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THE CASE FOR THE ELECTRQO-CHEMICAL FIXATION

OF ATMOSPHERIC NITROGEN IN INDIA®
By B. VISWANATH, T. L. C.,

Govermmment Awvicultural Chemist, Coimbatore.

The most outstanding recent achievement of science, directly and
intimately connected with focd production, is the electro-chemical
fixation of atmospheric nitrogen. With the aid of electricity 1t has
been possibile to "“fix”’ atmospheric nitrogen and produce several pro-
duets for fertilising thesoil, such as ammoniom sulphate, 2ammoniom
phosphate, ealcium eyanamide and urea. J. !'. Lipman, Director of
the New Jersey Agricultural Experiment Station gives in a recent
number of the ‘Journal of the American Society of Agronomy (March
1932)" figures for the world’s electro-chemical fixation of nitrogen,
as shown in ihe statement below:

Statement No. | giving the warld s elecire-chemical fization of nitrogea in tens
per year from the year 1809 te 1930.

o Nitrogen
Year, Tons.
199 * 569,250
1913 g 899,800
17 . 1,205 000
1924 ~1923 i 1.154.000)
19.8—192¢ . 2. 1135000
1920—193( | 2 155,400

Lecture delivered at o joint session of the Indinn Clhemical Society {(Madvas
branch), the Society of Biologicul Chemists {India) and the Association of
Economic Biologists (Coimbators) on the Sth October 1232 under the Chair-
manship of Major Howard. Chief Engineer, Mvdro-electric Developmint.
Madras.
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The processes at presant in use for fixing atmospharic mnitrogen
using electricity are .
i) the ‘Habsr Bosch proz2ss' in which nitrozea and hydrozen
 combine to form ammonia
ii) the ‘arc process’ in which nitrozen and oxygen combine: to
form nitric oxide
iii) the ‘eyanamide process’ in which nitrogen and: calcium car-
hide combine to form calcium cyanamide
iv) the ‘catalytic process’ in waich ammonia obtained by me-
thods (i) and (iii) is converted into nitric  acid and ‘nitrates
by catalytic oxidation.
. Several countries in the world have built plants for the fixation
of nitrogen utilising one or more of the above methods as will be
be seen from the statement.
Statement No. II giving tne countries of production and the total capacity of the plant
in lons of nitrogen per year,

+ Area (Lipman)
Country. : Mitrogen
_ (sq. miles), - Tons.

India including, Aden - 1,766,600 Mil
Belgium . . 11,370 106,200
Canada 3.620,000 82,300
Czechoslovakin 18,500
England a8,324 175.000
France 207,200 165,397
Germany 203,720 038,500
Italy 110.600 79,900
Japan 162,635 118,600
MNetherlands 12,560 77,000
Norway 124,099 100,000
Poland _ 75.000
Russin (in Eurape) 2052490 7.000
Rumania 50,700 5,000
Spain 194,740 8,500
Sweden ) 172,880 5,000
Switzerland 15,470 12,00
United States of America. 3,025,600 195,600
Yagoslovakia 28,000

Total (2,203,900

It will be noted that India is producing nothing. Why ? Does she
not possess the necessary materials and facilities? Let us examine,
Nitrogen is available in plenty in India as in any other country. Every
square yard of land has about seven tons of frce nitrogen lying over
it. There is abundance of coal and lime. As {or electricity, we have
the authority of J. W. Mears, Chief Engineer, Hydro-electric Sur-
vey, who in his triennial report for 1919--21, estimated the probable
water power of India for ' maximum development” a§ 12,680,000
kilowatts equal to two and a half million water horse power of which
only 134 7 was then either developed or was in course of development.
We have now nearer home, .the Pvkara power. We seem to have all
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the facilities and vet we are not doing the first essential thing necessary
for the development of agriculture and increased food production.

