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RESTRICTED
COUNTRY:  JAMAICA OFFICIAL: H.A.LL SHARAWY
PROJECT NO.: JAM/72/003/A/01/37
FIELD OF WORK : CHEMICAL INDUSTKIES DATE: JANUARY, 1973

INTRODUCTION

The pregramme of techinical cou=-operaton in industry
between Jamaica and UNIDOD has recently Loon vxpanded to incluae |
assistance to specific areas., Thus, accoraing t¢ o previous proy ot
a UNIDO Chemical Industries Expert was assigred to the Janmaica
Industrial Development Corporation (JIDC). He lirst carried out an
over-all survey of the situation in the country, ana then, accord:na to
his first ussessment, ne jsentified some potontial froresecable VTOjLCLS
especially those bascd on locally available raw :atenals .

’

Because of the importance to the national economy, the
Government of Jamaica requested this new project, which is actually
an extension of the previous one, to provide assistance pnmarily to the
development and diversification of Cheracal !naustries in lamaica
especially by the establishment ci resource~based 1ndustries.,

The immediate objectivcs of the project are:-

a. To carry out research and conduct feasibility studies
for foresscable -hemical industnes projects with
particular reference to the utilization of local raw
materials and the establishmoent of resource-bascd
industries.

b. To provide technical and consultancy scrvices to the
JIDC and other industrial establishmen's whenever
necessary.
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In the work done in this project, special attention has been
given to the most promising of chemical industrics possibilitics fore seeabie
for the near future, namely:-

- Solar Salt Froduction
- Manufacture of Caustic Soda
- Chemical Complex based on Salt and products from
. the newly proposed Refinery
- The use of Cassava Starch as settling aid in
Alumina Processing
- Manufacture of Starch fronm Cassava
- Manufacture of Glucose from Cassava or Imported Starch.,

Other aspects of work done covered technical and consultancy
assistance to the JIDC and other industnal establishments such as necCe 5sary
investigations regarding the application of industrnial incentives to new
projects, assistance in formulating plans for expansion of existing industnes
or recommendations on approach to certain questions or comments,

Work done is discussed below,

l.. _WORK DONE

1. 'Follow-up of Previous Studies of Solar Salt Productio
- T e

'in lamama

A. _ Previous Recommendations for Solar Salt Project

The following recommendations were proposed by the Expert
for implementing solar salt projects in Jamaijca at the Yallahs Site and
possibly at the West Harbour Site:-

(1) To expedite the steps to depute a UNIDO Solar Salt
Production Expert (according to the terms of rcierence
submitted already to the Govermment and accepted by
UNIDO) since preliminary feasibility studics for Yallahs
and West Harbour Sites have been completed, also,
because the Ministry of Rural Land Deveiopment = now
the Ministry of Agriculture - has no objections to the
use of the Yallahs Ponds for solar salt production.

(1) At present, because conditions at Yallahs are more
positive and mature, it is preferable to use this site
primarily for salt production, especially because either
of the two proposed projects would satisfy the needs of
. the local market.

A In the future, the We st Harbour site could be implemented as its

operation would depend on ensured export markets or the manu-
of caustic soda in Jamaica.
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(111) To 1d:ntify the topography of the large Yallahs Pond
as well as leakage rates and soil conditions 4t the
Pond and the adjacent land,

(iv) If the topegraphy and soil conditions rocults are positive,
& meteoroloyical station should be sot dp at Yallahs Zite,

(v) Project No. 1 of the Yalluhis site could be implemeniey
first, then it could Fossibly b expanded later as
Project No., 2,

(vi) In the meantime as the Lbove Steps are bring tiven,
formal approval ot the Ministry of Aqricultare {oarec by
known as the iMinistry of Rural Lan:d D Do)
should be sourtht to use the West Harbogr site for salt
production,

(vii) To tdentify the topography of West Hatbour apt the
nearbvy Ponds, as well as leakage rates and scul
conditions,

fviil) If the results from (vl1) above wore positivs , throe

' meteorological stations should be sot up at the West
Harbour Site to confirm the weather data as Suyge st
in the feasibility study.

B. The Yallahs Project

Because the UNIDO Solar Salt Expert who has becn roguested
by the Govemment is not yet assigned, the present Expert continued the
work on the Yallahs project, hoping that this will assist the Solar Salt
Expert when he arrives, and also as a follow-up of the ;revicus work.

For this reason the Expert had discussion with ' . L. Rornon, Yeas of
the Geology Department of the University of the West Indies, anc tequested
the Department to carry out the necessary steps to fulfill rccommeniation
(iii) mentioned before with regard to the topography, lcakage rates and

soil conditions at the Yallahs Ponds and the adjacent land,

The Geology Department agreed to undertake the following
work which is necessary before implementing the project:-

- Investigation of the sediment in the pond {tseif and
the vicinity to assess the level of the bedrock,  This
will give the foundation conditions.

- Investigate the geological evolution of the present salt
ponds,

-




- Cany out a hydroloyical study of the salt ponds for
circulation, scepage, etc, This stage includes
borings and other soil tests,

Thi= work was not pursuerd because of the departure of
Dr. Robinson for a rescarch mission abroad.

On the other hand, the Expert obtained more up-to-date
data on rainfall and evaporation at East Albion near the Yallahs Ponds.
The previous data from this metcorological station (on which the Yallahs
Project Stuuy was bascd) was available for only five years from 1966,
when the stat:on first started, up to 1970, Togethoer with the new
information the available data will cover seven years until the ond of 1972,
This will help to throw more light on the rainfall and evaporation conditions
at this site and will show whether or not there 1s a deviation {ron. the
previously obtained five years data which might aifect the feasibility of
the project,

Table 1 (page S) and Table 2 (page 6) show the Scven Years
Monthly Rainfall and Ivaporation at Last Albion respectively,

Examination of the data in Table 1 and Table 2 shows that
the averages of annual rainfall and evaporation changed from 40.32" for
rainfall and 86.66" for evaporation during the five-year period to 38.51"
and 87,45" during the seven-yecar period, The result is that the average
annuul net evaporation at the Yallahs site can be assumed nowas 48.94"
instead of 46.34",

Since the average annual gross evaporation from Class A
meteorological pans at Yallahs is 87.45", therefore this figure must be
changed to the corresponding evaporatian rates from fresh water la.ge
reservoirs and from brines having sp. gravity 1.10 (in concentrators) and
1.25 (in crystallizers) thus:

Type Gross_Evaporation (inches/year)
Fresh water Class A pans 87.43
Fresh water large reservoirs (x 0.7) ' 61.21
Brine having sp. gravity 1.10, i.e. in concentrating
ponds (x 0.9) 55.09
- Brine having sp. gravity 1.25, i.e. in crystallizing

ponds (x 0.8) 48.97

Since the average annual rainfall is 38.51", therefore the net
evaporation per year available in the crystallizers at Yallahs would be:

