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Chapter III :

PROCESS SECHHOLOGY FOR FERTILISER MAMJfACSTOE

She period between 1925-1950 was the golden era in the 

history of fertiliser industry. Various processes for the 

production of different types of fertilisers from a variety 

of raw-materials were invented and modified.
t

Development in process technology

Since 1950, the process technology has developed remarkably 

as a result of which the consumption of utilities (i.e. power 

and water) per unit of fertiliser production has come down 

substantially. .Shere has also been more economical use of raw 

materials and capital per unit of fertiliser production. Sable 

3.1 shows the decrease in consumption of intermediates as well 

as utilities with the modification of urea process. Although the 

consumption of intermediates and COg have not shown signi­

ficant decrease, there is substantial saving in the consumption 

of utilities like steam, power and cooling water. Sable 3«2 

shows the saving in Horse Power with the modification of granu­

lation process for IP/BPK fertilisers. She ’melt process’ used 

for granulating HPK complex fertilisers will use 202.5 H.P. less 

than the conventional process in a plant having 30, tonnes per
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gable 3.1 t Consumption of intermediates and utilities for 
one tonne of area production*

Prpeess
developed";.;
inVyear

Ammonia Carbon
dioxide
gas(C02)

Steam Power Cooling
water

(Tonnes) (Tonnes) (Tonnes) (kwh) (Tonnes)

Process-A(l958) 0.585 0.780 2.0 200 135.00

Process-B(1960) 0.580 0.770 1.8 185 120,00

Prooess-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) 0.575 0.750 0.5 135 41.91

Source: 1, Shonosuki Kimura, Ooat reduotion in urea production, 
Fertiliser Assoelation of India Seminziy,! 966,p.120.

2, Fertiliser Hews, Sept. 1971, Fertiliser Association 
of India, lew Delhi, p.33»

3« Fertiliser Hews. Feb.1973* EAI, lew Delhi, p.36.

hour, granulating capacity and the same process used for granula­

ting ammonium phosphate will use 375 H.P. less than the conven­

tional process in a plant having 50 tonnes per hour granulating 

capacity, These data, of course, are produced by the manufac-
i

turers supplying the process technology. However, in actual 

operation, the coefficients may vary depending upon the capacity- 

utilisation or other factors affecting overall efficiency.

1 (a) Shonosuki Kimura; Technical Manager, Toyo Koatsu Industries
Inc., Toyo, Japan.

(b) Young R.D. and Dee, R.G., Tennessee Yalley Authority (TYA), 
Alabama, U.S.A.
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Table 3»2 : Savings in horsepower for melt process over
conventional process for granulation of to/BEK 
fertilisers.

Capacity 
30tph* MEK

Gapacity
50tph*
ammonium
pkieb$>hate

(A) Horse poer eliminated

(a) Dryer combution oil 
blower 7.5 10.0

(b) Dryer drive motor 160.0 300.0

(c) Fan drive motor 125.0 200.0

(d) Elevator drive 10.0 15.0

Total saving 302.5 525.0

(B) Increased Horse power for 
layer cooler, serubber and 
fan. 100.0 150.0

let saving in H.P. 202.5 375.0

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

and investment by melt type granulation processes, fertiliser Association of India, Seminar 1975,p.ll/372•

Saw material and intermediate based processes :

The consumption of inputs (raw-materials, utilities etc.) 

per unit of product,are known as 'input-coefficients’. Sables 

3.3 and 3*4 are input coefficient matrices for the fertiliser
* ak

industry. Sable 3.3 is the input coefficient mefcrix for fertiliser 

intermediates ammonia (1H^) and sulphuric acid (HgSQ^). Ammonia 

can be produced from various hydrogen generating raw materials.

/
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gable 3*3 s Input structure for the manufacture of fertiliser
intermediates ammonia and sulphuric acid,
(figures in tonnes per tonne of product)

Name of the 
raw material

i Ammonia (NH^) Sulphuric acid
(H2so4)Brace- Prooe- Broce- Broce-

\U, v ,

SS I SS II SB III ss 11 Broce- Proce­
ss I ss II

- - - 4 5 5

Natural Gas* 860

Naphtha 0.90-1,02

fuel oil 0.91

Coal 3.62

Sulphur 0.33

pyrites
•

0.90
%

Notes * Natural gas is measured in terms of NT! .
Source! fertiliser Statistics, 1979-QO, fertiliser Association 

of India, New Delhi," p.1-241 .

Presently for fertiliser manufacture natural gas, naphtha, fuel 

oil and coal are commonly used. Similarly sulphuric acid can 

be produced from sulphur or pyrites containing sulphur 

ingredients. Since all these raw materials are alternate 

raw material, they can be substituted for one another* 2hus 

each column of table 3*3 represents a separate process which 

can be distinguished from the other processes on the basis of 

raw material consumption.. Sines there are four alternate raw- 

materials for ammonia production and two alternate raw- 

materials for sulphuric acid production in fable 3*3, there
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are-four ammonia processes (columns 1 to 4) and two sulphuric 

acid processes (columns 5 and 6)♦

fable 3 <4 is the input coefficient matrix for fertiliser 

intermediates phosphoric acid (H^PO^) and iltric Acid (HSfO^) 

and various fertiliser products. Coefficients presented in a 

particular column of fable 3.4 represent the raw-materials/ 

intermediates required for the manufacture of that product.