The problem of nitrogen fixation in India has been under discus-
sion within the past ten years. The Indian Sugar Committes was the
first to study the subject and to express the opinion that the successful
introduction of synthetic process for nitrogenous fertilisers was a
matter of first importance. Thne possibilitizs for the manufacture of
nitrogen fixation products in [ndia were considered by the Board of
Agricalture in India, at its meeting held in Pusa in February 1922. In
‘the opinion of the committee appointed by the Board, the field for the
use of nitrogen fixation products was limited, as the cost pzr upit ot
nitrogen was too high {for the ordinary ryot to manure the staple food
crops, and so the prospzcts were not encouraging. The committee,
however, were of the opinion that they could suppert Government
efforts in the direction, in connection with ordinance factories for
nitrogen products. Such factories must necessarily produce in excess
of military requirements in times of peace and this excess could be
used to give some indication of the limiting unit price which would
make this fertiliser attractive to the Indian cultivator. The Indian
Science Congress at its joint meetings in 1923 discussed nitrogen pro-
blem of India in general. In the coursz of the discussion Lieutenant
Colonel Battye, Superintending Engineer, Hydro-electric Circle, the
Punjab, examined the hydro-electric aspect of the subject. His opinion
was that in Southern India where most hydro-electric developments
depend on s2asonal storsige it might not be possible to bring down the
cost of power within elzctro-chemical limits except in the case of large
projects. In Northern India, on the other hand, river flow projects
were possible and power should be available at 16 hours a day through-
out the year gt practically no cost to the producer. Judging from the
figures supplied by thz American Ordinance Office report on the
fixation and utilisation of nitrogen, he estimated thar, if power was
available at one pi: a unit, it should be possible to produce ammonia
at three annes a pound as against thes present mice of Rs. 0-5-4 a 1b,
for the imported stuf. The Rayal Commission on Agriculture 'in
India examined the position afresh in 1926 and 1927 and considered
that at least in the near {uture, the prospects for the manuafacture of
nitrogen products were not encouraging. [ quote their views in
extenso. After briefly examining the recommendations of the Indian
Sugar Committee who were in. favour of manufacturing nitrogen
fixation produets in India, the Roval Commission on Agriculture say :

*The pasition has changed greatly since the report of the Sugnr Commitice
was written,, The [ull effects of (ke diversion ol the capital, enterprise and,
above all, the research devoted to the manu[nuure of munitions to the production
of peace-time requirements had not been felt in 1920, Since then, it has resolted

ina fall in the world's price of nitrogen by filty per cent and there are prospects
of atill lower prices inthe near future, We see no reason to question the view
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which was placed before us in the course of the evidence we took i1 Lonton ‘that
in present cireumstances, only very large units with a minimum capacity-of about
150,000 tons of pure nitrogen per annum can be expected to pay even under ‘the
most favourable conditions in Great Britain and on the Continent of -Europe and
that conditions in India make it much less likely that even a unit of that capa-
city would prove a paying proposition. The possibilities of manufacturing
nitrogen from the air in India have already been exhaustively emamined by a
leading firm of chemicnl manufacturers in England which has decidéd against
proceeding with the project. It is probable that no factory on a seale which
could be contemplated by any local government, ‘or even by the Imperial ‘Govern-
ment, would be in o position to produce synthetm nitrogenous fertilisers at a
price less than that at which they can be imported. The whole ohject of esta-
blishing such a factory, that of producing fertilisers at a price which would place
them within the reach of a far greater proportion of the agricultural community
than is at present in a position to use them. would be defeated if a protective
duty were imposed to enable its out-turn compete against imported supplies. [t
is also to be hoped that should the demand for artificial fertilisers i in India make
it worth while. private enterprise will come forward to erect synthetic nitrogen
works in this country While the economics of the industry remain as they
stand to-day, we are unable to recommend any further investigation into the
subject under government auspices.”

It will b= noted that, in effect, the Royal Commission relegate ths
possibilities to a distant date. Are we to rest content here? We see
that already many countries have erected plants of their own and are
producing nitrogen fixation prouducts. Is there already over produc-
tion in the world ? If so, there is perhaps no justification for India to
produce still more, If the production is still below demand, there is
every justification for India to make serious urgent efforts at least at
experimental researches on the ways and means of producing different
nitrogenous fertilisers under our conditions. If there is a case, the
sooner we bestir ourselves the better. Already we have thz handicap
of being late in the field. TFurther delay only makes the handicap
heavier. I am second to none in th2'view that no greater disservice
can bz done to Indian azriculture than to enzourage ths usz of com-
mercial fertilisers to the detriment of the conssrvation of every other
source of other forms of nitrogen readily available at the disposal of
the ryot. But if an examination of thz world's food position generally
and that of India in particular, shows that, for feeding the population,
the available natural supplies ar- inadequate and that ths artificial
utilisation of atmospheric nitrogen is necessary. the position cannot be
easily ignored. Let us, therefore, examine the nitrogen position in re-
lation to food.