‘8-97 - 38-51 = 100‘6“0




N

(sbuiaane

[6°S¢€ (8% 1 19°¢ »9°9 SE°S IsU°d 08°2 t0°¢ 6S°p 1S°0 19°0 9¢°1 8¢° 2 |Amauowy b 4
L L L L 9 9 9 9 9 9 9 9 |(sqauou) u
CE0T 162°SZ ) 2¥°9b i vb-LE |68 P2 | 08°91 BI°0¢ [9S°£Z |80°¢ €9°¢ 8l°g sz vl
prozZe izt £0°0 L0° L al* ¢ £0° 1 £L°0 |£9°¢ 10°9 00°0 91°1 | 204 90°2 zL61
Po°PEISETO 80° ¢ 6L 6Z°Vv 8E° L PeE°l |68°0 LE° 1 8¥° 0 06°0 6e°1 S1°¢ 1461
SLTEp v 62°¢ 16°1 cl°s gL e 8L 1v0°¢ t6°Vp ce’l €9°0 6£°0 T8°Ss 0461
6v°231vo°¢ r'y £€6°01 ! 69-9 10°d 06°2 144°%T J66°21 J110°1 90°0 L0°0 00°2 Ogn
1 3 -2 mw.o 16°0 yv-8 £6°9 96°2 90°¢ SE*S SP°1 Zz°o 94°0 1 % Xl 4 | A 9961
€9°L1|06°0 £y 1 09°2 | £ 84°0 ov°1 j0S°2Z 16°0 zZ0°0 ¥L°0 99°1 88°0 L4961
- 09°2 60°8 0s°8 1L°¢€ 92961
ﬂﬁva.Mw ‘230 | °*aoN | ‘100 | *dog | *bny emf{| cunf LeW | *1dy | cze;w | °qeg *uef

UOTQIV 1593 3¢ sayou

l




“iealk 310

Jiuow 3131dWoD 10] UOTIRIOARAD JO SIN[RA PIOAIOD)

(ebridaw
SV L8 | L6°S PL°9 |G2°¢ | 99°9 |8i°8 £9°8 80°8 €2°8 (8p°8 |vbE°L | ¥Z°9 | S2°9 Anuow) x
L L L L 9 9 9 9 9 3 9 9 (stpuow)ju
- - - * * * - + - * * < .
08°1b | 96°2Z% | 2L°0S | 29°9Y | SO°6F |/L°1S | SP°8Y | Ob°6¥% | 98°0% | 10°¥Py | YV LE | 69" LE F 4
9v°8e | 1S°9 | 0€°9 {89°8 | 06°9 |89°8 |66°8 {08°. |[68°S |00°6 |15°9 | 8e°9 |z8-9 TL61
€9°€8 68°G | O1°8 [€1°L | 02°¢ |€1°L |89°8 |o0€°6 |89°8 |08°¢ |z8°9 | zs°9 Fou.u 1461
pLT°V8 1 ST°9 1491°G 0.9 [%2S5°S h28°L [SL°¢ SS'8 [«21°8 [938°8 |ev s | 06°9 hog°g nLet
ZZ°v8 | £L2°S | Ob°S lSst¢ | 02°Ss [ ¥v L (s¢°¢ | o8 s | 90°e |o1'8 |sz°z |oo°z Joz 9 6951
£8°€8 1283 | 04°GS |0Z°9 | 09°9 [89°8 1l66°8 |08°Z |[z6°6 |0s°8 |g1°c | o08°S l1s°9 8961
31716 {0279 | 00°9 |90'8 | OU*8 |o0e'6 |19°6 j0z°L |89°8 |ov-8 |se°8 | vo°s |oz°9 2961
- 96°%v | 0¢°9 |0z°9 | 09°9 T 9961
IenuUY
re10L ‘2o | * Aol *3120 *dog * bny *In{ unf{ | ALeN *idy cIe]y *qad ‘uef
i

(911s spuod siye[[ex] UOTq[Y 35ed 3¢ Soqou] Ul UOIWOdend SiUai UeARS

<

gVl




This result .s nmore ASDUNIRY WLOD COMmpaTed With, ., 0% ppoo, sly
obtained from informition covenng 5 oyears cniy,

Table 3 (page 8) shows the areslysin of e om0

and evaporaticn data for the Youllabs note Ihoaod e 7 v yrs [P
the corresponding eviapoiatins frem borvpe ot Spe ot ottty | 4
1.25 on a cumulative baois, The aralyois teveai . tiat VAR,

* conditions In the erystallizers are posgto by omans of g g

and are slightly better than those caloalatea gy oy
S years period.

b

The analys:s alno shimw, that e salt oty £
time schedule for operaticn would emadh Yoo La g nugg L g e
previous study,

Conclusion and Receinieg, lations

It is obvious therefore, thar th pow o6, R T T N T

regarding the Yallahs site are SUAPROTLIRG tne previc L pooL o e B
and give more assunng results that this pro, ot will o 1 O
to the results of the geological and tepogragracal o ey, te RN I B ST

study and the soil tests to be carmned out on ta Fond, and g aee st
‘dndo

To implcment this Yallahs Picsoct, 1t s oo -
up the following actions:-

(1) To assign the requested UNIDG 3uiar Sait jrofactior, Faoort,

(1) To carry out the Jeolojical ari toporray bacal suriey
the hydrological stady and the sl teots menta aod 1 v

(it) To set up a meteorvlogical statics 4 e st 1, proos
specific data for this Project, e ., rainfal, OV
sunshine, “wind speed und direction, hunudity, ote.
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C. Ihe West Hatbour Project

According to the previods study on the West Harbour site,
it was found that the economics of the project could be enhanced and
that the project would b feasitle if one or but' of the two following
conditions are satisfaciory.

(1) I evaporation rates were favourably higher than those
available for this site at the time the pruvicus study
was carried out.

{t1) 1If the minfall during May untii the cnd of Tuly ocours
primarily as a few major showors por month o allow
the decantation of nearly 607 of thi, ra.nfall Lot~
mixing with and diluting the concrntiated Lnine ., Ths
would result in having o higher accumnulate ! net evap ra=
tion in the crystallizing ponds which woald erlanoe th
economics of the project,

Also, in order to be feasitle, this project, as in the case
of Yallahs, depends on the topography, the hydarnlogical ard sc.l cor ations
of West Harbour, the other small ponds and the acjacent lani.

To develop this foreseeable project further, the Exjert in thc
present assignment tried to obtain more information on cvapoietinn and
rainfall as mentioned in (i) and (ii) above. |

It was possible, through the Mcteorological Office and the Sua:
Lstete authorities, 10 oblain a ten days average evajoration at Monymusk
ear the site) over a period of five ears from 1951-1955 as shown in Table 4

Gege10).

Trom thise figures, the [ rert computed five years mont'ly
evaposstion 8t Monymusk, West Harbour site, {from 14951-195%) a.. shown in
Table 5 (poge 1.

T™he evengye sanuel evepommtion during these five yea:rs is 74.71".
This 1o highet thaa 67.44°, the amnual average during eleven years (1658-130¢)
which wes obtained in the previous ostudy on this site.

Whea the total monthly eveporetions during these five yea's wor
odded 10 the coresponding totals during the ether eleven years (1958-19:),
aow velues for svessge menthly evepontion during 16 years were obtained as
shown Ia Tobie ¢ (page I1D. The everspe annual evaperstion during these
16 yoars 15 69.7]1° inowed of 67.44° dusing 1] yoers. This incmase in
vepamtions Mss 18 st cuificient 85 ah % enhence the economics of the

mun—unw.
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It is therefore cbvious from the newly obtained data during tnis
assigrment, that evaporation conditions at the West Harbour site cannot be
different from thuse considered in the previous study.

The nther remaining possibility to erhanre the rconomics of
this project and to meke it feasible, is whether the rawnfell dunn; MMay
until the enu of July occurs at this site primarnly as a few foavy Lhows i
or storms and thercfore would allow the decantation of 60% of that rainfali.

As mentioned in the previous study, daily rainfali dewy for
four years (1966-1370) at Monymusk, kindiy provided by the West Indaes
Sugar Company (WISCO), supported this possibal.ty, Howe v r, o foar= ay
period would not be enough to draw a defimte conclusion as fuf as 7 .s
possibility. More daily rainfall infermation woulu be indisge ncable for o
lcast another 4 - 6 years {rom 197] t¢ 1974 or to l97¢C,

Unfortunately the Expert was nct able to ottain *he 1971 and

1972 information when this was sought frum the Sugar Conpany o throw
some light on this hanging possibility.