All products except nitric acid of fable 3*4 require more than 

one input and their input coefficients are given in the respec­

tive cells, fhus each column in the table is a prooess of produc­

ing a fertiliser, fhese processes are distinguished on the basis 

of intermediates and raw materials used within each one of these 

processes. .fhere might be further sub-processes based on the 

design of the plant, fhese sub-processes sake a difference in the 

use of utilities particularly, ihat is why in these tables we 

are not presenting the coefficients for utilities like water and 

power, fhis we will deal separately.

fhe input-coefficients given in fables 3*3 and 3*4 may be 

regarded as first approximation to deal with much complex 

problem of process technology for fertiliser manufacture, fhe 

coefficients of these tables are computed on the basis of consump­

tion norms for various processes developed by a number of 

engineering firms.
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Process differentiation based on design of the slant :

: Before we go in for analysing the problem empirically

it is important to mention that fertiliser industry is a 

multiproduct industry and for each type of product various 

processes are available. Furthermore, the output of one 

process is used as an input in ano-tiler process. Also the 

output of each process depenis on the designing of the process 

and input used. For example, if hydrocarbon raw-material is 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 the electrolysis of water process 

which generates hydrogen from water, carbon-dioxide gas can not 

be produced, therefore, if urea fertiliser is to be manufactured 

in such a plant, a separate carbon-dioxide producing plant will 

have to be installed.

A brief description about the comparative study of two 

ammonia processes win throw some light on the complex nature of 

fertiliser technology* I‘he processes for the manufacture of 

ammonia from a variety of hydrocarbon raw-materials may be 

classified in two categories (i) Partial oxidation Process and 

(ii) Steam reforming process, fhese two processes are used by a
2fertiliser Manufacturing firm in three different ammonia plants.

2 Sharma, P.C. ’’Cost study of synthetic gas production at FACS11
Fertiliser Asso eiation of India 'Seminar,1969,..Hew"ljertii,""pp.167-170



"Partial oxidation process consumes less quantity of naphtha than 

steam reforming process. She gas generated from partial oxida­

tion plant contains 42$ carbon monoxide (GO), 3.5$ carbon dioxide 

(COg) and 52$ hydrogen (Hg) whereas steam reformed gas contains 

only 13-14$ of CO, 11$ COg and 52$ Hg. She carbon monoxide gas 

is further heated with steam to generate hydrogen and carbon 

dioxide. 2hus, 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 available in steam re­

formed gas while it is picked up by the hot gas in the .water 

scrubbers in the case of partial oxidation. Ehus the gas has to 

be heated again before it enters the shift conversion. On the 

other oand in the steam reforming process, the hot gas has to 

be cooled to a certain degree to suit the converter inlet 

temperature, as a result of which some quantity 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 CH^ and argon in 

synthesis gas necessitates a continuous’ purge from synthesis 

loop to. keep the levels low. Ibis results in a higher consumption 

of gas per tonne of leading to higher consumption of raw 

material. Since the partial oxidation plant requires an air 

separation unit, the initial capital cost is higher and it also 

accounts for a higher requirement of electric power per ton of



power requirement for producing one tonne of at 

3?ACT A1 waye. Phase III plant which is based on partial oxidation 

process is 1.440 Mwh of'which nearly one Mwb power are required 

for the production of synthesis gas alone. On the other hand 

Phase-lV plant at Alwaye and Cochin plant are based on steam 

reforming process. She power requirements for Phase-IT plant at 

Alwaye are only 0.810 Mwh and for Cochin plant which makes 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 use of more fuel (coal, fuel oil etc.). It should be noted 

here that 13*63 Sh fuel oil and 1050 Kgs of water are required 

for the generation of one tonne of steam. Apparently there is 

tendency for input coefficients to differ in different processes. 

Tables3*5 to 3*8 show the input coefficients for the production 

of various -types of fertilisers in different fertilise^ plants. 

Although the Ingredients of a particular fertiliser remains the 

same^ whether it is manufactured by one process or another, the 

input coefficients vary significantly from one process to another.

Ammonia contains 82.3i* nutrient nitrogen.All the seven but 

one processes in Table 3*5 are based on raw-material naphtha.

Of the seven processes first five processes use the general 

process“steam reforming1and later two processes are based on the 

general process ’partial oxidation’. The input coefficients for
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the ammonia production by these processes differ substantially..

She water consumption in these processes-is taken as similar
>

since the data pertaining to this input is not available and 

normally the water consumption per tonne of ammonia production 

is' about 9*58 tonnes.

Sable 3*6 shows input structure for urea production, Shis 

table also gives similar information. Although the urea process 

was supplied by the same engineering firm.- to two fertilisers 

plants, their input coefficients differ. She variation in input 

coefficients for different processes or for the same process in 

different fertiliser plants confuse the analysis. We can compare 

the efficiency of a particular process on the basis of its input
v J

Sable 3.6 : Input structure for urea production in different
fertiliser units (in India)
(Inputs required per tonne of product)

Unit Plant-A Plant-B Plant-C
chemico chemico Montedison
process. process !

