per cent of total investment
in the plant. However, the questions to be answered sre
(a) whether with the increasing scale, the capital investment
Per unit of output has changed, and if so, in what directionj
(v) between scale and technological advancement (in case they
are not necessarily concomitant) which has a dominating

influence on capitel intensity of output.



To enswer these questions, we have selected 2 number of
plants for which the data on investment as' well as the date of
commiésianing and the capacity installed were available and
elso in & way that these plants cover a fairly long time span.
The advancement in process technology has been taking place
over time and, hence, in a genersal way one could say that
later the date of commissioning the more advanced technology a

~p}.aé.za'ls represents. These data ’are presented in Table 3.11. The
ple.x;ts are arranged in chronological order of the date of thelr
commissioning. Column 4 of the table shows the investment in the
plant at the time of commissioning and cclumn 5 shows the
capaclty ereated in terms of mutrients for the corresponding
investment. Investments in this table are at current prices.
There is @& few year's time lag between the start of construction
of the plant and the date of ite commissioning (say 3 to 4 years).
Over this period investments are made continudusly.. However,‘ for
the sake of a practical way of converting these investments into
constant prices, we assume that the whole of investment on the
plant was made on the date of commissioning of the plant. Some
of the plants have subsequently expanded their capacity. For

our purpose such capacity expansion and the investment 2ssocia-
ted with it bhas been treated as erection of a new plant. That

is how in the table we have, for exam)ple, GSFC-I in 196768,
GSPC=-IT in 1969-70 and GOSPC-IIT in 1974-75.
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We are teking the investment as a lump~sum figure because
the brgak-uprigures on land, buildings, mechinery and equip-{
ment, etc., é:e not available, but all these investments are
on fixed asse%s. Since the investments in these plants were made
in different years end the prices are subject to variation, for
comparability we have to reduce them to constant prices. This

necessitates the use of a suitable price deflator.

Two wholesale price indices for domestic capitel formation
in maﬁufacturing industry by types of assets are available from
National Accounts Statistice. One inlex pertains to all assets,
while the other pertains only to machinery end equipment. These
indices are shown in Teble 3.12. The indices reported in Table
3,12 are implicit price deflators ag*they are obiained by
dividing the gross domestic capital formation at current prices

by the gross domestic capital formation at constant prices.

Column Nos.6 and 8 of Table 3.11 are computed on the basis
of Index~I and Index-2 of Table 3.12 respectively. These columns
show real capital investment (on the plants) at 1960-61 constgnt
prices. Column No.5 of Table %.11 shows thé fotal installed
capaﬁity of fertiliser mutrients in the respective fertiliser
plants. On the basis of column Nos.5, 6 axd 8 we have computed
capitel investment per tonne of nutrient capacity at OOnstaﬁt

prices. Capitel irvestment per tomne of nutrient capacity,



Table 3.12 : Whole=sale price indices for doméstlc capital
formation in types of assets in manufacturing
industry (1960-61=100)

Year All assets Machinery & Egquipment
: (Index 1) {(Index 2)
196 061 100.00 100,00
1961~62 100494 102.48
196263 104 .34 105418
1963~64 110.54 113%.60
1964 -65. 116411 114 .94
1965~66 123.71 122.04
1966-67 137 43 142,20
1967=~68 141469 146.37
1968-69 146.03 14793
196970~ 155 .85 148.07
1970-71 169.0% 160.03
1971-72 180,15 165 +87
1972-73 193,27 179.59
1973-74 222,63 195.40
1974~75 283492 252.08
1975~76 297.07 284 .09
1976-77 30153 28375
1977-78 310.44 29774
.1978-79 327.21 309,15

Computed from : '

1. National Accounts Statistics, Februsry 1976 (for figures
prior to 1970-71)

2. Natioumal Accounts Stetisties, Janvery 1979( for Tigures
for the year 1971=72.

3. Natiomal Accounts Stetistics, January 1981 (for figures
for the year 1970-71 ami 1972~73% onward).

Source: National Accounts Statistics, Central Statistical
Organisation, Department of Stams‘hlcs Ministry of
Planning, Goverment of India.

/

/
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computed on the basis of Imlex-1 is given in column 7 and
capital investmeﬁt rer tomne of nutrient cepacity computed on

the besis of Index~2 is given in Column 9.

