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Sources

+ certain amount of data
+AOQ hag published a get of 17
paper pulp

were ulready available,

For instance, the
costed input tables for the

ind paper, covering 1ifferent raw
at different scales of

nut out a «

ranufacture of

meterials by different JT cesses

Jsroduction. y The United ‘tates Forest Service has

materials by various rocesses, £

There were several studijes by States also
on the s.me subject.

Tentative costing sheets are
Nations Conferences .ng Seminars,

Petrochenicals

often submitted at United
for instance, those relating to Cement }{
» Basic Chemicals ﬂ’ Paper 6, Alcchol

» etc. Region~
wide investigations of and re

orts on industrial

so88ibilities sometimes
contained tentatiwe cogt data as,

for instance, the 4zimov _teports on the
Ceara ftrovinge of Brazil,

The Indian Tariff Comm
200 stu

ission has publiished about
dies of industry costirg. The USAI

D ‘rogr .mme has published over

ocutline costing sheets, necessarily of g

tentutive n.ture. ome actual
estimates submitted by consulting enginee

rs
coing, .nd contained cost data of varying A
bility. Thus, there

to various countries were forth-

e’rees of completion ind relig-~
w18 a fair hody of cost data available

actuall; consulted. The
inevitably incoherent and not c

28 a starting
base, and many were

data, cullected from different

omparable. The rel iability

sources, ere

4/ A0 = Raw Materials for more Paper - Rome, 1353

2/ Charcoal 'roduction, barketing
Cost of Operation for trree

Denmark 1964
Teheran 1964
Bombay 1963
Cairo 1964

Lucknow 1952

«nd Use - Fi. Report No. 2213 of 1961
types of charcoal kilns - 1957
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of the iita could not be taken tor ranted, and vide diverrencies were often
notedi. . evert.eless, with all these liuitations, some kind of cost pattern

could be evclved for eacl: of thie industries examined.

Approach

There were three lirections in which the basic data had to be reworked
(1) aAlloirg ror chances of scale
(2) .llowing for ch.nges of technolcgy

(3) Allowing tor changes of parameters

These three -djustments were m.le to evolve whit might te considered to
be the best “it for conditions prevailing in developing countries. The change
of parameters was the easiest. ixtensive statistical information has been
published in various countries on common cost elements, such as labour wages,
costs of fuels ind energy, raw materials, intermediates, consumer .roducts,
trans_ort, interest char-es, etc. L/ To 31 lesser extent, data could be
collected for sroductivity, maintenance cost, :iepreciation, etc. g Tables
of transfer rarameters had a fair degree of Jdependability, probaibly better
than an order of magnitudie. i change of scale, leaving all other factors
unaltered w.. the next stey. This was far from easy. The exponents
sugrested and formulas prepared for estimating change of costa in change of
scale in the advancei countries were theuselvee variable over a very wide
range, as explained elsehere in the text (page 40 ,. The poesible rances
in developin~ countries were necessurily much ore.ter. +hen illowances had
to be made for anplic.tions of those technological processee which were
ron-standerd in the advanced countries, the cost variations Lecame nore a

matter of informed approximation than of a mathematically rigid derivation.

Y/ .g. the Statistical rbstracts of v.rious countries and jublications
by Departments of Labour, Social lervices, etc.

2/ L.g. Census of lanufactures, Census of Indusiries, Labour Gazettes,
Journal of ' roductivity, :.sian ‘roductivity Organ, etc.
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The most difficult stey of all was to visualize and then trinslate to
paper the technology hich would best iit the develoging countries, vnce
again, reliance w.s placed o ictual experiences in a limited number of cases,
and upon the information disclosed in a lar~e number of publicotions on
chemjcal technology, from the latest to those reaching back to nearly
100 years ago. 1 Under certain circumst nces, some of the Processes
described in the older literature were found to be quite valiqd today, if
modernised by the incorporation of the latest known materials of construection;
methods of transfer of he.t, energy and materials; applications of electricity;

transport mechanisms and vehicles; machines for size reduction, etc.

The outline flowsheets in the case studies represent the composite result
of the design of appropriate technologies in each case. The cost sheets are
the summary results of calculations based ugon the stated parameters, input
tables, stc.

Results
~hile the results are claimed to achieve only an order of magnitude,
the study has established a pattern which, it is hoped, will lead to more
fruitful results. The first is to establish the usefulness of examining
all possible technological alternatives for the production of a given com-
modity, even if some of the processes might be old or regaried as unconven—
tional in advanced countries. The second useful conclusion is that, while
the economies of scale* are 48 manifest in the developing countries as in the
advanced countries, it is nevertheless nossible to make alterations in tech-
nology whioh will to some extent counteract the diseconomies of smaller scale.
The third advantage is that the search brings out the possibilities of

I/ Tor instance, Rirk and Othmer - ‘neyelopedia of Chemical Technoloey
(1952 o 1966), Lunge's Sul shuric -oid and ilkals (1882),

* The oconcept of soconomy of soale is highly complex, and cannot be discussed
here. For the purposes of this paper, it is assumed that "economy"
applies to the scares factor of production vhich in one case may he
capital and in another case labour.
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econorisin- on capital investment in the m.nner likely to be productive

of bost results. Furthermore, the liversity of industries which are showm

to be :renable to this treatrent is a fairly strong indication that the
grinciples are of ceneral validity, .nd might be usefully applied wvhenever

the establishment of a new inlustry is contemplated. Finally, a start has

been mzde in the examination of a variety of important and popular industries.

To thit extent it is yossible now to work up more det.iled and more reliadble

feasibility studies.
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Slightly ievised 12 Cetober 1)66

B. Thiagarajan
Centre for Industrial Jevelopment
United lations

Adaptation of technology to scale of production in
chemical process industries for develo ing countries

Cbject
une of the important consideration in the manufacture of an industrial

product is the technology employed. Several observers have mentioned the

Paucity of published information on this point. ‘

? "For pre-selection purposes, an approximate description of

technological alternatives ... arpeam entirely satisfactory.

At this stage, a vide coveraige is essential in order to insure

against the risk of overlooking potentially s ttractive projects.

Technical specialists are -enerally not required for the pre-

1 selcction stage, but an effort should be made to include

technical information of a critical nature which, if overlooked,

might invalidate the conclusions ... even in the absenoce o.'
such technical specifications, the Data Summaries can be
useful ,..." l/

"The use of data from existing plants for project
evaluation rums into many difficulties due to the lack of
comparability of conditions of operation and the fact that
experience available in ore oountry only covers a limited part
of the known technologies and cossible sizes of units. Hence,

i/ Vietoriss - “};kinvutmnt Data Summary for the Chemical Industry"
Paper No IDP/FWG 5 presented to the Expert Working Group on Industrial
Development Programming Data, New York, iay 1961.




we Teel th.t an effert sloull Le mile to produce st .ndardized
date for industri:l rogrammins th.t :ould m.ke allo ince for
ditferences in factors thit vary imong countrie€s ....

The purpose cof this stuly rould e te ietermine the 'normal’
{stand rd; investrent an! current inmuts of production factors
required it i erent scales of output by a eciven technology

and the appropriate orcani-ation of production."

The chcice is by no means easy or simnle, thus --
"o.. judgments ibout relative efficiencies of cavital-intensive
and labour-intensive in-ustries often involve very complex
analysis. Frequently it is not possible, except after most
painstaking stuly, to determine whether a given technology will

in practice be labour-saving or capital-saving."

The fconomic Commission for Latin America has entered upon a series of
investigations in the chemical field. A paper prepared for the LCLA Seminar
on 1ndustrial Programming contains a series of costing statements, giving
the variation of the investment and production ccsts with scale of production
in eighteen different products of the chemical industries. However, while
mentioning that there could be significant differences if modified technol-
cgies were followed, these modifications are not given in any detail. A
later and much more detailed study went into changes of technology, but
these changes wer: not changes in an' essential _rincinle, but only modifi-
cations to suit different raw materials. A detailed study by the U.S. Dept.
of Labour j/ provided projection indexes for 36 industries, but gave no
cost data. The gap in knowledge, therefore still remains, and is sought
to be bridged by this study.

"Formulating Industrial Development Programmes' (Sales No. 61-II:F7) p.136

"How low-income countries can advance their own growth" - Committee for
woonomic Development, New York, 1966, p. 36.

“iconomias se escala en la industria quimica" (ST/ECLi/CCNF.11/L.17)

"La industria quimica en American Latina" - United Nations, New York,
64.II.G7 of 1964.

ok RY

“"Technologicel Trends in 36 major .merican Industries" - Ul Dept. of
Labour, (Superintendent of Documents, Washington DC, 1964)
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Chom;oal Process Indggtries

The listing of chemical industries in the International “tandard

Industrial Classification is on the following lines.

y

31 Manufacture of Chemicals and Chemical Products

311

J12

13
19

Basic industrial chemicals

acids, alkalis and sults

dye intermediates, dyes, colour lakes and toners
explosives ond fireworks

synthetic fibres, resins, plastics, elastomers and rubber,
fertilizers

Vegetable and aninal oils ang fats

crude oil, cake and meal

fish and other marine animal oils

rendering of inedible animel oils and fats

refining and hydrogenation of oils and fats
Manufacture of paints, varnishes and lacquers
Hanufacture of miscellaneous chemical products such as
medicinals and pharmaceuticels

perfumes, cosmetios and other toiletries

soaps and other washing and cleansing compounds
polishes and inks

matches and candles

insecticides

paro‘§;;tiltionf"§ipor' Series M. No. 4 Rev,l Add,1 (Indexed Edition)
-"Indexes to the International Standard Industrial Classifiocation of all
Eoonomic Aotivities" - (United Nations, 19%9) Sales No. 59:F.VII:9
(Note: A revised edition is very shortly (1966) to be issued)

)
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The followins ,rocess industries are at present not. clasasified under

"enhiemical industries':

202
27

209

211
213
271
291
300
321
329

331
332
333
334
339

342

sanufacture of dairy rroducts
Sugar factories and retrineries

" .nuf .cture of miscellaneous tood preparations (eege
starch, yeist, ice)

fistilling, rectifying .und blending of spirits
Breveries and tihe manufacture of malt

Pulp, paper and paperboard

Tanneries and leather finishing

Janufacture of rubber products

Petroleum refineries

Miscellaneous products of petroleum and coal
(including coal distillation)

Structural clay (bricks, tiles, etc.)
Glass and ~lass bproducts

Pottery, china and earthenware

Cement (hydraulic)

Honemetallic mineral products not elsewhere spacified
(e.g. gypsum plaster, abrasives, etc.)

Non-ferrous metal basic industries (including smelting)

All these are normally included withan the term "chemical process

industries" (CPI) because the industries make considerable use of chemical

processes.,

For the purposes of this paper, the coverage includes all the
industries mentioned in this paragraph. The industiries selected for some

detailed treatment are the following:
Distillation of coal and wood

Cement

Seawater chemicals

1/ Shreve - "he Chemical Process Industries" (MoGraw-Hill, New York, 19%9)




Caustic soda

Nitrogenous fertilizers

Sulphuric acid

Petrochemicals

Industrial alecohol

Paper

Yian-made fibres (nylon)

Jdven this treatment has to be elementary, because the angle of

approach is to establish generalized principles, not precise technolozical
detaile, and also due to spac- limitations.

Jefinitions
Certain terms will be defined for the purposes of this study.

"Size" in relation to a particular industry is measured by the physical

or material output capacity.

"uoonomic size" means that size which vill allow the producing unit to

meet all its costs from its own earnings, excluding only arbitrary changes,
such as taxes.

"Minimum economic size" is the smallest size which at full rated production
will enable the production unit to meet its costs.

"Optimum size" is that size at which the return on further increase in size

begins to display a negative gradient. 1
"Costs" include imputed standard bank rate of interest for all capital,

both fixed as well as for operational requirements.

"uconomy of scale" means maximising the output of the principsl scarce factors.

Varjable Factors

The variable factors to be covered in this study are:
(a) Choice of products
(b) Loocational factors

pV4 TNote that the optimum size may be below the minimum economic sisge.
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cl ..eeds of market anl end-uses
) Censiterationu of currency exchange
) Availabilities or raw materials
)  «uality stunlards
) echanization
) Labour problems
(i) Choice of technclogies
(j) cale of operations
Cnly the iast three factors will be analyzed in detail, while the
rest will receive qualitative treatment. Several other factors mey be

involved ir an actual prictical situation.

iny country investigating the possibilities of ex anding industrial
production generally follows three lines-

(1) Import substitution

(2) .xport promotion

(3) Innovations

Novadays most manufacturins methods, processes and operations are
well kno'm and can be madily hired. There are comparatively few items
whic . have to be placed definitely beyond the reach of even quite smll

countries.

On the other hand, although it may be technologically possible to
manufacture a particular 2rticle, it may/be a sound economic proposi-
tion at all. The economies of manuf:icture depend upor a complex network
of faotors which are always in a state of change. Often it is not possible
to say whether a project will or will not definitely be economically sound,
and the most th:t can be said is that it is worth a trial. By and large,
due to the permanent secular loss in the value of money, where a particular
nroject is a borderline case under current circumstances, it is usually a
good investment from the angle of future worth, taking into consideration
the almost certain erosion of the value of money in the future.

1/ See Rostas - "Comparative “roductivity in British and American
Industry" - Cambridge University Press, 1948.
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Locational factors have much to do iith the economics of production.
Manufacturing processes concentrate inputs and disperse outputs. ‘‘here
inputs are heavy and cheap in relation to outputs, like coal und benzene,
it is an advantage to be close tc raw meterials. vhere inputs are costly,
and the value alded is comparitively small (e.g. hydrorenation of oil) or
the final products are fragile or perishable, (e.g. manuficture of bread)
or of low cost, like pottery or bricks, or hazardous (e.g. sul bhuric acid)
it is a distinct advantage if a producing unit could be situated close to
the consumer market. This advantage may under some situations outweigh

other considerations which are normally decisive.

Thus, for instance, the manufacture of alumina from bauxite is in
principle extremely simple. The customary Bayer "rccess extracts the alumina
content of the bauxite with caustic soda to form sodium aluminate. ‘Then the
sodium aluminite solution ie diluted w=ith more water, it decomposes and
gives back the alumina and the caustic soda separately. Despite this
apparent simplicity, the industry is actually highly capital-intensive,
largely because of the need to recover as much as possible of the expensive
caustic soda. But there are several countriee in the world, all in the
"developing" regions, which have natural lakes of Boda ash und sodium
sul phate, which can be made to yield up their salts cheaply, and into which
the dilute effiuents could be returned. If it is possible to dispense
with recovery orocesses and still remain in a competitive position, the
entire plant can be very considerably simplified. Technological innovation
could play a major role in such cases. However, it take® expertise to
recognise and identify such situations.

Market needs have to be ¢ :refully investigated. Manufacturing methods
and prccesses have wached a high standard of precision in advanced countries.
Sometimes this precision is a functional necessity, as in a clinical thermo~-

meter; sometimes it is just a decoration, or an appearance, which is not at
all essential. Thus menufacturers of highclass white crockery may zo to

considerable expenses to produce wares without a single grain of black: if
a few black srains could be tolerated, the cost may be reduced appreciably.




it is notural tor 11 countries to 1i. t the best qualities. However,
sere ti. cholce is between i somewhut lower {but su ricient) quality ind
no Local proiucticn 2t all, oue or the other possibility could be selected.

Jhis situstion is of irecsuent cecurence 1in 1evelcping countries.

Jhe question o tore: it ~urrency is often encountered in leasibil.ty
stuiles.  Jo 1mpert eocncumer 00is normully requires payment in some foreiyn
currerzy. To manuftictare loc.lly ulso re uires some payment in foreign
currency; ~ither ir lump sums or in seriodic instalments or both, to pay
for cupitzl rlant, coperztional rejuirements, replacements, service charres,
etc. . proper reasilility stuly woull include a1 full statement of a foreisn
currency ta:lance sh.eets It 1s not alvays easy to assess the relative merits
of 2 lirre lump sum payment .t the moment as avainst the prospect of small
annual jayrents in persetuitys yet this is often the most important of a

feasibtility studly,

ihe zxvailability of a given r '/ material is sometimes the most
zlvanta-ecus factor in the estzblishment of an industry. Thus, for
instance, the copper smelters of "ambia Adischarre into the -ir nearly
1 million tons of sulohuric acid (actually in the form of sulphur dicxide).
int. .ike liutron in Tanganyika there is sn inflow of soda ash estimated at
2 million tons per annum. liyasaland has a mountain of bauxite (at least
6u millior. tons alreadyproved) aaiting exploitation. The hydro-electric
potenticl : “thic.ia is of the orler of 10C million kilowvatts. The list
of such :ctenti.lly valuable natural resources can become very long, and they
give :myple promise of becoming "core" industries, from which can develop

larze assemblages of related industries.

lany countries have raw materi:ls which are sadly neglected for one
reason or :inother, and quite often the result is higher costs for a better-
knovn r w m_terial in wider demand, but less readily available. Thus,
for instince, it is well-known that in the manufaicture of Portland cement,

magnesia is a harmfui ingredient. dence, limestones which contain more

than about 5 or 6 per cent of magnesia are left out of account in computing
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resources available ior Portlind cement manut.icture. However, it is ilso
kno/n thit when the content of Mm.gnesi. in cement rise: to .bout 2. oer cent,
once :gain the ,r duct 18 un acceyt.ble hydrauiic cement, shich was once

widely used in the UJA under the n.me of "Rosendale cement", .nd still

continues in good demand.-l-/ For many countries in the vorld the menuficture

of magnesiin cenents ig n exceilent way of securing anmple su,plies of gnod

cement ut comparutively low prices.

’ne more instance must suffice on the question of raw materials,
Nylon can be made fpom sever~]l source materials, of which the principal
one in the advanced countries is from retroleum refinery _roducts. But
there is znother suitable raw material, furfural. This material can be
readily and easily extracted from all agricultural wastes like shells,
huskse, cobs, peels, piths, sawdusts, straws, reeds, pgrisses, bamboos,
etc. In develo;ing countries, these materi.ls are available in vast
quantities, but are being neslected at present. There ire great opportunities
for utilizing such raw materials for extraction of furfural, while the
residues can be put to other purposes. ‘ven in highl -developed countries,
there are vast quantities yet to be sroperly utilized. Thus it is stated
that in the USA -

"230 to 260 million tons of residues on a dry
basis are produced esoh year. Probably half of the
tonnage is available for industrial utilisation ...."y

Nertin - "Industrial Chemistry" - London, Crosby Lookwood & Sons,
1925, Vol. 1I, p. 8,

Dunlop - "Furfural from agricultural Sources" - Royal Institute of
Chemistry, London, Honograph No. 4 of 1956. See also article " dipic
losks to Nylon 6/6" in the "Oil, Paint amd Jrug Reparter” dated

1961,
Arenoveky, Schniepp and Lathrop - "Using Residues to conserve
resources” - US Department of ‘grioulture, Yearbook of \grioulture,
1950-51, p. 829,
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Jhais 1 only ror the UCa. e test of the world sust he producing a
twerty tiies ¢ much. rhus, one of the fourt.en - tates of India was reported
48 rotuacine 7'\»'* million tong of 1gricultursl wastes per ym.y The
leveio, ment of 4 technolo y utilising these residues properly will certainly
have the eflect of reiucing coets for countries which do not have adequlte

reecurces ul tlie more conventional materials.

Incidertally, furfural ie the soirce of a valuable group of plastics,
ani tv1. .cull be valuable economic eupport for am industry producing furfurel.
fter it 1p a ¢ Mbinution of such upportun.ties whioh results in an industry
which 18 truly profitable under competitive conditions.

.ne of the cbjects of techmolou, ical progress is to improve the qualily ‘
of w proiuct, ani cften thie oan be achieved only at increased cost. Some
customers may Zlaily pay the increased cost for the eake of the more valuabdls
quality 1mprevements, but there are many who are compelled to pay the higher
oust, but have .ittle use for the higher quality. Taks, for instinee, building
cerent. he chief irgr«iients of hydrsulic cement are the silicates of
calodwm. The womans usei to make an excellent oement, and the ruims whieh

are still standine (many structures in @cellent condition) after mearly

25 . yeare of ox osure to the elemente, indicate ite euitability for duilding
construction. _ueh Roman cement can bde used for moreal houses and eimilar
stpructures. une of the loagest river dams in the world was bwilt in Indis

of similer materiai as a dmmtnnon.yuﬂ another huge irrigation dam in ‘
iniia was recently ocomnlete: of the same material. Loman cement is quite {
easy :ni cheap tc munuficture, yot few nowadays make it. The bettesr- |
known ortland cerert has all dut ouste! loman cement, to the extent that
the Government cf India had even iseued a warning against the use of “hgémuiiec
lime'. rortlani cement is more difficult to make, and cestlier Sham “hpdresulic ‘
lime". .rue, 1t is .lso strongesr, but for seme opdinmary urposes the |

Trobably a misprint for 76.9

Bhatnager "Indusirial Utilisation of ~grioulturel aste .vedusie ',
( 'Indian Pulp and ‘aped, 1962, Be. 9)

The Hirekud Jam on the .iver abhanadi
The . inganatti .am on the Hiver Jarevett

Y
&
v
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additional stren th 10 net useu at ali, ana the potontial strength of
Fortland cement is generally diluted down to a level which could be reached

*
ty"tydraulic lime" at much iower cost.-/

Another inetance should suffice. Magnesium sulphate (epocm salt)
1o mamufectured eilher fro. mineral magnesite or from seswater residues
of sait factorise. [n one cuunt.ryy, the standard specifications permitted
a mmall trace of sodium chioriue, to allow for the 1Atter, ouddenly the
specificati n was altered to leave no margir for any sodium chloriue. This
shut vut all products from seawater resiudues, and the erfect was to confer a
monopoly on the manufacturers from ragnesite, The major uses of magnesium
sulphate in meaicine are as aperient and as .esiccative, in which the trace
“f common 8. It has no ill effects, There are many other instances which couia
be oted to illustrete the infiuence of end-uses upon the costs of production;
but these two must suifice for the present. The point is that it may be a

useful exercise tc investigate what jualities the coneumers reaily need of
A given product, to see how these ualities could be prouuced at most

economical rates,

Nechaniaation and .akeur

There is a school of thought which asserts that because of shortage
of operational ski.ls in developing cuuntries the situstion calls for the
sstablishment of the most mechamisea and autameted proceeses, in the fom
of "package plants”, where most of the skill has been built i1nto the
machinery, lLeaving very little for operatars toc do, uxcept make observations,
take some routine action in accordance with a pre~arranged schedule, and send
for somebody when something gues wrong. JSuch a processing certainly reeuits
in a very high per capita productivity: whether it is the best in the given
circumstances has tu be evaiuated in the circumstances of each inaividual case,

Un the other hand same specialists declare that there are MAny activities
in the world which can be Jdone effectively by manual means and menual
quipment, Thay poimt to the successful and campetitive poeition

L4 A paper on Tousolans Camemts will be published by the UN Lemtre for
Industrial uevelepment carly ia 1947.

& Ceplem
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1t quite suyhisticute Poiucts of Joanece  nt dhanese minwal industry, like

sercplanes, subm.rines an: trangistor rotiods.

It 1s ciear, theretore  thot 1 tuas podit there oo roos for a wide

j1versity .f cpinione bdet eern extre ey,

Ir levelcping countries the noeu,atl nB oot the wvadlable labour force

ire re cninantly africultural ail flehirg. L€ eaFly stase: of sndustrialise-

tior are  eneraliy concernet cat. rovililhe trhe b.air niels of 11fe, suoh
as recervation of foods, builiing m.terl.is an: clothing. JUnlees there
are extranevus intluences, t.e level 1c t.at of traditional crafts. A

gooi ieal cof manual Bxterity ~sete buiit 4p, :ni concurrently o remarkable

wemory an' aptituie tor petterr .nd colour. Ihe ayetem lends itealf to the
perpetu.tion of tribal an! ca:'é 1istinctions, often in the fore of
privilese or monopuiy. weh iniustry harily conduces to modernisation,
ani the system has no propensit) t. ProfTess. It needs the iapact of
external forces tc etart moler: industrial technigues and roiuets.

Human intelligence an! ibility are needed at all lovels of indusirial
production, from desim ind feasibility etulies, en~ineering and fimancisl
sanagement ion to the humblest mamual operators. Derspective Dlamning
vhioh orovides for industrial srowth must ileo provide for the needed skille
to grow conterminously; else it may be necessary to import such skills,
and thus burden the projects with costs of expatriate persomnel. Knowledge
and skills oan be aequired both from instruction and teaching as well a8 W
sctual practical work and experience. Both methods have their use, and 1$
is likely that the Lest is a suitable combimmtion,

In one resvect, at least, developing oountries are at an sdvantage
in setting up new industries, becauss they will not have the prodblem of
deciding what to do with the old and ,erhaps out-moded imdustries slready
in existence. It is often ssserted tlat the Jaonomenal postewar reLWEtiviy
of the German and Japanese imdustries was st least prtly bessuse of slaeet
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complete iestruction of existing industry, -hich resulted in a rapid
modernisation of postewar factories which could have been achieved in

no OLREP way. Hence such courtries would have the sreatest tlexibility in
plinning out their intustriil tuture. one of the ma JOoT suurces of strength
ir. the industrisl structure of the advanced countries is the consilerable
recervolir of experience and knowledre which the oper:tives have acquirey

Ly actually working ir the in'‘ustries for many vearzs, This kin’' of practical

«n.owledise can ;Tgve tc he squally useful to levelc ing countries, and to

aome extent/relieve the teuching inetitutions of part of their burden. 4
plan for industrialization, and a decision on the actual desien of a
dpecified industry woul! hive thie am ect as a factor for oconasideration.

Ir some infant intustries, which are i1r the nature of p:lot plants frr large
anite to tollow immediately, it might be better to get started straightaway
on the latest and most sophisticated techniques. In some other industries,
vhose future is uncertain, the initial start could well be made on a

ssaller scale, involving less immediate commitmentS.

labour mages have an isportant influence upon the coet of industrial
products, and the sffect is more and more pronounced in the leas developed
oountries, where sechanisation has not progressed very far. Many ocountries
have legislation or minimus wages in industrial ocoupations. The actual
rete may veary between 1.7 per hour in the U3d to as low as } cente JoT
hour in seme developing countries. T'he spread of 5% or 60 to 1 is not
alwape reflected in the productivity per os, ita, especially when the ocapital
investment on machinery is aleo taken into soocount, and where highly
skilled operations are oconcerned. . telsphone mechanic whose wages are
12 cente per hour in a ‘evelo iing oountry may be doing work comparable
to that in the USA valued at 5 per hour. That this situation hes far-
reaching sffects ocan be gseen in many places. Thus, for instancs, the USA
gTOWS cotten, spins yarn, mamufasctures textiles, and cuts oloth into squeres
to manufucture handkewvchiefs. All these steps are highly mechanised.
However, the hemming of the individual squares of cloth is so ocostly in
the USA that it is more prefitable to have the out saterial shipped to
the "hilippines for hemming and return. lasy imstances of this type oould
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be citeld. Naturally, developing cuuntries will benefit by participating
in the manufiacturing sequence at any level, ani in any manner. An ine

teresting application of this orinciple vwill be found in u latoer section.

Industrial tecunology had its real start less than 200 years ago.
.nly a small base was available = coul, coke and 1istillation productsj
cast iron and wrought iron, copper, brass, :ni cupreous alloys; leud, tinc
mercury, etc. But there wus no steel or aluminium or cement oOr rubber or
petroleum or nitural ~as or electricity or oil engines or pl.stics, eto.
Hence technology was comparitively simple, «ni lepended a great deal on
the subjective judrements of individuals. Juch a technology was very
instructive for workers, ind allowed them to see vhat was taking place,
and make ad justments accordingly. Such a system had much value, and still
has much value in leveloping countries. TORress in the advanced countries
has tended to eliminate the human element a. much as possible, and to
exercise more and more controls through instrumentation and ocalculating
machines. Thus, for instance, in a recent alumina plant, machinery
excavates bauxite, conveyor belts take the bauxite intc the factory and
there the required chemicils are added, the alumina is d.ssolved out, ind
eventually pure alumina :recipitaied, all under the sole control of one
operator seated at a central control conscle, just kee ing watch over
pointers and lights. There is even a nitroren plant which runs completely
untended. It may be poesible to train workers fairly quickly how to
operete such control »echanisms, but Shis would teach them nothing about
the process iteelf nor, of course, is there any possibility of introdueine
improvements, except those disclosed by the instrusents. ror this reason
alone, there is something to be said for « developing ocountry following
the historioal pattern of industrial development, but telesooping the
200 years into a much shorter period.