Ammonia Se 0.617 0.622 0.635

Carbon Dioxide
Gas(C02) Se 0.617 0.622 0.635

Fuel oil KE» •» 0.152 -
Power Kwh 230 131 247

Steam Se 2.180 KA 2.254

Water Se 2.180 2.763 6.180

MA. = lot Available.
Source; Ministry of Fertilisers & Chemicals, Government of India.
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structure, but when these coefficients for the same process are 

unequal for different plants, the problem becomes too complex.

In fable 5*6 the values of only two inputs vary proportionately* 

fhey .are coefficients for input ammonia and carbon dioxide gas. 

Carbon dioxide gas and ammonia are reacted in equal quantities 

for producing urea* It should be noted here that these coeffi­

cients are not equal in value in fables 3*1 and 5*4* Thus we may 

conclude that the real value of input coefficients may be diffe­

rent from their theoretical'value.

Effect of capacity utilisation s

fables 3*7 and 3*8 show the effect of capacity utilisation 

on the stability of input coefficients. These tables show the 

variation in designed and actual input structure for a few 

fertiliser plants in India. Although the data is available only 

for two years of plant's operation, these tables give very 

important information. Firstly, the input structure for a 

particular process depends on the designing of the process.
i *

Secondly, the value of input coefficients are affected by the 

capacity utilisation of the plant.

fhe average purge and emission of product gases directly 

affect the input coefficients. At full capacity utilisation, 

the emission and purge of product gases will be normal and at 

over capacity utilisation, the average loss will decrease in
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(table 3.8 : Input coefficients for NPK fertiliser production*
(Inputs required pa? tonne of production)

,IMI ' " J ' ■'T'nnr~J""n' " - ................... ■ """it li’n.n—iii   

.Grade 10-26-26(A) fertiliser Grade
Input _____________________ 12-32-16(B)

i Dorr ’ 01 iver Process' Dorr Oliver Pro cess
))esig~ Actual Norms Desig- Actual Norms-
ned
norms

1977-
78

1978-
79

ned
norms

1977“ 1978-
78 79

Phosphoric
acid Se 0.277 0.249 0.271 0.340 0.304 0,332

Ammonia l'e 0.112 0,113 0.127 0.134 0.155 0.151

Urea I'e 0.035 0.018 0.017 0.042 ‘ 0.021 0,023

Huriat of
Po tash 2e 0,469 0.421 0.451 0,289 0.257 0,278

fuel oil KB 0.017 0,013 0.01,0 0.017 0.013 0.010

Power Mwh 0.070 0^050 0.035 0i070 0.050 0.035

Sources Ministry of fertilisers & Chemicals, Government of 
India, Hew 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 utilisations Apparently, 

the capacity utilisation affects the input structure very signi­

ficantly and, hence, the cost of production too,.
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fable 3*7 shows the variation in the input-coefficients 

for urea fertiliser. She capacity utilisations in plants A, B,

C, D and E are respectively 25*15$, 33.52$, 67*74$, 94.89$, 

and 46.03$ during 1977*78 and 35.06$, 24.91$, 67*46$, 89.53$ 

and 77.44$ during 1978-79. As the capacity utilisation increases,
i

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

fable 3.8 cites the case of a complex fertiliser plant, 

fhis plant has over capacity utilisation. Since the designing 

of a complex fertiliser process is done for multiproduct manu­

facture, it is difficult to specif 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 another, fhe plant which we analyse here has the annual 

installed capacity to produce 92.8 thousand tonnes of IBS grade 

10-26-26, 92.8 thousand tonnes of KPK grade 12-32-16 and 189*9 

thousand tonnes of HPK grade 14-36-12. It should be moted here 

that the annual installed capacity is fixed on the basis of 330 

working days, fhus the. case of over capacity utilisation will occu^ 

only if the plant is operated at full load throughout the yearJ.Ihe 

production of fertiliser 10-26-26 in this plant during 1977-78 

and 1978-79 was 108, 900 tonnes and 78,600 tonnes respectively, 

fhe production of fertiliser 12-32-16 durirg 1977-78 and 1978-79



in the plant was 392,200. tonnes ami 484,400 tonnes respectively. 

3?his pl$nt did not manufacture fertiliser 14-32-12 during both 

the years, l’otal installed capacity of J3PK, fertilisers in this 

plant Is 375,500 tonnes and total production of these fertilisers 

during 1977-78 and 1978-79 was 501,100 tonnes and 563,000 tonnes 

respectively. Hence the total capacity utilisation of this 

plant during 1977-78 and 1978-79 ms 133.45$ and 149.93$ 

respectively, fable.3.8 shows that the value of actual input 

coefficients of the plant was lower than that of designed norms 

duriug 1977-78 and 1978-79. But during 1978-79, the value of input 

coefficients was slightly higher than that of 1977-78.

Although the data is not sufficient to derive forceful 

conclusions, we may say on the basis of available evidence that 
the value of input coefficients decrease with the increase in 

capacity utilisation, it reaches approximately the designed level 

at full capacity utilisation and further decreases at over 

capacity utilisation. However, this decrease is not continuous 

and beyond certain level the value of input coefficients start 

rising.