Conclusion and Recommendations

The possibility of producing about 150,000 tons salt/year
for more) at the West Harbour site is still foresceanle. This project 15
particularly important becauss the salt produced could primarnly be used
8s rew material to manufacture caustic soda in Jamaica in close proximity
to the bauxite industry.

To complete the feasibility study on this project, it is recom-
mended that the folloming actions be speeded up:-

W To ascertain the assumption that rainfall at the site
during May - July occurs as a few heavy showers or
storms. This can be reached by studying the daily
minfall deta at Monymusk for some years (1571-1974),
ond by setting three meteorological stations in this
ocomparatively large site to serve ths purpose as well
88 %o give information on evaporation and other weather
oconditions. '

These metecrclogical stations would preferably be established at:

The south ocoast of West Harbour;

Bast to Mitchell Town and as near as possible from Bog
aml Bogey Ponds (possibly at Rog Beach); ,
On Dolphia Islaad or oa the coast of Peake Bay,




(iii To carry out the hydrological, topographica: anu o1l
tests at West Harbour, the three crystallizing ponds
and the a.Jdjacent land,

2. Further Study of the sMarefacture of Caustic Soda in Jame.ca,

The possibility of manufacturing caustic soda in Jamaica by
the Electrolvtic or the Sclvay Proccss was discussced in other repotts by
the Lxport dunng the previcas assignment,

The consumption of caustic soda in Jamaica and other CARIITA

Countries is substantially inore than chlorine. The main use of caustic
soda an Jumarcaas for alunmana processing . The combined capacity of the
145 1n Jamaica 1s more than <& million tons of aluniinag
b~ about 3 million tons by 1975 when the new

If the consumption of caustic soda in aluning
processing is assume 4 to be anout 10% of the alumina produced (allowing
for other use » of caustic soua i alumina plants), then the demand for
caustic scda would e at prosert ebout 200,000 tons/year (now wmported)
and about 300,000 tons/ycai in 1975,

existing aluiny piar
per year and s expected to
expanusoens start production.

If either of these two amounts of caustic soda is manufactured
locally by one of the two manufacturing processes, the price of the local

procduct must be,

For this reascn it becomes a matter of utmost importance to the
econony of the country to compare the merits of the two processes taking into
consideration some new forescen possibilities in Jamaica, namely , if the
Refinery Complex Project and pcihaps the Solar Salt Projcct are 1mplemented,

A, In Case the Flectrolytic Process /s used_in Jamaica

This process is generally cheaper than the Solvav FProccess,
especially if cheap clectricity is avajlable. The main mitenal and
utilities inputs required for the Electrolytic Process are Salt (Sc dium Chloride),

Electric Power and Fuel.

Salt can either be imported at international prices (about US$5.00
per ton), or may be completely or partially produced locally if the solar salt
project is implemented.  About 320,000 tons/year of salt will be required
{f the capacity of the caustic soda plant is 200,000 tons/year or about
480,000 tons/year of salt if the caustic sode plant has a capacity of
300,000 tons/year.  These amounts of salt are mentioned to give an idea of
the foreign cumency part needed in case this raw material is imported.

PESE W g e e i

tor obvious reasons, competitive of equal to the imported cne.




The products of this Electrolytic Procs ss are caustic snda,
chlorine and hydrogen in a rati of 1.1:1:0.0275 approamistcly,

The Production Conts of (uotic Sevig Lotone Fooo g v Poospr oty o8
Implementing the R firory Comglex

In the report on Cherical Infuste 5 L0 Jamasca of Jily 197
Ly the Expert, estimates of costs of manifact. relovant to differont ploe
‘capacities n Jamaica were determined and Conjarc t with those in the
U.S.A. (as a large scale producing and EXpOTting 0 r an the arca),

The relations botween tho ditfe ot plant capacities an i oo
costs of manufactuie were tepresonted Qraplaoall, Ujare L, paae 16),
The graph shows that the o) ti.nam Cagpacity wobd e 200,000-040 7
tons ‘year caustic SCia 4 Tni s Conesponis 16 55 =000 Wony  duy Cant

soda and 500-600 tons/day chlonne.

The basis for the gproduction costs ani for the ColLpaliaull o0
the casc of U.S.A. and Jamaica, before forese Lng e o oane of
ymplermenting the Refinery Coriiox, was as f Hove .

Item Pdce in 1.5 Al Price inp j-.o 7
(Us¢$) (Us$)

$.00/ton 5.00/ton
Electric Power 0.006 /K wh 0.012/Kwh
Fuel 0.20/MMBTu 0.37/MMET 2
labour 4.00/manh. 3.20/manh.
Depreciation 15 years 1S years

On the above baiis, the production costs of caustic soda
would be determincd as {ollows:

The production custs of 1 electro-chemical unit i.e., 1.1 tons
caustic soda + ] ton chlorine) is ecitier:

About US$88.20 for a plant capacity of 200,000 tons/vear caustic
soda In Jamaica as compared with about USSLU.50 in U.S.A.

or
About UB$86.00 for a plant capacity of 300,000 tons/year caustic
soda in Jamaica as compared with about US$58.50 in U.S.A.




660 tons/day Caustic Soda

600 tons/day Chlorine
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If the netback for chlorine 1s asoamesd to be ULeq0,00-44,
per ton (as corparcd with the cament proce of U5546.00 per ton {0, L
Gult Coast), ari,

I it is assamed tha this nlonine 1o sold at a vory sinsll or

’

no prufit (considerrd as a by-prodact which ofte s Lfticalty an otn aasy gy,

there fonm 1t o il oo
NI L LA

krocess an lama va can .L‘.; R

Since the
18 estimated as:

USS$88.20 fur a 204,000 ton, PROETE:
or
USS86.00 for a 306,000 ton yeir Caatic foig

therefore e prod s tion oot o
be_estimated an:

——

US$40,20-43,¢0 ton raustic coids S0 enbern

year caustic uwoda planmt (or USSE:‘-?..‘I'-.-'-UV'.‘?.L;, T
on dry bas:s),

or
U8$38,20-41.80ton caustic soda 507, selution in a 300,005 ton f
year caustic soda plant (or USS7E,47-47,60 1oy, a.stc ooy
on dry bas:s).

Profitability of the Electrolytic Process fn Jamaica pofore feresecing *he
it mplementing the Refiiery Complox

The price of the present' - imported cuuutic scde tn Jimaica
is about US$50.00/ton 50% solutivi delivered at ol imina plants ncludiy
duties, transportation, etc. as calculated in Progross Repoit of 5th Juiy,1874).

Assuming that the caustic soda produred locally v o "1 e sold
to the alumina plants at US$§50.00/ton as the inipoited,

therefore, the profitability of the Elcctiolytic Proce'ss in Jamaica
(before implementing the Refinery Complex) would be as follows:

The netback for 1.1 ton caustic soda US8$55.00
The netback for | ton chlorine 40,00 - 44,00

Sowal metback for 1 electro-chemical unit US$$95.00 - 99.00
. L]
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Since the estimated production cost of the electio-chemical unit ’

i

USS$6R.20 for a 200,000 ton/year caustic soda plant
or
USS86.00 for a 300,000 ton’year caustic soda plant

"

therefore - Grooo Profit

USS6.80-10.80 in case of a 200,000 ton/year caustic soda

plant
or
= US$9.00-13.00 in case of a 300,000 ton,year caustic soda
plant.
In tio zbono causes, the Grougs Retum would be:

(d) For a 200,00 ton/ycar caictic soda plant -
= 7.7% if the nethacr for chlonne 13 Ushdt, i, or
= 12.2% if the nethack for chlorine 15 US$44.00,

(b) -For a 300,000 tonsyear caustic suiy plant -
= 10.5% if the netback for chionne 1s USS4U. 00, or
= 15.1% if the netback for chlorine is US$44.00,

The Proluction Costs of Cacstic Soda and the Profitalility of the Fiectrolytic
Pro~css in Jamaica 1t the Refinery Complex s Implenented

The situation will change with respect to tho following:
(a) Fuel will become available at a cheaper price.