Lipman (Journal of American Society of Agronomy, March 1932)
gives the world's population between 1900 and 1930 and the amount of
nitrogen consumed as food in the following statenmisnt:—
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Statement N [1] showing the world's pn:lzu!'crn'on and the consumption of nitrogen
as food as caleulated by Lipman from 1900—1830.

Consumption of nitrogen as food as caleulated

Year | World's Population. .
. by Lipman at 100 grams protein per head.

. Tons.
1900 1,530,000,000 4,390,000
1910 1,523,000,000 4 j‘ﬁ[},ﬂﬂﬁ
1920 1.700,000,000 4,970,000
1939 2,000,000,000 5,850,000

Thus, the preseat requirement of the World’s population in terms
of food nitrogen is six million tons.  The present world's capacity for
nitrogen fixation is two million tons per annum. The production of
Chili salt-peter has remained stationzry at two million tons a vear,
which is equivalent to one-third million tons of nitrozen a year. Thus
we have at present two and one-third million tons of fixed nitrogen as
against a requirement of six million tons for feeding the population of
the world. It must be stressed here that six million tons represent
nitrogen actually taken in as food. Assuming that the food eaten is
vegetarian and a nitrogen efficiency of twenty per cent. in the grain as
worked out for England by Slade (c. f. Chemistry and Industry,
Sep. 12, 1930), it would require thirty million tons of nitrogen to be
added as manures or fertilisers. For meat diet ths figures are still
higher. Fortunately, Nature has provided various other sources of
nitrogen, so that we need not have to find this tremendously large
amount of nitrogen by way of artificial fixation.

The position in India may now be examined. Lipman has
talken 100 grams. of protein as th2 average daily reguirement of an
American, - This is equivalent to sixteen grams of nitrogen per day.
A. W. Flux, in his presidential address to the Royal Satistical
Society (June 1930) on "Our food supply before and after War" fixed
86°5 grams of protein consumption per hzad per day in England. This
is equivalent to 14 grams of nitrogen pzr head pzr day. TFor India, I
have assumed that the food reguiremznts are lower than for either
America or England and have taken 75 grams of protein consumption
or 12 grams of nitrogen per head per day. On this basis, the amount
of nitrogen necessary for feading a population of 353 millions is calcu-
lated and given in the Statement No. IV below.

Statzment No. [V giving the indisidoal and total requirement of nitrogen for
ceonsumplion as focd, by the population of India including the Indian Stufes.

Consumption of Consumption of | Total requirement of
Poaulation.| nitrogen per head nitrogen per head | nitrogen by the entire
par day. per year population in a year.

353,000,000 |

i

grams hs. l tons
|
!

12 964 1,522,312
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Statemeat No, V giving the total arca under, and the out-turn af, the principal
- Food grains for the whale of India including the Indian States, 'to-
gether with the amounts of nitrogen remozed By these..

Season 18929—1930.

Out-turn ; Total amount-of
Grain Atl:;ﬁ'hcsf:;zﬁ:}:d basis. (hus-| Nitrogen | nitrogen{or the
: acres) ked) per |in grain. ¥ ‘whole area:
3 acre. Ibs. Tons,
Rice 80,479,000 apo 12 3,887
Wheat 31,654,000 750 2.5 264,701
Barley 8,787,000 750 25 71,185
s g |G | 3 s
Grains 17,039,000 300 4 ¢ }%
Other grains 36,982.000 200 o 33020
Total. | 247,000,000 1,071,138

Note:—The averag: amount of nitrogen removed in a year, by the shbove iood
grains is 977 lbs. per acre.

The statement shows the amount of nitrogen actually
obtained as food grains in the season 1929—30. Thus, in so far as
food is concerned, we are short by roughly five lakhs of tons of
nitrogen. In other words, we are at present producing food suﬂ‘ic:ent
for the proper feeding of only two-thirds of the population.

How is our nitrogen position and how are we to set about tor

increasing the food-supply ?