Complex fertiliser process, variation

in grades and input coefficients ; \
fhe production of HP/lPK nitrophosphate fertilisers and 

IP/lEK complex fertilisers has brought a ma^or break through



'*• rb <5

in the fertiliser technology * !^he terms ’nitrophosphate* and 

•complex' deserve clarification because their inherent quali­

ties often confuse a layman. Complex fertiliser may be defined 

as the fertiliser which contains two or more plant nutrients 

and is produced by a process which involves a ma^or degree of 

chemical reaction. Chemical fertilisers mainly provide three 

primary nutrients. 2hey are nitrogen (l), phosphate (PgO^) ahd 

Potash (KgO). ^he grade of a fertiliser is the composition of 

these primary nutrients and is expressed in terms of percent 

content of these nutrients in the order of I-PgO^-KgO in a 

particular product. If a nutrient is absent in the product grade 

it is denoted by zero. 2hus ammonium sulphate may be represented 

as 20.6-0-0 as it does not contain nutrients PgO^ and KgO. 

Diammonium phosphate is represented by 18-46-0 as it contains 

18$ I and 46$ PgOj. and zero KgO. Other grades of fertilizer® 

are represented in the similar manner.

Formerly the name nitrophosphate was used for MPK 

fertilisers having low percentage, of water soluble PgO^ say 

about 30 per cent. Presently the term is used for representing 

the fertiliser produced by acidulating phosphate rock with 

nitric acid instead of phosphoric acid. Nitrophosphate ferti­

lisers are also included in the general class of complex 

fertilisers.



It is obvious that both nitrophosphate and complex ferti­

lisers contain two or more plant nutrients. She only point which 

,can distinguish 'nitrophosphate* and ’complex* term is the use of 

acid fob. the manufacture of fertiliser. If nitric acid is used 

the produet is called nitrophosphate and on the other hand if 

phosphoric acid is used the product is called complex fertiliser.

Since sulphuric acid is the basic raw material for the 

manufacture of phosphoric acid, the development of nitrophosphate 

technology has proved beneficial for the sulphur importing 

countries, litrophosphate plants also create less nuisance in 

the atmosphere. Phosphuric acid using plants emit 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$,^

She designing of the reactor as well as granulator also 

affects the purge and emission of gases. Processes are beizg 

developed and modified for the control/recovery of product 

through purge and emission, replacement of 'Pipe Cross' 

reactor for 'Pipe See’ reaGtor in the modified STA (Sennessee ' 

Talley Authority, USA) granulation process for 1SP/EBC ferti­

lisers has significantly controlled the emission of product 

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

G-rundt, S. and I.S. Mangats "Modern Nitrophosphate Process 
Sechnology, Economics and Application to fertiliser, Production 
in India", PA I Seminar 1975, p.ii/4-5»



used for comparatively liege size EB/WK fertiliser plants and

for the production of large number of fertiliser grades. She
- ,4cost of drying the product in this process is also low.

Sable 3*9 shows the input structure for the manufacture of 

different grades of IP/HPK fertilisers in a few fertiliser 

factories. Shis table gives very interesting results. Although 

a process is designed for the manufacture of various grades of 

fertilisers and the raw'materials/inter mediates used in a 

particular process in a fertiliser plant remains the same but 

their consumption do not vary proportionately along with the 

variation in product grade. Ibis variation alters the input 

structure for each grade significantly. Hence in a multiproduct 

process, the relationship between input coefficients and product 

grades will be non-linear.

Ohoice of process technology :

It is possible now to design some of the processes in

such a way so that with minor alterations they nay be operated

with different raw-materials. Fertiliser industry is very

sensitive to raw material prices. During the 1960*3 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.Jtf.Horton and D.G.S&lladay, "Development in 
Production of UP arid HEE Fertiliser "Using Pipe and Pipe Cross 
Reactor", PAI Seminar 1977, p.Sech.Il/4-6.



ic
al

e,
 Gov

er
nm

en
t of

 In
di

a,
le

w
 D

el
hi

.

0.
10

0

m
1 .

40
0

0.
26

0

0.
39

5

0.
19

7

0.
01

0
0.

04
0

0.
18

1
h

a

H
A

0.
25

5

0.
10

7

0.
01

9
0.

00
9

0.
38

9

0.
83

0

H
A

0.
37

8

0.
33

4

M
.1

39

0,
01

6
0.

08
0

0.
57

6

0.
12

0

m
1.

30

0.
30

1

0.
 ,3

0

0.
00

1

0.
05

0
0.

44
9

0.
82

0

H
A

0.
29

4

0.
48

9

,0
.0

09
0.

25
0

0.
02

0
0.

08
0

0.
25

0.
37

1 m H
A

0.
48

4

0.
01

 6

0.
24

2

0.
03

9
0.

01
8

H
A

§o
u£

ce
J Mi

ni
st

ry
 of

 fe
rti

lis
er

s a
nd

 Ohe
m

M
=

 -N
o

t
av

ai
la

bl
e

0.
18

5
M

A m

0.
18

0

0.
08

5

0.
01

9
Q

.Q
O

S

0.
26

5

0.
29

2

0.
24

1

H
A

0.
28

5

0.
12

4

0.
02

5
0,

01
1

0.
1G

2

0.
24

1

0.
03

9

0 
02

7 

0.
08

6 
0.