(0 Electric powcr will become available at a cheapor price.

(© Chlorine, f produced by the Electrolytic Process, will
have an assured local demand either to manufacture
Ethylene Dichloridz or PVC within the Complex.

As 8 rewult of implementing the Refinery Complex, & reduction
in the local prices of fuel and electricity will result in impioving the
economics of the Electrolytic Process to a great extent. Because the
extent of this reduction in prices is nct known at precsent, no attempt is
made now to show the effect of such reduction on the production costs of
the electro-chemical unit in the chlorine-caustic plant,

However, as a result of implementing the Refinery Complex,
the price of electricity produced will not be expected to be higher than
U8$0.009/Kwh, and could be even lower. In other words, it is mowm
likely that there will be a reduction of about U8$0.003/Xwh from




USS$0.012/Kwh previou sly taken as basis when cstimating the preduction
costs of the Electrol i frocess in Jamaiea Yo fore frore gev iy the
implementation of the e hinery Compiex,

Forevery mduction of USS0.001 Swi, tnothe price of ol v ey
Inthis process, there will be a reduction of at st U552, 80 [ U R E .
chemacal unit, '

Therefore the new oxpectog phice of electneity ofusse o
@fter 1upleienting the Retinery Project) will reanlt oo, tedayry e oo

of production of the ¢lectto=chen 4l unit

from US$88,20 to U3579.80 1n a 200 G0 op e yp ey e
soda plant,
or
from USSBC.00 to USS77 .60 1 a 30 OO0 ton o areag e, -
soda plant,

Assuming that the nethach (o Crlonne 3 VSET e
(consiicrd as a by=product price to overcome 1o difficult nos
disposal, ai! to enhance the ccononacs of the ottor plants o b ! L ;
in the sugyested Cherical Compicx for manutactiniag Lthyw o Dicil o
or PVC),

therefore this price will be ompetitve with e carrent e
of US$46.00, ton chlorwie f,0. b, Gulf Coast,

If Itis alsc assumed that this Chlanne 1s soid at no profit
F '

therefore the_production costs of chlonne by the Flectrolytic
Process inJama, o after thr melenentatinn nr ot enirery Comrlox g
be considercd az USS35.00 per ten,

8ince the procuction costs per electro-chemica, vnit in t, s
casc in Jamaica is:

US$79.80 ina 200,000 ton/year ceustic soda plant
or
UB$77.60 in a 300,000 ton/year cau ‘ic sods pla .,

therefore the costs of production of caustic soda by the Electrolytic Process
in this case would be:

US$40.70/ton in @ 200,000 ton/vear caustic soda plant
or .
UB$38.7Q/t0n in & 300,000 ton/year cau stic soda plant,




- ) -

1f this locally produced caustic soda would be sold to the
alumina plants at Us$L0.00,ton 50% solution (as the imported price
including other exponses and charge s),

the.cfore the total netback for tne olectro=chemical unit would

UsS$35.00 (for 1 ton chlornine) + US$55.00 (for 1.1 tons
caustc soda)

= Us$930.u0,

The Gross Profit in this casc would be:

= US$10.20 in the case of a 200,000 ton/year caustic soda

plant
or
= US$12.40 in the casc of a 3006,Lu0 ton/yedr caustic soda
plant,

The Gross Return in the above cases would be:

(a) 12.7% for a 200,000 ton/ycar caustc soda plant
: or
(b) 16% for a 300,000 ton/year caustic soda plant.

1f, however, the prices of fuel and electricity are ultimately
going to approach the corresponding ones in the U.S.A. as a result of
implementing the Refinery Complex, then it can Lo safcly assumed that
the production costs of the electro~chemical unit in an Electrolytic
Caustic Soda plant in Jamaica would be close to those of a large chlonine =
caustic plant in U.S.A,, but would still be very slightly higher on account
of slight differcnces in the prices of fuel and electricity. In this case
the production costs would be slightly higher than US$60.50 for a
200,000 ton/year caustic soda plant, or slightly highcr than U5858.50 for
a 300,000 ton/year caustic soda plant,

Voo
o




B. _In Case_the O/lvay Froess 1o Plseey 4t T4 4

o e < o et . s . T ———

The rals et Dol rogurenorts 4o Y e S,
limestone (for the proliction Ui Canton baure o b | VR R U ST SR TR O O
The marafa-ture of cauithic wnts by L farh on T g

in two main opations:

In the first, Sotls Ash (of ¢l oot by g
using salt, arcnoria oot At LAt watae o b I
in rotary or shaft fuamaTo

In the second fmaaf oty ofo, st S0t we B e
by further treating of ta soda a Gooalution b U Cr oL ale s

with slaked lire, and the suboe fuent teper.t o S S LI T U
calcium carbonate from the o solution of Jaa o B O i Cra
soda soluticn is e n conuentrat Vot oo gla ot NIRRT A S S

for sale and use,

The second cjemtion of manufy toran, can
takes place in the soda ash plant. Howewer, U TWo o 130 6

take place separately., Thus, sOud ash avaliaide W o Lt s ar

causticim*d with slak2d hime to prodice Caittic sofa aroa cparat paal

where the main inputs in this Ci35¢ would L0 s e ant el i Fo/
The amount of sait reguired oan toe Solvay Troowm b

than the corresponding one in the Licctrolyte Froes Tius tur
production of 200,000 tons caustic soda by tre Sulvay Fioow e, s

440,000 tons of salt will ke necded, whereas 660,000 thos walt wi'
required to manufacture 300,000 tons caustic s ud. Eitror all vy
amount of salt or a good part of 1t will have tWoe 1mmporto,

Alsd, 8 considerabilc ..nount of Lineston w i s oo ot
the Sc'.a, Process. Thus for every ton ~aichc soda e, et
1.8 - & tons limestone will be required. The pun®y o ol o 3%
should be of high quality, and this locally avaiisih cast sl e RS

transportation to the plant site. The costs ! thin trui jortatic d an
probebly raise the price of this raw material o0 aderaby .

The quantities of ammonia pequ. . ks make-up for the loss)
ame, however, very small ina this case. Only atout 12 . will b
quired for the production of ome ton caustic .uda,

Alwough the masufacture of causlc soda by the Chemical
methed Bolvey), would eliminate the problem of the chionne dispousal
cacountered in the Llectiolytic Process, yei there seems however little
possibility of artiviag ot & oot Jower than US$.:0.00 - 95.00 per ton
caustic sods by the Selvey Process. Also, starting from imported s0da
osh which coots adout US$HIE.00/shent ten, e cost - of preduction of

-

-




caustic soda will unlikely be lower than U$S$95.00 - 100.00.

The Effoct of I=plomenting the Refinery Corplex op the Prodyctiop Cost
gf Caustiy voiy bty b Sob sy Prog §9

The availability of cheap electnc power as a result of
imple.oenting the Refinen Complex, will have littly effect on the producuocn
eost of caustic =oda manufactured by the Tolvey Frocess, since the
consumption of electricity is not as considerab). as 1n the Llectrolytic
Process,

Also, althoyh ammoria cruld b produced an the complex at
a cheap cost trom hydrogen gas obtained in the Relinery and from atmoes-
pheric nitrogen, yet the quantities of ammoma redquired 1n the Solvay
Process as mentione:d befor are 80 small that vanation in 1S puce will
be again of little effect.