UV he 5
2 Shemimal Weel, 3 April 1965, pe 3)
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In the chemiocal process industries, the vsresent-day advanced countries

started mainly in the following:

Iron, oast and wrousht
Coal 1istillation, ammonia
Salt, soda sulphate

3oda ash, caustic soda

Sul phuric acid, sul phur
Nitric acid

Qulorine, bleaching agente
Copper, lead, zinc

Lime, cement

Bricks, tiles, pottery
Glese

Sextiles

Uils, fats, seape

Leather, gelatine, zlue

Alechol; potabdle, medieinal, induwstrial
Oxygen, nitrogea

Fuel gases

Phosphorus, phospha tes

Dyes, pisments

It is on this comparatively small base that the resent-day induetry oomplexes
exist. The evolution of the nodern industries has Eone on steadily for 200
yoars or more. However, it is not nRecessary nowadays for a country newly
developing one of thess long-standing industries to take the same length

of time. Produbly 90 Per cent of past progress could be mestered in 10 or 15
years, and ths country will then be in & position to enter the latest

stage of leveio ment. uch an orderly step-wise JTOgTamme may under some
ciroumstinoes be more idyantageous than to enter stra ghtamay into the
latest processes, without knowledge or esperience of what had taken place
before. Iy wy of amlogy it might be mentioned thit several countries
start treining their maval cadetes on sailing ohipe,

In the early days of the Indwstrial Revolution, when new induetriee
were being evelved, mturally they were started on & conparatively smll
scale. Irem, fer instanse, aight have been Woduoed on the scale of), say,
30“-"&.““0“10@“"“. Kewever, even on the
technolegies known in these daye, the oeale of production inereased rapidly,
by unite inereasing either u-tunumcmuw. 30 that,
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41t tie present, there 15 vx erience aqvailable in o+ full ran e of teche
nelorical viriants, . cell s in sireus an ol'er technology n-ed not
nececearily hove Leon on wmailer scale thon practiced today. .ometimes
prosrecy © neiatel an celns tble to romote veictions on a smaller scale
than yrevilent o tilli then.  une inatince 13 the munufacture of cteel
in the e.ectric furnice, novalays leiry tone succesafully on the scale
cf L to 7 th.s yper heut, or 7 or = tuno per lay. .nother case is the
fluii=bte! catalytic oxitation of nachthilene to shthalic anhydride. s
an instance of how local cniiticns influence choice of processes may be
citel *he cice ol an urea plant in Taiwan. There was plenty of coal
avail:ble, .rn! the -ue:tion was the hest wva - of securing coke i large
;uantity. ot triret sicht it would appear th:t the most economic method
wouli be tc establish a larie battery of modern by=-product coke-ovens.

But the report reveals that it as coneitered better to secure the coke from

the hundreds of existing small brehive ovon-.l/ It may be mentioned

incidentally that India, too, finds the amall beehive coke oven guite
economically competitive vith the large centralized byeproduct coke-oven
battery, and beehive coke production has shown large increases in recent

years.

A word has to be said about those technologies which are well known,
but so rarely practised thuat they do not readily occur to mind. One example
is the Serpek procees for the manufacture of refined alumina from excessively
silicecus bauxites, vith the simultaneous manufacture of ammonia. This
process is still of considerable value in certain circumstancee, and a
suggestion is m.1e in the Appendix dealing with nitrogenous fertilizere
(po 126). another example ie the manufacture of “'vuloanized fibre" from

)/ "The mamufacture of Ures in Taiwan" - Paper No. 42 presented at the
ICAF. Conference on the Development of the rertilizer Industry in
Asia and the Far _ast - Bombay, 1963.

Covernment of India, Planning Cosmission - "‘rogrammes oi strial
Development”, p. 384, (lanager of 'ubliostions, Jelhi, 1962).
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paper by the use of ~inc chlcrida. The recovery of sul phuric fumes frorm
smelter rases (compelled by recert .ir-ocllution Inis) was foumd to be test
1ccomplished by a revival of the wncient Harereaves process, of course,
sultably motitied to cuit modern conditions. These technologies were very
valuable in their time in the advanced countries, ini cin be even more
valuable for those countries which have /et to establish an ~dvanced complex

of chemical industries.

There are some industries in ‘hich suitable technologies have yet
tc be leveloped. 4 small practical example will be illuminating., Sodium
silicate is normally manufactured by strongly heating a mixture of soda ash
and sand in a rlass-making type of furnace. The equinment is expensive, very
high temperatures have to be reached, and the technique is quite eritical,
But very much simpler technolovies are available, Rice straw has a large
content of silica, varying from 127 to as much as 18, and rice hulls may
contain 35. silica. This straw is of low value for cattle fodder or paper
or manurial purposes, and much of it is burnt on the fields. It is found
that by simply steeping the straw in caustic soda of a certain composition,
the silica is dissolved out, forming sodium silicate. The residue becomes
a superior paper~pul ping material. The Stee . ing process has thus achieved
a double result. The technique is simple, flexible, hon-critical, and
capable of application at any level of ;roduction. It can be done in the

rural countryside - indeed, in the vary rice fields.,

Another small example would be the fabrication of ball mills of irood,
and the use of stone pebbles instead of chilled steel or porcelain balls for
the grinding. It is not that a timber structure will be a great deal cheaper
than a ball mill made of steel (although even a small saving is not to be
despised in competitive industry) but that the materi.ls and labour will all
be of indi~enous origin, and the experience will create a sense of ful filment

in the workers seldom attainable in any other way.

Instances like this are many. s will be noticed, there is normally

no incentive for anyone to invent or revive such techniques, and the g§eneral
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tendency is towards discouraging these ideas, lue to lack of reliable
places where such ideas could be investigated, even if someone in authority
were to want an investigation made. ¥ortunately, Research Institutes ire
now coming up to hanlle just these research problems, ind are increasingly

urged to find local solutions to local roblems and situations.

An older technology does not, of course, imply a backward technclogy,
or even an obsolete technology - it may mean simply a forgotten technology.
The techrniques and com_.ositions of manuficturing mediaeval stained slass have
been completely lost. another instance -

"During the siege of Prague in 1621, jwedish soldiere
captured an instrument said to be capable of burning

a hole through metal, and to be used in the refining

of gold ... its carefully-polished 4-ft. diameter
mirror as capable of capturing the sun's rays as when
it was first built. _ven now, the secret of its precise
menufacture over 300 years ago is uncnown." 1/

There are many other such ,roducts the technique of manufacturing which has
been lost, an? the revival of which could make the roduct fully competitive
with the products of advanced technology today. A recent study by a firm of
chemical engineering consultants states as follows -

"The .ngineers have seen chemical processing
equipment in Turkey that was very primitive
but highly effective in that it was turning
out a superior product both in appearance
and quelity.

The Bngineers do not advocate "tub and bucket"
type plants, but they do believe that there is
too much tendency .o plan for the 'super deluxe’
model, when a standard piece of equi pment would
serve equally well and ccst less cone"

3/ OGlaser and tichardson - 'Thermal Imaging" - International
Science and Technology, No. 34, p. 32.

g/ Ford, Bacon and Davis - "Pre-invesiment Survey of the chemical
industry of Turkey" - USAID Washington, D.C., No. 2/14/00324 of 1962,
Pe 10.
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There is much to be said for a careful ann thorough re-appriisal of
many technolo-ies which exist around the vorld in the develo :ing countries,
some of which could certainly compete with the latest modern technologies
of the advanced countries. Unfortunately, these old-established technolories
are 1ying out, because they call fer-» g great ieal of management. This is
qQuite natural, but the fact should be recognized, and allowance made for it
in appraising the various alternatives facing a country in it, srogramme of

industrial development.

xhggg!ggnt doc;ggogg

According to an elementary form of ‘roject Analysis MOdell/ assuming

that there is & known demand for a particular product, and given that the
demand will increase in a stated way in course of time, the ncrmal method of
satisfying this demand by local manufacture would be to install a plant with
a certain amount of surplus capacity. .t the sturt of the operating period,
the surplus capacity will be wholly unutilized. “4ith increase in demand

the utilisation of capacity increases. There comes a time when the normal
comfortable capacity of the plant is reached. .s the demand still rises,
the management strives to increase output to keep pace with demand by
increasing working hours, organizing overtime, instituting productivity
studies, rationalising the processes and operations, cutting down wastes,
introducing technical improvement, and all the other techniques known to
management, Increasingly, however, there would be g wider and wider gap

1/ "Determining the Proper Sigze of sanufacturing Projects'" The
Engineering Boonomist, 1963, Vol. 9, No. 1, page 4.

Thus, for instance, from 1920 to 1940, the labour productivity in the
US cement manufacturing industry inoreased by 1505 without any ma jor
change in basic manufacturing technique -~ see i'razer and Epstein -
"Productivity in the Portland Cement Industry" Monthly Labour Review,
19‘1 » Po %20




between supply and demund. follows.
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However, the plant cannot yield more than a certain maximum, however hard
it is pusixed; and if increased out ut is needed, new increased ocapacity must
be installed. When an attempt is made to keep satisfying the demand at all
times, the graph will be almost the same as the first part of the foregoing
graph, repeating itself over and over again, in the following manner:
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hether the additional plants should be #at in with considerable surplus
capacity at the outset, (thus giving ample time to plan for future
expansions) or whether new plants should be dolayed as long as Jossible

( thus allowing some scarcities to develop) has to be a point for management
policy decisions. In the former case, some capital will be idle for some
time, and there maybe operational losses; in the latter case, posgible
profit opportunities will be missed. Thus, for instance,

"Some of the emical plants in the newly~developed countries
are operating at high cost mainly on account of the
difficulty in finding outlets for their by=-products. Several
typical examples are found in countries of this region where
electrolytic caustic soda Plants have been erected without
the support of the secondary industries in the utilization
of chlorine; hence the production cost of caustic soda has
reached twice or three times as much as the landed cost of
imported products.” l/

The foregoing model illustrates one of the practical aspects of the
influence of scale on the economies of chemical nroduction. In order to
make a management decision it is necessary to know the elements which enter
into the cost of the manufactured product. It is impossible to prepare a
general formula which will yield dependable cost figures under all different
manufacturing conditions. fTach case has to be studied on its own merits,
anl the results may vary quite widely, depending on the oonditions which
actually prevail, a: well as the ensemble suggested to effect P1oduction.
Indeed, it is these variations which create the difference between economic
profitability and losses. iccording to a recent United Nations study, -

"The study of the performance of factors of
production and the impact of prices upon the
choice of the most appropriate technology
requires extensive knowledge of local conditions
and can be ocarried out only in a given under-
developed country or region in the context of
actual and antioipated conditions."p/

1/~ Eoonomio Commission of Asia and the Far last - Seminar on the
Development of Basic Chemioal and Allied Industries, Bangkok, 1962,
Paper 12 - "Techniques of Programming development of basic chemical
industriee" (ECAFE, Bangkok, 1962).

2/ Report of the Meeting of the Bxpert Working Group on Industrial
Develomment Programming Data, Miec. Paper No. 3 of Feb. 1962, p.6.




4 later iralveis ex lained the positior a little further thus -

"..e a creat leal of research is neeledi to reveal
techrole~icil 2lternatives, and determine an

ap. ropriute te~hnolo~ically-acceptable 'factor-
mix' in specific industrial operations - a
relatively little explorci field of study ...."}/

Ine results cf .uch research are illustrated in the case of one of the
tigcest prolucers of chlorine and chlorinated products in the world. They
claimed that after some '"research in reverse", they decided to establish
a small "D plant to produce only about 6 to 7 daily tons, although this

was stated by their own consultants to be five times smaller than the

. . . P4
minimum economic SlzZe€e

It is alsc of some importance that manigement (in the case of Governments,
the administrators and accountants) keep themselves reasonably well informed
about at least the general principles of technology and industrialization.

The ,rofessional expert, quite naturally, and in perfect good faith, attaches

great importance to his o"n gspaciality.

zlerents of cost
Developing countries would generally start vith comparatively ssall

demand for sophisticated products, even where several countries come together
for resiomal or eub-regicnal sc-ordination and burmonization. On the other
hand, every productive institution must provide for growth - sometimes for
quite rapid growth. Indeed, it is this rate of grovth which is the most

I/ ‘"Adaptation of Processes, _quipment and Products" - Mﬁﬂ_m
7 (United Rations

Industr;alizat;on and _Toductivity, No. 6, pe
Sales No.: 4.11.Bsl)e

2/ "Business Week" 24 December 1960, p. 57.
Y

Thus, for instance, in an article "Choice of Capital Intensity in
Industrial Planning", the author says that - '...oapital-intensive
processes are often identified with "industrialization" and have a
prestige apoeal. .ngineers often have a psychologiocal bias in favour
of such techniques because of their educational background and their
conscious or unconscious identification of the latest available
techniques with "progress" '. - stin I

Produgtivity, No. 7, p. 31 (United Nations Sales No.: B4.3%.8.7+
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satisfactory criterior of the sweodess or otherwise of the original unit,

It becomes important, therefore, to know at what scale of output it is
possible to etart, what wouid be Aporopriate techrology, hov much expansion
capacity must he built into the first plant, how much (both in sire and
technology) must be left for future decieion, and such considerations.

This paper ie intsnded to provide some leads.

That this is a matter of considerable importance for the 1eveloping
countries oannot bs ovirstreseed.

"e..0ne reason why America ie ths home of maes
production and the giant firm is that labour

hae always been relatively secarce and ®kensive
there. Thoy therefore try to meximise cutput

per man by giving him a lot of capital oqui pment
to work with. Conversely, in some of ths under-
developed countries, ‘here there is a plentiful
oupply of cheap labour but capital is scarce amd
expensive, mechanisation and large-scale production
offer few immediate advanta~es over the more crude
and old-fashioned methods..."}/

Although no single forwmula can Yield coefficients applicable
under all different ciroumstances, it ie quite possible to sugpest the
headings under which costs can and should be forecast. 4 fairly eimple
claseification is the following:

i? §;t:t = "Soonomioe and Industrial sffiotlensy” -

London, Maomillan, 1962, p. 48

2/ After Peters - "Plant Design and iconomices for Chemieal Maginesrs”,
(MoOraw H1ll, 1958), p. 13
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A single lirge nlant has to he welgheu aguinet operstion:l economies
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van 1 oer ¢l seews to o lalng nuch T und n
the ..\ iu tne buil ing £ 711 ronact a amonia
vlants ... the c-en countr  ide,ees.t 15 a0t
econodc ronosition to | roduce « ToalLs in »l.nts
cocting so & 13 ud.lions, .rcse _roductive c- ncity

tot-ls L,iL. tonc . er (€T,

Jhese | L.nts... roduce t . lorer nrice than

the L r.er units of, say, l..,ulC tons O monic ~eP
vear, if tiz hi:her cost of tr nssort to the fiel:'s
th t th:se 1 r_er . ctories entail is t-ten into

- eCoUNt«sssabout Au small ~lents of .he tyre mentioned
here re shortl’ to be erected in the f rmlands

of the "LAcees"

In connerion 'ith this seme 1 at, it 'zs elseshere st ted thet -

".nil. the ~vere e plant for .monia production has
¢ ca~acity of from 25G to 3.0 tons ,er :-ay, a
recently develored "iack:;ed" ~lant h-e a c.pecity
of ouly 6L tons rer dry....:he .rocuction cost of
1i-uid :nhydrous muonia in this pl:.it hos Leen
estimated at about ,36 per short ton comp wred with
32 -er short ton for : nlant iith o cerecity of
30( tons per day.

i/ an examnle of hor ' me na;-ment 'oul¢ ‘ecide vhen confronted
Ath these nltern tives (hich is the conventional anproacn
in such m tters, ''ill hbe found in thol's'uhunicpl rocess
conomica" Wiler, 1950) on page 21, E::ample 1.7,

g/ Paper o, 91 - "a ‘lon Lo et .p in vevelo in, Countries .tandard
rackege Anhydrous ammonia !lents...' (to Le ~ublished shortly).

wmmmmnmwm Mo, 7,p. 32
(United Nitions s:les Lioe: OGhellels 1),
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otk Ctor . in to h ve o erful influenc: 4 on the
economics of 1:'r e ol is is onvious, ud has receive.’ ‘ttention,
s, tocne vnited M fong' etrochenic: 1 .onfere.ce ! 14 in
ritoan ovembe i ege iber, 1754, one of ti- consult nts, tre
-nstitut . rongaise du btrole, stated thit -
" .ainst ihe econo ics resulting rom the conceitration
of I'r e imnnia ¢ Hacity in . cligzle lent, .. the
rocuct distribution crstg larg - -lente -re
liely to ve roportionitely i her thin ti ue of
smaller ¢ icit, -lints,
¥ fiecient lants ith Coptive ur'iets ‘-ithin »n
economic ratius -re therefore 1iccl: to withst nd
vhe couetition :rom th nev ginnts.... 'V
‘hit s ine  oint ':g elabor.t.c snother paner at )~ same
~on” -rence,¥ in which were estim-ted the costs of manufacturing
“rmonia by the identical rocess, using the seme raw metericls,
ut t Tive Jifferent levels of sroduction, hccordin; to the
clevl tions tier. in, the cost of mmonia ex-frctory would be
$3.60 er ton for production 2t Lhe r-te of 400 tpd, hich would
increase to $47,20 .i.e, 0, ‘ore) =t the level of 60 tpd.
'evertheless, cs wes pointed out -

"ln evite of the very :ttractive economics for

the mroduction of _mmonia in lirge sin; le~tr-in

units, the sm1ll-size ammonis plents (60 to 100 tpd)

are still being built in the United :t-tes. ‘he main Justi-
“de tion “or such sm:11 units lies in the fact that

such amall units serve to m-et local needs which

otherwise can only be met by paying expensive
transport.tion costs,"

1/ -he ‘etrochemic 1 industries - -sction II - Conference raper &,
De 46+ (in print by United Nations)

2/ .trelsoff - kconomics of Ammonia nrodustion in the developing
countries - Conference aper 3,

l/ Ibid - po 22




M, 4 Mil2 oo dght ve archhsed on the uronsan
mepket for rou hly L per ton, the transportction
churges could -~gilv bring th- totzl cost to the

farmer in sori. dist nt country to '8 hih as 40O ner

ton...." v
“he “oregoin. i’ simrlific- tion o~ very comnlex nroblem,
on “hich reat e 1 has been s id - nd vritten, slthouzh the

~rincirl loo..s clementarv, there re mny inst ncee in the recent
industri- 1 history of tlie develorin countries here it hi s »een
overloo: e, Vith co.ose .ent losses ~nc = stages to Lhe country
concernec, [he imort nt lesson of it is that it is imrossible to
~redict from g riprd ~rinciples wh~t the final result ~nd effect of
chen, ing the sc 1e of -roduction ™ rards or do.mw-rds ould be.
Jjeencin;, upon t.e circumstances of each c-se 'nd the «ngls from
tich it is vieed, the recult mey be ¢ net gin or ” net locs or
no chi-nze. It is, therefore, necessery to evalu te e~ch c se
individually. highly-snecializod study in the Netherlands is
an:1l;sed by .oon, -+ho remarks thrt =

1.,.at high interest rotes end lo wages, ith
relatively lo'r output, ~rocess of lo. capital
intensity is lik:iy to be economic.... If these
conclusions vere to vrove to be true.for industries
other than wood=vorking, th:y would be of great
signific nce to ... under—developed countries.” 2/

jpes—— A e - ——n

V eed and Zloan - Mitrogenous Chcmicels s & Petrochemicerls
Uperation = Ibid - Paper .0. 37, P 1,

3/ Joon - "Choice of industrial Technology: the case of woocworking" -
¥ 0. 3, Do 25

Jisstion epd.
(Unitd jlations .ales |- PO 600110B01)o




the follevin:, graniic. 1 resent-tion, ~lthou. .n over-
simplification, nrings out the -~oint th-t 15 being macde -

i / wost to
i,onsumery
-ost | /
ney
:‘ ' ,
unit e, /s - Transport
’ R / - Cost
.\
' \\ s Tactory
' . vont
; \.‘\\ _ .
i T
‘ ‘~ 3 -
- A s+ e~ A ——— . - —_ P

Annual Output of “actory

A is the noint of smallest r-te of output. Ioturslly it procuces
articles at high cost., ‘s the rate of production incre: ses, the unit
cost of production goes down. The point . is elso the ~oint or
lovest cost of transport, because the rrea of service by the factory,
is ex hypothesi, very close. is the rate of output increases,
the cost of transport of the nroducts lkeens on incre~sing, because
the sroducts h: ve to trovel further and further sway to find
buyers. If the r:te at hich the Jroduction cost dwindles :nd the
rate ot ‘hich the tr nsport cost incre-ses ere not th: seme (they
seldom are) then the finsl oversll cost of ihe product to th- user,
which is Lthe sum o’ these two component costs, ill v-ry ‘'rith the
rate of production. The overall cost c:n sterdily f:11, it can
steadily rise, or it c'n :irat fall and thcn rise (the graph
gives an examnle of this last) or vary in several other ways,

Un the ,ranh shorm, noint C is the point of maximum factory productien
(2t minimm oost), but aleo at mmamum cost to consumer. B is tne
point of minimum cost to the conpumer, and renresents an intermediate
scale of production neither too small nor too large,




s f.ctory is = pert of society, ni h s m ni’old social
selrtionshi o - ith other slecnts o e society in hich it
exists., .ousin , ireonsport, recre~tion, well re nd job security
of workers, cre tion of . mnloyuent onortunities, disreral of
Len:fits -nd risits, nd mny other consicerrtions exists ‘one of
then ¢ n e t wein into .ceount in this »iner, ‘hich limits itcelf
to technclo_ic'l nd economic e tures onlv., owever, there ‘'re
various -oints in this ' per > om vhich senar~te discussions on

these consicer: cions may ve st rt.d.

Jariations of technology

Ihi; study concerns jtself with jndustries. .ach industry may
cover sevcrel - roducts, .nd there may oe <everal technolozic:l
routes Lo the s me end-nroduct, rhus, for instance, caustic soda
mey e roduced bv electrolysis or by crusticizalion or by other
processes Of neyli_ible imnortance. 1'lectrolysis may use the
diaphragn cell or the mercury cell, an” mey st rt with sodium
chloride or --ith sodium sulphate or other sc1ts. Causticization
may use soda ash .u sodium sulnhate. .0do ash cen be of natural
origin, or mcnufectured by the Leblanc vrocess, or by the Zolwvay
nrocess, OT itself by &n .lectrolytic rrocess. ‘ode sulphete cen
be sro'uced from n tural brines, or :‘rom industricl waste linuors,
or from furn~ce g:«ses, or from gypsum, magncsite cnd common salt.
1t csn readily be realized hat & divepsity of technologies thus

oresents itself. 1t -ould not be necessary - not even nossible =

to cover all the tecinolozies in even & rev selected industries
in this ~-ner, ‘ihe best that ¢ n be cone is toO choose from the
ino'm technolo;;ies a few of those which .ill definitely illustrate
the influence of scele. The need for this has often been stressed,

as for example =
nIn the oarticular example of jndividual development

A diagram o1 scme of the nossibilities in this oarticular case could
be found in T.P. ‘ou's "Manufacture of Soda" (New York, Reinhold,

1942, p. 28)
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projects rovosed for fin"ncin, by financing institutions
or develonment egencies, the original pronosals

often emboc’y ¢ ;iven choice of technnlo ic 1 nrocecses,
and o not alw:rg ‘rovide for the rinse »f ossihle
relcted itern-tive orocesses, 'llen evrlu ting such
‘rojects, it is necess ry to consider ' hether the
nrojects in i, n¢ incormorite the i0st adv-ntageous
technolo,:ies and whether :ttractive v ri-nts hrve not
been overlooked,™ 1/

+f the iell-kno m technolo ies, some are Ly now obsolescent
in the adv: nced countries, l'riely because the high cost 0" 1 bour
nowad: ys m es these "roce:ses unecono.ic, or bec-use zome nmuch
more nroductive rocess wag discovered, - s an exmsle of the
excessive labour re-uirements m - be "uoted the ieblunc soda
vrocess, ‘hich wrs redominint in the ield for .1most one century,
struggled :ith its succegsor (the Solvay process) ‘or nother h.lf
century, and is nov to all intents -nd purnoses obsolete in the world.g/
-n example of the discovery of much better technirues is the rin's
OXygen process; using the oxides of b-rium os intermedi-tes in -
cycle of operations. It »+s very successful in itg time, but wes
rupidly ond completely displi.ced as soon .s the technology of }
refriger:-tion 1ms sufficiently developed and it becrme nossible to
menuf cture oxygen by the fractionsl eviporation of liruid air, It
is nertinent to remember, however, thot these older techni ues
(some of which were very good) may still have useful ~nd nrofit-ble
place in those economies vhere labour costs are much lover than in
the advanced count-ies, relotive to the cost of mrchines and energy.,
To take zn instance, the manufacture of chcrcoal irom wood +r g sub jected

to careful analysis in the USA, both on the question of technology and

.

Y e e . ettt

1/ idsc, Faper o, 3 "Report of the lieeting of the ..xpert ‘lorking
Group on Industrial Development Programming Data" - United Nations,
Februery 1962.

2/ The last identifiable Leblanc plant (in Iran) 'as reported
abandoned in 1942,




sccle of ocer tion, =t a'-~_e cost of 1.7 er hour, ihe adv. nt ,e
s decidedl vita tie 1r est 7 ost mechaniz~? 1 at, ut at

tiie v _e level of 5. ceits er hour, there -.as foun’ to €

com>-r.tively 1ittle /i "erance retween the 7al,’2=cord kiln, tiie 7=cord

“iln, ‘ud the 3i=cor’ i.tterr. 1/ » study by von ld .thmer 2/
{n'ic.t: s tivt it is still economic 1 to ¢-rbonis: ba asse “or the
Uws 1 Thet.

¢ ponus in th=»se older industries is th't ‘he rractice nrnvides
the 'or ers ith an ex erience NG on intimete o ledge of tha
chemic 'l i.-ustries _erei1ly ‘hiel: is ttoineble in no other Ay,
and - hic:. .. s its v lue throu hout the hole of inustry. et of
element: ry :nouled_e ic one ol the o8t cruciil f ctors in » cevelo»
ing country.

wii nificont svin-'s eule result, were the mana:er

to h've .n~led_e of 211 - plicxble technolories nd

eyul ment, he rer- ide r'n_e of technolo ies °v il-
rble makes this difficult. .zny small industry

mnezers cith jreat in enuity n~oce esigned cnd febric-ted
mech-nic-1 e wuipment. The am: 11 f:ctories of sia ere
filled 11ith m chine tools, oil ¢.~ell. s, nover looms,
etc.,, v11 cusion mede o o . o

~or the nurnoses of ihis p=per, out of the “ide diversity of
poosible technolo_ ical processes, it is nroposed to select only three
for anclysis Ior e~ch of the ten piroducts.

he sc'le of mrnufecture of most industrial »roducts ccn stort
theoretic:1lly from A ver: smell noint - little better than a cottege
cr-ft = 'nd cen extend up to millions of tons per ye'r, ~either

Mortin :nd kicks = "The tconomics of using low=ruality h- rdvoods
for ~roduciiig charcorl in iennessce" University of ‘ennessee,
azricultur 1 xperimcnt 1 .totion rnlletin Mo. 375, of 1964, nage 23.

g/ Unpublished

~tepenek -'wanzgers for .noll 'J.mult.ry'(f.‘rlencoo, 11linois Free
Press, 1960) ~ase T3,
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extreme is of any apnliecbility in this pPrer. 1In tetveen there is
a 'dde r nge of nossibilities, -onetimes, clerly cemrre ted levels
of ‘roduction occur, vut _ener:lly there is ¢ continuous sredation
from the small to the large. 1t is "ronosel to cover this renze by
taking cuts at three noints, one in  bout the iddle ranze, -nd one
ech "L a considersile dictance Lo either side of this ~edin,

4ccerdin ly, in the ex: mles chosen for analvsis, tlere 411 be
Y sets of fi_ures under e:.ch cost he-ding. ¥For the purnoses of this
prper the herdin's 111 be -8 fnllo rs:

(1) Carit 'l costs {including hoth fixed canital g vel}l as

operating capital),

(2) virect nroduction costs and other pro pata cherges like )

some selling expenses, 3
J3) Pixed charzes lils nlrnt overherd, administrative expenses, 3

some sellin: €xpenses, cost of financing, etc. which are

not pro rate, but not - ncludin; cost of research and

developinent .