32
6 

0,
01

6 
0.

04
5

0.
11

0

0.
26

2

0.
19

2

1 
.3

50 m
0.

04
1

0.
22

9

1.
61

6

H
A

0,0
63

-391*0

£10*0

mtoro
m

*
 0

IbO 
0

, fj£o*o

H

&

E
B

T* Te Te K
Ii

II
 vh l'e Te l’e le le
 

1 e
 

£e
 

Te

Ph
os

ph
or

ic
ac

id
Su

lp
hu

ric
ac

id
A

m
m

on
ia

N
itr

ic
 A

ci
d

fu
el

 oi
l

Po
w

er

dr
ee

D
A

P

M
ar

la
te

 of
 

Po
ta

sh
(M

O
P)

Ph
os

ph
at

e
ro

ck
G

yp
su

m

W
at

er
W

at
er

 co
ol

st
ea

m

fe
rti

lis
er

 Pl
an

t

fe
rti

lis
er

 
G

ra
de

 NBK
 

(n
-3

5-
H

) 
1V

A
pr

oc
es

s

of
, th

e Unit 
fe

rti
lis

er
 fe

rti
lis

er
"f

er
til

is
e-

 f<
< t

ili
se

r 
fe

rti
lis

er
 f

er
til

is
er

 fe
rti

lis
er

 fe
rti

lis
er

 
fe

rti
lis

er
In

pu
ts

, 
G

ra
de

 HP
 

G
ra

de
 NE

K
 Gra

de
 NE

K
 

G
r id

e H
PK

 
G

ra
de

 DA
P 

G
ra

de
 DA

P,
 

G
ra

de
 GA

P 
G

ra
de

 DA
E 

G
ra

de
 DA

E
(2

0-
20

-0
) 

(1
5-

15
-1

5)
 (14

-2
8-

14
) 

(1
7-

17
-1

7)
 

(1
8.

-4
6-

0 
(1

8*
46

-0
) 

(2
8-

28
-0

) 
(2

8-
28

-0
) 

-(
24

-2
4-

0)
PE

C
 pr

o-
 

EE
C

 pr
oe

e-
 D

or
r - Do

rr 
D

or
r 

M
its

ui
 

IV
A

 
11

D
or

r
ce

ss
 m

o-
 

es
 m

od
i- Oliv

er
 

O
liv

er
 

O
liv

er
 

pr
oc

ee
e 

pr
oc

es
s 

p-
oc

es
s 

O
liv

er
dx

fir
l fled 

pr
oc

es
s process

 process 
pr

oc
es

s
• t, P

C
 

by
 fC

I 
• 

- 
...

...
...

...
...

...
...

...
...

...
...

 . ,
&

s
la

Ta
le

 3.
9 ! 

In
pu

t a
tru

o+
ur

e f
ci

 IF*
'N

EK
 fe

rti
lis

er
 ma

nu
fa

ct
tir

fe
H

n d
iff

er
en

t fe
rti

lis
er

-:p
la

nt
s in

 In
di

a.
(in

pu
ts

 re
qu

ire
d p

er
 ton

ne
 of

 pr
od

uc
tio

n)



8 9

decided to base the new fertiliser projects on fuel oil but 

with the escalation of oil prices the, use of fuel oil in the 

fertiliser plants has become uneconomical* At present natural gas 

and coal are considered to be the only alternate raw materials 

for future fertiliser projects in India. Ihus the relative 

prices of the inputs also affect; the input structure of an

industry.
\

fhe selection of process technology for a fertiliser plant 

is determined by various factors. fhe most important factor 

is the raw material to be used, fable 3»10 shows the alternate 

processes which 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.

fable 3.10 : Raw materials for synthesis G-as production.

Raw material - Process

1. Water . 1.
2. Hydrogen rich refinery 2.

gas
3» latural„gas 3 •
4* Baphtha 4«

5. Crude or residual oil 5.
6. Coal and carbonaceous 6.

material
7• Coke oven gas 7«

Electrolysis
Steam reforming or partial 
oxidation
Steam reforming.
Steam reforming or partial 
oxidation.
Partial oxidation
Water gas reaction and/or 
part ial/xida tion.
Reforming or partial oxidation 
or low temperature separation.

Source; Handbook oa fertiliser1 Technology, 1977. Fertiliser 
Association of India, New "elhi/1^ ", p.15.



n
Ihe location of fertiliser projects also influences the 

designing of process technology. ®he consumption of inputs 

especially utilities varies from process to process and so also 

their availability from place to place. At present all the 

engineering collaborators emphasise more on the reduction of 

utility consumption as these constitute a substantial part of 

cost’ of production. She modification of technology has brought 

substantial savings, in utility consumption. Shis has been-shown 

in Sables 3.1 and 3.2 and also discussed earlier in this chapter.

Sechnologioal advancement and capital input.

fertiliser plants require substantial investment of which, 

about 30 to 50 par cent in India has, in the past, been borrowed 

from foreign sources such as IBED, IDA, loans from foreign 

Governments, etc. With the advancement in process technology,
i

the scale of production in the fertiliser industry also tends 

to increase. Barge-siae fertiliser plants, require higher capital 

outlay on fixed assets, especially on machinery and equipment 

which constitutes about 80 to 85 per cent of total investment 

in the plant. However, the questions to be answered are :

(a) whether with -toe increasing scale, the capital investment 

per unit of output has changed, and if so, in what direction?