Statement Ns. VI giving th: aambzr of livestock for all India r"ncfu_dl'ng Indian States
for thz yzar 1329—30 and the amsunts of nitragen that may be conserved
from their excreta,

Nitrogen likely
to be produced
by a single ani-
mail in ons year

Total amount

MNumber (rounded
of nitrogen,

Livestock to thousands)

. 1bs. -. Tons.
Human 353.000,070 (i) 1,055,818
Bovine-cattle & IJu[f aloes 197.836,000 210 1,721,750
Bovine-goats & sheep 090,123,000 125 502,918
Horses and ponies T 2323200 _ 20 21,108
Mules, donkeys, camels ete’ 2,858,000 150 19,005
Total. 3,319,629

The statement shows the nitrogen  position in rezard to the
available supplies. The nitrog:n of thz human excreta is not sll lost
and unutilised. Likewise the nitrogan contained in animal excreta is
not all utilised. A little of the former and most of ths latter are being
utilised, as manure and so we may assume, that excludmg the nitrogen
of the human excreta, two millon tons of organic nitrogeén are
being used annually in th2 production of food and industrial crops:
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On the basis of even as high a figure as twenty per cent nitrogen effici-
ency for prain, the present out-turn of food nitrogen connotes, on
the whole, a satisfactory utilisation of the existing indigenous supplies,
Further effort in the hetter conservation and utilisation of indigenous
sources may not make up the food shortage at the expense of the
industrial crops. How is the deficit to be made up? There are two
ways of doing it. Qaeis by increasing the acreage under food crops,
the other is by increasing the production per acre. According to
Agricultural statistics of India in 1929—30 there were 155 million
acres of cultivable waste other than fallow, How much of this land
should be brought under cultivation to meet the present requirements?

From statements IV and V it is seen that 247 million acres give
1,071,138 tons of nitrogen per acre in food crops; or one ton of nitro-
gen is obtained from 230 acres of food crops. One person of the
population would require 9'66 1bs. of nitrozzn as food and so 2 ton of
nitrogen would fesd 230 persons. That is one cultivated acre of India
would give enough food for one person. On this basis there must be
353 million acres under cultivation. We should, therefore, get a
hundred million acres of waste land under the plough. Is this feasible
or profitable ? _ ' _

According to Slade the all-inclusive capital cost for a ton year
of nitrogen is £ 70'to 100. From our experience with nitrogenous manu-
ring for our soils, we may take nitrogen ‘efficiency for grain production
at 15% of added nitrogen. So that, every ton of nitrogen added in
the shape of fertiliser on a good basel dressing of organic manare and
adequate supply of phosphates would give enough food for 35 people.
On this basis, taking the maximum value fixed by Slade and at
one acre per head of population, the capital outlay for nitrogen
production sufficient for one acre comss to nearly £ 3 or Rs. 45. Com-
pare this with the capital outlay required for bringing an acre of
waste land under the plough. It will'surely be not less than Rs. 50
per acre under the most favourable conditions and even for rainfed
crops and anything above Rs. 50 depending on the nature of the soil and
the cost of providing for irrigation. Assuming for « moment the im-
possible, viz. that the nature of the waste land is such that the capital
outlay for hoth would be the same, what should be our course of
action ? Should we make efforts at producing improved strains of
crops and at rational intensive fertiliser practice based on incessant
scientific research on plant nutrition and reduce the area necessary
for supporting one person? Or should we increase our acreage by
hringing under cultivation the so called available waste land and thus
miss the present opportunity for fixing atmospheric nitrogen and
commit ourselves and the coming generation to n serious handiecap 7
The answer is plain.

Sir Alfred Chatterton stated in his address to the South Indian
Association, ~Science Japanese Agriculture supports one person
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on less than a third of an acre. Such is not impossible for us in'India.
Our Botanists can and are producing improved seed to give at least
an average increase of ten to fifteen per cent, A-quarter of a century
of experimental work has demonstrated that by rational-manuring we
can not only keep up the high yielding quallty of the 1mproved strains
but also augment them with an average increase of at least ﬁfteen ta
twenty per cent.

Recent work here and elsewhere has established the importance of
organic matter in the soil both for quality and quantity of food crops.
The essential point is to husband our resources of organic manures by
the better utilisation of existing ones and by finding ways and meéans
of preventing loss of material of manurial value from going out of the
country. We may grow green manure crops and utilise every bit of
organic manure for our food crops and use nitrogen fixation products
for industrial crops, or we may use sinall dressings of chémical fertilisers
on adequate basal dressings of organic manures, Thecourse of action
depends on whether a crop is to depend on rainfall or whether its water
supply will be augmented by some source of irrigation. In -any case
there is need for the use of nitrogen fiation products and the case for
manufacturing them in India is evident.