(4) Cost ver unit of oroduction,

The field of costs ig hedged ith many difficultics, - nd it is
an impossible tasi to uote i ures ‘n the abstract with any
aceuracy. “ublished figures are sometimes misleac'.ing.y The laci:
of specific guidelines #1830 crestes difficulties. ror instence,
an international expert group revorted th.t -

"Cne of the maiin re°knesses of resent olennin
procedures is the limited Cata avail ble to evaluate

individuel orojects. for : lindted rortion of

industry, oriv-te investors =nd govornment egencies

employ en_ineers to cesign snecific vrojects, which

can then serve as a basis for >v-luiting the desirability .
of a given type of investment. These completed projects

. _a—

e ameg

-®e, for instance, Hsvemann - ¥; 'irect Iron Ore Reduction for
Asia" in the Proceedings of a Symrosium on the Iron and 5teel
~ndustry in India, published by the Netional Metsllurgicol
Laboratory, Jsmehedpur, india, 1962,
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Jo not exist or wny sectors in ‘tich orocuction

risht be desiratle, . ‘n the thsence of :ton rds
foir their rremr tion they nre often exce~:ively
optimistic in turir - otin tes of roduction costs." 1/

.f course, it iv nossicle to uote more Jenend “hle fijures from

ti. consultants' oroject re orts Cpich cre avoilaile 1n many
countrics, .nd in'ced further stuly wy ¢ conterl ted in

thios {ielts Fven hevre, houever, it ust be remeniered th-t "he
fioures uoie’ ry different firus for the r:me item m¢y Le different,
an¢ one of tune v jor ifficulties of evolusbin  coinctitive -uotations
is to scertain .hy there should e such a pre:t (-if.‘f‘orence.g/ wven
if -11 thc uoted [ijures ~re seen to iorm: close cluster round
gedi- 11 iures, t.ey re olicible only to he peculi rities of
th't p.orticil r loc lity uncer tie given conditions #nd for a
strictly limited time neriod. tven : s 11 veriation in cay of these
pre=conditions may cause uite - icde suing of the nrices. }/ Jue
to these reveil.ng coi itions th- st that can be attempted in
this o rer is to uote orders of magnitude, .8 a first soproximetion.
vor -/ant of time the results heve not been checked ~grinst figures
cuoted in +ny sctual project renorts, but this mey be done in 'ue
course, nd the omendments round necessary will b. incorporated

in o revised edition of tnis n per, for hich there is [elt need.*

e

}/ "vormulotin; Industrial Develonment ‘rogrammes' - United wvations
Public. tion, sales 10.: 61.11.7.7, of 1961, page 136.

3/ acrording to Hrnopel \Chemical Process [conomics" (Wiley 1958),
page 1U6, 'Irices are fixed by sunply nd ‘em:nd rather thcn
arbitrory cercentages ..., so thot ecuinment comminies vith &
considerable backlog of orders .ay be able to -njoy gre-ter rrofits,'

1/ ‘I'hus, the expert srou: mentioncd above, continues to say that
n,,.the study of the rerformance of foctors of nroduction and
of the impect of nrices upon the choice of the most 2~propriate
technology rec-uires ectensive knovledge of local conditions ~nd
can be c rried out for a given country or re;ion only in the
context of actual nd anticipated conditions."

#  Unfortunately, it hos not yet been foun: possible to undertake
the detsiled revision as of October 1966.
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+or the -resent it i honed th' t the orders of mrinitude - uoted
111 not ve f p rong. V riables in develo ing economy sre,

n: turally, more uncertain tinn ... the ¢dvenced countries, .n¢ this
hes a definite effect. Thus,

"In considering the develonment of the netrochemical
industry in the develoning countries, it is imortent

to eximine the differences 'hich ould ~rise from

the fact th:t the  .nt is vein constructed and oper:ted
in an industrisl tmosntiere tite iffe,ent from thrt
found in the inore develo-ed countries. .hLese differences
arise for many reasons, including the general 1:ck

of skilled l-bour, the leck of adequate supervisory
talent, tie existence of ' ov-roment resuletions 5
imposing heavy burdens of licensing °nd controls , 1
oroblems ~associated with the limited availability 1
of foreign exchne snd extended “elays in nlant '
construction." 1/

Aanyone ith acturl experience of industries being established in
develojing countries 'ould immediately recognise these factors :s
present in f-r too many instances,

A common rule of thumb in the chemical nrocess incdustries
states thet if the cost of given piece of eruipment is kno'm at
one cupacity, the cost of a unit x times o8 large mey he nut as xo'b
times the known ;rice., Thus if a pump costs $100, the cost of o
pump with four times larger copacity would be $100 x ko‘b, which is
about $229. The figure of 0.6 as the exponential factor is not
appliceble universally, and the nossible variation extends from Q.48
to 1,02 for complete plants. 2/

hen the vhole fixed-capitsl cost of the plint is taken into
considerstion (i,e., purchase orice, instcllation costs, housing,
auxilisry services, etc.), it would be rreferable to teke an
exponent of 0,7, but here, too, there is . rather wide range. Ior
instance, the exwonent for the manuf: cture of styrene is (, 53, while

1/ Picciotto and Sweeney - "immonia Manufacture from petroleum
feedstocks” United Netions Petrochemcials Conference » Teher-~n,

1964, laper rNo. 93, p. 33
2/ Chilton = "Cogt Enginesring" - (NcGuv-Hill, 19%3), p. 82




L i e e s

Co Gt N at s P ow lek .L' A i lsp ¢ ren; e,
Ctie 1 comput toons of the vary tion ¢ ¢ it 1 coste
re uction must 1 ‘yvs e t Len ith considsraitle
T ¢ it t ns of this "six=tenths rule" must e

Fecs ni - e Lt dis  clic rle only to » vworistlion of ac le, eening

+ ¢ otors constant. 48 8 ror ly the cise in ictw 1
Ceter ir, hus, it one clnt ioom Ade much bi_ger thin
notr. t 1 likely tist =+ 1 ‘eront ‘echnolo, of 4 Hes
st r 5 = | ve to be rdonted, hich 111 cost mre re r-ta

in > it 1 but recuire less leobour ro r o tr.  .n such case, the
e onnt ull be rester t.uen 1”7 the technolo. icrl factor
rer~inet n ltered, 1t is t.is hich ometimes m'ies it roesible fer
a f ctorv t ¢ snll scrle of o,-r tion to be wre cometitive
than i .er nlant in ti. final cost of the nrocuct, es eci~lly
in cost to Lo consumer,
ven h n the sim-lest cose of 11 is comsidered (i,e. all
rccess v riables const-nt axcent =ize, therc is sometimes mot
muet - .l "erence in roduct cost ith siae ~f nlrmt, The felleving
is n examh.y
Mg Ll
8. nufackure 9f hycrocen by sheetralials
(Loct in ‘ollrre ‘er 10 stend-rd cubic fest)

I
Capeeity (.. sefd) 100 500 1000
2 matericl 0] 0 0
Labour 0 0 C
Porer 1,82 1.0 l.“
(ther ’:riables O 54 Ced? ve 22
De weeizrtion 0.9’ 089 Qo“

(sher fixed sharges Q.b5  _ Cokd . Qebd ..
0Tk CQST. 3.2k b6 . 3aAh

)/ Aries and .o ton - "Chemicel Lngineering Cost stim tiom® -
(*cm'l‘f"llill. 19’5). 9.6. The h‘w than lgw “ vory
significant,

2/  Harper - "Chemical Engineering Prectiee” - (Meinhold, 1954), p. $h.
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I8 111 be notie-d that oven vYith one plant ten t{-ee bispar than
anether, the oset of produetion 1a not rreatly reduee . If the
SORSUBST sarket 1a diffused, wnd she extpn produstion hae nlrays
to find salen starting frem the perinhery and urijn b PR AVEY F P
the additional coet -f distribution ®ight ell onuntarmot tie

smell reduction in cont of production of the large nlant

Another fuctor v ioh plays an inport nt r rt ia thre sige of
the individual machinen whioch are used in o partioular factory.

"Mere a menhine {g operated by a single rerson, ‘hethap
it be a sowing machine or a ocapstan lathe, the

minimum factory-sise at whioh the numdbers -f

sachines and their outmits can be balanced @ay be
Wite small, emaller {n faot than a fimm misht

require for other reascns.

c+'hOTre a convevor helt ayeter of manufroture

is introduoced, with loss flutbuuy a8 the prioe

for the higher Ntput poteatial, a rather larrer

sise may he udnn"gma."!/

T™he awiladility of second-hand and reconditioned -lant and
*Nipgment ia good condition and at reasonahla rates, ‘hioh is »
charsoteristic feature of modern induetry mmenﬁ.g/ introduoes
an altogether different dimension into the rioture. To atart with,
these plaats are gemerslly more labour-intensive then the latest
plants - the reason "Ry most of tha- were discarded. Secondly, they
do not require as long a periocd of amortisstion as new Plants, and
therefore offer muoh more opportunity for imnovation and {mnrovisa.
tiom. Thindly, they are gonerally of smaller sise than tha 1 test
nlants, sed thus mere ®asaceable. Fimally, they are availahble at

V—-ﬁ;‘"“ -’“otm Loostion and Industrial  ovement ' - London
Fationsl Institute of oonemic and Soetal Research,1962,vol.1,p,162

2/ "feceni-head Ya3hines snd "oonemte Dovelowment” Pudlication F0,15/%8
of the Fethorlands Docnenic Institute, Rettorden, 1958,




ver reanonable prices, nemetimes for net mmoh mere than the oceets
of tiarapntling al peroval. plus Mrokerage. Costs with this vind
~f plant ear bear no comparison with oonvent ional ocoetiny of aew
rlant - and the aventual results are uite uaprediotnhie. The

rite . atisn: hac made = apeeial study of this nwures of plant and

equipment .l'

“necpretical coating fliures ape useful oaly withia limite,
Leosune there are dther faetors vhieh eem have greater influence.
_ eow le of instances may serve to prove the peiat. A ocertain fime
tendered for the supply of an atomic enew;y power station withim
the oountry. [he same firm tendered for the supply of tt» same plent
at the same time for installation in 8 foreign country, but the nrice
poted was ore than twiee the nrevious quotation. In this osse,
clearly, tteoratical ficures of how eosts would heve varied with
mere sise of plant would have laoked WeRing .

In another similar transaction, three firms sudnitted indopondent
bids for the wpply of large eleectrical equimment, asnd it was ageumed
that the three Hids were competitive. It turned out, however, that t
the three firms were acting in esllusiom with each other, and im
sories of lawsuits the successful contrector was foreed to pay dams e
of 42 nillton.y Theoretical oost fisures in the face of this kind
of "nanaced” prices would not bde of value.

A Shimd orse is still more dremetic. The bridge vith the loageet
spen in She world (the Verrasano Narrows Bridge) hes besa condtrwoted in

RIS - e~ ey A Swl E oy -

)/ ‘Weport of Txpert Group on second-hand oguipmeat for develoving
countries” (United Natioms, 1965, Sales We. 66:11.0.9)

t/ ‘Teetrical ‘orld” - 15 June 1964, page 87. See alsc "Time" of
3 Jamary 1964, pege T4.
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New Turk at a ooet of ahout 37% million. In the United Kingdom,
an almoet tdemtioal bridge has just been completed for less thun

8 lillmn.1 The ressons for this great discrepancy are being
inveatigated, but onoe again, theoretical caloulations of costs in

relation tu size would have had no practical mesning .,

A good example of the savings which are possible by the better
ipplioation of av ilable resouroes is described in the technical
pres . A plastios mnufacturing firm employed its own staff to
ery ineer an additiona) factory, and it is said that -

"The result of suoh an aprroach..ms built for

205 leas than a duplicate plant en¢ inexred by

standard methods,...and 4C’ lese than moat outside

ongineering firms would charge. And it will hit !
full oapacity within three months of startup" g/ !

‘hile suoh approach is not alvays applicable, nor always produc=-
tive of similar happy results, undeniadbly there could be great savings
attendant upon the éxeroise of intellirence upori design detuils. When
it is recalled how often & management decision between alt ‘rnative
designs swings upon a few nercent estimated difference in fixed
capital investment, it can be realised how important it is to select
the right approach, and adopt a deeign and procedure exactly suited

to the needs of a given situation.

i s

Cach of the selected industries treated in this paper has a
short introductory preface on the tcohnology, Just eufficient to

T+ % i ————" e —

1/ "I'ngineering News Record", 28 lay, 1964, p.88, and 2 July 1964 p.10.

2/ "Smsll-Plant Savings - Chemical ook, 18 July 1964, p.97
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bring Sut the hi~hlighte. A flowshcet follows for each. Due to
limitations of space and other considerations, these flowsheets

have been held to the bare minimum, just as an e¢lementary pictorizcl
repr: sentation of the technoloricel note. The cost sheels are

alsc limited t. one page for each industry, to avoid encumbering this
paper. Indeed, many pages would be required for the proper costing
of a sin-le one of the ninety alternatives which are illustrated.

In the final result, the material, although not exactly at sn
elenentary level, cannot hope to compare with the detailed treatises
and costing statements to which reference must be made for more

accur~te and derendable conclusions.

Previous ctudies:

This particular theme received sone attention in & United Nations
study, made in 1959, covering the nitrogenous fertilisers and glase
contziners industries,

"On the assumption that the same technology is used

in both industrialized and non-industrialised countries,
the structure of costs of production in relation to
capacity is studied for the former and transposed to
the latter... In the next step, the initial assumption
of identical techniques pf production...may be intro-
duced, and the results obtained in the first instance
are correspondingly re-appraiseds. . ."}/

The results, however, are described only in general terms, and the

actual variations of costs of production are not given. A later

ﬂ WProbleme of ¥Tse of Plant in Industry in Underdeveloped Countrie!

Bulletin of Industrialization and Productivity, do. 2, P. 7
(Sales 1043 59,11,B.1),
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study on the identical aubjecty yields resylts which appear to
differ substantially frou these conclusions, ktut this only roes to
chow how « fficult it ie to coapare one with rnother in this lielq,

nnd how careful one must be in drawing analories,

Genera; As syiptions:

It is obviocus that costs would vary very much from place to
place so much that it is impossible to Quote figures which would be
applicable to all countries under al} conditions, It is jot safe
to proceed on generalizations, for instance that the cost of energy
nust necessarily be greater in the developing countries, Some of
these developing countries have an abundance of cheap natural B* S,
petroleum products, coal and electricity, Evern as regards labour,
the relative vage levels are such that a skilled worker in a develop~
ing country may do equally good work for one~-fifth of the wage drawn
by his counterpart in an advanced country. As an illustration, in a
recent study of the glass container industry in Central Americs, it
was remarked that -

"Manufacturing costs in Central America would thus be
17 percent lower than in the United States, mainly
a% & result of the difference in manpower costs,"2/

The shipbuilding industry in the USA is at a severe competitive dis-
advantage in world markets for this reason and several large shipyards
have been forced to close down, Raw materials are, of course, renerally

cheaper in the developing countries - sometines very much cheap~r, Thus,

bV "Poesibilities of Integrated Industrial Development in Central
America" United Nations, 1964 (Sales io,: 63.11.C,10),

2/ Ibid,

3/ A spectacular example being the Brooklyn l.aval Shipyard, with
a labour force of over 20,000, finally closed down in 1966,
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for instance, straw for stpawborrd manufacture was costed at $15

per ton in 1952 (the co:t tcday on &an equivalent basis would rrobably
be ¢20 per ton)l/ but it is the common experience that in many

c untries strav is avnilable at almost no cost, The straw has
already passec tirough the harvesting, transport and threching starges,
and only hardling an further transport are involved, Often &5 is
more than adequate to ensurc a s oth regular flow of the quantities
required, This variation introduces a substartial difference in the
final cost firures of the strawboard, and allows the use of simpler
techniques vith no increase in cost of final product. Similarly,

"Corn cobs had been favourably considered as a raw
material for industrial use,... but it was concluded
that it was impossible to collect them at low enough
COStesee

i survey by the iorthern Kegional Laboratory in 1941
laid a sound basis for the industrial use that has
followed.

«sesCOb8 have a negative value on the farn, They must
be renoved from the parn-lot vhere the shelling takes
place, because they are both a fire hazard and a nuisance,
Commercial shellers have been glad to arrange for cob
suppliers to provide trucks at farm shelling operations,
so that the cobs may be loaded directly into them and
hauled away. Vhile neither the farner nor the sheller
receives money for the cobs, this scrvice proved
valugble to them."2/

The difference of cost is of substantial value, lowadays there are
excellent processes for converting sawdust into paper, and this may
create some changes in the economies of paper making in developing

countries, Some sugar factories burn off their bagasse and prefer
to use fuel oil in their furnaces,

V "Raw Materials for More Paper" - FAO publication No, 6 of 1953,
p. 73.

2 Lathrop - "Industrial Utilization of Corn Crop Residues" -
Northern Regional Research Laboratory, Peoris, Illinois,
p\lblication OP"SLBS’ P. 5¢

3/ ¢.g. in Trinided




Sometimes the cost of raw materials has an influence Preater
than econony of scele,

"Cost variations due to varying raw materials costs
can be illustrated by exanining the range of

prices of natural £3s throughout the world, These
may run from 5 cents per million Btu's in petro-
leum producing countries to 60 cents per million
Btu's in less favoured areas, 0Un the basis of a
requireuent of 31 million Btu's per ton of ammonia,
raw materials costs would run from ¢1.55..4t0 18,60
per ton of ammonia,"}l/

The authors had Previously quoted a theoretically possible saving of
$6.62 by increasing the capacity of production from 70,000 tons to

350,000 tons per annum. This poscible saving is completely over-
shadowed by differences due to costs of rew materials,

However, since this paper concerns itself with cost figures, some
basic norms are followed, and the following averages are assumed for
the purgpees of this paper, (remembering that the figures are to apply
in the &vcloping countries and are exclusive of excise duties or sales
taxes),

Y/ Picclotto and Sweeney -~ "Anmonia manufacture from petroleum
feedstocks" -~ United lations Conference on Petrochomicals,
Teheran, 1964, Paper No, 93, pege 30,




Item Median cost
Us » per unit

paterials

Coal billion Btu 200
Coke " " 1700
Fuel oil " " 300
Natural gas " " 350
Firevood fuel a " 250
Tlectric power kilowatt-year 60
Steam = 400 psi million 1lbs. 600
‘ater million gallons 40
Refriperation (34°F) kiloton-days 500
Cement ton 10
~nuilding bricks 1000 10
Roofing sheets 1000 sq. ft. 60
Reinforcing bars ton 170

Personnel Anoual Payments
()
lanaf; ement
Ton 6000
1{iddle 2400
General Jervice 800

Supervisory
Grade 1 1600

Crade 11 1200
Grade 1II 800

gggrat ing

Skilled 1000
Semi-gkilled 500
Labour 350

A few more generalised parsmeters are mentioned here for the sake
of interest, although their limitations must be olearly recognised.
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IsBLZ 1V
Capital requirenents for Che igal Process Indugtries

i = Fixed Capital, in ., per annual ton canacity
B - Output/Capital ratio

— - ---—...»-..-—.-.-g-—.—.—--.»»-—. -~ - -..-........-—..--..._...--.._—.-... . ———

I'roduct A B Produet /. B
/icetaldehyde 54 4.2 Furfural 310 0.7
Acetic Acid (alcohol) - 270 6.7 Glycerin,synthetic 620 1.0

" (rcetaldehyde) 50 3.8 Hydrochloric acid 170 0.4

" anhydride 200 1.4 Hydrofluoric acig 210 2.0
Acetylene (carbide) 230 1.1  Lime ‘ 6 1.8
Amuonia (synthetic) 250 0.4 liethanol,synthetic 270 0.4
Alumina 100 0.8 Nitric acid " 170 1.3
Aniline 320 1,2 Paper from pulp 150 0.8
Butadiene 1200 0.2 Pentaerythrito] 480 1.4
Sutanol (synthetic) 580 (.6 Phenol,synthetic 450 0.8
Carbide of calcium 87 1.6 thosphoric (Dorr) ¢ 2.0
Cement,y portland 21 1.0 " (furnace) 180 0.7
Alcohol from grain 160 1.0 Soda ash 70 0.4

" from molasses 85 1.8 Styrene 600 0.6
Formalin (methanol) 18 4.2 Sulfurie (pyrites) 40 0.6
" (petro-chemical) 170 0.5 " (sulfur) 19 1,2
Source = Peters "Piat Design and T
“conomics", -
(McGraw-H111/1958) New York

Probable Service life for properties in the Chemic:l Process Industries

Ttem Years 1ife Tten “Years 1ife
KEI&a 15 Paints and V&?EEEBEE-..-.—ZO
Alkalisg 22 Pharmaceuticalg 20
Aniline dyes 20 Rubber products 17
Brewery prodiots 20 Soap 20
Cement 20 Factory Buildings 50
Glass 15 Offioe buildings 67

Source - Peters, op. oit.




TABLE VI

Elements of ggoduction Cost

Process

Acetic acid from carbide 29 420
Alumina from bauxite 3
Aluminum 16 18,000
" sulfate 1. 30
Calcium carbide 3 3,400
Cement, portland 2 100 ?
Alcohol from molasses 3. 34 6.1
Oxygen, liquid, gmall-scale A8 1,860 ?
0
9

3.
. 180 7.0
3

?
o4
?

" gas J5%, tonnage . 440 2.2

Soda ash, Solvay 3. 96 4
", caustic, electrolytic . 1,500 ?
", caustic, from lime=-soda 0. 88 1.4

Source - Peters - op. oit.

Before going on to the details of specific industiries, it would be
instructive to consider a theoretical case., Aries and Newton have given
an excellent axamplo.l/ For the details of the calculation, the original
work should be consulted, but the results are briefly as follows -

Y WChemioal angineering Cost Eetimation” - (MoOraw Hill, 19%5) p. 249




Capital gost (41000)

Cost of those items which
increase by number °

Cost of those items which
increasely size
(6=10ths rule)

Total oapital oost

ver ton per year §

Mnnufagtt_an gﬂn
cents per po ’
Raw materials

Fixed sxpenses in
with number

units varying
Fixed expenses in units varying

with size

Labour’ .'30
with number

in units varying

Labour, etg,
with size

in units varying

Total (US cents per pound )

It would be an interesting exercise
in the laet column,
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TABLE VII
w ze of plan
‘ éﬁnt -;izo“(."l"c;ria.;er &e;r/ ."
| f ‘
i 100 250 50 | 1000
' T ' —
| C *
A T B
100 | a0 | 0 | 1000
| j
152 | 263 , 400 605
. i .
) : ! }
|2 513900 | 1605
| 2,50, 2,052 1,800 1,605
S—— i | K
i ! . ?
| D 3 :
' ¢
v 2 {2 | ox 0 |
a Lo |
i 8 , 8 ! @8 8
. ;
S |
750 5.2 ] 4 , 3
: : ! 's i
;16 4 16 [ 6 | 16
* . .| !
i ‘ -~
R X R T R !
‘ T | ;
i
58.6 ’ 52.8, 50.1 48.3 ’

if it were possidle,

to within dcceptable margirs of
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error. at tue United sations Corference on the Application of .cience and
Technclogy tor the Benefit of the Less Developed Areas in 1963, it was
regcrrended that =

"The attention of ensineers, scientist ni technicians
should be lirawn to the pousibility of selecting capitul-
saving techrigques in tne core operations of the techno-
logically inflexible industries... . There exists great
scope for research in jesigning equipment and developing
processes to reluce the scile of operations with a minimum
increase in operatins custse.. oMl

Left to themselves, the engineers anl desisners are likely to follow the

conventional line.

"Industrial advisers to under-developed countries...a

general pattern emerging from their recommendations

shows a steady resort to mechanization...this

recommendation is in keeping with their experience.

They are far less concerned with the social problems

surrounding unemployment. However, as a rule,

modifications are possible, and, while techniques

may be up to date, the size, degree of capitalization

and specialization ina wide range of industries

will not for some time match those in developed countries... ."g/

A practical application of the exponential formula will be found in
the Report of the Fertilizer Production Committee of the Government of
India. The Committee published figures of the cost of production of
various products at various levels of output. The sunmarized resulis are

as follows:

]/ Quoted froman ~TTiole in Bulletin on Industrislization ains— odug
No. 7, po 32 (United Nations, 1364). Some remarkable examples are
described.

2/ Mount joy - "Industrialization and Underdeveloped Countries" - London,
Hutohinson, 1963, p. 152¢

3/ Ministry of Production, No. 41, 1956, Vol. I, p. 183-184 (figures
suzmarized).
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TABLE VIII
I:evel of production grzfumio:on of nitrozen
‘ons nitrogen per m Arnm, <ulphatee
Annum nitrate sul ko te nitrute
1C,000 145 157 138 124
20,600 126 133 119 114
4,000 114 119 108 109
40,000 107 110 10% 105
50,000 103 105 103 1c2
oC, 000 102 102 101 101
70,000 100 100 100 100

The deductions to be made from these figures are interesting but are beyond
the scope of this paper. It will be seen, however, that the exponent varies
quite considerably, taking all at the same index base of 100 gt the same
output of 70,000 tons per annum,
Industrial Complexes and Estates

The analyges carried out in the annexes are confined only to technology
and size of plant. In the determination of economic size and optimum size,
however, many other factors have to be taken into account. First and
foremost ig whether the contemplated plant is to stand entirely on its own,
or vhether it could be integrated into another already in existence. The
independent plant has to provide for everything itself, and has to find all
the capital, maintenance, repair and replacement costs in full. The volume
of production must be large enough to carry this burden. Where an
organization already oxists, and has already assumed al] the burdens of
overhead costs, the addition of another unit will benefit both, because
generally the total overhead will thereafter be less, per unit of production.
In effect, the additional unit will have the advantage of bigger scale
working, without having to pay for it in fuil, Under these conditions,

R O

AL g

[EORSR i



- 52 =~

whers the unit unier liscussion will be concerned only with direct
manuficturing cocts, while almost all the overhead items are provided by
the { presumably larcer, sarent organization, the cost of the finished product
coull be quite competitive with the product of large scale industry. It is
onn t+ - ¢ crinciples that that many plants which require small quantitiee
¢ shemicals (e.g. sulphuric acid, nitric acid, Jhosvhoric acid, caustic
536, potissium chlorate) are able to manufacture these products in smll
captive units on a competitive footing. Thus,

"Ne have designed, built and operated plants of

smaller capacities...which constitute a part of

a larger industrial compl ex where their residue

gases are beins fed to other sections of the

factory. OSuch speclal design zivee under

favourable conditions economically satiefactory

results"

The principle can be extended in three directions. In the first, a
cluster of small units can associate themselves to form a ocomplex of
vertically integrated industries which, in the aggregate, can compare with
a large monolithic factory. Thus, a small producer of crude oil might derive
advantares from refining bis crude in his own plant, whioch ocould not work
competitively entirely on its own, if it had to depend on "foreign" ocrude.
In a later stage, the producer mizht utilize some of the refinery products
to manufacture, say, ammonia, gul phuric acid and ammonium sulphate. After
eome time he might decide to convert a part of the ammonia into nitric acid
and ammonium nitrate. With excess nitric acid he might decide to go in for
nitrobenzene, aniline, explosives, dyes, etc. As the complex aoquires wors

and more diversifications, each succeeding unit can be of smaller and smaller

Konstanty Laidler - TPetroohemical and Carbochemiocal processes in Poland
within the period of 1955-1967" - United Nations Petrochemicals
Conference, Teheran, 1964, peper No. 30, pelle (1965-1967 projected)

»




sitey ant atil]l remain sconomic, Thus, . MC erste-cizel firm  states i it
w'.tr;‘li)&"\d.'

"Sales are in excess of ,70 milliong a Yeire., ,
The company Banufactures nearly 1ucii 1311erepg
chemical ovroducts,.. ,"

it 18 obvious that with an averape of wTUyOUC per brotuct 1t woul s rot te
e2onomic Lo run indeendent plints, The reason why ths comindny 18 raiking
lar e profite 18 hecause all the smal]l Pro‘uecing unite are boun . Inty one
complex matrix, whic.. in the ugiregute i of larce size, ANGtuer exiple
1d tre manufacture of Petrochemiocals in a small plant of an ] Cumrpany in
J1~kson, Texas,

"In this age of automtion, and of hu~e production unite, .,
it may seem strange that a smal} Plant in a sma]} company
managses to survive at al]l. Nevertheless, some are doing
very well,.. .,

oo With low overhead, stable labor costs and rel:.tively
small capital investment, it can often make & pound of
product for less than a large company, and sell jt g
pound at a time, with sersonaj service, it 3 prolit,
Carload lote are, of course, a different matter, ., Y

R R o

The difference between carload lote and pound quantities in an advanced .

country might be translatable inte domestic product compared wvith the same =‘

article of foreign origin in a develo ing country, ‘;."f
Let another instance is Danish furniture, almost all made in smallish

workshops, bus commanding a bulk market around the world, due to advantages

of lesign,

* Name withhold

©

Brennan - "The future of the Smll Company" - Chemiocal Engineering,
12 October 1964.

R

Kralj - "Report on Mass Production of Furniture in Israel", Bureau of
Technical Aseistance Operations, United Nations, New York - 1966, p, 4.