As regards products and Pyeprodiots other than Soia Ash ard
Caustic Soda which could be obtained in the Solvay Process, it 1s to Le
moted that a very small market is available for them wn the CARFTA
Countrie s, Although a product such as sodium hicarbonate (Baking Soda)
has uses in many industries as medicines, bevera s, bakiny powder,
food products an'! fire extinguishers, ye\ the limited sequitements of
the region may not jusufy its mamufacture on 8 larje industrial scale,

8 .= mztig“lgsg for_the $uggested gmm‘ﬁﬂ Sa:’“ﬁh’l

The expert was able 10 identify and 10 suagest, during the
poevious assignment, the opitmum capacities of units of a Chemical
Cemplen based on either locally proiuced or impoited salt., A preliminary
eoconomic study was carnied out as outlined in a previoas mejorn,

It was sugyesied that the Cumplen should cunprise the
fellowing units and capacities:

8. A Chorine~Caustic plant to produce 200,000 tons/yeer
esustic roda and about 183,000 tons/year chlorine,
The capecity of this plant could stili b lar;~1 thea this,

An CHwylene Dichioride plant to produce 300,000 tens/yeas.

An Chylons plant to preduce asbout §7,000 tons ethylens
frem Maphths ta & Stupped-Down plant By the low-gest
Disase Precess).

Atosnstivedy Cthyione csuid bo impertod M Japhthe i
ast sveiladio ot a8 oconomis priee.




4. A Visyl Chlonde planmt to produce 15,000 tons moncn: 1,/
year,

The Complen was rviewe | under the prscnt poss:bility of
implementing an Oll Refipery project in Janaice,

It 1s planned that the Refinery will produce Kajlht o as ore
of tts praducts, and the Refinety Complen ia proposed to ardlad , at
different stages, ¢ power plant end an eluiminiuy sineiler,

= - el 2 LR o R L L [
Ibs Situation of e Chemical Compiex After e [mplers ot of

The following wall result froam soon implecaorntat o

1) Llectricity and fuel will be aviiable at - o o
prices than th se assui o d in tie provics o 3Wad. <
e chicrime=Caasluc pian! aba tne Othor Lo 1o i U
Chemical Cumnplen.

G T availability of relatively ciedp Najtt e toom b
Mofinery will assur» the posaatility of  coctraiu, ain
Ethylene plant by te Stupped-Down (o1 tre Dlanot)
Process.

0M) A Ammonia producing what cuuld nuw be atied to teo
Chemical Complem sire bHydicion wll o avaiiuile
from the Melinery end cai le scparawd and allowou
e mect with Nitrogen fiasd from the atnosprere,

™e proposed ca.acity of the Aroniad 'l 1s 60 wrs lay
0 sati-fy the requirements of an Am.. .aum Sulphat
ploat 89 well a3 lucal and txport mar els,

R W net possible, however, o Conficie an econem.c
udy for the Ammonia um' because the dita and prics
Nydongen, powe: and fucl from the Refincry were net

;

OMMINa 608 be preduced bocelly, the manufacture
Ammonium Sulphate fertilizer from Gyj -um will be

¢ thee the altemative case of de; nding on
omments from 6 competiter precyier of the

e A povieus econemic Mudy of an Ammonium
plemt wee ast conpleted bocause the price of the
omenis fvum e sumpeiitor moauiostuier wes 109
® mehs he prajont sotnsnis,
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it is proposed that a plant %o produce 70,000 tons
ammonium sulphate fertilizer be included in the Chemical
Complex of which 50,000 tons will be consumed locally
and the rest will be for export.

A diagram outlining the modified Chemical Complex to include
the newly projosed units 18 shown in Figure 2, page 28,

However, for implementing such @ Chemical Compler centain
specific 1ssues ought to be consideied such as:

a. The electric power and fuel costs as compared with
elsewhere,

b. The chlonin: markets and the possible production of
petro-chemicals containing chlorine,

Ce The markets for liquid ammonia and ammonium sulphate,
d. The overall economics of the project.

.. The technical assistance required for the development of
such complex.

f. The likely incentives and terms and conditions required
to attract foreign and local investors,

e. The sages according %0 which the complen oould be
implemented,

. Ie Ut of Cassevy 98 8 fostiing Nd.AD Munipp Proc- S3iL.

Cassava |3 indigenous 10 the Americes sad grows well in many
trepical countries. Through the history of Jamaica, its people lamely
depend on Cassava a3 & food, penticularly in the dry amas of South~cenrntral
$¢t. Clisabeth and Southem Manchester, The plont eQuines & wam humid
climate and a light soil of medium fortility and thus it dess well ca the
mergins! were ross soil of these Perishes, where other ond MOl RMuUnsetive
 plants cannct be @rown,

M.M.Muﬁhﬂbﬂmh“ﬁ-c‘l o
It ena sise be processed iate sureh, m.m.umunbm
nmnummmm“mwu-—.m

pOwIess, SITOW=rests sad SOphuA.
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sStarch manufactured from cassava is slready being experimented
with in Mexico, East Africa and other coumries.

Other by-products such as glucose and alcohol are being
extracted for industrial uses.

Another potential wee of Cassava Starch in Jamaica is in
Alumina processing &8s & settling aid. This will be discussed in the
following penagraphs together with other starches lour) currently in use
as settling aids in Jamaios.

Cassava starch, like other starches, can be used as &

" flocculent for aiding the settling of the “red mud® residues obtained while
processing alumine from Jamaicen bauxite.

In fact, one Deuxite company mamely, Kaiser Bauxite Company,
has already published in & "Report on Casseva Cultivation in $t.Llizabeth,
Jamaica®, that the meuits obained by the Company indicated that while

settling aid could be obwined from Cassava, it would not be
competitive from & fisancial swadpoimt with other settiing aids currently
availsble.

A second Dauxite compsny, Alcan Jamaica lLimited, carried out
' some tests on locally produced cassave starch and found that although It
acts 85 & good settling ald, yet it has deleterious effects on other
openstions of their plamt. It is uwnderstood % be responsible for the
clogging of filters and for the difficuity met with in the secovery of the
osustic soda from the liquos.

These deleterious drawbacks, actually have economic effects
mther than operations] e wchasiogicsl enes while processing alumine ,
ond the fact still mmains that casseve starch can oct as & good settling
oid.

It appoers, however, frem the above and fom ssvenl| discussions
anmodﬁmmum-uhuumm«u
mmamummmhs wie on o industniel




- The right concentration as well as other factors ©ader
which the operation 15 to be carmned out, a5 th o o gy
eliminate difficulties such as thuse met with i1 subicTon
ope-ations of the plant, e.q., the difficeity in oo
recovery of caustic scoda frocn b hgucer,

In Guyara, Lowever, such op ratiur il o WTirolo .
conditions have becn established, and cassava stiarch was found o e
economically competitive witih other starchcs uood an plocs Loonn glurgna,
There is, however, an itmportant factor whilii Chataltor oo thn oo o e
Guyany, namely, that it 1s ouch coarser than toe e mad o [oondr g, woth
the result that the rate of seqdimentation an b Cro ol e e

1

red mud being much higner than that <{ Jamaica, Accornivng iy, U

[

Guyanese bauxite company uscs only about 3 - 5 jbe, of =warcr torn et sud.

Consequently tho variation an starch piices will have Lttic ooy oa Ve
total production costs of aluming.