(b) between scale and technological advancement (in case thty 

are not necessarily concomitant) which has a dominating 

influence on capital intensity of output.



?74

So answer these questions, we have selected a number of 

plants for which the data on investment as well as the date of 

commissioning and the capacity installed were available and 

also ih a way that these plants cover a fairly long time span.

She advancement in process technology has been taking place 

over time and, hence, in a general way one could say that 

later the date of commissioning the more advanced technology a 

plant represents, Shese data are presented in fable 5*11* ®be 

plants are arranged in chronological order of the date of their 

commissioning. Column 4 of the table shows the investment in the 

plant at the time of commissioning and cdumn 5 shows the 

capacity created in terms of nutrients for the corresponding 

investment. Investments in this table are at current prices.

There is a few year’s time lag between the start of construction 

of the plant and the date of its commissioning (say 5 to 4 years). 

Over this period investments are made continuously. 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 associa­

ted with it has been treated as erection of a new plant. That 

is how in the table we have, for example, GSFC-I in 1967-68,
i

G-SPC-II in 1969-70 and GSFC-III in 1974-75.



O
A

B

A
S

TT
re

a,
20

-2
0-

0(
H

itr
op

ho
sp

ha
te

) 
f -

ea
O

re
ar

pA
P,

 fi$
U

re
a,

 2
8-

23
-0

U
r e

a,
 A

S

U
re

a
'A

S U
re

a
U

re
a,

 A
b

U
re

a
20

-2
0-

9
U

re
a,

 1
7-

17
-1

7,
14

 -2
8-

14
,2

8-
28

-0
 

18
-3

6-
0,

24
-1

2-
12

,1
1-

22
-2

2 
U

re
a,

 28
-2

8-
0,

1 
g-

1 
9-

19
,1

4-
35

-1
4 

U
re

a
A

S,
 1

8-
46

-0
 

U
re

a
U

re
a,

 1
0-

26
-2

6,
12

-3
2-

16
, 14

-3
6-

12
U

re
a

U
re

a
U

re
a

U
re

a,
 1

0-
26

-2
6,

10
-4

 6-
0,

15
-1

5-
15

 
17

-1
7-

17
,2

8-
28

-0
,1

8-
46

-0
 

20
-2

0-
0 (

R
itr

op
ho

sp
ha

te
)

* S
ee

 Ta
bl

e 3
-1

2,
Fe

rti
lis

er
 Ae

so
o 

N
at

io
n o

f In
di

a,
 New

 D
el

hi
.

In
 In

di
a, F

er
til

is
er

 A
ss

oc
ia

tio
n o

f in
dj

.a
, New

 D
el

hi
.

So
ur

ce
: 1. 

Fe
rti

lis
er

 St
at

is
ti.

oa
.

2*
 Fe

rti
lis

er
 rro

du
nt

"

3-
80

3.
77

3.
18

3.
42

2.
94

1.
57

3.
57

 
2.

94
3-

 
52

1.
66

4-
 

43
 

1.
99

 
0.

50
 

1.
35

1.
20

 
2.

12
 

1.
24

 
1 -

57
 

0.
89

 
1.

52
 

2.
13

 
1.

59
 

0.
91

 
0.

70
 

1 .7
0

3O
4 40 37
4

2e
2

4>
G

34
8

16
4

23
6 28 18
3

22
8

41
2 34 38
6

29
0

32
2

13
9

23
8

36
5

23
8

32
4

24
2

31
6

19
0

25
5

3-
86

 
3.

77
 

3.
14

 
■*

,5
3 

3-
04

 
1.

62
 

3,
62

 
2.

97
 

3.
65

 
1.

68
 

4.
19

 
1.

89
 

0.
45

 
1.

23

1 .0
5

1 .
86

 
1.

09
 

1.
39

 
0.

79
 

1.
43

 
2.

01
 

1.
50

 
0.

86
 

0.
66

 
1 .6

3

30
9 40 36
9

25
0

44
5

35
9

16
6

23
9 29 18
5

21
6

39
1 31 35
6

25
3

28
3

12
3

21
1

32
4

22
4

30
5

22
8

29
7

17
9

24
5

80
.0

0 
10

.6
1 

11
7.

54
 

70
.8

4 
14

6.
44

 
i.2

1.
50

 
45

.9
0 

80
.4

0 
7.

95
 

11
0.

40
 

51
.4

9 
20

7.
00

 
68

.6
0 

28
9.

38

24
1.

70
 

15
1.

80
 

11
2.

53
 

15
1.

80
 

41
1.

29
15

6.
40

 
15

1.
80

 
15

1 .
80

 
34

7-
20

27
1.