The principle is ca
ago realized hov alvanta
the overhead facilities

ite stall-level extrepre

proiuctivity. she Japanese authorities, therefore, embarked upon a deliberate

11 caiculatel prograpme
topet or. in alternate s

chingware, thiere may be

Ae Quarry in

B, Winning c
A, Refining

B. Preparing the raw mpaterials
A, Manufacturing the green clay mix
B, Manufacture of shaped products and air-drying

B, Applying

Ae DBiecuit firing

B, Glazing and over-glaze decoration (if any)
As Glost firing

B, Sorting and greding

A, Facking and despatoh

(Ae Large-ecale production
B. Omall-scale product ion)

The small-scale operators work in & kind of aymbiotic relationship with the

large-scale operators.

worker tends to specialise on one line, but the A's may sither be different,
of & single large factory may be able to assist all the small-scale
operations. It is s highly efficient syetem, largely becsuse of Japan's

national discipline and

also Toyo

industrial enterprises in Japen" -
W, No. 2, p. 2 (Uﬂ“d one «» X edde ]

- By -

rried yet further in Japanese industiry, which long
~eous it wis for a small plant to be provided with
of large organizations, 8¢ that it could devote all

neurship to technological matters, management and
of intesrating larpe industry and small industry
tages. To take an instance, in the manufacture of

the following eclearly-defined stages -

frastructure (roads) and preparation, etc.
lays, feldspar, etc.
ecrude minersls

under-glate decoration

The B's are generally different, becausse esach emll

business acumen.

o "Inter-relations between large and small

)
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A further development in this direction is the creation of "industrial

estates" i.e. where common facilities and servioes are centralized and
listributed to many small unite on a fee basis, These common facilities,

itilities and services may include:

klectricity, #as, mechanical power
lutor, Severage, drainage
Transport, storage and communications
Laboratory servicea
Personnel recruitment, management and training
Accounting, auditing, banking and legal assistance
Technical consultancy advice
Maintenance and repair of machinery and equipment
Storage and supply of spare parts, raw materials, etc,
Marketing of finished productas
Housing, hotels, canteens, cafetarias
Medical wants, health insurance, preventive medicine
Aocident insurance,

This list 48 not e:haustive, but goes to show that there are many functions

which can be handled ty a central body. The management of such industrial
estates could be either by the State or by a oco-operative or purely by some
private profit-uking effort. Such a development was foreseen in g United

Nations study which mentioned that -
"These processes (that is, ancillary processes like storage
and inventory handling, transport within the plant, loading %
and unloading, mintenance and repair, laboratory services, ‘
otc.) may often be subject to considerable techrological
flextbility an regards factor substitution which is of
Par@oular importance to less developed countries.,. , o

In C%o initial stage of the projects, suoh matters will
have to be handled on a tentative and experimental basis,
until sufficient information has been accumulated to
permit a systematio approach.'y/

. nari roversial Questions Conoerning Industrial intates”
blished in "Industrial etates in Asia and the Fer East", p. 415
ﬁl‘mt“ l.tiom Sales No.: 62.110'.5)0

2/ Report of tae Nooting of the Bupert Working Oroup on Industrigl
Devel c pment Progremaing Date, Misoellaneous Paper No. 3 of February, 1962,
+ 8, 3ee aleo in thie oonnexion Mredo - "Industrial istates" -
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Ore cf the effects of an industrinal estate is to allow the small industry
t¢ reduce ite adrinictrative ani manaements overheads to the same level as
prevalent in larre~ s8cale induatry.

"ost of the sconomies of scale derived from the facilities
ot econoric overheals are iniependent and irrespective of
the si-c of the plunt ant can be previded to amall plants
by surrcuniinge then with appropriate agencies which can
take cver the Tunctlons of -conomic overhea:ls and perform
Lhelm i cummor s£rrViles {¢ gm:11 production unit8ees o

Technclogsical research institutes can undertake the tasks
of improving the production and design of products and
jevelcpine new processes and products."}_/

The subject was recently iiscussed in an African context.

Action on the part cf overnments also sometimes yields the same ef{ects
.5 econcomies of =cale. Prererential purch.ses of requirements from small

industrial producers reduces the sales costs to perhaps below what it

wculd cost a large producer. Lower wage rites are sometimes permitied to
be pait in smill iniusiries, ani sometimes trere is exemption from other
requirements, such a8 contribution to 2 national employees' proviient fund,
workman's compensation insurance, overtime escalation, etc., which coste
nave to be met in full Ly large industry. Thus, the simple mathematical
relationshipe which are so often constructed tc jemonstrite the differences
between large industry und small are often distortea out of all recognition
by these everyday actions on the part of governmcntal authorities. The net
result is unpredictable, and it may become more profitable to work on small
gcale than on large. Indeed, a school of thought asserts that there is now
so much solicitude for the small industrialist, 2and so many gubventions to

small industry, that it acts as a deterrent to the establishment of industrial

establishments on a large scale.

"Flant size and economies of scale" - Paper presented to the Committee
for Industrial Development, Fourth Session, Dooument E/C.S/Ql, pare. 8.

2/ United Nations Dooument E/C.5/70.
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Only one more distortion of the simple
mentioned, and that is the

mathematical model will be

private middleman or managing acent, the person

who provides all the raw materials and servioes, and agrees to tuy all the

finished products at guaranteed prices. This
ir some countries, especially in the traditio
the manufacture of textiles, cooked foods,
¢f other such articles.

kind of operator is very commcn
nal crafts and occupations, like

matches, salt, cigars, and a host

The middleman factotum, in effect, is the nexus

“etween all the producers And their means of production,

and his services
are tantamount to a multiplication of the 8ize of the ind

ividual producing

umit, at any rate, in respect of certain services., A good comparison of

the relative advantages and disadvantages of large-s

cale industry vig-a-vis
the small industry was recently published,

Toreign Exohange

Balance of payments difficulties between nations have always eéxisted,
but is now common talk The "free" or "floating"

exchange rate of a country's currency
truer indication of the state of the country's internal
economy than the official rate. Although official transactions are nominally
carried on at the official rate, this is
in some indirect manner the transactions
"floating" rate.

among the entire public.
(sometimes labelled "black-market ")

13 often taken as a

really a bookkeeping device, because
finally do ~et adjusted at the

Currency controls have not stopped the
which determine the free rate of exchange.
€ap between the

marginal transactions
Every import tends to widen the

official rate and the floating rate of exchange.
of an indigenous product vis-a-vis an import,
in costing the loocal product at the

Thus, in
the coeting there is nc point
official rate for indigencus ourrency,
while the foreign article must be paid for in foreign exchange. Both must
be reduced to the same datum and costed, either in foreign currenoy or in
indigencus ourrency, at the free market exchange rate. It will surgrise

many to find the wide variety of products

which oan thereby be manufactured
"ithin a country at "economic cost",

Professcr Jan Tinbergen, discussing

1/ Staley and Koree - "iodern Smal

1 Industry for Developing Countries" -
NoGraw Hill, New York, 1965,
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this problem, renalks that -

v, better insight into the real conseguences for the
economy as a whole of certain investments will, therefore,
be gainad if, instead of market prices, accounting prices
are applice, implying, inter alia, that labor costs are
assu.e to bo considerably lower than market wages indicate.
This may lvad to the execution of pro jects not attractive
to the :rrivate investor, but attractive accoruing to the
sccourting prices"l/

Levels D Scphistication

. echanization and jutoration are two separate sciences, but both have
the effect of replacing human peings. #8 a rough definition it might be caid
thit ;.echanization replaces strength, while automation replaces intelligence,
The ext:nt t¢ vhich these trends can be given scope naturally depends upon
th. relative cost of nachines Versus e, A machine has to bear capital cost,
ard charfes for ..aintenance, repair, fuel, lubrication, waste heat disposal,
etc,  man has to be paid wages, bonus, social s ecurity, allowances, in-

centives and many other contributions in cash or kind or services, He has to

be provided with saritary facilities, nedical care, refectories, recreation,
neeting hall, etc, which are not required for machines, One set of obligation:
and responsibilities have to be weighed against another in determining their
respective worth, There are preat differences between one country and another,
:n american firm might be willing to invest »200,000 in capital equipment,

to eliminate the necd of one man, whereas at the other end of the scale, in
some countries it is rot vorth investing $200 on machinery or equipment

to replace a human being. The final criterion would normally be the effect
on prices of the manufactured goods, In this field, the movement has
naturally been guided by the developments taking place in advanced countries,
vhere large plants are completely controlled from centralized points. Thus,
a steel plart with an output of one million tons per annum can be worked
with just 28 persons per shift, Such highly automated factories would bs

out of place in countries where wage levels are much lower: yet there is

comparatively less expertise available in devising simple technologies to sul

Tinbergen - "The Design of Development' = Netherlands Economic
University, 1956, p. &7
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these developing countries. In the result, neither doeg the advanced
tecmology (which requires strong and extensive supporting structure)
work well, nor do the dovolcming countries have an

equally productive and
useful alternative to take ite place,

There is a gap here which has tc be

filled. Fortunately, many countries have now realized the existence of this

gap, and are anxious to create a trend of interme

diate technology (also
termed "appropriate technology") to fill it.

" he present consumption of corruga

would not be sufficient to Justify mechanized manufacture
of asbestos-cement products (which can also be made almost
entirely by hand, incidentally). However, corrugated

sheets sell at quite high prices, Primarily ae a result of
high freight costs. Consequently, it is conceivable that
& mechanized asbestos~cement industry can be developed

even for the present small market, "1/

ted roofing sheets.,..

Bigness is occasionally associated with progres:

and advance, though
should not necessarily be inter-linked,

"Leaders of under-developed countries concerned with promoting
industrial growth would be well advised to study Switzerland.
This highly industrialized country has one of the highest
living levels in the world. But. its industries are decentralized
t0 & remarkable degree. There are no big industrial agglomera-
tions as in Britain or Germany; the large cities are commercial
rather than industrial. There are hardly any slums. About
every tenth factory worker owns and cultivates a small farm.
There is a very even distridution of weslth. The country has
no important sources of coal Or iron, or other raw materials
sometimes thewght to be essential in an industrial oountry.

It has no Weto heavy industry, not even a single blast

furnace. J manufaoturing is diversified and carried on
Bainly in emall plants,"2/

17 ?mnbcun - “!ndu-try in British Guiana"
Mimon, DoCn, 1962, Pe 59.

2/ Bugene Staley - "M Future of Under-d
Harper, 2nd edition, 1961, p. 306.

~ Continental Allied Co.,

Uﬂ@opod Countries" - New York,
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Even in the iron ard steel industries, popularly regarded as economic
only on a very large scale, a leading expert has this to say -~

"In a few quarters, the economies of iron production in
small scale plants have been looked askance... the
indigencus fabrication of a small iron blast furnace...
can be undertaken much more readilyes. thane.. 8 heavy
integratel iron and steel plant... o1

Accuracy of estimates

There is such a thing as excessive refinement in cost estimating.
Some estimitors have a practice of calculating to six or seven significant
figures, when the normal variations of extraneous conditions could cause
a swing in the very first or the second significant figure, thus rendering
the rest of the figures of no significance. Instances are numercus in the
developing countries, but only two will be cited. The first is an urea plant

in Taiwan. According to the repcrt

"It was expected that about US w10 millions per year of
foreign exchange could be saved when the TFC Plant No. 6
is placed in regular operation. Today, a8 & result of
lower fertilizer prices in the international market, the
annual saving of only 5 to 6 million dollars of foreign
exchange has been realizedesss”

Thus, even before the plant had been completed, the basic assumptions upon
which the policy decisions nad been made had radically altered. In an
instance in the USA, the successful tenderer bid 40% below the consultant's
eatimate.}/ There is little point, therefore, in calculating estimates

to beyond the first significant figure; and estimates may even be treated

as orders of magnitude with no loss of dependability.

i jhawan - "Dissertation on the occasion of the presentation of the
Bhatnagar Memorial Award" - National Metallurgical Laboratory,

Jamshedpur, India, 1966.

g/ "The manufacture of Urea in Taiwan" - Paper No. 42 presented 10 the
ECAFE Conference sn the Development of the Fertilizer Industry in

Asia and the Far Eact - Bombay, 1963.

3/ "Engineering News Record", {Octover 29, 1964) p. 16.
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The secord example is g training manual prepared by the Economic
wommission for Latin America, in collaboration with the United Nations
Technical Assistance Administration., The example takes cost estimitesg
(prepared for the United States' Department of Trade and Agriculture) for
a cement-block factory and indicates the results in for form of graphs,

as follows:

K .

" ' Minimal plant
~ ! \ . Small-scale plant
S
x! \ Medium-scale plant
) \ o
“ ! \ \ Large-acale Plant
L NN
° * N
v S~
L

DAILY PRODUCTION
It is seen that there is a considerable degree of overlap, and that the cost
per unit can swing to a wide extent, The output of a small plant working at
high capacity can be sensidbly less than in a large plant working below
capacity. This may sound almost like a truism, but it ig surprising how
often the losses on a large plant working below full capacity are overlooked
in comparison with the small plant. This instance (and otheras of a like
nature) show that excessive dependence upon cost estimate projections is
not a completely safe basis for management deoisions., Of course, such
Projections must be made, and must be as acourate as the available data permit,
but other factors, net assessable in value terms, must also be given due
weightage. One such consideration is the intangibdle benefits of 3tarting
operations on a oomparatively modest scale, and through comparatively simple
technol ogy,

1/ UF "Namual on Economio Development Projects™ - (Sales No.: 580114G45)
New York, p. 159,
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Hewever careful, detached,and objective an investigation may be, it
is in the nature of things that there is a wide range of possibilities,
and it would be unrealistic to quote a single matrix of figures as the

only applicable results.

"Because the product mix may have a marked effect on
cost, a given value of output may be associated with
several different cost levelss... For this reason,
the simple relationships drawn in break-even charts
no less than in the textbook cost curves, can be very
misleading."l/

The developing countries are coming to realize the value of such

alternative technologies.

"The Committee came to the following conclusionsi

(iii) That the decentralized expansion of the industry
through small localised units would present a more
effective solution for the landlocked areas of the
regloneess

(vii) That there is need for promoting technical
research to develop plant units that could best be
adapted to the specific needs anl problems of the
region, It was realised that through independent

gtudy and research, economies could be realised and
wasteful eypenditures avoided, both in fixed investments
and in operating costBee..

Requests the Executive Secretary of ECA

(b) To undertake appropriate studies in Mau. itania on
the possibility of the utilization of gypsum re srves
for the ement industry of the sub-regions..."3/

17 Bruce Willians - "Notes on Cost and Capacity' - !;aggggﬁg;_§ghggl_g‘
Eoonomic and Social Stulies, Vol. XXIX (1961) p. 203

2/ '"Report on the Conference on Industrial Coordination in West Afrioa",
E/CN.14/324, Annex VIII.
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fase Study

Distillation and casification of Wood and Coal

1. Wocl: lature irees in the living stite may contain 20 to 50% of moisture,

Jben trees are felled and the wood is air-dried, the moisture content may come
down to anything between 10 and 0%, Its gross calorific value would lie
petween 13 and 15 million B.t.u. per ton (2240 1bs.)e The net value may be

1 to 3% less, depending upon its moisture content, I1f the wood is a conifer,

its calorific value would be rated 3 to 105 higher, because of its content of

resins and gums.

2, hen wood is heated in the atsence of air, decomposition takes place,
yielding a charcoal reaidue, and various compounds in liquid and gaseous form.
If the object is to get a lot of gas, the pyrolysis (decomposition by heat) is
offected at high temperature (1000 - 1200°C) whereas if the producer wanis
more charcoal and liguids the process is conducted at lower tempsrature

(300 to 350°C).

3, Possible yields are as follows per ton o{biry wood,

Gas 675 to 1,800
Tar 70 to 250
Oils 50 to X0
Liquor 600 to 700
Charcoal 400 to 6800

Specific products found in the products of the distillation are
Carbon dioxide
Carbon monoxide
Hydrogen
Methane
Ethylene
Methyl alcohol
Acetio acid
Acetone
Methyl acetate
Phenols
and & variety of other products of lesser value,
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4o Pyrolysis of wood to charcoal has been known from prehistoric times ind is
still being practices on quite an ext-nsive scale, Loth in developing countries
as well as the advanced countries. It is still an industry of considerable
importance, especially in areas and among people who do not have a wide range
of industrial opportunities available to them.

5¢1 The earliest means of wood carbonisation was to pile up wood on the
ground, set fire to it, and after the burning had proceeded to a certain
extent, t~ quench the fire with water or wet earth. This could be done on
any scale, and this range of scale (without variation of technology) is to
be seen even to this day, froma few pounds per day to many tons. To quote
from a recent recent report -

"The simplest treatment of wood is to coke it in the
partial abeence of air, or to distil it in the
complete absence of air so as to drive off volatile
substancee and leave a more or less pure carbdbon
called charcoal. This is already being done on a
significant scale in British Guiana. A crude
charcoal is produced by piling up wood in the forest,
covering it with earth, igniting the wood, and
allowing it to smoulder for some months. Around
5000 tons of orude oharcoal, containing a relatively
large share of the original volatile substances,

are exported to e UK and Canada and to Barbados"1/

A modification was to conduct the pyrolysis in pits. This inoreased the
labour of handling raw materials and finished products, dbut also conserved
heat and reduced losees of charoocal: whether it was profitable to do so
depended upon the oircumstances of the case. Where wood comes very cheap,
ae for instance in clearing of forests for land cultivation, there is not
much profit in employing scarce and oostly labour to inorease efficiencies
merely to squeese out a few per cent more of charocoal.

17 Tenerbaua - "Industry for British Ouiana” ~ Continental Allied Co.,
ﬁlhingtou. D. Co, 1962, P 56.
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$42 Another modificatior was to cover the wood with wet turf or sods,
leavings & few holes here an’ there for applying and damping down the fire.
An excellent .egree of control waas thereby achieved, again at the expense of
corsideratle laubcur in ccvering the whole surfage to be almost airtight,

and ir minaging the burn.  The next improvement was to conduct the pyrolysis
within enclosurec cr kilns of jurable materials like bricke and mortar or
steel, acsembled each time or of perminent construction. These kilns were
lesignel and operated almost exactly on the lines of the kilns used for
firing earthenware, and the same variety and ingenuity of kiln design pene-

trated the chircoal industry. Jhey are now highly specialised.

6e1 Thus, five technological process groups prevail in the wood distillation
industry.
1) Crude open-air process, yielding only about 10-15% of
charcoal, of uneven quality.
2) Batchvise pyrolysis in scientifically designed kilns
without recovery of any by-products.
3) Batchwise by-product kilns in which arranzements have
been made for recovery of by-products.
4) Continuous by-product recovery carbonisation process,
in which the raw wood is stacked in buggies moving on rails.
5) Continucus by-product recovery carbonisition in buggies
which remain static in the kilne while the initiating heat travels,
There are, of course, many variations, which can be adopted or introduced in

each of the foregoing.

6.2 The primary distillation of wood would leave charcoal as the residue,
and all the other components are volatalized off. Where by-produot recovery

is practiced, this would involve separate processing stages.

6.3 Charcoal, for the most part, is gold as such. However, it is quite
possible to gasify the charcoal by the use of air or steam or hydrogen or
carbon dioxide or mixtures of these and other gases, and this ocan be done
either in the same kilns in whioh the wood is carbonised (indeed it can be
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done Bimultaneously) or in separate asifiers. [he subt ject is of purticular

importance, because of the spectacular advuances made by petrcleum chemiastry

in manufacturing chemicul products from gasified petroleum. Tnese technijues

are in meny cases adaptable to the gases from the gasification of chirec
13 well,

4l

he4 Coal has been mentioned in the headirg of this analy:is enly te indicate

that the same ®chnologiocal principles are applicable to it as to wood

iistillation. Even the kilns are interchangeable.1 However, it is of

much greater importance and complexity. So much work has been dcne on

coal distillation and the availability of data has reached such proportions

that it would not be fair to the industry to discuss it sketchily,
all that is possidble in this paper.

which is

6e5 There are three main sources of raw materials for the world's chemical

process industries involving carbon compounds, and they are

Coal
0il

Agricultural products

For centuries coal had been undisputedly supreme, and agricultural products

(chioﬂy fermentation of cereals and yame) were a subsidiary source. Today
petroleum is undisputed leader, and over 707 of the world's organic
manufactured preducts are from this source. The influence of petrochemicals
has been 8o great that it is now poseible that its real value has become
somewhat over-rated. Actually, coke gasification can give a gas as full of

synthesising possibilities as natural €as, and liquefaction of coal can

1/ See "Charcoal Production, marketing & use" - (U.S. Dept. of Agriculture,
Forest Service, FPL Report No. 2213) p. 11.

R

See Jones - "Coal as a Raw Material" - (Royal Institute of Chemiatry,
London) Monograph No. 3 of 1956,
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yieisd 4 liquid as valuabtle in the rocess industries as ntphthl.v

",..80lid carbunacecus material (arc) convertud inte
synthesis gas by use ~f the classical water=ga: reaction,...

n 1R, roughly 50F of the nitrogen production of the
world derived its bydrogen from water-gas, but by 1755
this was reduced to approximately 13%e.40

Dependirg upon the availability of raw materials, this
system still has a place in modern ammonia manufacture,
even though the investicrt required is .uch higher and
in reneral the manufacturing costs are much highere,,
the cost of such a plant would be aliaost twice the cost
of an equal size steamehydrocarbon reforming plant and
the total manufacturing cost would be something over
11/2 times,..."g/

This state.cnt is, of course, subject to qualifications, It is quite possible
to adapt technolcgy to reduce the initial capital investmert, and it is aleo
necessary to take the extra value of foreign exchange into accoumt, Furthere

more, the hydrogen plant can manufacture hydrogen for a variety of purposes,

some of which may be uore profitablc than ammonia, and thus reduce the
eventual cost of hydrogen. Oumming up, it is worth investigating solid fuels
if they are readily and cheaply available to the country.

"Fetroleum~based naphthalene, heavily dependent on fluid-
bed phthalic anhydride for survival in a murderous tug-of-
war with coaltar naphthalene and ortho-xylene, may be dealt
a death-blow within months,...

Petroleum naphthalene is judged uneconomic at present in
competition with coaltar naphthalene,...

One petronaphthalene plant is believed shut down, and another
has switched to making other producte ¢ g result of the keen

competition,..."}/

®

See Jimeson - "utilizing solvent-refined cosl in power plants" -
Chemical .ngineering Frogress, 1966, Vol, 62, No, 10, p. 53

Reed and Sloan - "Nitrogenous Fertilizers as a Fetrochemical
Operation" - Fetrochemicals Conference, Teheran, 1964, Faper 37, p. 9

0il, Paint and Drug Reporter - 7?8 December 1964, p. l.




- Ly

rel 1t omn be readily gqpireciated thit il e potiat Lo 7 rible o ler pte
un be combiried ir many 1ifferent ways £0 thit 2 number .t oo byt o oo
re tevised, (nly three pous..ibilities ure taker up tor illuctratior here,
LY are -
A. Carbtonisation of wood (or coal) in cpen air b pureiy
manual means with charcoal (or coke,  ‘he sole pPO UG
Be Batchwise intermittent pyrclysis of wood (.. coal) in
properly desiyned masonry kilns, «ith charccal (or coke) ac
the sole ;roduct,
Ce Comtinuous pyroulysis of wood (or coal) in buggies stacked
within sasonry tunnel, with moving heat, with the ot ject of
recovering charcoal (cr coke) and by-products.
The oceting will be done or. the charcoal (or coke). If by-products ure |
recovered, credit will be allowed at standard rates, to avoid having tc
impute a pricing structure for a variety cf products. It is assumed thait 4
the work is done as & sideline of a managed forest or plantation, in which
wood is available regularly and oontinuously at low costa, Thus for instance,
3 rubber estate of 10,000 acres in extent, with a replanting cycle of
A yeare, and 2% working days per year, could yield about 100 tons of wood
per working day. This wood will be valued or the estate at hardly 20 cents (US)
per ton -~ often it will be avajilable free of cost, although, of course, no
commercial project will be based upon the availability of the principal
raw material free of cost,

7« In this ocase, the soale of operations would be roughly ae follows:
Tons firewood

per day
Small (individual independent operator) 5
Medium (individual oco-operative operator) 50 b
Large (salaried 'orkour 500

e T

8. The following is an attempt to classify the costs for each type of

selected technology at each of the selected operational levels, It will be

immediately apparent that this is a process which is cheaper to operate on

a small sonle by comparatively simple technology. The cost to the end-user :
is, of course, a different matter, 4
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Tentative Costing - tatements
Pyrolysis of Wood

: z T
Item | P : A i B ! i boC
’ — T i .
| I !
18le |5 M L S H_ | L | g* i L
| : ! ‘
zpital (o 1000) | ; i i :
Tixed 1 4 0 2 1 6 | X ’ » 15 &0
(perating 1 1 3 15 1 3 ' 12 b ' 5 8]
? : ! | !
} é i ! ’
Sub-total 2 1 7 | 35 3 9 42 Vo« f 2 | 100
-anufacture (+/ton) | i ;
"laterials 2 3, 4] 2 30 2 3 g
Utilities - 1 , 1 -, 1 1 * 2 2 |
ages |3 1 4 ¢ s 13| 3 LR A |
Supervision | - 1 ‘ 1 i - 1 1 * 1 1
Fized charges - - 1 | 1 - 1 1 * 3 3 :
Plant overhead | - 1 1 - 1 ) 19 » 2 2 ‘
" B
Sub-total 5 {1 | 13| 4] 9 10 | » 14§ 15
) 1 4
seneral (8$/ton) | |
Administration - 1l 1 - 1 1l g 1 1 ‘
Sales ' - 1 1 -t 1 1 * ’ 1 1 '!.
Other 1 1 1 1 1 1 2 2 iU
| .
Sub-total 1 3. 3 1 R 4 4
s i
“verall cost 6 14 16 5 | 12 13 » 18 19 74
Credits - - - - - - * 5 8 i
Cost per tom ‘ ,
Charooal N | 6 14 16 | 5 12 %V 13 i o 13 11 A
: l ] ! i 1
S s
* Toohnolog inapplicable at this scale,
**  Co=products ocosted at same sales prioce in all the analyses. ‘ g

Hoter Costing is diffioult because so many of the items are in the region of 2
%l, and distinctions are hard to make, E
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The Cement Indugtu
Case Study

1, Cements are of different kinds. It is proposed to 1imit congideration
in this paper only to the inorganic cementitious materials having strength
of the same order as Portland cement. This group would include

Portland oement

Aluminous cement

Magnesia cements

Iron oxide cements

Plaster cements

Soluble silicates

Other miscellaneous cements
All these have a Place, a function and a value in the world of today. Some
countries have realised the value of such cements in a &rowing economy,

India, for instance is encouraging the manufacture of puzzolan and slag
oements,

2.1 Pmlag Cement

Thie is a cement which was evolved over the past 150 years and is today
the most commonly used of all cementitious materials., It is composed of
silioates and aluminates of calcium, with small quantities of iron oxides and
other less important ingredients. It is manufactured by intimately mixing
& souroe of lime (1limestone, chalk, marl, gypeum) with clay and (if need be)
with sand and iron ore, and calcining the mixture to incipient fusion at a 4
high temperature. The product is rapidly cooled and finely ground. During
the grinding it is usually treated with &ypsum or steam to extend the setting
teriod, which would otherwise be too short for practical building construction, ;

RO
A B

ek
*,‘44?
YA reference %o the Indian Jowrna] of Industzy apd Trade for July 1964, ;
turns up two items, one on page 1235 announcing the manufacture of i
nearly one million tons of slag oement per annum and the other, on
page 1299, mentioning the license issued during that month for the 4]

mamufacture of 120,000 tons per annum of puszolana cement.

A paper by Chopra on Pozzolan Cements s expected to be published
early in 1967 by the UN Centre for Industrial Development,
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S0 e composition uni structure of the cement has to conform to several
atanlaris whirl bive been laid dorn, cnd hence the raw materials have all to
conforr. to certain limits of non=-.unctional ingredients. iiany limestones and
other crlecarcous 1ot miterials fril to pass ithese limit tests, and have to

te left out of account in cclculatin, aveilability of raw materials for a
cerent inlustry.

Ted The real commercizl preduction of vhet is todcy considered to be port-
lund ce-=nt o ue started by Joserh aspdin in the 1820's, By the 1850's it had
become popular, ani the rmcdern era of portland cement began. 4s of today,
nearly 40 rillicn tons are being made annually in the world 1 , and even then

the lemands are not heing met in full in several countries. |

Sed The technology =f portlani cement manufacturc involves -
(1) preparaticn of ruw materials
(¢) manufacture of clinker or sinter
(3) griniing.

For preparing the rav materials there are two main processes, wet and dry, with

varients in each.

245 Clinkering is the heating ol the well-mixed materials to the point of
incipient fusion. This cun be done by holding the mass at ahout 135000 for

a prolonged period, or by heating it up briefly (say 15 or 20 minutes) to
1450°C. There are t o principal processes for accomplishing the desired object.