In the meantiunce, it 15 uniderstood (hy the alu o gooceising
companiles in Jdamaica nave recently established a:.ongost t rsomves, an

inter=company Cormittec to further invoestigate U ane of Sa itk
in alumina processing., But the tems of wierence and 00 tiang of oz
Committee are not quite Xnown, Also, when sorestinr 0 0o Chanran

of this Committec whother 1t would be possible for tie er, ot o tal pant
in its activities. in his capacity as consultant 1o the jJIDC, he wos tohd
that the work of the Commitlte. is still at an ecaily stage.

B, __Other Starches {Flous) Currently ip Use a3 Sottbng Aid in Alumire
Processing 1n Jamaica

The following is the o uation at present in the saia alunmins
proccesing companies in jaraica:

(i) Alcan Jamaica Limjted

This Company imports from U.S.A. about 1,200 tons/inonth
Pillsbury wheat flour for this purpose at a landed price of [$30.00 -
J$100,00/ton flour.

By cooking this flour in water and caustic soda a starch
solution is obwmined which will act as flocculent,

For every ton of wd mud Dtained during alumina processing
about 35 1b. of wheat flour is used as settling aid.

ltﬁl the Cm deals with about 3,000 tons of red mud/day
(which is appronimately equal to the daily production of alumina in their

two plamts), .

ol CE L . st ot el e e i o N N I I T -

:



therefore the quantity of wheat flour needed
= Approximately 1,500 tons/month of

= Approximately 18,000 tons/year.

(ii) Alumipa Pantners of Jamaica (ALPART)

This Company imports sorghum as grain from U.S.A. In bulk
shipment. This is grount in 3 mill at ALPART plant, and the flour

obtaincd is used as flocculent,

The quantity of red mud obtained in processing alumina |8
10% more than the alumina produced., Since about 15 lbs. of grain flour

is used per ton of red mud,

thercfore the requircment of grain flour
= Approximatcly 30 tons/day , o©f
= Approximatcly 1,500 tons/month, of
= Approximately 18,000 tor.s /yesrt,

The total requirements of wheat and sorghum flour for all
alumina processing companics in Jamaica

= Approsimately 1l. tons/day, Of
e Approximately 1,300 tons,/month, of
s Appromimat~ly 40,000 ns/yest,

Mter the empancion of the ALPART plamt, however, the totel
requirement

o 46,000 wons Nout/yeest.

A poosemt jamaice cansumes shont 3,000 was/year of Gilferont
swarches Bpant from flour) fer vee os food ond for sther industrial purposes.
-uugmhuml.ﬂmmwum.

me—-umw.dam i vood 00 SONMag
oid ia slumias presesaing ond, ‘
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sut.ing that the starch content in cassava is 70-75% on dry hasis, then
Crequirements of pure cossa-a starch for alumina processing

a5 at present = 28,000 - 30,000 tons cassava starch/yex
ahd after ALPART expansion = 32,000 - 34,000 tons cassava starch/yew,

~ .aa flour is going to be used as flocculen! instcad of purr cassava
;oo then the requirements for aluinina processing

as at present = 40,000 tons cacsava floar/year
and after ALFART expansion = 46,000 tons cassava flc.r/year .

prntities of Cassavy Roots required in either case for alurarn: processirg

a3 at present = 100,000 tons ca.sava ooty fyear

and after ALPART expansion = 115,000 tons cassiva roots “year,
|
Syntheye Flocculents Under Test At Pregent S
The alurina processing companies 1n Jamaica an actively l

Ctoaung the best conditions under which synthetuic flocculents wauld
Cuoed economically. This 18 due to the foliowing two main edAsons:

) Quamtities as small as 0.2 1b, of svnthetic {loccuients/
ton ggd mud would be ventually used instead of the present

pre of 25-35 ib. flour/ton red mud,
i) By using synthetic flo~culents, it may be ;¢ ile to
achieve bhetter sepaiauon and recovery of ¢ ' o soda

from the red mud which will be dumped, s avoiling

the pollution eifect of caustic soda, This is apa:! from
the ecomomic advaniage resulting from wouir ooy of the
caustic soda,

Dwe to these reasons, the Companies have e¢mbaried on a
carch progrerame end experimental work to establish the most cuitable
o types (f these symthetic flooculents to be used. This srogramine
v last for two to three yoars or even mosm sinoes the use of synthetic
cculents in aluming processing is still non-ecopomic on ome hand, and
ause on e othet henll, the epenttonal conditions for using them are not
U tully o stabitohed.




The alumina processing companies have not carried out

such rescarch o

n locally produced cassava starch or flour with a view

to use either as a substitute for other starches. This attitude may

be probably attr

@)

@)

ibuted to the following reasons:

The supply of cassava roots and staich in Jamaica at
present lacks stability and continuity due to many
socio-economic factors. There are fears from difficulties
arising from drought, lack of sufficient transportation
facilitics, and strikes or similar factors which may

affect the continuity in the production of the alumina if

it depands on cassava starch.

The yield of cassava roots per acre under he present
conditions of growing cassava in marginal land as an
agricultural product 18 relatively very poor. This
ranges from 2 - 7 tons cassava roots per acre 1n Jamaica
as compared with 20 tons or cven up to 26 tons roots
per acre in other countries as Brazil, Colombia, Thailand
and Indonesia.

(ii1) The current prices of cassava roots are very high in

J amaica as compared with other cassava producing
countrics.

This fact does not encourage any thinking for the
setting up of a large scale starch industry from cassava
in Jamaica unless different yields and prices of the
crop can be obtained.

However if synthetic flocculents wiil eventually be used,
it is more likely that a certain percentage of starch will

*  gstill be required in tte operation tcgether with the
synthetic flocculent due to cerain Zesirable effects
starch can produce. The ratio betwesn the two types
of flocculents cannot be fixed at this stage, but it
may be about 15 - 25% of starch to 75 - 85% of synthetic
flocculent.

WWM
d Wi ntha ¢S

the following quantities would be required after the
enpoansion of ALPART plant:

Cassave Starch: 5,100 tons (15%) ~ 08,500 tons (25%)
of cassava swarch/year :
(4
Gassava flou 6,900, tons (19%) - 11,500 twons (13W)
ik of cassave flout/year.

L
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Cogsava Rooty:

The above quantitics of starch or flour can be olbtained
from:

17,300 tons (15%) - 29,000 tons (25%) ¢! cassava roots/y: ai

E. _Avajlability of Potential Land for Growing Cassava

It is to be noted that potential bnd for growing cansave 1«
available in Jamaica. Apart from othcr arras, @ least the foilowing
areas were verified through jamaica Agrnicultural Society and Land Acthonty
officers:

) 8t, Elizabeth: About 8,000 acres
(1) 8t, Catherine: About 2,000 acres,

Assuming that up to 20 tons of cassava roots cruld W
produced in certain other countries, the potential yield {ian the above
area of 10,000 acies could be 200,000 tons of roots if certain agro
conditions would exist.

L

E. _Estimates of Cument Production and Acreage of Cassava in Jamaice 1987-7

The following are estimates of production of bitter and sweet
cassava and the acmage used in the years 1967 - 1970:

Area Harvesied (Ac:cage)

TYpe. 168l 1969 1967 | 1968] 1969 | 1c 0
Pitter Cassava 27 13 18 32 2498 163! not availatle
Ar 2
Bweet Cassave 4 $ ¢ 18 ses i?ﬁ not available
I
Toml M 10] M| W 3306 280{ not available

0. Prepared by Central Planning

. . Unit,

04 paper amitied -"A Preliminary View of Cassava Production
m Jometon®. Published by e University of the West Indies,

m'm - l'lo

Sowes W Boummis ervey omiion.