40
15

0.
00

31
2 42 45
6

34
4

63
0

30
9

24
3

34
9  42 27
0 

33
7 

61
C
 

56
 

64
1

56
6

63
0

35
0 

59
9 

92
0 

67
6 

92
0 

66
8 

89
7 

54
0 

76
0

PC
I.D

ur
ga

pu
r 1974-75 

1P
FC

 0,
 iC

an
dl

a,
 K

al
 ol

 19
74

-7
5 

M
C

FD
 

19
76

-7
7

I’C
IjH

am
ru

p-
II 1976-77 

PC
I,B

ar
au

ni
 

19
76

-7
7

SP
IQ

 
19

76
-7

7
PA

C
T,

C
oc

hi
n-

II
 1976-77 

H
O

P,T
ro

 m
ba

y-
IV

 1977-7319
61

 -6
4 

19
62

-6
3

19
65

-  
66

19
66

- 
67

19
67

- 
68

 
19

67
 -w

~
19

68
- 

69
 

19
68

-6
9 

19
68

-6
9

19
68

- 
69

19
69

- 
70

 
19

69
-7

0 
19

71
-7

2 
19

71
-7

2

19
73

-7
4

19
73

- 
74

19
74

- 
75

PC
I,K

an
ga

l 
K

ID
 Pa

rr
y-

I 
PC

S’
, T

ro
m

bs
y 

N
U

C

SS
Iv

-I
G

PL PC
I, 

N
aa

a'u
p-

J 
PC

I,G
or

ak
hp

ur
 

EI
D

, P
ar

r"
 - 

- 
SO

I,K
ot

a 
G

SP
C

-I
I

m PA
C

T-
TV

 
M

PU
,M

ad
ra

s

Zu
ar

i G
oa

PA
C

T,
C

oc
hi

n-
I

G
SP

C
-I

II

10 11 12 13 14 15 16
 

. n » t 18 19 20
 

21 22 23 24 25

T
S.

t -
lll

on
) (Bu'

O
O

C
/

Fe
rti

lis
er

 pr
od

uc
t to

 be
 

m
an

uf
ac

tu
re

d
in

ve
st

m
en

t u
 

In
ve

st
m

en
t j 

pe
r to

rn
* 

of
 nu

tri
en

t
ca

pa
co

.'E
jp

 ‘
(a

t c
on

st
an

t 
pr

ic
es

)

To
ta

l in
ve

­
st

m
en

t a
t 

co
ns

ta
nt

 
or

ic
es

 of
 

19
60

-6
1 

(b
as

ed
 on

 
in

de
x 2

)*
ta

nt
pr

ic
es

)
(B

s.'
Q

Q
O

)
( "

3.
01

11
* 

- 
on

)_
__

__
to

nn
es

)
-T

P2
°5

+K
2o

) In
de

x i
r 

(•O
'lQ

Se
al

 ca
pi

ta
l

To
ta

l 
■i

ns
ta

l­
le

d c
a­

pa
ci

ty
in

 tee
m

s p
ric

es
 of

. - 
iP

ty
A

V
ct

d"
 

of
 n

ut
rl 

19
60

-6
1 (n-t cofis

- 
en

ts(
H

+ (ba
se

d o
n

B
ea

l i 
C

ap
ita

l. 
■ In

ve
st

m
en

t 
To

ta
l In

ve
- In

ve
st

m
en

t 
pe

r to
m

e 
of

 nu
tri

en
t

at
m

en
t a

t 
co

ns
ta

nt

To
ta

l ‘ 
ca

pi
ta

l 
in

ve
st

­
m

en
t 

(in
 cur

* 
~e

nt
 

pr
ic

es
)

(te
.m

i­
ll i

on
)

Te
ar

 of
co

m
is

-
ei

on
Pl

an
t N

am
e o

f th
e 

N
o.

 
Pl

an
t

u

Ta
bl

e 3-
11

 » C
ap

ita
l in

ve
et

m
en

t in
tif

 er
til

la
er

 ind
us

try
 iJ

U
K

ln
dl

a.

in vo c- oo



We are taking the investment as a lamp-sum figure because 

the break-up. figures on land, buildings, machinery and equip­

ment, etc*, are not available, but all these investments are 

on fixed assets. Since "toe investments in these plants were made 

in different years and the prices are subject to variation, for 

comparability we have to reduce them to constant prices, fhis 

necessitates the use of a suitable price deflator.

fwo wholesale price indices for domestic capital formation 

in manufacturing industry by types of assets are available from 

National Accounts Statistics, One index pertains to all assets, 

while the other pertains only to machinery and equipment. fhese 

indices are shown in fable 5*12. She indices reported in fable 

3*12 are implicit price deflators as they are obtained by 

dividing the gross domestic capital formation at current prices 

by the gross domestic capital formation at constant prices.

Column Nos.6 and S of fable 3*11 are computed on the basis 

of Index-I and Index-2 of fable 3*12 respectively, fhese columns 

show real capital investment (on the plants) at 1960-61 constant 

prices. Column No.5 of fable 3*11 shows the total installed 

capacity of fertiliser nutrients in the respective fertiliser 

plants. On the basis of column Nos.5, 6 and 8 we have computed
r

capital investment par tonne of nutrient capacity at constant 

prices. Capital investment per tonne of nutrient capacity,



gable 5«12 t Wholesale price indices for domestic capital 
formation in types of assets in manuf act wing 
industry (1960-61^100)

Year All assets 
(Index 1)

Machinery & Equipment 
(Index- 2)