(1) In one process, the mass of material keeps moving, while the
heating zones are stationary. These processes include the rotary kiln, the

vertical static kiln and the uorizontal tunnel kiln with cars.

(2) The alternative is to keep the mass stationary but move the fire.

The best known method is the continuous Hoffmann tunnel ring kiln, without cars.

1/ See any linerals Yearbook, (published annually by U. S. Government,
Supt. of Documents, Vashington, D. C.) Vol. I = Chapter on Cement,
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All these methods have the:.: advanteges .nd disadvantages, too numerous

to mention here.

2.6 The fuel originally uscd in cement menufacture as chircoal,but as
sources of chercorl windled, the industry became more znd more “epeident upon '
coal an coke. the ash residues of thesc fucls 'ere not very harmful indeed,
they sometimes permitted a hi~her proportion of clay to be used, "ith corres=
ponding greater output of cement. In course of time, the inconvenience of
using coal forced a svitch-over to fuel oil, and¢ this is the most popular
fuel in the industry today. Coal, hovever, is still videly used, and under
suitable conditions charcoal is still fevoured. There is a larse cement

f. ctory in Tororo, Uginda, usingy:ggrcogl as fuel, and in a recent project
for Brczil, the recommended fuel is/gggrcoal. 1 Developing countries could

WOO
thus still consider/charcoal as a positive possibility.

2o Once the raw meal Las been sintered, the product is ground fine. sny
reguler size-reduction device czn be used, but &t present the industry has
standardized on the ball mill, rod mill and tube mill. Under certain conditions,
the stamp mill and the hammer mill have their place, esrecially for the softer
clinkers of the static process. Heat cement scts very rapidly, and during the
grinding it is customery to add gypsum or steam in rre-detcrmined amounts to
draw out the setting period to a practical desirable extent. In some cases

it transpires that steam is chearer than sypsum.

3.1 The alumina (or aluminous ) cement are those in vhich there is a
preponderance of zlumina over .11 other insredients, chief of which are lime,
silica and iron oxides. The clumina cements are generally munufacturcd by
completely fusing a mixture of bauxite (or laterite ), limestone (or che k),
cley and send. The melting can be accomnlished in a reverber:tory furnace

or in a rotary kiln or in a continuous tunnel kiln. Any sourre of energy can

1/ Brazil Projectﬁ——?%asibility Studies and Preliminary Desizns - Univer-
8ity of Brazil, Ceare, Report No. 63=58, 1963
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be used - gas, coal, coke, oil, electricity, etc. Firewood can be used to

provide 70 = 80  of the heat requirements.

3.2 hen the .aixture is melted, it is cast into pige or quenched into
granules, and ground up to a powder, which need not be quite as fine as with

portland cement.

3.3 If the raw materials (for alumina cement) are ground very fine and mixed
very well, it i1s posesible to convert the mixture into a cement by prolonged
heating at a temperzture which is just short of melting but sufficiently high
t°rincipient fusion. 1 This process simplifies manufacture considerably,

and reduces cost substantially. The product is much softer than if the
mixture had gone through the meltinz stege, and is therefors easier and

cheaper to grind.

3«4  The high-alumina cements possess certain properties in exceptional
degree. They set more slowly than normel portland cement, thus allowing
more time for the mason to lay his mortar. However, once setting is over,
hardening talkes place very rapidly, and for most practical purposes the
structure can be put to use within 24 hours. Aluminous cement mortar is
stronser than portland cement mortcr, and is more recistant to seawater and
heat. Difficulties are thet it requires more care on the part of the mason,

and that it should not be laid in bot climate, unless special precautions

are taken,

3.5 This product is widely used in advanced countries, but not in developing
countries. OSince the raw materials are so readily, plentifully and cheaply
available, and as tn: marufacture is so simple, the process should be of

interest to developing countries ac well.

- -

Smith Bracew.il, "Bauxite, Alumina and Aluminum" - (London, HMSO, 1962,
Ho. 88/2204, p. 29




- 77 -

4.1 Magnesia cements are of two main types. One type .8 the ordinary port-
land cement loaded With a high proportio of magnesia. In ordinary portlsnd
cement, magnesis is usually regarded as deleterious, because it expands on
hydration. Cements which contain more than about 4 or 5% of magnesia are
subject to slow deterioration over the years and may be completely disrupted
in 20 or 30 years' tine. But as the content of magnesia in a cement increases,
the character of the cement changes, and at a certain stage the magnesia
becomes a beneficial ingredient, At g point of about 207, magnesia, the

cement is quite satisfactory for most purposes. This cement, called Rosendale
cement, was in great demand in the USA before the day of the portland cement

rotary kiln,

4.2 Today magnesia is kncwn to be a harmful ingredient in ordinary portland
cement, and every Standard Specification throughout the worlg strictly limitg
the proportion of magnesiz in portland cement. But reveraal of tle harmful
characteristic is not generally taken into account. In the result, many
bossible sources of limestone are neglected, disregarded or barred because of
supposedly excessive content of magnesia. The manufacture of macnesian
cements would render useful billions of tons of otherwise valueless limestone

around the world.

4.3 The other type of magnesia cement is that produced by the combination of
a8 lightly=calcined magnesium oxide with magnesium chloride or magnesium
sulphate. The resultant is a magnesium oxychloride (called Sorel cement )

or oxysulphate. It is stated that this cement is one of the strongest cements
known 2/ with several times the binding power of portland cement. The use

of magnesium oxysulphate in the manufacture of asbestos~cement sheets is
increasing,

1/ Vartin-Industrisl Chemistry, Crosby Loockwood, London, 1935, Vol. 1I,
part 2, pauge 137

2/ il Paint & Drug Reporter, 19 October 1964, p. 31
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4.4 Countries in tropical regions with access to the sea will find this
cement of particuler interest, because magnesia, magnesium chloride and
sulphate can be readily and cheaply manufactured from mawater. In
combination with processes for recovering fresh water from seawater and
recovery of salt by solar evaporation, the manufacture of oxychloride cements
possesses especial attractions. The technology is quite simple. The residue
of solar salt manufactories (called bittern) is treated with calcium chloride
(to convert magnesium sulphate to magnesium chloride ) and then one part is
treated with lime to precipitate the magnesia. The remaining part yields
magnesium chloride. In one of several alternative pronesses, seavater direct
from the sea is purified ond treated —ith lime to precipitate magnesia, which
is washed, filtered, dried and lightly calcined. Millions of tons are used in
the USA, (ermany, France and other countries as oxychloride cements for
industriil and domestic flooring, artificial marble, grindstones, statuary
and other building purposes, but its use in developing countries has yet to

grow, largely because it is not well known.

501 Iron oxide cement. This is a portland-type cement containing a high
proportion of iron oxide. It is manufactured by using low=grade iron ore in
place of clay in the usual portland cement process. The cement is very dense,
and is mucn slower in settin: than portland cement, and is hence of special

value for several uses. It is widely used in Germany.

5.2 liany limestones in developing countries are ignored or neglected on the
ground that the iron content is excessive. The manufacture of iron cement will

enable these limestones to be put to profitable use.

5¢3 There is also another high-iron cement manufactured by grinding up
blast furnace slag with a small quantity cf cement or lime. The slag by
itself has poor cementitious properties, but the mixture makes an excellent
cement. The technique is of special value to developing countries which
have (or intend to establish) an iron smelting industry and do not have
much use for the slag. Under such conditions, a cheap cement can be

manufactured, which would be a substitute for portland cement for many

purposes.
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6.1 When gypsum (calcium sulphate dihydrate) is lishtly heated, it loges

757 of its water of crystallization, and the resultant product, called plaster
of paris, possesses cementitious properties. It ig videly used as a mortar,
as surfacing plaster, for taking casts, and to malie moulds, However, it is
not ordinary plaster of paris which commands chief interest as cement, but

dead=burned &ypsum,

6.2 Vhen &ypsum is burnt to red heat and subjected to various treatments

with alum or borax or soda sulphate or carbonate, various kinds of herd and
durable cements are formed, many of which used to be marketed under different
proprietory brand names. These products ought to command considerable interest

for countries which have large deposits of &ypsum,

T+1 Of the soluble silicates, the most important are sodium and potassium,
the former being preponderant. These soluble silicates can have a very wide
range of composition, and hence a wide range of properties. Some silicates
harden to simulate glass. E}ere are more than 50 standard identifiable
silicates of sodium alone. L The soluble silicates are excellent cements
for plywood, paper, cardboard, metals, coal, etc. They can be used quite
well in masonry, and in fact are used in the linings of brick, tile and
ceramic kilns. Normally they cannot compete in price with portland cement,
but if the latter is too costly (e frequent experience in some developing
countries) and if soda ash is cheaply available: the manufzcture of the

soluble silicates for some cement uses may be a commercial success.

Te2 Chemically the conventional manufacture of sodium silicate involves the
heating of sand with soda ash or caustic soda or a mixture of the two. Several
brocesses are known.

(l) Sand may be treated With caustic soda and put under steam pressure.
This process is especially valuable for extracting silica from the ash of
agricultural residues, like rice husks,

(2) 4 mixture of sang and soda may be fused on a fixed=bed reverberatory
furnace or tilting=bed open~hearth, or in tanks,

1/ Martin - Industrial Chemistry, (Crosby Lockwood, London, 1935), Vol. 2,
part 2, page 14?2

*/ As in severul African countries possessing soda lules,
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(3) The mixture may be fired in refractory containers in a brick or
glass furnace. ‘

(4) The fusion may be done in e small rotery kiln.

(5) Other methods are known but not extensively practiced.

8. llany other cements are known. Sulphur is an excellent cement for some
needs. letal solders can be regarded as cements in a sense. Glass is a
valuable cement for certcin purposes. Pottery glazes (of which there are
large numbers) have strong cementing properties. This is not the place to

examine these and other miscellaneous cements in any detail.

9.1 4s can no be realized, there are many possibilities and combinations.
For the purposes of this paper only one industry can be considered. It is
convenient to consider the portland cement industry, because it is well
documented. The following technologies will be considered.

A. Brickyard process, using limestone, separately burned to quicklime
in a vertical kiln with coal, then slaked and mixed with clay slip, the
mixture moulded into bricks, sun-dried, ond finally fired in Hoffman continuous
tunnel kiln, using firewood for main heat cnd fuel oil for topping heat.
Grinding with 37! gypsum.

B, et process mixing of ground limestone and clay, followed by
sun-drying and firing in continuous vertical shaft kiln with coal as fuel,
Grindipg vith 37 gypsum.

C. Dry process, starting with limestone and clay and firing in rotary
kiln vith fuel oil. Grinding with 4% steam.

4.2 Each technology will be examined on the scale of -
6 tons per day

60 tons per Aay
600 tons per day

of finished cement,
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CLIENT TNTATIVS COSTING STATEMENTS
e S R R
Csee 1ol w b ol al i ]
l cale L g # M ;L s"% M, L 4 * 1 M L
+ k] |
Capital (+1000) i { "}
Fixed goo ! 6200l 50| 850 16500 © -1 900 6800
Operating 30 300 2, 40 400 R 451 500
Rl fiaee i i :
Sub-total - 830 6500 52 i 890 § 6900 - 945 | 7300
Manufacture ./ton E I
Materials - 245 2,5 25) 2.5 2.5 + =1 25} 25
Utilities - 3. 8 | 3.4 " T 2 I 6 3.2 - ; 406 A 1
Wages - 202 2.0 ‘ 302 109 l 106 - ’ 108 1'03
superViBion - 0.3 Oe3 1 042 ' 0e3 003 - i 003 003
Fixed charges - 1.2 1.0 E 1.2 1.4 ' 1.2 -1 1.6 1.4
Plant overhead |- 066 § 073 0.6] 0.7 { 0.5 -{ 0.8 0.6
] '. )
Sub~total - 10.6 909 1009 10.4 905 - 1108 1002
General ' /ton
Administration - 008 046 0'04 008 0.6 - 1 008 O 6
Packi ng - O. 5 O 5 04 O 5 O 5 - O 5 O 5
Sales - O 3 004 04 O 3 004 L Oe 3 004
Other - 106 104 2.3 106 104 - 106 104
Sub=total - 2.9 2.9 3.3 3.2 2.9 - 3.l 2.9
t !
!
Overall : ‘ oy ‘ : ' :
33 per ton - 13.5 12.8 14,42 g1306 1204 - 14.9 1301
| | !
. <

* Technology not practicable.
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Mo. US4, 1946

Bates ~ Properties of portland cement with high content of magnesia,
Washington, Bureau of Standards, 1918

Bellwinkel - Methods and equipment for the manufacture of cement = United
Nations, 194 ‘

Blanks - Technology of cement and concrete, N, Y., Wiley, 1955

Bleininger - Manufacture of hydraulic cements, Columbus, Springfield, 1704

Bogue ~ Chemistry of portland cement, N, Y., Reinhold, 1955

Brown - The portland cement industry, London, Crosby Lockwood, 1916

Butler ~ Portland cement manufacture, testing and use, London, Spon, 1605
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Eckel = The materials and manufacture of portland cement, Montgomery, Ala.,
Brown Print. Cosy 1904

Eckel - Portland cement materials and industry in the US4, Washington,
Supt. of Doc., 1913 : :

Eckel - Portland cement materials & industry in the USA, Supt. Ddc., Wash.

Gatehouse ~ Handbook for cement works chemists, London, Griffin, 1908

Hubbel - Plastic Magnesia - United Nations (in print)

Knibbs - Lime & limestone, Toronto, Hall, 1954

Labahr. = Cement engineers handbook, Wiesbaden, Bauverlag, 1960

Lea - Chemistry of cement and concrete, N, Y,, St., Martin Press, 1956

MacAskill = Fluidbed caleination of carbonation coke - Am. Soc. Sugarbeet
Technologists, 1964 ' ‘ ‘

Veade ~ Portland Cement, N, Y. Chem. Pub. Co., 1938

National Productivity Council of India - The Cement Industry ~ New Delhi, 1964

Planning Dept., UP State, India - Small-scale Cement llanufacture, Lucknow,
India’ 1966

Redgrave - Calcareo:s Cements, London, Griffin, 1924

Report of the inter-regional seminar on the cement industry, United Nations,
1965, ST/TA0/SER.L/T1 '

Searle - Cement, Concrete and bricks, N. Y., Van llostrand, 1926

Taylor ~ The Chemistry of Cements, scademic Press, New York, 1964

The rotary kiln - National Lime nssn., M lwaukes, Wis., 1954

Vells - Manufacture of sulphuric acid in the US - Buresu of Mines, Full. No.184

Wilt - Portland cement technology, N. Y. Chem. Pudl. Co.y, 1947

(Yote: A paper by Nadal on "Small-scale Tortland Cement Flants" is expected
to be published by the Centre ror Industrial Developivent in early 1)567)
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Seawater Chemicals

Cage Study

1. The sea contains every element occurring in the earth, and even the
man-made radio-active elements. The various salts in seawater ocan be grouped
i: many vays. One grouping is quoted as follows: 1

Parts per million

Sodium chloride 27,319
Magnesium chloride 4,176
Magnesium sulphate 1,668
Magnesium bromide 76
Calcium sulphate 1,268
Calcium bicartonate 178
Potassium sulphate 869
Boron trioxide 29
Silica 8
Iron and alumina 22

Total 35,613 = about 3 1/;

2.1 From time immemorisl the extraction of salt from seawater (brino) has
been practised. In hot, dry countries, nature often produced salt in
landlocked embayments subjected to spring tides. Vhen naturally-formed salt
was not so easily available, human effort supplemented nature in enclosing
shallow low~lying saline marshes subject to inundation by the sea, and
exposed to sun and wind. This process was called sclar evaporation, and
the factory where it was practiced was ocalled a solar salt factory. In
some cases, where salt possessed high value, seawater was boiled down in
pots. All these methods are still in vogue around the world. In cold
climates the practice was to start large fires of wood and quench the fires

4/ Cnesny - Industyisl and Engineerins Chemigtry, 1936, Vol. 28, page 383
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wood ¢nd quench the fires with seawater and this was the przctice in

Englend until quite recently. L None of these practices vas directed
to the extreetion of material other than common salt, sodium chlori:ie,
Some quintity of the other sults adventitiously accompanied the common

salt, but was alwvays reg. rded as unvanted.,

242 Development of the marine salts industry followed two courses =

(1) The manufacture of common selt by solar eveporition was
systematized, stabilized znij mechanised, so as to be as inde endent as
possible of the vagarics of the ocecn antt clim tic conditions,

(2) Attention wes dirccted tovards utilization of th. otlier come
ponents of seauater. The scheme to extract ~ol3 from seavcter, *hich cule

minated in the notorious South Jea Bubble, was a cezse in point,

3.1 The improvements in the common salt industry by solar evaporstion
generally folloved a set patt-rn.

(1) Peripherc1 dikes .nd levees of ez th vere connstructcd . round the
whole ares, vith the t 'in objects of keeping the seawater in and {rcsh water
out. This fresh water, resulting from reins cnd floods {rom the surrounding
countryside, could hive hed discstrous consequeices,

(2) The saltern (or soler salt factory) was divided into six or eight
zones, the seewater in ezch zone going through a more or less vell=delined
stage.

(3) Seavater was procured by rdtive pumping instead of by ocean tides.

(4) Seawater concentrates werr gtored up, to even out the diurn:l,
seasonal, annuzl and secular variations in production due to verietions in

conditions of sund end wind,

If Yellor - Comprehensive Treatise on Inorgenio & Theoretical Chemistry,
Vol. 2, p. 522.
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(5) Control became increasingly stricter on the quality of the salt
produced. ,
(6) Harvesting, tronsport, washing, storage and iscue were mechanised.

3.2 It might be noted that over one-third of the world's production of
¢.1t is manufcctured by soler evaporation 1 and thet it must nowadays total

over 35 million tons per annum.

3.3 The extrsction of other salts from seawater was prccticed in France
nearly 200 yecrs ago. The Jalines du )idi of the French Riviera used to
conserve the final bitter residues (czlled bitters or bitterns) of their
solar salt factories, and exrose these bitterns to wintry conditions.
Thereby, with the aid of manipulated physico-chemical tr:nsformations,salts
of magnesium and of potash were formed. Magnesium compounds are in great
demand around the world for refractory, insulation, cementitious, medicinal,
chemical and other purposes. Despite the manufacture of about 5 millions
tons of magnecia from the sea, it was still found necessary to mine between
9 and 10 million tons of magnesite minercl. -2-/ Mineral sources are wasting
assets, and are becoming scarcer :nd more costly, whereas the sea is an
inexhaustible source, and technology is making seamater magnesia cheaper
and cheaper. There is room for very large expansions in the production of
magnesium products from seawater. This will be a very suitable industry

for developing countries,

RYY! The recovery of potash from seawater excited much interest among
scientists around the world, and many processes vere devised. Only two of
them have withstood the processes of time. In Norvay, an organic compound

1/ Kaufmann - Sodium Chloride - (Reinhold, New York, 1960), pe. 96

_2_/ "Cil, Paint & Drug Reporter", 19 October 1964, p. 5
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is used to Precipitate e potassium salt direct from seawater, ‘‘hile in
several countries a potash salt is crystallized out of the bitterns on
prolonged exposure to soler eveporction. To date these &re the standard

aveilable processes, althouch there are severzl variants,

3.5 Bromine has been recovered from sea'’ater bittcrns for the past 30
years or so, and is now quite standard practice, wherever a market can be
found for it.

346 One product of seawater which has hitherto been very little used is
fresh water. Recently there has been & surge of interest in the production
of fresh water from the sea, and this is an activity thet cen r:diecally
alter the economics of salt production in places of densely-populated
communities, which are prepared to absorb the freshwater, and also take off
some of the common salt produced, at attrective prices. 1

4.1 Three technolo~ies will be taken up for discussion from a wvide
variety of possible combinations,

A. Recovery of solar salt by purely manual operztions, with no
mechanisation whatever. Induction of seawater by tidal action.

B. Manufacture of solar salt by mechanising the processes of
pumping seavater and tr: nsporting and storage of salt, No other product.

C. Fully mechznised manufacture, collection, transport, ond storage
of salt, and manufccture of magnesia, chalc, bromine, sode sulphate, potash,
and magnesium chloride.

4.2 Each technology 11411 be studied at three levels of manufecture, viz,
1) Small - 3,000 tons
2) Medium - 30,000 tons
3) Llarge - 300,000 tons

i)

Article "Profit from chemicals in brine could lover cost of desalting

seavate® in Chemjcal Engineering, June 1964, p. 88
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of cormmon salt per vear, an.’ (where applicable) the equivalent of other

products.

4.3 vosting is done on the common salt produced, giving credit at

stanicrd rutes for co=products cr by=proiucts,
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Tentative Costing “tatement

Seavnter Lhericils
(Costing .or cormon salt only*)

e et e s e tEm e ay - - . -—— . ——

ITlewn t Proces.e .
‘ R

Scale s

capital (. 100C) ‘
Fixed 20 1 o100] 500 . 30
Opercting 5 70! 500 7
e e e e e e+ e e e '
Sub-total 757" 190]1600

‘anufccturing ( /ten al

catericls
Utilities

.'ages
Surervision
Fixel charzes
Plant overhead

T fubetotal TN

administrotion
Paclking

Seles

Other

Overall cost
& -er ton

PN
.
7]

Credits

!I . .
45 4.4: 4.3
i

- - G - - — -

Final cost
per ton $§
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Caustic Soda
sase Study
1. This is one of the anrliest chemicils to be recognized and used as a
true chemical. It is used *udey in qucntities running into several million
tons. It los hundreds of uses, in zlmost every tield of human activity.
Today it is one of the busic chemicals, vhich every country is ke'n to
;roduce within national bound:ries, because of its critical importance in

many strote ic fields.

2.1 There are two chief routes to the manufucture of caustic soda:
1) indirectly, throuch sode ash or soda sulphate.

?2) Directly, by electrolysis.

242 The indirect rrocess, in rrectice, always uses soda ash as the starting

matericl, cn? there is no known commerciecl practice of causticising sodium

gulphate. 4 major raper-msling process, the sulphate (or Kraft) rrocess

certainly uses sodium sul h:te as a source of czustic soda, but the caustic
soda is not seperately recovered, and is entirely consumed vithin the chemical
cycle ~hich is followed in this industry. The use of sodium sulphate as a
dir ct source of sodiw.. hy roxide is mentioned here only because there are
several Jeveloping countries hich have lel.es contiining sodium sulphate,
and chemicsl and other fcctories ere being established in those countries
which may yield sodium sulphate as & by=-nroduct (e.q. rayon). Under these
circumstances, it is quite possible that sodium sulphate could be profitably
causticised into caustic soda. However, the technology of using sodium
sulphate in this manner is not so greetly different in principle from the
process based upon soda ash as to merit separ: te consicerction of its owm,
Hence, there will be no further reference to sodium sulphate technology, but
the possibility must definitely be borne in mind, in dealing with chemical

industries for developing countries.
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3.1 Soda ash itself used to be manuf:cture
(1) The Leblanc process,
commercial

d by three chief rrocesresg
devised in 1779,

process for close upon one century,

vhich wes the only

(2) The Solvay armonia-soda process.

(3) Direct electrolysis.

There vere varicnta of these rain DProcesses, ond

several other minor
process:s,

but none meriting any serarcte mention in this raper,

3+2 The Leblanc process consists of roasting a mixture of sodium
limestone and coal, and dumping the melt (called black
sodium carbonate formed in the reaction is dissolved o
purified and concentrsted, vhen it
necessary to

sulvhate,
-ash) into water. The

ut, and the solution is

produces soda ash, Obviously it is not
produce rolid soda ash if the ob
caustic soda, because

causticised directly.

Ject be the manufacture of
the leach liquor from the blackash tanks could be

33 The Leblanc Process was almost entirel

It demanded great stamina and exertions on the part of the workers, who were

oxposed to bad working conditions of great heat and humidity all the time.
The wastes discharged from the factory produced
permanently over the factory like a miasma.

Y manually operated and controlled,

foul odours, which hung
So it is not surprising thct

free from all these objectionable
velcomed by everyone, and in due

completely supplantad the Leblanc process.

when a new process Wwas invented which was

features it was course the new process almost

3«4 However, it must be recosniged of whet
was during the period it held sway. The
wide variation of vorl:

great value the Leblanc process

process was simple, and a fairly
ing conditions could be tolerated.

little was requied by way of capital equipment, and a considerable amount
of locel improvisation vas possible. Outnut could be adjusted to 1 eeds

without too much strain or loss. lMost valuable of all at thet time ves the

fact that the workers particinated directly in t
Not only

Comparatively

he menuf: cturing operstions.
but the industry was an
Providing besic education in prectical chemical

did they achieve a sense of fulfilment,
excellent training ground,
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technolo y.  'he leblane : roeccss vvas techunised and imcove d, in a2 vuliant
e Tt to eer u, ith the Solv.y process, but vas eveniually io: ced out
of exiastence. Hovever, consiferin; its history and erees of usefulness,
there is no loubt thaet some of the develo-in; countries could find use for
this Leblanc process for smcll quantities of soda ash and caustic soda,
‘herc clectricity is scarce, costly .nd undependctle, but where coel and

sodz sulvhate are checr and plentiful,

4.1 The folvay fmmonia- "oda rocess concists of reacting amroniz and carbon
dicxzi e to ether to form ammonium bicarbonate. This is reccted .yith sodium
chloriie to yiel' sodium bicarbonate «nd cmmoniur chlori’e. The sodium
hicerbonate is celeined to yield sodium carbonate. The cmmonie v. lue in the
amroniur chloriie is recove ed 'ith the ¢id of lime, ond recirculated. The

woste end=product thus is calcium chloride.,

Sa7 The roccss svunds simnle, and indeed is sim-le, but successful
operation dejends on a very careful b.lance of tem cr.tures, pressures, rates
of flow, etc. in all arts of the system, and maximum prevention of the
]osses which are cpt to occur. But vhen the desizn, erection and stzrt-up
are all just right, the ~lant goes smoothly into full operetion without
rebelliousness. llowvacays, these tccur.te adjustments are so common throughout
the industries of aivoenced countries, wnd ccn be so easily effected by
automatic mechenisms, that it is not reeiily appreciated how difficult it
still is for eveloping countries. For instance, there was a Solvay plant

in Indic over vhich the techniciens strug led for a dozen years to reach just

the right voriing conditions.

4¢3 There were naturslly many variants of the main ammonia-soda process,
and many ol them proved useful under given conditions. One rather fundementa
innovetion wezs the recovery of emmonia v.lues as the ammonium chloride itself,
for use as fertilizer. This saved one im; ortant and costly operation,

althoush it did'involve the continuous supply of ammonia. This combination

process is specially useful ~hen countries need to menuf.cture both soda as
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well as nitropenous iertilizers., The Process ic of specia] velue, bLeeause
the use of sodiunm sulphate in t)c initisl stare (in place of sodium chlori-le)
results in the menufacture of ammonium sul: hate, *hich ig g more ucce:tyhle

fertilizer then ammonium chloride,

344 One of the objections to an ammonia soda ;lant in s develoin- country
vas tho quite larse scale of orerations. The alnimum weg often stated to be
60,000 tons per annum. On this noint, the rolloving quotation is relevont -

"It is not generally realised thect soda=ash can he
produced economically by the ammonia-soda process on
an extremely small scale, =nd ~lontg are how available
to prroduce as 1ittle 88 ten tons of soda ash per day,

4.5 Another objection to the Solvay process vas that the soda which as
produced was very light, and when used in furneces 2ot blown off by the draft,
This defect hes not yet been overcome, and if denge soda ash is requi red

from Solvay sod-, the latter is dissolved arg re-crystallised. In gome

eévaporation techniques,

4.6 The third standard method of manufecturing sode ash ig by direct
electrolysis of & solution of zodium cilloride, while carbon Tioxice is
bubbled through. There sre scveral zdvantages in such a rrocess, and while
it is by no means common,; it does have its usefulness, and 8pecizal cells
have been deviacd for the purpose.

4.7 The causticisation of soda ash vith lime is quite simple in theory,
and the practise is in existence all round the world, &nd operated by
ordinary vorkers, who do not need to possess specisl skills. In most of the
causticisation Plants, the resultant caustic soda is used up within the
factory iteelf (o.8. for making soap or paper or alumina) and sometimes it is
used without even troublir' to separate off the sludge of culcium carbonate,

4/ Wartin - Tndusteial Chemietzy, (Crosty Lockwood, London, 1935),
Inorgenic, Vol. I, p.
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TP it is 1T oired to macuf etur osol-d e ustic sot from ‘*hz -ausiicis.d

4513 ash, 1t bacomes n ¢ sacry to f1lioa nff th: calciwn curront: znd boil

foem ¢ e ountie lve, i nilin- is most conv ni.ntey oficete? in inareetly
Gty L e L e . Wit Lot rm., )

5.1 For ~austic soda producaed by 2lcetrolysis, the raw material is almost

always sov i chioride. There are two main clectroiyjtic processes, namely -
(1) the diaphrarm process
(2) the mercury-aalgan process,

Cther processes have .oon introduc:d, and some are still in operation, but

they are of minor importence.