' An important point which emerges from column Nos.7 and 9
of Table 3.11 is that the advancement in process technology, a8
represented by time factor, has resulted in substantial capital
savings 1n fertiliser industry. The real investment per tonne of
nutrient c&pé.eity hes decreased substantlally over the period.
Plaut Nos.6,1%,14,15,17,19,25 and 24 produce NP/NPK complex
fertilisers in large quantities, Plant No.,% produces urea and
nitrophosphate and plant N6.25 produvces only nitrophosphate
fertilisers. Other plants produce only straight fertilisers of
var-ious types. This is shown in Column 10. It is apparent from
the table that straight fert;liser plants require higher capital
investment and NP/NPK complex fertiliser plants require lower
capital investment per tonne of mutrient production. The
irvestment per tonne of mtrient production on nitropﬁosphate‘
plents is higher than that of conplex fertiliser plants.

Column I\Ios.'% and 9, although, computed from two different

indices give almost similar results.

As can be seen from Column 5, although, there is tendency
for scale 40 rise over time, there is no direct crrelation

between scale and time. Technology can falrly be assumed to be



~

improving directly over time. It apbears from column 7 and

column 9 thet invesiment yef unit of capacity declines wore or

less steadily with time. Therefore, it appears that technology

improvemgznt basv more impact on decresse in capi’cal investment
per unit of production jz"»han just the scale of production. To
examine this further we bave attenmpted 2 simple functiohal
relatiorship between investment per unit, time end sosle of
production (in terms of installed capaci'{;y in nutrients). The
;t‘unct::i.onal relationship is given as
y =2+ bt + byx

where y = imvestment per unit of capae ity,

+t = time (in years),

x = inptalled capacity

a

i

is constant and b., and b2 are parsmeters.

To exemine this relation we have run itwo regression models :
(i)%ﬁ;ﬁtiple regression (ii) double log multiple regression.
The results obtained are given in Table 3.13 and Table 3.14.
Table 3.1% shows the%ﬁwf‘s’:iple regression results based on
Irdex-1 (column 7) and Index-2 (cclumn 9) and Talle 5.14 shows
the double log multiple regression results baged on Index-i
(column 7) and Imdex~2 (column 9). The former gives absolute
variation in dependent varisble (y) with the chenge in the

value of independent verisbles (4 ard .x) whereas the latter

o
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gives the percentage variation in dependent variable (y) with
percentege change in the values of independent variables
(t+ ard x)+ ‘

Table 313 gives us better results since it explains 69%
variation in y (based on Index 1) end 66% variation in y (based

on Index 2).

Table 3.14 explains about 51% variation in dependent
variable y (based‘ on Index 1) and 49% variation in y (based on
Index 2). In this table the value of b, for both the indices
is higher than thgé value bz. We may interpret it as meaning
that the influence of time on investment per unit of capacity

is higher than that of scale of production.

S:.%.nce the values of b1 and b2 are negative, there is a
negative réla tionship between the indeperdent variables and the
dependent veriable. The higher values of ¥ statistics further
strengthens our conclusions that the improvement in technology
over the time as well as increase in the scale of production

reduce the investment per unit of capacity.

GConelusion

Process technology of fertiliser manufacture has advanced
remarkably since 1950' 8. A variety of processes for the manu-
facture of a mmber of fertilisers, from different raw

materials, have been invented and further modified.
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Procgsses can be distiﬁguished on the msis of raw
materials used. Since & number of engineering firms in the
world have got the patent to supp;y their own designed processes,
ther¢ are sub-processes of each process depending upon the
designing of the process. Each process developed by & particular
engineering firm has different input structure than that of
- others, and eéch process has certain adyantages over the others.
For example if process-A consumes lesé of one input, it may
consume more of other input than another process-B. The
competition among process designers in the international market
accelerates the research activities for further modification

in process techmology. ‘ ,

NP/NPK complex fertjiisezr processes are n{ult ibroduct
processes. The input coefficients for different grades of we/
NPK fertilisers produced by the same process in a particular
fertiliser plant do not vary in proportion to nutrient contents
in that grade. Hence, there is no linear relation between input-

coetficients and product grades.

We have seen that tecnnological advancement and scale
econonies have significant impact cn both the capital lavestment
58 well as consumptign of inputs. However, the coefficients of
material inpute are wmore sensitive to the level of capacity

utilisat ion, given the design of the plant.



80

The fertiliser industry is a multiproduct industry in
which one fertiliser intermediate/product is used for the
production of another fertiliser intermediate/products A flow
chart given in Figure 3.1 may summarise the linkages of
process techpology in this industrys It is seen from the flow
chart that ammonia and phosphoric acid are the most im;:ortant
intermediates in the fertiliser mamufacture. The designing of
the plant for the reaction of one intermediate with another
intermediate or raw ma bterial in different proportions for the
production of differenl types of fertilisers will change the
input structure and hence, make fertiliser techmlogy more

complex.
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