L]




G Recon mendatons

Because the synthetic flocculents may prove to be more cconomc
and uscful in alumina processing in the near future, 1t would not therefore
be reasonable to start on an eXtensive develepment progranme for cassava
growing with a view 1o st up a large scale cassava starch industry on
the bagis that the atarch would be ased for few years conly in alumina
Proce ssing. In other woids, an extensive development programpie to
cultivate 100,000 - 115,000 tons of cassava roots would not be safe
(even if the prorfuction costs of the roots would be reduccd considerably
and become favourakle) hecause the major requirement for such large
amounts of cassava and cassava products may not be cxsting lecally after
fow years whon the synthetc flocculents becono more ceunomic dnid uaclul
to alumina processing.

A more reasonakle and safe plan weuld be to assume that only
about 15 - 25% of the quantities required as flocculent in alumina indantry
could be of cassava starch in the near future. As a rosult abeout
17,300 - 29,000 tons of cassava roots could be consumed by the alumina
industry. Apart from this amount, one must corsider the requirements
of cassava starch f{and corr¢ spondingly of cassava toots) for other uses
in Jamaica, e.g., glucose, dextrin, food, textile, packading and wood
furniture industries as wcll as laundry and domestic uses. These uses
would corsume up to 4,000 tons of cassava starch /year, i.e,, about
14,000 tons cassava roots,/year (taking into consideration future exzansion
in somc of these industries).

Thus, if cassava starch is uscd as a settling aid and for
other industries and purposes, a8 minimum of about 9,000 tons of cassava
starch/year, i.e., about 32,000 tons ccssava roots/year would be nceded
in the near future to meet all requircments (except that of cassava as a diet?},

From'a preliminary feasibility study on the manufacture of
starch and gqlucose from cassava which was carried out by the Expe:t it is
concluded that a cassava starch plant having a capacity of about 9,000 tors
starch/year would be feasible under these conditions.

On the above basis, the following acuons are recommended:
(1)  Putting into proctice and making use of Agro-Experimertal

work done on growing of cassava whether in Jamaica or abruad
to obtain the more desirable varieties at economic prices.

The aim should be a yield of about 20 tons of cassava roots/
acre, and 2 crop with relatively high starch content, thus the
prices of cassava roots can be competitive with those of other
osssava producing countries as Brasil, Thailand and Indonesia.




Imrnediate steps towards this end should pe taren by the
Ministry of Agriculture and other appropnate organizetons
to fulfii tt+ above aim.

(11) The bauxite companics in Tamatca should be encouragod

to start on ap active programme of s arch and expennieatal
work 07 ¢3csava 4s a4 setthing aid, Such A programine  she
include a wide range of testing corsditirns on pilot and aroe ol
scale to determine {inally whethor or not cassava ctarch or

flour could be used economically as a floconlent eotnor alone

or with other synthetic ones.

(111) If the results obtiined frem actions taken ir i) an:t ()
above are satisfactory and promising, it would b ooy
to organize the groewing and marheting of causava probelly

on a national or regional basis, and to deal perhiaps wath oo
or more famers' co-operative orgamzations for tha popa o,

This would be necessary to be able te plan the (oiucuon
of cassava, and 10 guarantee A CORUNLLLUS Supply ol U
desirable varicties to industry.

S. :El!mlr)a 2asik
Q‘ssava ;’rﬂz»cts

The following preliminary feasibility studies for the manufactur:
of Starch and Glucose were cuarried out:

oi Mapufl tuning

A. _ Feasibility Study for the Manufactue of 6,000 Long Ton, Stircn oo
o ssava_Roots

(t) Availability of land ard Markct

The potential major areas of land available fur giowin: cassava
are 10,000 acres as mentioned before in this report under Fart “. The
yield of cassava roots from this area could probably vary betwven 40,000
and 200,000 tons of cassava roots depending whether the yield of rocut:
1s 4 or 20 tons/acre. Apart from this potential land, there is about
2,500 - 3,300 acres of land in which cassava was grown jn 195 and
1967 respectively. Therefore one can assume that the Island can potentially
produce large amounts of cassava roots if an sconomic market is also
available to justify the production of such quantities.

- The estimate of consumption of starch for food purposes in
1961 was about 1,000 short tons. There has been not much change in




this consumpiton patter. since then, Of this amount abcut 180-190 tuns
were imported annually, and the rest was produced locally. The imporits

ard vaiues of sterth 10! fc od purposes (1966 - 1970) ate given an the
followin; Table,

JABLE ?

Imports anl Values of Starch for Food Purposes: 1966 - 1970*

Year Imports (short ton) c.i.f. Value (J§)
19€6 182.2 20,780
19€7 183.5 20,404
1968 189.3 29,148
1969 205,6 34,508
1970 318.8 $4,192

 Source: Statistics

There is Also a demand for importrd starch for industrial
purposes (othior than alumina processing) .

Table 8 shows the quantities of Imported Starch for industrial
purposcs and their values (1966 - 1970V).

IABLL ¢

Imports and Values of Starch for Industrial Purposes: 1966 - 1979

Year Imports (ehort ton) c.i.{. Value (%)
1966 $33.0 03,62:
197 675.9 06,054 r
1968 ¢ .0 08,212
1969 432.0 69,112
1970 $87.6 00,088

From the above, one CBR safely sssume thet the totsl
consumption of swrch for domestic and industrial purposes ot pesent I8
about 2,000 tons/yeer.




Apait {rom this, the follewamg represepnt ot o0 o o
consumption nf starc: fur other potentiai use . .0 tre [alar &

For Glucose manafae oo 4007 = %, v,
- For Alumina grocess ng as a
settliny ad 5,066 - &, s e . ar,

G Plapt Capgiy el Y e

For the above 1rasons an e namyc t. 0y was ~ oot o
@ starch plant having & capatity to piranss A0 tans Lf T aLoq . 0ot

Assu ing that the yield of starch wiil 1o a0 0 0 o F
routs,

thercforn the yield will bee &) tons f starcn oy,

On the basis of 100 woriin; lars 'y or, 1.
rduirements o cassava 1ot will be 4,000 vt L o

and the production capacity f v phast owihl e o tos
starch/ycar,

This capa ity was thought to tx on one ha'd, ey opt o
& capacity for & medium plant, and on the ottt r hand, 1t w il be re g
to the requirements of the starch marvet in the [sland f . 1onee g
manufactured locally frum cassave starch, (f, rowver, a5 .00,
starch |8 uscd as a settling aid for alumina process g, Y o unm
requirements of staich in the [sland would be about 9,700 - 10,000 tons o,

) Mapulegturing Procesg ond 2 oan Tqwao ot

Swerch can be manufactumd from ¢t “ava 1 A TN
called the "Wet Process” thaowgn ' following <t ,

@) Dreducticn of wet starch

cledning or scraping the oots
emnshing o ¢griiding the roots
omtsaction of starch by }-t Extemct.n)

Heatien of wet stargh (ly raw milk s paiitor
| sepasutors and jet rfiners)

® Dewamunss, Deying and Sitliog of Stargh

by Nilwd
Oy Repid Cisculation Dried)

owotening
deying
etRiag .




« 1dye of mal fee

e dewatering (but not dryima).

price of Cgssavd Royts in Jamaica, and iggg]x

Pecoause it is essential from the point of view of the
industry 1o guarantee ¢ continuou s supply of ¢ne oOr mofre vanetues of
cassava roots to the starch plant (to sausfy its production schedules
and the required specifications of the rew material), and because most
of the producers of cassava are small farmers, 1t 18 antiCipated thal it
might be necessary to organize the growing of cassava sn a natiche.
ot regional basis and to deal pernaps with some sont ol one or mow
farmers’' Co-operative Organizations.

On the other hand, it was found out during this study that
the curreat price of cassava roots produced in Jamaica sccording o the
present agro-prectice and the varneties produced 18 not favourable at all
for tie establishment of an ecomomic starch industry from cassava roots.