542 The diaphragm proccss 18 80 called Lecause a diaphragm (generally of
ashestos) keeps the licuor around the two slectrodes separate from each other
while permitting ions carrying electric current to pass. Were the licuors
allowed to mix, they would react, and destroy at least a part of the caustic
soda. (Indeed, one way of manufacturing such a reaction product, sodium
chlorate, is to electrolyse sodium chloride ir a cell with no diaphragm),
The lye which is produced in a diaphrarm cell inay contain up to about 124
caustic soda and about 12% of sodium chloride., It is conc:ntrated in
vacuum evaporators to Scﬂ*caustic liruid, when most of the salt sparates out.
This 50& caustic can be sold as such, but if solid caustic is needed, it
can be boil .d down to 75% concentration in a special type of vacuum evapo-
rator heated with Dowtherm vapour. Further concentration, if needzd, canr:ot
be conveniently done in vacuum pans, and must be done in iron pots, heated
by direct fire. The sodium chloridz is washed and re-used, or sold to
outsidcrs fortable salt, or transferred within the factory to a mercury

amalgam cell sectiom,

5.3 In the mercury amalgam caustic cel., marcury is used asthe cathode of
the electrolytic cell, The sodium which is produced by the electric current,
and which is discharged at the cathode, immadiately dissolves in the mercury

* One confusing feature about trade in caustic sods is that it is
sometimes measured on its content' of sodium hydroxide (Na CH) and
sometimes of sodium monoxide Nazo.
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to form an amalgan., This analpa 1s transfrred (generally in a continuous
stream) to another section, adjacent to te electrol tic c:l., and is tlhore
deceomposed by fresh Jater to rield caustic soda and Qyaro on, thile t he

Mercury is reren:rated and sent back into circulation,

Jeks In the diaphragn process, the salt has to e carefully frecd of
impurities,and this can be cuite costly. The resultant lye from the cells

is comparatively weal: (10 - 154, with average of 124) and usually hes to be
concentrated. The lye contains an eocual quantity of cemmon salt, and this

has to be removed for most purposes, In fact, the diaphragm cell is seldom
used if rayon-grade caustic is recuired, Current densities cannot “e increased
much more than about 40,000 amperes, and the resultant current efficiency

is not too good. Cn the other hand, the cells and the operation are cheap,

5¢5 The advantages of a mercury cell are that it yields up to 50 or 607
caustic soda directly, and that the caustic is excepticnally free of sodium
chloride. Such chloride-free caustic is essential for rayon manufacture, angd
is therefor: desirnated as "rayon-grade" ouality, Furthermore, small
cuantities of impurities in the common salt starting material are of nc

great consequence., Each cell can take very high currents (over 200,000
amperes ), which makes for hich efficiency. Disadvantages are high cost.,
losses and risk of theft of mercury, additional hazard of dealing with sodium
amalgam, and the heaith hazard.

5.6 Both types of cells generate hydrogen and chlorine, both of which are
valuable raw materials, Indesd, for the past few years, in advanced

countries chlorine was in greater demand tian its equivalent in caustic

soda,* while the demand for hydrogen is always insatiable, because it is

80 widely used for hydrogenating edible oils, for manufacturing ammonia, and
for hydrogenation in petroieum refining and petrocnemical processing.

Indeed, quite often electrolytic cell installations come up for the mke

of securing supplies of chlorine and hydrogen. In countries where industrial-
isation is just making a start, the demand fer chlorine and hydrogen is

* Just now, however, the production of cilorine is 80 much in excess of
market demand that it is held to be a drag on electrolvtic caustic
production - i1, Paint . Drug Reporter, 16 November 1964, p. 32,
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senerally far 1:ss than t e corrr-speriing a.ount of caustic soda. fficiency
and prudence iictate taat waen planpin: for t e :arufactur of caustic
seda, wlecuate consideration should "2 iven to tne simultaneous installa-
tion of a complex wiich wil. use up at least toe chlorine., ften there is
4 Jisastrous time lag between the production of caustic soda and tne full
utilizatiorn of chlorine. UJurins ti1is period th:re is no help for it but
to send the chlorine to waste. Chlorine is a dangerous poison, as it is
lethal in quite small doscs, and can pormanently dama e the luncs in much
smaller doses than the atal minimun. The safe disposal of hydro-~en is no
problen at all, as it shoots upwards when released., The electrolytic
process is costly if the co=-products are not saleable at market prices,
and any country ‘thich cannot arrange for profitahle disposal of all the

co-products of an electrol ‘tic cell would do well to look to other

processes for nanufacturing soda., A rraphic instance has recently been

reported as follows -

",,.in iexico there are now eleven plants manufacturing
caustic soda, of which ten are electrolytic and the
otier, which is the larcest, uses the causticizing
method. ...In 1960, total capacity amounted to so:e
17,000 tons, but production in that year was only
65,900, less than half the installed capacity. of

that total, only 22,600 tons was produced by the
electrolytic plants, ...the most important limiting
factor is the fact that tie use of chlorine and
hydrochloric acid is still small." 1/

6,1 The caustic soda industry will be illustrated by the following
examples,

(1) Soda sulphate of natural ori~in taken straignt from solar
evaporation factory into Leblanc soda factorv, there mixed with quicklime
and lignite char, roasted on simple reverberatory furnace and drawn.

The black ash is lixiviated in a series of counter-current extraction
tanks, the extract directly treated with quicklime, filtered and concentrated

United lLations, Possihilities of Integrated Industrial Development in
Central America, (Sales No. 63:IIG,10
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to 50% NaCH in open iron caustic pots ov..r voal fire wnd ciphored int.
Steel drums.  (The tan“ waste 1s worked up for otlep products, bt it
costing will be self-contained),

(2) Solvay process of 1 1 conventionas typ: attuch d to a solop it
factory, which produces a purifi:d brine concentrate fror Leavwater by ol
evaporatisn, Thie concentrated brine is drawn into t'. 01vay nlant by
pipeline. 1In the Solvay plant linestonc is burned to cuickli-e. Tne vrir.

is ammoniated and carbonated as usual, The manufacturcd wet scda bicap-

bonate is directly causticised vith lime slurry, without dryine or caleiniayr,
Caustic licuor is concentrated and drummed as in (1) smmonia is recovored
and recirculayed, as well as carbon dioxide., Calcium chloride ic returneq
to solar factory at low cost,

(3) "lectrolytic process, using vertical diaphract cells, and

purified solar salt factory brine concentrate as in (2),

Chlorine liquified and stored under pressure, No recovery of hydrocen,
Call liquor concentrated to 50% caustic and filled into drums. TFecovered
salt converted to table salt for sale,

6.2 The processes will be examined on tho following scales of operation -
Metric tons per day caustic soda

Small -3
Medium <30
large =300

6.3 Flowsheets and tentati ve costing sheets are attached.
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Tcntative “osting Statement

Caustic “cda
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7 :
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- ‘(r ' -y
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i !
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A i . | ]
Sub-total 1220, 1780 1 13°°0 390 |32 01180 14101 11.C
* M ¢ + —‘IL
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ages [16:9 193 1 200k | Lhuy [ 2502 | 1703 | 1201 10,31 8,4
upervision L2, 2,51 3.3 2,0 2.2 2.4 1.8 2.21 2.6
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i 1
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Joda Industry
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enous F

Lage Study

1.1 It is now well knowm tiat there are three major ineredients which are
essential for plant growth, namely, nitrogen, phosphorous and potash, f

the three, nitrogen is needed in larrest Quantity, It is a popular impression
that tropical countries are lush, verdant angd fertile, but this is far from
being the case, Tropical soils are, in fact, generally much less fertile
than temperate zone s0ils and need a great deal more nitroren to pive of
their best,

1.2 Nitrogen occurs in inexhaustibie supply in the - tmosphere but this
nitrogen is inert and of no use in nutrition, except to a limited (though
important) extent for cert.in plants (Leguminosae) and animals (kuminata ),
~nother source of nitrogen is light.nin-_, and this was, in fact, the major
source in t he nitrozen cycle of the earth before ran took a nand, The annual
quantities so brought down range from 1 to 10 1bs, per acre® ang over the
whole world would amount to nearly 100 million tons per year, This 15 a
large quantity, but the cuantity now applied by man, which is over 20 million
tons per year, is much more significant s 8ince it is concentrated on only
the producing land, and only a small part of it,

1.2 The spectacular resultsachieved by the informed and intelligent
application of fortilizers to azriculture leaves no room for doubt that

the world can easily feed double or treble its present population with no
increase in acreage, but with the proper use of fertilizers » and with labour-
saving technicues, In this connexion, it should be mentionad that recent
work has ciscloeed that these inorr-anic nitro-enous fertilizers can be
directly used by ruminant animals (chiefly cattle) to produce flesh, Young

L/  Clark - Dats of Geochemistry, (Us Superintendent of Documents ’
Washington, D. c.), p, 22, Another fi-ure quoted is 17 lbs, per acre,
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cattls fed vit'i urea car put on nearly 2 pounds of flesh per day, and as t ne
runin it population -f the werld is corparable with the population of human

velnes, the importance of these nitrocenous substances can well be realised,

l.h 5 ulready -oamtioned, =le-cntal nitro en by itself is an inert
naterial, of littie use to plant or :nimal, To maie 1t useful, the nitrogen
must 2 oco ined uith somet''ing which wili activate 1t, .nd, in the world
of corerce, this soietiiing must e either as cieap as possible, or serve
50w functicnel need for tthichh it canbe valued in its own right. Tais
consider.tion liats comnercially practicable nitro-enous fertilizers to the
following

Hydrorenat :d - <mmonia, hydrazine,

wiyrenated - Uitrc-en oxides,

Yitrided - Cyararides and nitrides,

1,5 From these three primary groups there are derived secondary products
like -

ammoniua salts (sulphate, hydroxide, chloride)

Urea, urea salts, cyanates, amides, auines

litrates (calcium, mapnesium)

iscellanecvs (e.s ring compoiads, cyana :ides)

jouble fertilizers (ammnoniu - nitrate, urea nitrate)

Complex {ertilizers (urea phosohate, potassium nitrate)

Ammonia is «lso secured from distillation of coal, while nitrates are
obtaincble from mineral deposits around the world (notebly in Chile) or

surface incrustations (e,g, India),

1,6 In the modern wrld, the most important nitrogenous fertilizers are -
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Ammonium sulphate
Ammonium nitrate and other nitrates
Ammonium chioride
Urea
Ammonia itself
Ammonium phosphate
Calcium cyanamide
Potassium nitrate
her products

1.7 At one time, hardly forty years ago, celcium cyanamide was i e most
popular fertilizer, and in 1923 over 2 million tons of it were used, &
great deal of knowled-z on the manufacture and use of tnis material exists,
and Japan, in particuiar, still makes extensive use of it, Since tae nanufac-
ture of calcium Ccyanamide is relatively simple, and as% coal or coke can Le
directly used in the pProcess, same countrics night find it advantageous

to start taeir nitrogenous fertilizer industry with the manufacture of
calcium cyanamide, It is to be remembered that calcium cyanamide is a
fertiliz:r in its owm right, and is also a source of ammonia and through
ammonia, of urea. It is also an important weedicide, Furthermore, it is
the source of dicyandiamide, which is the basic raw material for the
important melamine group of piastics, and -any other useful organic nitrogen
compounds. Tn the USA one company manufactures ahout 25C,C C tons per annum,

2,1 Historically, the earliest mathods of "fixing" nitrogen was to provide
& kind of artificial lightning, An electric arc was struck betwsen :ar:on
rods, and the arc was drawn out into a large circular flume by electromasnets
(an early application of Plasma physics). air was blown through the arc.

The nitrogen a;'nd oxygen of the air combined to produce oxides of nitrogen,
which were dissolved in water and neutralised by lime. . fairly large
current was recuired and 1 H,Pp. Yielded up to 1 ton calcium nitr:.te

(14 to 164 nitrogen) per year, which works out to about 50,.00 kwh per ton

of nitrogen,
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J.2 .t one time this ‘ethod was cuite popular, but was cuite rapidly
1istlaced by the syntnetic ammonia process, However, this arc process is

a casically simrle process. ..odern advances in knowled-e, especially in
rlasma physics, has enabled very hirh temperatures to be ulmost comnz2rcialised,

ant if a very high tempcraturc can be impart:d to tae gaseous mixture even

merent rilv, it would result in a depree of reaction cuite satisfactorily
“igh for vrofitable oporation, The possibility of adopting such a process
for "fixing" of nitro:en should be borne in mind by all those interested in
¢creating new nitrorenous fertilizer productive units,

the process
3.1 Parallel 'rith the developreit of the arc orocessg/of direct combination
between nitrogen and hydrogen to yield ammonia was developed., Today
syntietis ammonia has become a basic chemical of the highest importcnce in

tie world, exceeded in hulk only by sulphuric acid, salt and soda.

362 In principle, the manufacture of syntetic ammonia is very simple,
The first stage is to prepare the right mixture of nitrogen and hydrogen,

free of deleterious impurities., The second s tage is to compress the gases,

and te third stage is to pass the compressed :ixture over or through a

catalyst, Tie smmonia which is formed is drawn off or absorbed in water,
and tne unreacted -ases are recirculated, In actual practice there are
many variations in pressure, temperature, catalysts and storage, and there-
fore in =ouipment, power needs etc,, but all thesc are matters of detail,
while t1e essential processes are the sane as those worked out by Haber

and Bosch, Claude, Casale and others some fifty to sixtyv years ago.

3.3 One of the major differences in various processes is the source of
the hydrogen., The following are the chief sources -

Petroleun fractions cracked or reformed with staam

Natural gas reformed with steam

Coke~-oven gas with steam

Coke or charcoal or coal with air and steam
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Underground rasification of coal

Electro.ytic aydrogen from caustic soda or heavy water plunts

Fermentation hydrogen, Sewaze gas, methane from deep lakes

Aluminium carbide to methane, and then as for hatural zas

Iron scrap and steam

Hiscellaneous, like lignite and steam, asphalt waste,
It is mainly a quest.ion of energy vcelues, The competence of an ammonia
factory designer is his ability to study the situation as it exists in g
particular place and t ake .uaximum advanta-e of it., One place may have a
petroleum refinery by-product avcilable; anothar ihay have surplus coke s rith
too high an ash content to have valie in netallurgy. A third place may
have large blocks of electric power avc.ilable outside the morning and
evening peak-load hours, A fourth may ave low-grade hut cheap coul,
Putting all this information and collected data together, and deciding how
best to obtain the hydrogen and what alternatives to builq into the design
is a formidable but necessary task for scientific and economical results,

3.4 One basic question relates Lo the use of 8olid fuels, compared to
pPetroleum and natural g2as, The problem by no means admits of a ready
answer. It is cuite true that most of the world's ammoniu is today
produced from petroleum cuts or naturalgs, but the solid fuel is also
still a good source. is Strelsoff puts it~

"Until World War II » the manufacture of ammonia in Furope
was based on the use of solid fuels, The discovery of
huge depoeits of natural gas in France, Italy and the
Netherlands has now induced the ammonia industry to switch
over to natural gas, The same pattern takes place in

However, it is to be noted that in the Federal Lepublic of
Germany the smmonia industry is still tied very strongly

to coal and lignite., In the Netherlands, up till the present
time, the smmonia was largely produced fram coke or coke-oven
§88, This is 2leo true of Belgiwm. In all of thege countrias,
the arrival of natural ga2 has not hecessarily been followed
by the reduction of the consumption of solid fuelds..."]/

¥/ — "Economics of ammonia production in the developing countries' -
Petrochemical Conference, Teheren, 1964, Paper 3, p. 30
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.ecording to Plcciotto and Sweeneyl/ plants are still being built using

ccal or lirnite sources,

3.5 .rmoniz by itself is rather inconverisnt to ap>ly in arriculture, and
i3 ther fore little used outcide the Ulne For most practical applications
1t must e convarted into a relatively inactive solid, There are two
ethods of doins sc,
1) To react the arconia with an acidic comporent to produce the
sulphate or nitrate or phosnhate or chloride,
2) To chin-e its c.nstitution, like convertineg it to urea or nitric
acid,
The first orocess is comparatively simple, and involves merely neutralisation
with acids or soluble sulphutes (esr. the ferrous sulpiate of steel pickling
licuors) or insoluble sulphates like ypsum (i.ersebrg process) ctc. Often
this is a way of usinc up waste acids, which would otherwise present
Jisvosal problems, Ir the ,olvay process for rakin: soda, amronia is used
as a means of conveying the carbonate ion fron linestone to salt, ammonium
chloride is formed in the process., Eitnher the ammonium chloride can be recon-
vorted into ammonia and re-circulated, or the ammonium chloride can be
sold off as fertilizer, This latter is the hasis of a Japanese process

which has rained some popularity.

3,6 The manufsctures of urez or nitric acid are complete chemical processes
in tnemselves and are, naturally, costly to operate, as they are by no

me.ns simple. The adv-ntages are that urea is a solid which has a high
percentage of nitroren, and is also in great demand for other purposes,
chiefly for plastics and plaestic intermedictes, animal feed, etc. Nitric
acid is made .ecause it can be used to neutralise ammonia and convert it
into a solid salt, which also finds much use as an explosive., The nitric

acid has many other uses as well, and therefore has a special market.,

ﬂ-—"':émnoni; manufacture from petrolcum feedstocks" - Ibid, Paper 93, p.lb
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4el The third eroup of primary prociucts of nitroren fixation are the
cyanamides and nitrides, There are only three import nt reprasentatives
in this group, viz,

Calcium cyanamide

Aluminium nitride

Silicon nitride
The last two are Sources of ammonia and not generally used as direct
fertilizers, but calcium cyanamide is a4 conventional direct f:rtilizer, and
alsc a weedcide, Furthermore, it is a source of orranic chemicals like

guanidine,

4e2 In principle, the manufacture of caleium cyanamide is very simple, 4all
that is needed is to make calcium carbide and then pass nitro-en over it,
Calcium carbide, in turn, is made by heatins limestone and coke, Very high
temperatures are needed, and for many years the most convenient way of
producing tne high temperatures was by electricity, either in an arc

furnace or resistance furnace, Cuite recently, however, a process has been
devised in Germany for passing heated Oxygen through the mixture of limestone
and coke in a vertical shaft kiln, The intense neat of reaction between
coke and oxygen creates the temperature needed to enable limestone to react
Wwith coke and form carbide, The oxygen is channelled through only the central
portion of the kiln, and the materials on the sides, which are not directly
éxposed to the oxygen, protect the kiln refractories from damage, Compara=

tively recent developments in the manufacture of tonnage oxygen, coupled
with the fact that the nitrogen constituent of the air can also be put to
profitable use, have made this route commercially feasihle, Countries which
have suitable coals and limestones, but insufficient electrical power, might
well consider this rather simple process,
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Ls3 To this day calcium cyanamide is being produced in some cuantities,
principally in Japan, Germany anc the USA. The USA, in fect, needs more

than it produces, and has to import about 40,000 tons per annum, Some
developing countries could thus embark on the manufacture of calcium cyanamide
and huild a tidy and profitable complex of industrial chemical products

around it,

L4 ihen alumina (or bauxite) is substituted for limestone in the cyanamide
process, what is formed is aluminium nitride. This process was commercialised
by Serpek in nglind and France in 1910, The aluminium nitride was treated
with caustic scda to yield ammonia, while the aluminium formed sodium
aluminate, which was treated as in the convential Bayer process to yield pure
alunina, The caustic soda was recovered and reused, If the aluminium
nitride is treated with acids, it yields alumina and the corresponding

anmonium salt, and this could be one way of using up waste acids,

L.5 One very notable advantage of this Serpek process is that, in addition
to affording a comparatively simple means of fixing nitrogen, it provides

a route for extracting alumina economically from impure bauxites, which
contain too much silica to be worth considering for the convential Bayer
process., In the Serpek process, the siliceous impurities were volatalised
off, and the resultant alumina did cammand a wide sale, This process might
therefore be of considerable interest under certain conditions. Thus,
Nalawi contains a hilltop of bauxite (the outcrop alone is estimated at

60 million tons) which is said to be too siliceous to be of much interest
in the world market.g/ If this bauxite is treated by the Serpek process
(there is plenty of cheap electric power in the area) it may be the means
of marketing the bauxite profitably, as well as of generating nitrogenous
fertilizers in a predorinantly agricultural region.

1/  linerals Yearbook, 1964 (USA Supt. of Doc., Washington, D.C,) Vol. I
2/  Atkins - The Mlanje Bauxites of Nyss~'~nd - 1962
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Le6 Silicon nitride can be manufaetured simply by heating a mixture of
powered sand and charcoal in s stream of nitrogen, 4 fairly high temperature
is needed (about 1400° C) but such temperatures are cuite cummon in the
chemical process industries. When the silicon nitride is Steamed, ammonia

is generated. The silicon nitride contains a theoretical 33% nitrogen, and
can be sold as direct fertilizer, or the ammonia can be steamed out and
recovered, while the silicon hydroxide can be dried and sold as a fine powder
or dried into silica gel globules or simply recirculated in the process,

It is not widely known that sometimes the limiting factor in increasing
agricultural production is shortage of silica in the soil, Of course, the
earth contains large cuantities of silica sand but surprisingly little of

it is available to the plant to build up its tissues. Under these conditions,

silicon nitride would supply two plant nutrients » and hence be doubly
V.llabl.o

4s7 The temperature used in the silicon nitride Process are those which
can be handled within the normal precautions observed in the chemical
Process industries, and the whole process is basically so simple that it
could well be considered by countries which do not wish to start off with
& huge synthetic ammonia factory,

5¢1 To illustrate the effects of technology and scale in the nitrogenous
fertiliser industry, the following processes will be considered for the
manufacture of ammonia,
1) Synthesis gas obtained from water gas/producer gas, reacted by
modified’ Haber process at 250 atmospheres pressure and 550° C, with
doubly-pramoted iron catalyst, to yield of 20% per pass, and recycle
of unreacted gases,
2) Fanufacture of nitrous 8ases by passing air through electric arc,
Recovery turough limestone and put into mixed fertiliser,
3) Bauxite reacted with charcoal and nitrogen in electric furnace,
and the resultant aluminium nitride digested with caustic soda to
yield ammonia and sodium aluminate, latter to be treated to yield
Alwina and to recover and re-use the caustic soda,




In all these cases, some allowance or credit will ve given for useful

or valuable co=-aroducts or by-products,

5,2 The following scales of operation will be considered -
"mall = 10 tons per day nitrogen
l.edium - 60 tcns per day nitrogen

large = 30 tons per day nitrogen

5,3 Flowsheets and tentative cost estimates are attached, Costing is

on fixed nitrogen basis,
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Nitrogenous Fertilizers (Ammonia)
(per metric ton fixed nitrogen, bu.k, f.o.b. factory )

Iteml Process A B 1 C
— - Seale ] sl wip Is tMip lslMiL
M (.1000;
Fixed 6001 24,00{80001 500 | 2200}7000 800 | 3600 9600
Operating 701 200} 500' 60 | 200| 400} 90} 500{ 1100
Sub=-total 670 2600|8500 , 560 | 240017400
Lanufacturing cosy (v/ton)
lMaterials 19 171 15| 24 2] 2
Utilities 9 8 71 24 171 16
Wages 7. 6! 6] 6 51 &
Supervision 1l 1 1l 1 1 1l
Fixed charges 21 18} 17| 16 ul 13
Plant overhead 14+ 121 1 11 10 9
Sub-total 71 6} 571 82| M) &
| General Costs ($/ton)
Administration 7 5 L L 3 3
Packing - - - - - -
Sales 1l 1l 1l 1 1l 1l
Other 5 3] 2 3 3l 2
Sub-total 13 9 7 8 71 6
’Oveull cost 8, ni 4§ 9 76} 70
|credits 2| 15| 12] 18] 151 1
‘Coat of main product (/ton) 63 561 521V 72 61] 56
|
| |
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Ammonia Industry
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Sulphuric Acid

Case Stu

1. Thie material is the most useful of all che~icals, and is

neaded for innumerable purnoses.

2.1 The essential component of sulphuric acid is, of course, the
sulphur. There are several main sources of sulphur in the

world -

“lemental sulphur deposits in land and lakes
Sulphides of iron, copper, zinc, lead, etc.
Hydrogen sulphide in natural gas

Sulphides in crude petroleum and coel
Sulphate of seawater and fossil brines
Sulphates from inland lakes

Gypsum

Ferrous sulphate from steel pickling mills
‘astes from refineries, explosive factories, DIT factories,
rayon factories

Sulphur from sewage, tankare, tanneries, etoc.
Other miscellaneous sources

2.2 Sulphur manufaoture is repcrted to be the cheapest from the
sulphur mined in the Gulf of | exicc and in Canada by the Frasch
process, or extracted from the sour natural rases of the Laoq deposits
in the Rhone Valley of France or from the Polish gas wells in Galioia
or from petroleum walls in the iiiddle .ast. If cost were the only

consideration, in most cases, these will be the sources cf sulphur.

But when other ccneiderations ere taken into account, a wide ohoioe
becomes available. Almcst every country in the whcle world will

have availahle tc it some source cr other of sulphur within its own
naticnal boundaries, even if the source is only seawater. It becomes
a question of eoonomics (which would embrace oconsiderations of foreign
trade, fcreign exchange, employment, strategic value, eto.) whether
to set up a sulphur industry or not.
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3.1 There are several possible routes to the eventual production
of sulphuric acid. Iiost depend upon the production of sulphur dioxide
and its subsequent oxidation to sulphur trioxide, but there are
several possible variations. Some may b listed as follows -

(1) Fermentation to hydrogen sulphide, which is oxidised
by air to sulphur dioxide or direct to sulphur
trioxide.

(2) Distillation of sulphates like ferrous sulphate to
yield sulphur trioxide direot.

(3) Roasting of gypsum with coal and clay to yield cement
clinkers and sulphur dioxide.

3.2 Having secured the sulphur dioxide, two methods are available
for the conversion into sulphuric acid.
(1) The ohamber process or its modern equivalent - the towver
process.
(2) The contact process.

3.3 In the ohember process, the sulphur dioxide is oxidised by
oxides of nitrogen in ohambers of largy volume in the presence of
steam, so that the aotual product is a iilute sulphurio acid, whioch
is oconcentrated hy evaporation. The oxiles of nitrocen are recovered
and re-ciroulated. The chamber process suffered a rapid eolipse when
the contact process got into full stride, bu! recently there have been
improvements in the ohambor'proons and expertise is more readily
available. The process is simple and easily controiled. Variations
in working conditions do not have far-reaching effects, and are
anyway capable of rectification. The chamber process afforda very
valuable training for techaiciansg in many brenchcs of chemical tech-
nology. Maay of the objections to the old-fashioned lead chamber
Prooess no longer exist. Thus, ia an effort to reduce the great
woight and the high ocost of chemical lead extensive trials had been
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made with glass, but previously the results were not very good.
Nowadays glasses can be tailored to suit almost every need, and the
0ld lead chamber procees oould become a glass-houee process. Simi-
larly, in order to reducs the vast cavernous spaces of the lead
chambers, attempts were made to use oxygen instead of air. This
suoceeded vell, but in those days oxygen was ocostly. Today

tonnage oxycen is quite oommonplace and under certain oircumetancee,
cheap. These and other improvements might lead to the revival of a
chamber process at economic cost if the incentive were there.

3.4 The contact prooess ie in essentials muoch eimpler. It oonsists
of mixing sulphur dioxide with the ocorrect quantity of air and paesing
the mixture through a catalyst. Sulphur trioxide is formed as a
result, and is absorbed in oconcentrated sulphurio acid to yield fuming
sulphurio acid, whioh is diluted to whatever conoentration is desired.
This procsse is eimple, neat, effioient, clean, economioal, oheap and
oompact. It is the only ocommercial prooess for the mamufacture of
acid etronger than 93%. But the proocese is sensitive to many factors,
and has, therefore, to be kept under careful oontrol. Catalyste are
easily spoiled. Sulphur of high purity ie required. The proocess

does not work easily with only a small pronortion of sulphur dioxide.

3.5 In this paper three procesess will be considered:

(1) Distillation of ferrous sulphate to sulphur triexide,
whioh will ds abeorbed in conceatrated sulphur acid in
a oerenio~packed tower and diluted down to 98% eeid.

(2) A finely-ground mixture of gypeum (or smhydrite), olay
and ocoal is shaped into bricks and fired in a contimisus
Foffmen tunnel kila to yield osmeat olimiker and sulphur
diexide. The sulphur dioxide is treated with air in a
Kaochkaroff tower aystem to yield dilute aoid, which is
oonoentrated in open pans fired with ovel to 93 grede
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DOV (brown oil of vitriol), and subsequently upcraded
to 998 grade with fuming sulphuric acid.