1960-61 100.00 100.00
1961-62 100*94 102.48
1962-63 104.34 105'.18
1963-64 110.54 113.60
1964-65- 116.11 114.94
19'65 -66 123.71 122.04
1966-67 137.43 142.20
1967-68 141.69 146.37
1968-69 146.03 147.93
1969-70" 155.85 148.07
1970-71 169.03 160.03
1971-72 180,15 165.87
1972-75 193.27 179.59
1973-74 222.63 195.40
1974-75 283-92 252.08
1975-76 297.07 284.09
1976-77 301.53 283*75
1977-78 310.44 297*74
1978-79 327.21 309.15

Computed from s
1. Mational Accounts Statistics, February 1976 (for figures 

prior to 1970-71)
2• national Accounts Statistics, January 1979( for figures 

for the year 1971-72.
3* latioml ACCOuiits Statistics, January 1981 (for figures 

for the year 1970-71 and 1972-73 onward).
Sourcei Hational Accounts Statistics, Central Statistical

Organisation, "’Department of Statistics, Ministry of 
Hanning, Coverment of India.



computed on the basis of Index-1 is given in column 7 end 

capital investment per tonne of nutrient capacity computed on 

the basis of Index-2 is given in Column 9»

An important point which emerges from column Nos*7 and 9 

of fable 3*11 is that the advancement in process technology, as 

represented by time factor, has resulted in substantial capital 

savings m fertiliser industry, the real investment per tonne of 

nutrient capacity has decreased substantially over the period. 

Plant Nos.6,13,14,15,17,19,23 and,24 produce NP/NPK complex 

fertilisers in large quantities, Plant No.3 produces urea and 

nitrophosphate and plant No.25 produces only nitrophosphate 

fertilisers. Other plants produce only straight fertilisers of 

various types, this is shown in Column 10. It is apparent from 

the table that straight fertiliser plants require higher capital 

investment and NP/NPK complex fertiliser plants require lower 

capital investment per tonne of nutrient production, the 

investment per tonne of nutrient production on nitrophosphate 

plants is higher than that of complex fertiliser plants.

Column Nos.7 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 to rise over time, there is no direct correlation 

between scale and time, technology can fairly be assumed to be



n
improving directly over time. It appears from column 7 and 

column 9 that investment per unit of capacity declines more or 

less steadily with time, therefore, it appears that technology 

improvement has more impact on decrease in capital investment 

per unit of production $faan just the scale of production. To 

examine this further we have attempted a simple functional 

relationship between investment per unit, time and scale of 

production (in terms of installed capacity in nutrients). The 

functional relationship is given as

y « a + b^t + bgX

where y = investment per unit of capacity, 

t =* time (in years), 

x *s installed capacity

a » is constant and b^ and bg are parameters.

To examine this relation we have run two regression models :
(i)^multiple regression (ii) double log multiple regression. 

The results obtained are, given in Table 3*13 and Table 3*14* 

Table 3*15 shows theAxmitiple regression results based on 

Index-1 (column 7) and Index-2 (column 9) and Table 3*14 shows 

the double log multiple regression results based on Index-1 

(column 7) and Inc).ex-2 (column 9). ^he former gives absolute 

variation in dependent variable (y) with the change in the

value of independent variables (t and x) whereas the latter
/
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gives the percentage variation in dependent variable (y) with 

percentage change in the values of independent variables 

(t and x).*

Sable 3*15 gives us better results since it explains 69$ 

variation in y (based on Index 1) and 66$ variation in y (based 

on Index 2).

Sable 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 the value bg. 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.

Since the values of b^ and b2 are negative, there is a 

negative relationship between the independent variables and the 

dependent variable. She higher values of I 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.

Conclusion

Process technology of fertiliser manufacture has advanced

remarkably since 1950's. A variety of processes for the manu-
1 \

faeture of a number of fertilisers, from different raw 

materials, have been invented and further modified.



Processes can be distinguished on the basis of raw 

materials used. Since a number of engineering firms in the 

world have got the patent to supply their own designed processes, 

there are sub-processes of each process depending upon the 

designing of the process. Each process developed by a particular 

engineering film has different input structure than that of 

others, and each process has certain advantages over the others. 

Bor ©sample if process-A consumes less of one input, it my 

consume more of otiier input than another proeess-B. She 

competition among process designees in the International market 

accelerates the research activities for further modification 

in process technology.

IIP/liPE complex fertiliser processes are multiproduct 

processes, Ihe input coefficients for different grades of HP/

HPK 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- 

coefficients and product grades.

We have seen that technological advancement and scale 

economies have significant impact on both the capital investment 

as well as consumption of inputs. However, the coefficients of 

material inputs are more sensitive to the level of capacity 

utilisation, given the design of the plant.



Ihe fertiliser industry is a multiproduct industry in 

which one fertiliser intermediate/product is used for the 

production of another fertiliser intermediate/produet.' A flow 

chart given in figure 5*1 may summarise the linkages of 

process technology in this industry.' It is seen from the flow 

chart that ammonia and phosphoric acid' are the most important 

* intermediates in the fertiliser aanufacture. Ihe designing of 

the plant for the reaction of one intermediate with another 

intermediate or raw material in different proportions for the 

production of different types of fertilisers will change the 
input structure and hence, make fertiliser technology more x 

complex.
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