In regard to power, it would appear that thz 'arc process’ con-
sumes about 8°35 to 8'4 kilo watt year while for the.'cyanamide pro-
cess ' it is 2'3 kilo watt year per ton of nitrogen fixed. That is, the con-
sumption of power in the ‘arc process ' is about four times that in the
‘cyanamide process’. If power is available at a cheap rate, the ‘arc
process ' for the manufacture of nitric acid has the advantage of haing
direct and comparatively cheap. It is stated that the ‘arc process’ is
advantageous in Norway, where power is available at £ 12 per kilo
watt year. For the arc and cyanamide processes, the power should be
available throughout the year as in these processes which depend on
high temperatures the current cannot be switched off .and on, daily as
this would mean considerable loss in efficiency. Intermittent power
will be useful in the manufacture of synthetic ammonia by the Haber-
Bosch process in which the intermittent power can be used for the
electrolytic production of hydrogen which-is made to combine with
nitrogen at about 600°C. unler pressure.

In regard to the economic size of the plant for the production of
nitrogen fixation products the Royal:Commission on Agriculture have
stated that the minimum manufacturing capacity of a commercial
plant should be 1,50,000 tons of pure nitrogen or roughly three quarter
million tons of ammonium sulphate. I may, however, point out, that
of the nitrogen fixing plants in the world at the beginning of 1930
fourteen plants were of a capacity below 150, 000 tons, the capacity of.
12 plants was below 100, while there were five plants. ‘with .a capacity
below 20,000 tons.” Is it' not possible that what is economical and
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practicapnie 1or other countries may be or may be made to be so for us
also 7 At least there is a case for the immediate institution of nitro-
gen research laboratories in which chemists and electrical engineers
should work in close collaboration and co-ordination and. tell us defi-

nitely what the position is.

For the convenience of our Readers, we reproduce below the summary ﬂ[ the
Presidential remarks made by Major Howard, Chief Engmeer for Hydro-electric
Development and which was published in a previous number of this journal
(Vol. xx, No.11 P.'449), - Ed. M. A. J.

Chairman's Concluding Remarks. Rao Bahadur B. Viswanath's enthusiastic
advocacy has made me wonder whether there is any one else present in South
India who would be able to present it so well as he. He has brought out very
clearly the deficiency of nitrogen and how it is imminent on us to produce
nitrogen. But to me the pr{:ble:n is how much to pmduce how to go about it
and how to make the people use the product that is manufactured. In my
opinion the best process to be adopted herz is the Arc process, The problem is
also economic and must be interpreted in a much wider sense than the merely
scientific. 'We have, at the start, to d=cide on giving a nationol orientation to
this enterprise if it shou[d be any economic success later on. What exactly I
mean hy nationalizing such industries can be illustrated by ‘referring to Japan,
and Italy, where great strides have been made in scientific progress on aceount of
the Government taking a chiel hand in such enterprises. I can also quote to you
the instance of Egypt where two million pounds have been sanctioned for the
erection of hvdro-electric works on the Nile and another two millions for the
manufacture of fertilizers. 1am perfectly sure becuuse they are state-undertaken
that even this vast expenditure will be justified in bringing useful returns.

I am not very sure of Pykara being a suitable site, It is not merely from
economic considerations but because also that it is not particularly suitable,
Nearer to us we have Mettur, an ideal site in my-opinion. 1t is not very safe to
take our figures from Norway. Norway was the first to start nitrogen fixation
electro-chemically and the figures are of pre-war days. Power in Norway is
produced at £ 2 a kilo-watt a year. The Nitrogen Fixation Committee's finding
is that this would be equivalent to £ 4 at present. We can produce at Mettur
easily at and that with profit. .

One thing however we must bear in mind and that is the competition from
foreign markets. The Agricultural Commission went into this and it was this
that made them argue against electro-chemical projects in this country. In the
early stages at least, therefore, we must start with protection from the Govern-
ment and in my opinion that is the only economic solution. [ am in sympathy
with the lecturer not merely sentimentally but also practically.

STUDIES IN POULTRY-KEEPING
Part I. SOME ADVANTAGES IN POULTRY-KEEPING.
By R, W, LITTLEWOOD,

Deputy Director of Agriculture, Live Stock,
and H. NARAHARI RAQ,

Poultry Manager, Hosur.

[fggs and poullry for meat are the primary edible products for
thoss who use them in their daily diet. During recent vears the
demand for poultry-products has considerably inereased, especially in
places near towns. In such places people take so keen an mtereqt that
they are becoming specialised in poultry keeping.