(3) Flemental sulphur is burned to sulpbur dioxide (with
Tecovery of heat) and the sulphur dioxide converted into
sulphur trioxide in a ocntact plant using vanadium pent-
oxide as catalyst. The sulphur trioxide is absorbed in

oonoentrated sulphuric acid amd reduced to 90% acid with
water.

As before in this paper, oredit is being given for value of oo-products

and dy-products, leaving all residual costs appliocable on the sul phuric
aoid.

3.6 The soales of cperstion oonsidered are -
Tons per day 98 sulphuric acid

Small - 10
ledium - 100
Large - 500

3T Teatative flow shests and approximate costing sheets are
attached,
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(982 erade in drums f.o.b. factory)

——

-—

Process ' A B c
Item ] T ) T ——
:  Soale S ' M L S Mo L S MoL
Capital (351000) | : i
Fixed | 400 1 1800 ! 4c00 | 500 |300C ;‘ 6000 | 300 | 2000 |4 500
Operating 1 40| 160 ] 350 50 1300 5000 30| 180! 400
Sub-total 440 1 1960 | 4350 550 {3300 ’ 6500 [ 330 | 2180 4900
Janufaoturin: cost (./ton) ;
Materials 16! 15 1] 1| 13 ; 18] 15| 14 12
Utilitiem ’ 3 6 3 3 4 3 2 2 1
Tages i 2 3 2 3 4 3 3 2
Supervision | 2 2 2 3 3 3 1 y 1
Pixed charges 5 5 4 6! 6 5 4 3
Plant overhead 4 4 3 5 5 4 k) 2
Subetotal 2| 135 0[] n{ 35 33| 28 1 21
seneral Costs (../ton) |
sdministration 3 ; 2 2 3 2 2 3 2 2
Packing 2) 2 2l 2| o2 2l 2 2] >
Sales 1 1 1 2 2 1 1 1] 1
Other 8, s 4 8 5 4 6 4] 3
Sud-total 14 ‘ 10 9] 15! 11 9] 12 9] 8
overall gost 6! a5l 9l 6l w] @ ol %5
Credits 100 12 12| 10 12 12 6 4] 3
Cost of main product (/ton) 367 3 271 6| 34 01 M| 32] 26
(Not) !
{
]
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Sulphuric acid Industry
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P2TROCHEMIC.ALS
Case_Study

l.1 '/hat ig commonly understood by this term
group of separate chemiocals which are made
gas, excluding fuels and lubrioants,
the chemicals, whioh are made

nowadays is that

from petroleum or natural |

but including derivatives of
by the petroleunm processor.

1.2 A few examples will clarify the definition:
(a) Naphta

is a potroloum—rofinory fraction, used as fuel and
&s source of hydrogen for manufacturing fertilizers.
is not a definite chemical but a miscell
hydrocarbons and is
chemiocal.

It

aneous group of
therefore not classed as a petro-

(b) Toluene is extracted by simple

distillation processes from
petrcleum,

It is a definite chemiocal compound, and there-
fore can be classified as a petrochemiocal.

(o) Toluene 1s nitrated to nitrobensene by
Processing the petrcleum fractions
among the petrochemiocals.

(4) Nitrotoluene ie used by somebody

the factory

and is hence classed

elses for manufacturing

explosivee. These explocives are not petrochemiocals.

1.3 Nowsdays there is an enormous range of products which, under this
definition, oould be classed as petrochemicals. It i estimated that
petroleum is the source of 854 of a11 aliphatios and 75} of all
arematioc organio ohemioals in world production today. Iven ocelluloee
tastate, to de spun into Soetate rayon Jarn, has been claimed as a
petrochemical industry product - a case of the tai] wagsing the dog.1/

V United Fations, Pee
s L




1.4 The only petrochemical in large-scale production earlier than
1920 was crorhon black. Today the petrochemicals include several
thousand products The reasons are the zbundanoe, free avail-
ability and low cost of petroleum feedstock, and the tremendous
advances in technology in this field, especially in the use of

catalysts.

1.5 lethane (from natural gas) is one very large source of
hydro en, ammonia, ammonium salts and urea. Natural gas also
¢ ives rise to carbon blaok, acetylene, methyl alcohol, and a long

series of related rroducts.

1.6 Sthylene (from natural gas or from oracking of ethane, pro-
pane and 1iquid fractions) is the largest source of aliphatic
petrochemicals. T“thylene is the parent of alcohol, polythene,
styrene, glycols, amines, detergents, plastics, elastomers, nylons,

solvents, etc.

1.7 Thousands of benzene derivatives are manufactured from
petroleam fractions, and the bulk of the production is in high
polymers - plastics, synthetioc resins, elastomers, fibres, etc.

1.8 Sulphur is today being made as a petrochemical to the tune

of 4.4 million tons per year (out of a total of 23 million tons from

all souroes) and the output from this source is rapidly 1noro|aing.l/

1/ 0il & Gag Jourpel 18 January, 1965, p.51
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1.9 The synthetio, neoprene (2 ohloro 1:3 butadiene) is one of
the most versatile and useful of the synthetic elastomers for
synthetic rubber prc»duction.l It is manufactured by a three-
stage process as follows.

(1) Dimerization of acetylene to vinyl acetylene (va)

(2) Hydrohalogenation of V4 to chlorobutadiene (cBD)

(3) Polymerization of CBD to neoprene
The material is produced as a latex, from which the solid can ba
reoovered, if necesrsary.

This synthetic rubber sells at 33 to 40 cents per 1b. (comnared
to about 27 cents per 1b. for standard SBR). Neoprene contains
about 35 of chlorine and the rest is hydrocarbon. Due to the
difference in the unit oosts of these two ingredients, their costs
in the final neoprene are probably about 104 for chlorine and 90%
for acetylene. "ith raw materials costing no more than about 10
or 12 cents per 1b., and with only three stages of processing, it
is not apparent why the final produot has to be so0ld at 33 cents
per 1b.

"Peculiarities of the ohemioal manufacture of
neoprens require considerable knowledge and
skill, which would have to be imported into
e developing oountry. However, the simplioity
of the basic raw material suoply - aoetylene
and hydrogen ohloride - is an attractive point
for oonsideration. The general versality of
the products is also an important advantage. "2/

2. Petrochemicals are the newest in chemistry, and developments
are oo rapid that processea frequently beocome obsolete before they
Are preperly exploited comercially. The establishment of & really
sound petrochemicals oomplex requires the support of a oonsiderable

1/ Othmer - Synthetio Mubber, paper No. 71 presented to the Petro~
'/ ohenicals Conference at ?:hu-u in November 1964.

¢/ Oshmer, s gis.
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mass of basic technology and many soientifio disoiplines of the
latest types. This does not mean that this is an unsuitable

field for a developing country to enter. On the ocontrary, when
other nrocesses are becoming obsolete, it provides a built-in
advantage for new countries. However, sinoe its produots have

so much applicability in the everyday life of the common man,

most countries would like to secure domestic manufacture of these
products. Further, with the establishment of petroleum refineries
in developing countries to produce fuels (and, to a lesser extont,-
lubricants) it is comparatively a simple and certainly a profiteble
matter to increase the size of the plant to produce petroohemioal
feedstock. It is important tc realise that, while the efficient
manufacture of petroohemicals is very sensitive to the correot
operating conditions and the right oatalysts, basioally the unit
operations are simple. Once the best operating oonditions have been
determined, there is no great diffioulty in establishing them and

maintaining the conditions invariant (or variable tc a previously

set pattern.

3.1 The question of soale of operations is of importance. The
total oonsumption of petroleum oils and natural gas in the world

is approaching 1 1/2 billion tons per annum, or about 1/2 ton per
head per annum. The average demand for a population of 10 million
would be 5 million tons per year - a respectable amount by any
standard. In actual practice, of course, averages do not apply.

The alvanoed oountries have an energy consumption far greater than
the developing oountries, first, because with their higher standards
of 1living they consume much more themselves and eecondly beocause
they do most of the manufacturing prooessing for the developing

oountries. The developing ocountries all have programmes of repid
industrialisation and increase in produotivity, with corresponding
rise in their standards of living. Their consumption of energy is
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therefore likely to show a very steep rise when these processes
get fully under way.

3.2 This industry nowadays produces both the bulk chemicals of
low unit value, such ag fortilizors, paint solvents, deter;ent
stook, Plastics, eto., and fine chemicals like pharmaoeuticals,
dyes, perfumes, éssences, laboratory re~-agents, tegt chamicals,
eto. There is, therefore, room within the industry for any scale
of cperation, large or small,

4.1 The technology of petrochemiocals is mainly a combination of
the following basio chemical processes-

(a) Cracking or pyrolysis

(v) Polymerisation

(o) Alkylation

(d) Hydrogenation, oxidation and thiogenation

(e) Halogenation, nitration and aminatjon

(f) Isomerisation and ring fission

(8) Aromatisation and oyolisation

() “Zsterification and hydrolysation
All these are offected by temperature, pressure, time and through
various catalysts. 3o Bany products are being manufactured that
there is no point in 8iving examples beocause almost the whole of
chemistry can now furnish examples of petrochemioals.

4.2  One point which is of the utmost importance to developing
oountries is that, although the entire soienoce is based upon the




ethvlene from natural gas or petroleum cracking operations, but it
is theoretically pcssible to derive ethylene from aloohol, which
in turn can be produced by fermontation of molasses. This is, of

course, unlikely to be scen in practice (save under unusual condi-

tions) :/but it illustrates the ~oint that although the term

"petrochemical" is a convenient historical term, it must be realised

that the ~rocesses would be identical for similar fecdstock from

other sources.

".11 so-called petrochemicals have been or could

be produced from agricultural products, coal, other
minerals such as shale, or even animal matter. In
the long run, economic factors determine which
route is followed..." 1/

4.3 The point is of relevance tc countries which have no petroleun
refineries as yet, but wish to start their petrochemical complex
immediztely, and do nct want to depend upon foreign feedstook for
their essential raw materials. They may have coal or lignite or
peat or firewcod or agricultural wastes which can be carbonised.
This carbonised product can be readily converted tc carbon monoxide
(producer gas) which can yield hydrogen. Agrioultural residues can
readily produce furfural, a reactive chemical with five carbon atoms
in the chain. Molasses or starches give a plentiful supply of
glucose, which has a chain of six carbon atoms. Neither molasses
nor starch can be as cheap as petroleum oils, but if the former

are available for national ourrencies and the latter only for
foreign exchange, it might be preferadble to go in for the national
raw material despite higher oost.

", ..petroleun, coal and agriculturs] products are
interchangeable for the production of organiec
chemiocals... A vital factor in the trend sway
from agricultural products and towards petroleum
as a rav material has been the deeire...of
becoming reasonadbly 1»&3«0“ of foreign suppliece
of basic cormodities...

See, however, the article on "Industrial Alcohol™ (p. 152) for &

practical instance,
Kirk and Othmer - Encyclopoedia of Chemical Technology, (Inter-

Science, New York) Vol. 10, p. 181,
Kirk & Othmer, Joc, c¢it.
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The same motivation, in reversa, -ould impel developing ocountries
to use their own national raw matorials in preference to an
imported vroduot. The &lucose, in turn, can give ethyl alcohol, |
which has two oarbon atoms, or butyl aloohol, which has four
carbon atoms, or lactio aoid, whioh has three carbon atoms in a
chain.

4.4 Tven on the question of costs, the advantage is not always
with petroleum. Thue -

"eoethe initial United Xingdom soetylene cost |
from naphtha will be 7 - 7.5 of1b. Acetylene 1
from the 0ld carbide route ocosts 8.5 - 10 o/1b.
....1

The difference can be wiped out in o developing ocountry due to

faotors other than technology. Henoe the "old oarbide routo"uy not

be »0 unattraotive, after al1.

5¢1 To {llustrate the ochoice of teohnology, the manufacture of
Polyvinyl ohloride is taken up below. This sudstance can be
produced by several different routes, of whioh the following will
be chosen.

(1) Naphtha oracked to

%
Bhylene 28
Other Sa00e 42 %
C, and C 1
Whoroartuel 20
Neavy o4l k)
The ethylens is resoted with Surplus ohlorine from a nearby (i
otustio eods plaat to yield etiylens dichlorise. his EDC 1e i

wrelyeed te give vinyl chloride moucmsy and hydrochloric acid.
™he mcaemer is polymerised to PVC.

(2) Neawy 011 orecked o give othylene, which is reacted with :
Eysen and hyérochlorio soid to othylens dichloride, £o11owed by i

U OSSTET Yo" 10 soptester 1966 5. %0 ‘, L




cracking to yield vinyl chloride monomer, which is polymerised.

(3) Calcium carbide is treated v'ith water to yield acetvlene,
which is then reacted vith hydrochloric acid to yield monovinyl-
chloride (:VC) which is polvmerised to I'VC. (Neither calcium
carbide nor hydrochloric acid is a petrochemical, but the process
is included for comparison).

The costing dces not include the cracking operations, but starta
7ith ethylene or acetylene as the case may be.
5.2 All these processes are in commercial practice. The acales
>f operations chosen will be
listric tons per year of PVC

A 200

B 1000

C 16000
5.3 The subject of petrochemicals is of such irmmenss complexity
that it is impossidble to quote gsnersl figuree of cost. There are
50 many determining faotors, such as -

(1) Availability of raw materials and their cost. Thus,
by-product chlorine or hydrochloric acid may be had for nothing
under some conditions. Cheap naphthamay permit a lower conversion
efficiency to be tolerated, and thus to economiss on plant.

(2) Use of co-products. Sometimee thsse are saleabdbls at
attractive prices, and therseby enable the FVC plant tc ccst its

own requirements at low rates. Thus, the 03 and ¢.'!4 fractions of
the naphtha oracker could be sold as bottled gas in towns at
(comparatively) high rates.

(3) A sheltered market for the products would be invaluabls -
sometimes indispensable. PVC piping, for instance, may be used in

domestic plumbing.
(4) 1If the PVC plant is jJust a part of a bdigger chemicals
complex it may be saved most, if not all, of its overhead oosts.
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5.4 These and other factors profoundly influence the size at
which a plant can bdbe operated profitably. Toohnologio#lly there
is no difficulty in constructing a plant hich can function on a
regular basis at ths rate of 200 tons per year or 10,000 tens ner
year. At the lower reach, much skill is needed to assemble unit
components of stock types to avoid the heavy costs of custom design
and fabrication. Surplus pieces of equipment are often to he had
at low prioes. Thus, this oosting, while not based upon the chance
availability of suitadble oquipment at windfall prioces, does not, on
the other hand, provids for costs of speoial design and fabrication
of oustom-made and integrated squipment. Stook prices are assumed.
.5 Likewise, while the ocosting does not assume fanoy prioss for
co-produots whioh are occasionally and by acoident to be had in
oertain situations, it does not, on the other hond assume that co-
products will have to be scld at givenway prices as if they were
waste products. Standard market Prices are assumed, even though a
particular developing oountry may not have an intsrnal market able
to absord the whols of o partioular oco-product at that price. No
other basis of costs can Yisld oohereat or ocomparable results on
this generalised pattern.

546 The following is a recent comment -

"What sise ethylene plants? .... At le:cst four plants
larger then 600 million pounds POT year are in the
works. And the lusmus Co. 4s putting together a

1 billion pounds per year plant for Imperial Chemist
Industries....

One enginesring design firm, Chem Systems Inc. of

Bow York...is offering a scheme...cspacity is less than
35 million pounds of ethylene; required investment is
only $ 1.5 mtllion...total cost of producing...is less,
than 5 ¢ per pound..."}/

p lm nl I; ‘Mﬂm" = Chemical M, 5 Novewber lm, p.4l
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Tentative Cogting Statement
Polyvinyl Chloride

(In paper bags f.o.b.factory)

- A

T T

ITo N Prooess L A ‘ B | c
r —_— .
Sonle ' i
1
Capita] ($1000)
Fized 300 11000{3000{500 11500 (4000 | 250 | go0 2700
Operating 50 | 100f 350f 60 | 140 | 400 | 30 60 270
Sub-total 350 11100133501 560 [1640 |44c0 | 280 60 | 297¢
Mapufacturing oopt ($/ton)
laterials 220 | 205| 1894185 | 160 | 142 2901 270 250
Utilities 35 30 26] 65 48 39 30 26 21
Tages 20 22| 24 29 k)| M4 9 9
Supervision 5 5 6 6 6 2 2
Fized ocharges 8| 14 %] 8| 19| a1] 59 52
Plant overhead 58 51 65 57 53 38 32 26
Mb-total 424 | 307 358438 | 387 | 353 | 430] 395 359
General gosts (%/tom)
Administration 3 4 4 5 4 4 5
Packing 8 1 1 8 10 12 8 10 12
Sales 2 2 2 3 2 2 3
6 5 5 6 6 6
Credits 1 3 3 ¢ 8| 12 - - -
Cost of main produst (./ven)| 409 34| 3591452 | 400 | 36 | 450] 18 385
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Andustrial Aloobo)
Case Study

1.1 The production of sthyl s oohol as a souroe of ohemicals and
energy and as solvent ig comparatively reocent. Today it has been
outdons by petroleum oils, but that is bscause petroleum is
extraordinarily cheap, relative to its usefulness, and because

the petroleum industry has oreeted an sffective worldwids dig~
tridution syetem. Industrial aloohol, in addition to oost
problems, is generally severely hampered by varioue exciss laws
and regulations. But it is easy to produce, and a valuable souroce
of many consumer products sssential to the funotioning of a modern
sooiety. It should havs strategio value to oountriss whioh do
not have rescurces of fossil fuels like natursl €as, petroleum,
coal or peat. ZEven where these resouroces are availabls, it is
often oconvenient to manufaoture ethyl alcohol as an intsrmadiate
or final product. Thus, for instance, a largs ohemioal fim, in
embarking upon the msanufacture of polyvinyl ohloride plastio in
Peru, set up a fermentation aloohol plant and dehydrated the
aloohol to othylens, instead of the ®ore conventional process,
vis, to orsck some petroleus fraotion to get ethylene direct.l/
This process has also been Tecommended for Nurkey. 2/

1.2 In the chemioal Proosss industries involving the oarbon

V' Chanionl Vegk for 24 Ootober 1964, p.103

2/ Yord, Bacon & Davig - Pre=iavestasnt survey of chemicsl induetry
4 of h’!hw (USAID ¥o. 2/14/00324, Veshington, D.C.,1962) p.4




compounds (plastics, rubbers, paints, dyes, pharmaceuticals,
insecticides, synthetic fibres, detergents, oarbon blaok) end
also some non~carbon products like fertilizers and sulphur, for
nearly t o centuries coal was dominan: while the fermentation
products were of second importanoe. Today, petro)eum has taken
over 7C. of this area, and coal and fermentation industries are
much less used. One of the least elements of importance in the
retrochemioals industry is the availability of rew materials.
They are so abundant and so cheap nowadsys that the prooure~
ment cf raw materials presents nc problems, and the svailability
of raw materials at some specially advantageous price may not
be s0 much of a benefit as in other industries. The petroleum
industry is based upon a huge infrastruoture of heavy engineer-
ing, instrumentation, researoh, and abstraot knowledge, which
is 1limited to a few advanoed oountries. Other countries aspiring
to enter the petrochemical industry are required to pay a prioce
for technology which sometimes makes lcoal production uneccnomioc
vis-a-vis imports.

"...a nation's potential for petrochemical
production is affected by its degree of
industrial sophistication. Aside from their
hydrocarbon feedstock, petrochemicsl plants
draw on a vast array of other raw materials,
process chemicals and operating supplies. They
require ready access tc replacement equipment
and to the equipment manufacturer's technical
advice. And, in large measure, the stimulus

for petrochemical growth seems tc be related
to the availability of skilled technical
personnel and to their ability to communicate
readily with their colleagues in related
industries.

To a large extent, it is only in advanoced
industrial societies that we find the markets
which alcne can support a broad petrochemical
industry..." y

1/ Korsmeyer - Natural gas ss a raw material for petrochenicale -
Petroohemical Conference, Teheran, 1964, Paper No.38,p.2
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1.3 The profits on petrochemicals appear to be enormous.
Thus, an international petrochemical company has sales in 1965
mounting to 112 millions, with net profit of $72 millions.}/
It seems clear that a developing country providing a home for
such an industry would not get a large share of these profits,
unlese it is very sharp about it.

1.4 The route through industrial fermentation and the further
chemical processing of the primary products are comparatively
simpler operations than petrochemistry and can be managed on a
smaller socale. They afford an exoellent training ground for
more sophisticated industries; require mich less capital, and
provide more employment, both primary as well as secondary.
Other advantages are the considerable support of the agrioultur-
al induetries, the introduotion of the scientific attitude into
agrioulture, and the conservation of foreign exchange by the
utilisation of indigenous raw materials.

2.1 There are Bany rev materials and processes for the mam-
facture of industrial aloohocl. The oldest Process and the best
known is by the fermentation of sugars. These sugars may be
derived from nnturully—ooourring syrups like the juices of
sweet fruits or Sugarcsne or beet molasses. Op starohes aould
be processed biclogically or chemically to yield fermentadble
sugars. Or osllulosioc wastes like sawdust or sugarcane bagasse
or straw oould be hydrolysed by physiosal or chemical means to
fermentadble sugars. Or oelluloses oould be hydrolysed, direct
by the aymbiotio ®iorodial communities whioh live in the rumen
of cattle and other ruminants. Paper Plp mill wastes are a
valuable cource - Sweden alone has adout 30-35 plants using
sulphite aill wastes. 2/

}/ "Chemieal Week" 2¢ Septesher, 1966, p.24

Y/ United Naticns - N1p sad Paper Prespects in Letin Amerioce-
Sales ¥o. 1”’31100.‘. yage m




2.2 In the manufaoture of alcohol synthetioally, the possibili=-

ties are indeed very many. Zthyl alcohol has two carbon atoms
and one hydroxyl group in its molecule, and it can be formed from

any two-carbon-chain hydrooarbon, like acetylene or ethylene
or ethane. It can also be formed from the single-~carbon methane
by certain well-known transformetions. Indeed, almcst any carbon
compound could be eventually converted into aloohol by a series
of ohemical transformations. In practice, however, the following
would probably summarise the most economio synthetio prccesses.
(1) Craoking of petroleum or fractionation of coke-oven
gases to ethylene and acetylene.
(2) iianufacture of calcium carbide and processing it to
acetylene
Hydrogenation of coal tc various hydrocarbons, gaseous
and liquid, followed by oracking or oatalytic de-
composition in the same way as petroleum fractions.
Burning fuels in a limited supply of air yields
carbon monoxide, which on reacting with caustic
soda or potash yields a two-carbon chain, the
oxalate, which can be reduced to ethyl alcohcl.
Formates and oxalates were once made exclusively
by this process, but it is now seldom used, because
other prccesses are cheaper.
2.3 In the use of sthylene as starting materiel, the gae ie
passed into 98/99% concentrated sulphuric acid. '"‘hen the product
is boiled with vater, it is hydrolysed into ethyl alcohol, with
some formation of disthyl ether. The aoid is again concentreted
and re-used, or if there ie ¢ market for the diluted acid, sold
as such. Overall ocutput exceeds 92% conversion. Reoently ocstaly-
tio hydrolysie in the vapour phaee has been introduced, and vill,
of oourse, greatly eimplify the process. In this process, it does
not matter what other gases are present, ec long as they do not
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reaot with ethylene or aloohol. 4 8as with even 10/ ethylene
ie usable.

2.4 “‘ith oomparatively minor modifioations, the methods of
using aoetylene are more Or less the same ag with ethylens.
Normally, acetylene is suoh a valuable and powerful acant in
the synthesis of varous oommeroial organio products that it
would not be uged for manufaoturing aloohol. However, if thig

is part of a oomplex, wherein, for instance, the manufacture
inoludes caloium carbide, calcium oyanamide, ammonia, nitrig
a0id and other related products, it might be feasible to
produce some oarbide for the manufaoture of acetylene and then
the acetylene oould be used to make many products, including
nloohol.ﬁ/

2.5 Most of the fermentation Prooesses yieldine nlcohol
result in a product ("beer) oontaining up to 95 water. g
every "moonshiner" knows, dilute aloohol oan be readily con-
ocentrated by straight evaporation in oomparatively simple 8quip=-
ment up to about °4 or 95¢ aloohol. At thig point, the aloohol
and water mixture evaporates as a whole, and no further separa-
tion oan be effeoted by straight distillation. To concentrate
it further, two methods are used.

(1) A soltd dehydrating agent live oaloium chloride
or sulphate,

(2) Aseotropio distillation i.e. by using a third
volatile substance 88 oarrier, like benzene.

In both cagses the third agent is recovered and re-used.
The use of solid dehydrating agents is simpler and oheaper in
capital oost, but a8e0iropio methods are more effeotive and cheaper
per unit of aloohol produoed.
3.1 The following sanufaoturing technologies will be oonsidered:
(1) Digestion of oorn oobs with dilute hycroohlorie
80id t0 produce furfurel, followed by treatment
of solid residue with oonoentrated hydrochlorio

% A wll-mown oomplex in Japan doss just this,




acid to yield glucose, which is fermented tc alcohol,

and the aloohol concentrated to industrial grade 957,
distilled azectropically with bentene tc 99’ grade.

Coke-oven gas is used as a socurce of ethylene. The
ethylene is absorbed in concentr-ted sulphuric acid,
and the rroduct diluted and hydrolysed with eteam to
yield 95. alocohel, which is then dehydrated with
calcium chloride in alcoholic solution to 99 grade.
The c2lcium chloride and sulphuric acid are recovered
and re-used.
Sugar cane mclasses are fermented, and the resultant
alcohol is distilled toc 9%), and thereafter sud jected
to azeotropic diatillation with a hexane petroleum
fraction to 99% grade.
In each case, three levele of production will be considered
Small = 5 tons per day
Medium -3 " w0
Large -10 " n n
Flow sheets and tentative cost figures are quoted.







Tentative Costing Sheet

- -

Industrial Alcohol

- v w—

Item Process

Scale

Capital (»1C0C)
Fixed
Operating

Sub=total 22M0 ]:165

- -

_anufacturing cost (Q/tonfﬁ t
liaterials 10 ! X
Utilities | 20 | 6
‘ages i 9 4 |

' 1

Supervision 2

Fixed charges 16
Plant overhead ’ 11

Sub=total ‘ 68

General gosts ($/ton)
Administration

Packing
Sales
Other : 4

Sub-total | 17

Overall cost 85
Credits ! 2

Cost of main product
(3/ton) 50

'
]

* Does not include cost of producing the ethylense.
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Case_.tudy

1.1 Paper is the matted or felted sheets of fibre, generally of

ncotural origin, formed from a water suspension. Thicker and stiffer
papers are called paperboards, while hard wood-like sheets are
called hardboards. The fibre goes through an intsrmediate stage,
when it is called pulp.

1.2 Tre rulping and the actual paper-makin,: arc two quite
distinct operations. Where both operations take place in one ocentre,
the factory is oalled an integrated paper mill. A pulping mill
would make only pulp, and eell it to paper-makers, sometimes in
dilute water susnension (slush pulp) but more often in wet sheets
or as air-dry boards. There are paper-making mills whioh buy
aither 2 -2rt or the whole of their pulp requirements. Some paper
mills use only waste paper, which are beaten up by the paper mill
itself into a pulp. Some paper mills may use ootton or linen rags,
which are simnly beaten up without chemioal proocessing. These
last two types of mills (which do not involve pulping proper)

are necessarily few, and have small outputs, but the rac papers
may be important, at least by use, if not by volume or value.

2.1 In paper-making, the most important consideration is to
locate a suitable source of the eseential fibrous constituent.
Natural vogetable materials alwaye have fibres somewhore in their
make-up, but not all fibres are suitable, nor are all fibres

equal in strength. A fibre which is initially etronger than
another may require more severe treatment, which may reduce its
strensth holow the strensth of the oth~r. By and large, the
coniferous woo's of the temperate climates nrovide the longest

and strongest fibres for paper-making. In the tropiocal countries,
bambooc and other grasses (including sugarcane residues) are good
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sources of strong fibres. Another suoh source ig lianila hemp,
generally from old Topes or hempen fabrics. Cotton and linen
provide excellent fibres, but are generally too costly., Seed-
flax tow is used for cigarette Paper. Several countries have
established pulpwood plantation on a outting cycle which will
provide them with a certain quantity of wood every year.
Nowadays sawdust has emerged as a major raw material. It is
rarely neoessarv that all the materials of a particular paper be
of the strongzest fibres. For most Papers there ig 4 Judicious
blend of long and short +ibres, strong and weak. It is not to
be assumed that ‘he short or weak fibres are purely adulterants i
or extenders, as they may have useful funotions of theip own to
oontridbute.
2.2 The commonly used souroces of paper-making fibres are -

Vood and wood wastes like sawdust

Cotton and flaxseed linters

Baaboo, bagasse, esparto, sabai, other grasses

Straws and cereal stalks

Reeds, like papyrus

Bast fibres (flax, hemp, jute, wattle, mulberry)

Palm leaves, stalks, stems

Cooconut(and other palm-nut) husks

Plant stems like ootton, todbacoo, soyabean, sunflowsr, etc.

Cotton and linen rags and outtings, old ropes and nets ;

"'aste papers ;

Artificial fidres (glass, aylon, rayon) i

Miceral fibres (asbestos) ’

In developing countries, thess materials are available at
ocomparstively low ocost. Thus, in one Tubber-growing oountry, i
bundreds of thousands of tons of rubber trees were burned on the 1
ground anmually for want of any economio use for them. Now it z—
is planned to oonvert these trees into charcoal, to support a loocal ‘




iron smeltin: factory, but it may be more beneficial and profit-
able to use the trees for m kin® -aper ani hardboards. vimilarly,
seversl ccuntries which nroduce cereals on a large scale often
hurn th- straw on the cround or rlourh it back, for ant of any
useful cutlet, and this stra' could readily be converted into
n2per. Hundreds of thousonds of tons of 'attle trres zre allow-
ed to rot on the ground in ..frican countries. Likewise tea
plantations have to be pruned annually, and the prunings could

Je a valuadle source of strong fibrous material.

3.1 There are hundreds of varieties of paper in the markot.l/

‘he follo.i . is an abbreviated and broad clascif.: ‘ion. o/

Book paper
~riting paper
Newsprint
‘allpaper
Glassine and greaseproof
Bag, wrapning and lining
Twisting
Towelling, toilet, cleansing, napkins
Cigarette
Blotting
Roofing
Paperboards, boxboard, corrugated, bristol
Insulating board
The biggest deands are in the following order

See Diotionug of Paper - (American Pulp and Paper Assooiation,
Mew York 1951

Based on "itham and Calkin - Modern Pulp and Paper-maki
(New York, Reinhold 1957) e
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Paperboards (various tynes)

Ba - anc «pe pping paper

tuok and ma; asine

Ye 'saprint and machanical

riting
et 'een thom, these iteme vould cover over 80, of the nzeds in
most develonin; oountries,
4.1 There are many processin. methods to ccnvert the fibrous
rev meterials iato slush pulp (i.e. Pulp sus-ansion before it
is steoted). They may be divided into three broad groups.

(1) aon-chemicn)

(2) semi~chenica)

(3)  full chemfos) prooessing
4.7 The non-ohomica) prooesses are dependent on sianly
grinding the fibrous material. Vhen a log of wood 1s held hard
acainet » Crindstone, it rapidly dieintegrates into sm-11
particles. .1aost all the materials of tha :r00d (953) -pe
found in the resultant pulp, lucluding lignines. . creat desl
of ener;y is oconsumed - from 1,000 to 2,000 kwh per metrio
ton air-dry pulp. Larre Mantities of eter are required - yn
to 40,000 US gallons per ton ..-D pulp. Some amount of pre-
treatment i sometires done, e.r. steaming or caustio soda
sosking, snd after erindin. some bleaching ray “e deemed
neoessary. Groundwood Paper from non-ooniferous *00de alone
vill not be estrong enourh for nodern aewspaper "rinting mpeads,
and some ad ition of coniferous nulps would usuellr he required,
4.3  Other mechaniosl Processes inolude strmping mills and
o-tier grindstones, but are not impertcnt on 2 large scale.
Dise grinders are however of seme appliocebility,
4.4 The semi-chenical rooesses are those in “hioh th-
0000800rY eenaretion of the fibres is effected rartly by




lors may be soaked in sulphite or sulphate liquor for several
hours at high temperature before grinding. Or wood chips may
be soaked in cold caustic soda prior to grinding in a disc
mill. Cne simple process of special applioability to grasses,
bambons, reeds and cotton stalvs is the cold lime proceas, in
which the rav material is kept in wet quicklime for a week or
80, and is then beaten. .nother semi-chemical process of wide
apnlicability to agrioultural residues is the chlorine process,
here chlorine is used, not as the bleaching agent alone. but
to digest the raw material as well

4.5 The wholly chemical processes are mainly the following -

sulphate (soda sulphate or scda ash and sulphur)

soda (soda ash or caustio soda)

sulphite (bisulphite)
4.6 The sulphate process uses sodium sulphate as make-up
chemical, but thie chemical actually takes no part in the diges-
tion of the raw material. The main aotive re-acents in this
process are the caustioc soda and soda sulphide whioch are formed
when the residual black liquor is burned and dissolved in water,
the water trea‘ed with 1ime, and the product re-introduced into
circulation. Tiis is the point (black liquor, pre-burn) at whioh
fresh cheniocal is introduced. The paper is renerally used in
the unbleached form as strong, tough ba; and wrapping paper
(kraft). Hovever, nowadays sulphate pulp ocan be bleached to high-
grade discolving pulp and a substitute for sulphite p per in high-
grade papers as well.
4.7 The offective chemical in the soda rrocess is caustic soda,
Nowadays it is usual to add a little sulphur as well. It was the
first commercially practioal pulping process. The prooees is
generelly adopted vith the broad-leaved species of trees, which
do not have long or strong fibres, and the treatment iteelf is
drastic. Henoce the soda pulps are generally ised as filler greds
fibres in nany masasine pepers, printing papers and writing papers,
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where strength is not the prime oonsideration. The canacity of
the soda digesters can vary from 2 tons to over 15 tons per
digester per cook. Soda pulp is not popular novadays.
4.8 1In the sulphite prooess, the functional chemical is
sulphur dioxide. It is held in solution by an alkali, such
as oalcium, ma nesium, ammonium or sodjium, The real chernigal
inside the digester is the bisulphite of one op more of thege
alkalis, with free sulphur dioxide in addition. Because the
sulphite prooess uses very oarefully selected and pre-trested
wood, it produoces pulp which is light in colour, easily bleached,
and reasonably strong. Hence these pulps are used for all kinds
of printing and writing papers, and as a source of dissolving
mulp for rayon. A variant of this prooess is the neutral
sulphite process, using the monosulphite, bufferred with an
alkali. It ig specially useful in Pulping agrioultural residues,
but the chemicals might be rather costly in developing countries.
5.1 Pul p-making machinery involves -

Handling raw material

Cleaning and treating raw material

Outting raw material to sise

Cold digeation with cherioals

Not digestion with chemicals

Separation of oooked fibres

Washing oooked fibres

Produotion of cheicaly

Reoovery of ohemicals
542  In the Pulping eeotion of an iategrated nill, the mein
pscialived oquipnent are -
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#11 the other equipment aremore or less of ceneral purpose types.
"«3 ) certzin amount of instrumentation and control equiprment
is called for but there is no sutomation to the extent thrt can
be seen in, say, a petroleum refinery.
54 The oritical factors in a pulp mill decidins the siccess
or failure of an undertaking are the utilities and facilities -
steam, electric power, water, transport, waste disnosal, etec.
Depending uron the circunstances, the pulping mill may be a
net purchaser of these utilities, or a net vendor, or be
self=-contained.
5.5 Because of the large volumes of liquids to betandled, there
are many numns installed in a pulp mill, saoh nump powered by
its o'n electric motor. Storase and nrocessing tanks are also
of larr» volume.
6.1 . simple pulp mill oan dispose of its pulp in ons of
three for:s -
1) 3lush pulp, to be nired to some nearby paper-meker.
2) ‘et felt i.e. pulp sheeted out into laps and nreassed
as free of ater as possible, but not specially
dried. uitabls for onlv short-distance transport.
3) Dried pulp shests. These are made on standard paper-
making machines, and are therefore ocostly.
.2 An integrated mill pesses the slush pulp direct into the
paper-making section. There is not much storass oapacity in
the system.
7.1 Pulp direct from the pulp mill is the oellulose of the
rav material, freed f-om most of the lignin, hemi-celluloses and
other undesirable components, exoept in groundwood pulps which
retain them. Mild chemicals or cooking oonditions slso tend to
leave these non-cellulosios behind. If the pulp ie dried as
it is, there is a ocertain amount of inter-locking of the fibres,
but insuffioient to econfer the strength demanded of modern papers.
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In order to produce strong Paper, pulp must be well besten
mechanicrlly. Thigs beating or erinding has three offects.

In the first place, the fibres are out to right sjize. Secondly,
each fibre is made more "hairy", thus making for greater
inter-locking strength. Finally, the cellulose is to some
extent hydrated and g€elatinised. This gelatinising promotes
adhesion between the fibres so that on drying a strong aat
results. Jpecial adhesives are often added in the paper-

making process, such as starch, glue, rosin, etc. and these
contribute their share to the strength of the paper. The
Prooesses of mechanical treatment and addition of chenicals

is called stoor preparation.

T2 The beating and pounding of paper Pulp could be done by
hand, as in Leypt, 5,000 years e80. A little over 200 Years
880, a machine v-as invented in Holland to do the work, and vas
called the Hollander or beater. It is still in regular use.

Its main function is to drush out the fidbres into hairy fibrils.
Later, anothsr machine was deviged to cut ths fibres as vell
and this maohine was called a jordan or Jordan engine or
refiner. The functions of both hollander and Jordan overlap to
some extent. Some outting is required anyway, as very long
fidres do not distriduts themeelves evenly, and may olot together,
and of course the clots do not oontribute any strength to the
paper. Cuiting permits the Pleces to remain straighter, and
thus retain at least some of their strength. ™he hollander

is the more versatile machine, and can perform all the etook
preparation, if so required. Generally, however, it is prefer-
able to complete the stook preparetion in the jordan. Part of
the bollander's fumetion oan be taken up by a rod mill, while
the jordante duty oould be shared vith other types of refiners.
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8.1 Several different nulps are o.ten hlended to give raper of
exactly the desired characteristics.
8.2 Non-fibrous additives to the stock include -

size (glue, starch or rosin)

wax

alum

mineral fillers (clay, chalk, titanium dioxide, eto.)

soda silicate

pigments and dyes

other miscellaneous materials
8.3  "hen all these materials h ve been thoroughly blended, the
pulp is ready for converiion into paper.
0.1 The first step in paper-making is to free the pulp of knots
and other deleterious components. The puln is then poured over a
moving endless wire helt in a mechine called a Fourdrinier. The
wire may run at a speed of up to 3000 feet per minute or more.
The pulp forms a mat on the wire, which is washed with showers of
water, and dewat red by suction an~lied throuch vacuum boxes. The
vet met is then guided on to a woolen felt (nowadavs often made of
a synthetic plastic) and the composite is pressed on the run between
moving rolls. The mat then passes over a series of stea -hecated
drvers, where the product becomes the pap:r of comnerce, whioh is
wound on to rolls. A oertain amount of further processing may be

don~ at this stage, such as glazing or colouring.
9.2 The rolls of paper can be sold in this form or out up into

sheets or processed still further before disposal.
10.1 This thesis will treat the following types of technology:
A = Digestion of lemongrass residues by cold-lime prooess,
followed by hollander and jordan. Blended with 20{ waste
paper, some starch, resin and alum sise, and sheeted into

paper for making corrugated paper.
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B = Rubder trees ground up into mechanical pulp, deaten in
hollander and ground in diso refiner, mixed with 204
semi-bleached kraft pulp and usual ancilMaries, and
sheeted into newsprint.

C - Straw treated by Pomilio chlorine-soda process and
pulped with hollander only with usual ancilliaries
(no bleaching), to form unbleached strawboard.

The sosle of operations will be fixed at
small - 2 tons per day
medium - 20 tons per day
large = 200 tons per day

Flow sheets and tentative costing statements are attached.
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TENTATIVE COSTING SHERT

Paper Pulp
{
Ttem ’LProceu A ‘ | B T y
f oL ;_L B X
Capital ($1000)
Fixed 100 1600 | 5000 ’100 800 16000 | 60 | 500 4000
Cperating 5 | 50 | 600 5 60 3000 8| 100 | 500
igﬁtmk
Materials 20 23 2% 18 16 14 23 25 26
Utilities [3 3 2 30 18 12 8 6 5
Wages 10 12 12 12 6 IR 8 5 5
Supervision 2 2 1l 2 1l 2 2 1
Fixed charges 2 2 2 | A 15 7 7 6 5
Plant overhead 2 2 2 8 6 5 3 I 5
Sub=total L2 bl 45 91 62 43 51 L8 47
Gsneral ($/ton)
Administration 10 5 b 5 b 3 |12 6 4
Packing 2 2 1 2 2 2 2 2 2
Sales 2 2 2 2 2 1l 2 2 2
Other 7 ‘ 3 2 6 IR 2 8 3 3
Sub-total a 12 9 [ 15 12 8 | 2 13 11
Ovarall cost $ per ton 63 ' 56 5, {106 7% 51 75 61 58
| |
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lian-made Fibres

Cage Study

1. Thie is one of the most rapidly growing industries of the
modern vorld. For some purposes, the natural fibreg have largely
been replaced by the artificial and synthetic fibrer in the
advanced oountries, Zven the develo - ing countries have fclt the
impaot of this advance of human soienoce.
2. Thers is a bewildering variety of such fibres vhioh science
and technology have made available to the modern world, and it
would be a formidable task to oatalorue and ocodify the array of
products which are availakle, F‘urthomore, both soienoce and
technology aremking such great and ranid advances that obsoleacence
an oocour within very short pericds. To keep up with the research
developments iteelf requires a speocialised discipline. Hence no
attempt is being made in this paper to gover any aspect of this
field in detail
3. There are two broad £rouns of man-made fibres, namely :
(1) Thoee regenerated from naturally-oocouring products,
(e.€. oellulosic fibres Or long-chain proteins)
without significant alteration of its basic chemical
etruoture. These are the artificial fibres, {.s.
those which are sesentially fibroue to start with, and
are either regenerated or modified in the process-
ing.
(2) The evnthetic fibree are those which are Just siuple
chemioale or non-fidrous complexes tc start with, and have
to de ocoaverted into fidbres by chemical proceseing.

4. Nowadays, msan-made fidbres are ia suoh demand that a raw raterial
has to de really pleatiful to warreat being used on a sufficient
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quantity. The major sources at present are

(1) Celluloses (including cellulo:ic wastes and seaweeds)

(2) Coal anc coke, coaltar products, coal gas

(3) Natural gas

(4) Ietroleum fractions

(5) Yatural proteins, like casein or froundnut

(6) Fermentation products, like alecohol
5.1 In the early days of nan-mzie fibres, just a reneration ago,
there werz many technical problems. One of the important points was
to produce a fibre thinner tian a snider's thread at speeds and in
guantities which would be com:ercially profitable. It was essential
to prenare the liquid medium without the slightest trace of any solid
particle, 2nd to this day th- filtration of the generating solution
is one of the most imnortant steps. ..not er equally important
point was that thc spinnerets had to be moss=-produced to a precision
utterly unknown until then, and done on a mass scale. These diffi-
oulties h~ve now been overcome, and the technology is freely avail-
able to all countries of the world.
6.1 1In order to linit the volume of this thesis, it i- proposed to
consider only the following :

(1) Viscose rayon staple

(2) Groundnut fibres (..rdil type) miltifilament and staple

(3) Nylon, monofilament and staple
6.2 Viscose Rayon

This fibre is one of the earliest man-made fihres (patented in
1802), but took over 20 years to establish itself, and it wes only
in the 1230's that it beocame a2 worldevide force.
6.3 Viscose rayon is mersly a regenerated cellulose. The
cellulose can come frommany sources, but the easiest and cheapest is
wood. Other cellulosic raw materials in developing countries are
bamboo, sugarcane bagasse, rice straw, etc. (more sources listed
under "Paper"). The wood is converted into a pulp, and the plp
is purified and treated with caustio soda, vhen it yields alkali
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oellulose. ''hen this is treated with carbon disulphide, it

forms sodium oellulose xanthote, a substange which dissolves
readily in dilute caustic soda, but in whioh the cellulose

preserves its long-chain character, althouch somewhst degraded
from its native oondition. The xanthate solution is "ripened",
Pigmented, and just at the correct stage of "ripeness" is

fcroed through minute holes (called "spinnerets") into an acid
bath, where the thin streams of xanthate immediately coagulate
into continuous oellulose filaments, and 1iberate the carbdbon
disulphide. The filanents are bunched together and the yarn

goes through further processes of stretching, purification and
strengthening - alsc perhaps dyeing, twisting, orimping etc.,

and is then resdy for the textile manufacturer. Staple is
manufaotured by outting the dunched threads without mtting

twist into them.

6.4 Lny wood oould be used, but the etrength of the fidre

whioh oomes out finally depends upon the strength of the fidbrilse
of the wood. Hence the stronger the wocd the better for rayon.
Furthermore, in the process of pulping the wood, powerful
chemicals have to be used to destroy the colouring matter
inevitadble in all wood, and this step weskene the fibres. Hence,
the lighter the wood the better, because leee ohemiocal action is
needed. Bamboo is an ideal material for rayon, and since only

a few thousand tons would be needed, ehould cenerally be availadble
in almoet all'developing oountries. The caustio soda has to bde
specially free from eodium ohloride, and this &rade of cauetioc
eoda, usually designated a8 "rayon grade", commands higher prioes
than the ordinary grade. It is usually made in meroury amal¢am
eleotrolytic oells.

6.5 The cellulose and viscose solutions could be used for other
purposes as well. Thus the sane viscose could be used for making
osllophane, another subetance oommending s large market nowadays.
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The purified cellulosc would be very acceptable for making
nitro-cellulose for explosives, laoquers, etc. Celluluse

acetates are also in great demand for many purposes, and alsu
hydro-cellulose, and the final degradation produce of oellulose,
glucosé. Hence, the plant which starts off to manufaoture only
rayon, could -rell be thc nucleus for a large cellulose complex, as
happened elsewhere - Cermany, France, Tngland, United States of
merica and Italy, for example.

6.6 Technological obsolescence in the rayon industry is so rapid
that it should be quite easy to pick up almost oomnlete plants in full
workine conditiun, for much less than the cost of new machinery. The
value of secondhand plants for developing oountries has been studied
in some United Nations papers.l/

7.1 .rtificial fibres can be readily manufactured from natural
proteins like groundnuts, soya bean, milk oasein, maize gluten, de-
oiled coconut meat, dlood fibrin, etc. Reoent advanoces in the
devalopment of synthetic cattlefeed (incorrorating urea) might be
able to divert some vegetable protein from feeding oattle to ths
man:facture of artificial fibres, with no detriment to the production
of meat or milk. Indeed, this is much the economic means of using
the agricultural produots, and would benefit both farmer and consumer.
7.2 In prinoiple, the manufacture of protein fibres is exceedingly
simple. Proteins are ohains of amino-acids, and dissolve readily in
alkalis. The resulting solution is squirted through spinnerets into
an aoid bath, which neutralises the alkali and thus regenerates the
protein, in a filament form. The actual commercial practice requires
purification of raw material and post-cocagulation treatments. Urea
oan be used as the alkali, and possesses some advantage. During the
spinning the fibres are stretched, to impart strength to the mater-
ial. The filament has to be hardened whils it is still wet, and

1/ Report of Zxpert Group on secondhand Tquipment for Developing
Countries = United Nations, Sales No. 66:11.B.9 of 1966
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and often this is achieved by the use of formaldehyde.

7.3 The resultant material is a substitute for naturally
ooourring protein fibres like wool, hair, fur, etc., and is
generally much cheaper. The manufacture of artificia)] protein
fibres oould be used in developin: cwmntries where parts are

cold enough to demand the use of warna fabrics.

T.4 & protein fibre factory wou'd require a proteinaceous
agrioultural residue, generally an oil-cake. Hence it ig best
integrated with an oil mill. If urea is used a8 combining agent,
and if the urea is readily recoverable, even in a crude form, it
would be ideal material for combination with the oil ceke residue
to manufacture cattle food. Henoe a complex of industries could
8row in the area, and lead to considerable economies. The
variables in this line of developmsnt are so great, however, that
it ie not possible to ocombine them with the eoonomies of scale.
8.1 4 typioal plant would consist of :

(1) Intake of eolvent-extracted groundmt oake.

(2) Purifiocation of oake.

(3) Plant for manufaoture of orimped, hardened, multi-
filament staple of deniers suitable for various
fabrios, from fine artiolee of olothing down to
thiok carpets and felt hate.

8.2  The fibre from groundnut is generally too weak for use by
iteelf, dbut it ocan be easi.ly blended with all the natural and
artifioial fibres, sometimes vith unexpectedly better results

than with the individual fibres separately.

9.1 The origin of thie meterial, which has today become a
houeehold word in overy part of the globe, wrs an exercise in
fundamental polymer ohemistry by Wallace K. Carothers. Theoretioal
argument led to the conolusion that dicarboxylio aocid diamides
should polymerise, and this indeed turned out to de so. in early
Polymer of the bpecies was aylon 66, 1.e. the starting diamine and




the dicarboxylic acid eaoh contain 6 straight-chain oarbon atoms

in the chain. If the diamine contains 6 straight-ohain carbon
atoms and the diocarboxylic acid 10, the resultant pol ymer would
be desirnated as nylon €10. This is actually being produced
commercially, as also other nylons (3, 4, 5, T, 8, 9, 10, 12 are
ready for commercialization) but the nylon 66 which was the firet
to be synthesised, still remains the most popular in the US..

The reasons are because it is stronger, and because € carbon atoms
in a ohain ooour very commonly in nature, and hence are cheaply
available. Possibility of producing other long-chain dioarboxylio
acids from agrioultural products (e.g. the 10 oarbon chain sebeoic
acid occurs in oastor oil) suggests exploration of the other possi-
bilities as well.

9.2 The 6 oarbon ohain with an smino group at each end is called
hexamethylene diamine. The 6 ocarbon chain with a oarboxylio group
at each end is oalled adipio acid. The combination of the two
results is hexamethylene diammonium adipate (nylon salt) which

is polymerised to nylon itself. The degree of polymerisation is
80 adjusted that the material is as strong as possible, but melts

at a low enough temperature (up to 265°C) without charring or

deocomposition. The nylon is melt-spun i.e. the melt is pumped
through fine orifices at high speed and oooled by air to form hard
monofilaments. The filaments are then cold-stretched to about
four times their length, up to nearly broaling point, twist put
into filaments, and the varn taken up on bobbins.

2.3 .. small modifioation of the raw material is toc have a 6
carbon chain with an amine group at one end and a carboxylic group
at the other end. The interaotion between the end reactive groups
of a single molecule produces a olosed-chain compound ocalled capro-
laotam. The polymer of caprolaotam, although identiocal in ultimate
ohemioal formula, is poly-caprolaotam, nylon 6, not nylon 66, poly-
hexamethylene diammonium adipate. This material is more popular
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than aylon 66 outside the US...

9.4 Nylon fibres are msnufactured for many purnoees, and the
properties could be aoourately tailored to meet customer specifi-
cations. ome require very strong fibres, but heoause these
will have bean stretohed almost to the limit, they will have no
further stretoh. Some require cood stretoh properties, and
naturally have to do with somevhat lesser strength, although

the strength in absolute terms is still very high. Nylon is
almost completely water-rssistant and this valuable property is
sometimes a disadvantage. Thus, fishing nets lost at sea never
perish, and now present a ssrious hasard to shipping, because
they can continue to foul propellors and propellor shafts for
sany years. Nylon also has inherently high elastioity, lightness,
high melting voint, high chemical stability, excellent eleotrical
insulation, sto.

10, The principal raw materials for the manufacture of nylon
66 are hexsmethylene diamine and adipic acid. There are several
commercial routes tc these materiale.

(1) Distillation of coaltar or oertain petroleum orude
oils gives bensene, whioh oan be sulphonated to phenol, which is
hydrocenated to oyolohexanol, whioh is oxidised to adipio aoid.
These are defined stages, which are therefors controllable by ths
techniocian. .nother popular method is to hydrogenate bensene
direot to oyolchexane, which is oxidised to oyolohexanol. It is
poesible that some developing countries may find the first alter-
native bettsr, sepecially if secondhand tried snd tested plant is
cheaply available. The adipic acid ie reacted wit: ammonia to give
the amide, whioh dehydrated to the nitrile whioch when reduced with
hydrogen yields hexamethylens diamins. The hexa and the adipic acid
are separstely dissolved and mixed to give "nylon salt" - hexamethy-
lene diammonium adipate.

(2) Butadiene is menufactured in enormous quantities for




munutfacture of syrthetic rubber, and a portion is used for
manufacture of nvlon. The but~rdiene itself comes from either
netroleum or from industrial alcohol. Because the latter
product is more conventional and more readilv availa“le, it is
lively th t it would be the better starting point for developing
countries.

(3) The butadiene is chlorinated to dichlorobutene, which,
vhen treated with hydrocysnic acid yields dicyancbutene which
when reduced with hydroren produces adiponitrile. Further reduc-
tion of the adiponitrile results in hexamethylene diamine, while
hvdrolysis of the adiponitrile results in adinic acid. The
singcle butadiene, therefore, results in the production of both
the components of nylon 66.

{4) .. third comr ercial process is from agricultural wastes
such as groundnut shells, rice husks, maize cobs, oat hulls, sugar-
cane bagcsse, grape skins, coconut coir dust, sawdust, eto. These
wastes when treated with dilute acide and steam yield furfural.

In the US.,,

"The largest use for cobs, perhars 150,000
tons per year, is for the manufacture of the
important chemical, furfural. Two large
plants, one at Cedar Rapids, Iowa, and the
other 2t .iemphis, Tennessee, which have a
productive capacity of more than 20,000 tons
per year, make furfural...lt has been recently
announced that about 12,000 tons per year of
furfural will ba used to produce a chemical
required in the manufacture of nylon"l/

The manufacture of nylon from furfuml has been functioning for
scme years. Furfural is converted to furane by alkali and the

furane is hydrorenated to tetrahydrofurane. Hydroohloric acid
converts the THF to dichlorobutane whioh, when treated with

Lathrop ~ Industrial Utilization of Corn Crop Residues -
Northern Regional Research Laboratory, Peoria, Illinois,
publication OP 5485 (n.d.)
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sodiun cyanide yields adiponitrile., ..s in the oose of butadiene,
the adivonitrile can be treated to yield both the components of
nylon 66, and furfural is, therefore a oomnlete source of nylon.
(5) The merits and demerits of eaoh process have to be

exhaustively investigeted separately in every individual oase.
There are many factors involved. Hence it is proposed to con-
sider only the last route i.e. starting with the manufaoture of
furfural from groundnut shells.
11.1 In this paper the costing will be done on nylon, manufactured
by the three routes desoribed above. The three soales of produc-~
tion selected for this analysis would be

(1) 300 pounds per day

(2) 3,000 pounds per day

(3) 30,000 pounds per day
11.2 It is fully realised that the different strengths of the
fibres meant for different purposes makes comparison by weight
rather inappropriate, dut there are so many non-textile uses for
this fibre that the differences may even out.
12,  Flow sheets and oost sheets are ~nnexed, subieot to the cau=-
tion that the latter are only indicative of poesible order of
magnitude and are in no way to be taken as the costs in any ectuel
installation.
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Jentative Costing Shent
(cents per pound of moulding resin chips

Process “ | B i e T
ITEN ; ~
Scale S M L s | u L IS L.B/I L
Capital (,1000) | ; | r
Fized roo 600 14200 | 500 900 [5800 [7150 |1600 | 8600
Operating 0 | 50 | 420 | 40 j1oo 600 | 50 | 120 | s500
Sub=total 430 (650 |[4620 | 540 Tooo 6400 |800 {1720 | 9100
Yepufacturing cost (ots/10)
Materials 3 30 28 3} 32 30 12 23 29
Utilities 21 | 18 15 | 20 | 16 15 | 42 38 27
lages 15 | 14 11 | 18 | 14 10 | 18 14 12
Supervision 4 4 L) 4 b} 3 5 4 4
Pixed oharges 14 | 14 12 17 | 16 14 | 16 14 13
Plant overheed 9 | 1 8( 12| 13 10 | 12 12 10
Sub=-total 96 91 77 | 104 94 82 | 105 105 95
Genera) oopts (ots/1v)
ldministration 6 5 4 10 8 6 12 9 7
Paoking 1 1 1 1 1 1 1 1
Sales 1 1 1 1 1 1 1 1
Other 4 3 V3 4 4 6 4
Sub-total 12| 10 8| 17{ 14 12| 22 17 13
Overall oost 1081100 | 85| 121|108 | 94 | 127] 122] 108
" Credits 18 22| 28| 24| 26| 3| 38| 46| s
, $ RRD S S S
Cost of main product
(ota/1v) 9| 79| 51| 91| 8| 60| 89| 16| 6
| _ |
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