, i a(

~

aaking us A 1€ e
twhether in jJamaica of abivad) to obtain more desirable varieties &
economic prices. wwmw

Mﬁxﬂ _gareh_content. thus

the Jocal prices of cassava yoots caa be competitive with those of other
casesva producing countries as Beaz'l and Thailand, as well as with other
starch producing crops as corn, sorghum, o\cC.

During the ocourse of this economic study, 1t was found that
Suld oot eRceed U O814,00.00n sc et She

¢ 1 e To make it more feasible either
the capacity of the plamt is increased to abowt 9,000 instead of 6,000 tons
starch/year, or the piice of cassave is Jowered % ahout Us$11.00/%0n POO!




A _Capital Cost Uptima'es
ust L3}
land
3| ocees ot USS],200.00 3,000
DuAdbing s ‘ 30,60C
Machiacry and Ronipmead
- Meohinsry Lmported) $32,000
- Oher Equipment and
swniliary plants (of which 38,000
oshowt $10,000 importied)
. Pwotght ond Insumnce 44,000
Gbout N of imported machin-
oty ond equipment, i.e., of
9830 ,000)
o Smetion Costs 88,000
Gbowt 10% of $530,000) ema—
Sotnl Mochinery snd Lquipment 702,000
N Capitel Cost Lotimates without
Contingencie s - w
Qantiasescies
W of \mporied machinesy ond equipment 35,000
USS$ 32,000
{
83,000
4,000
2,000




. Ope atind and Maintcnanee (27 wen)
)} Foseman x 3 Shifts at $2.00/hour = US$40.00/day
§ Operators = 3 Bhifts at $1/68 howt = 192.00/deay
4 Trenspert B 1 ghift at $1.00/hour  ® 32.00/day
§ Maintenance x 1 Smift at $1.20 M1, = 40.00/day
% Sub-total of Operating and Maintensnce ® V848120 .00/ /dey
or = 120,00 x )11 paid days . US$92 000/3590(,
-  fapeninion
1 Manager at US$0 ,600/year
3 Pecrtary, Accounting Clerk and
Sogekeeper) n 1 shift at $1.60/nour= 30.40/day
1 Balance Openstor & 1 shift at
"C“Mf - ..“/‘)’
9 Assistants x 3 shifts &t $1 .00 Nour= 48.00/3ay
} Guard x 3 shifts 8t $1.00Mowr * 34.00/day
5 Sub-towal without Manoget o U8$110.40/day
o = 110.40 un 311 peid days = US$I6, %00 /yoar
 Bubd-totsl for supetvisien
e 9,000 ¢ 36,900, year - US43 M/xeat
A Yol labour costs
. UBI99,000 ¢ 43,3500 s UB$149,300 Te
ey Mamriali

- Caocoave Roots




Wilias
. Riasiricitx
$30Kw = 7200 hours at 1.6#£(US)Xwh = USSI8, 000
- Del
236 .% Kg. oil/hour
$.0., about 193,700 gels/year
ot 13.7 USd/pel. - $0,000
- Maw
14 Q’M
§.0., obout 70,373,000 gals. Fyear
ot abowt €0 USE/1000 gals. 38,000
S Tetal Amnual Production Coste s US$746,0.0
SR

A Production Cost per Jomg ton starch
-

W . USS 124,46

Siase e present c.i.0. price of starch for industrial uses
t0 ohout US130,00/Aony ten, and asmming that this will also he the
solling pree o W lesel pesdect, thessidnee ,

Aosnel ssles
o §,000 ot ¥B8130.00 = J8$7¢0,000

oo Omee Pt
o 700,000 - 700,000 s 984 33,300

. 'w . em
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This resu'!t shows that the project under the above corditions
would be economically marginal, and it wo ald not be advisable to
implencnt unlese one or both of the followirg two condiuons are fulfilled:-

- That local cassava roots would be available at a
price of ussll.uu - 12.00,/ton.

- That cassava starch would be used as a settling aid
in alumina processing together with synthetc flocculents,
In this case, the capacity of the starch plant would
increase at least 10 9,000 - 10,000 tons/yea: as
mentioned before in this study.

Be Fragitulity St.07 for the Mapufacture of 31,000 tens Glugos? Year

()  _Magkes of Ci4cn3e and Capacity of the Plant

There 18 a market for Glucose in jamalca. All the
requirzments, whetner in the form of Gluco:e Syrup of goliu, are

tmporwd.

The imponts of Glucose and thair values (1967-1970) are
shown in Table 9 below,

IANL 9

lnpOﬂtofGlucose 1967 - 1970 °

Year . {mports (shont ton) ' c.i.t. value (09)
1967 1,451.2 175,59
1968 1,399.8 167,438
1969 32,1099 $10,00:
1970 1,327.8 167,124

r Source: Suustics

The svernge thm‘ﬂm during the four
yoors 1967-1970 is over 1,500 tons. Bt 1 expected that the matket by
1973 ond 1974 would spproach 3,000 tons owing % the expension ia ooriBia

food and pestry uumunw\ulwm.

~
g T AEE et ¥ i T R
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If export to other CARIFTA Countries 1s estimated at half
the local requirements, then the capacity of the sugiested glucao e piant

could be assumed to be 3,000 tors/yrar {syrup and sohid),

1) Manufactuning Process

Glucoss 15 manufactured froon starch as raw matenal,

esssava starch or otrer amporte d o stareh can be uned, Staich 1o he
in 8 converter {made of acid-resisting matvnal) by heating in presonoe U

acid. The solut:on 18 neutmlized with soda ash and filterco, then
concentiated to about 30 Be. The resulting syrup 12 decclourise 1 owith
activated cartxi., and evaporation :s continged und: r jpossuwe untd U

concerntration tvcoumnes 42 - 45 Be., The resuitinegg Glicoa

Dextrose, Maltose, Dextrin and water and 1s sold . ter us

2

o, "
aviap

Ldels Ol

be dricd between two steam heated chromiuam drum rollers until
moisture is reduced to less than 5%, The solid is then scrapud off
the rollers and ground to a fine powder and sold in rmoisture-proof

plastic bags.

Glucose can either be manufactured by the "Continaces

Process” or the “Batch Process”,

@11) Preliming) conomic Study, for Marufecturing 3,000 Long Ters

@Glucose Syrup/Year by the Continuous Process

a__ _Cepjwal Cost Estimates

uss
land
1.5 acres at US$1,200
Mailding
Machinery and Equipment
- Machinery (imponed) 440,000
- Other Equipment and
suxiliaty plants fof which
US$10,000 is impcried) 20,000
- Pwight and Insurance
@bout 0% of imported machin-
oty and oquipment, i.0., of
- $3%0,000) 20,000

«  Bmeton Costs
Gbout 16% of impered items) 40,000

.
gy 7 R
B
i

mm&mm

B

tather
Srol e
¢
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Y TR st Pty vate s w thogt
. rhrn s

Sonb e Pt
10% of 1mpe ¢ ¢ nAaThirery ane ogu - peil

o Capttal ot [atimatws with (ontinge i s

o Bt ks soad sl

Poprriin (19 yrvs)

Inkrest e oof opte! Cest)
Matntenans: (I8)

15 ATAINE w. %)

Qietheads (2%)

Lok

- Qessung aod Masestngy (13 wew

1 Forrman n ) shifts at $3.0¢ et
» Y0008 .00 /day

3 Operstcrs x ) shifts et §1.680 hou!
o US$11%.20 dey

t.@., IB88161,20 day of 163.20 x )12 days

s US$S0 , 90 ycut

- Supariision

) Manager at US$4,200 fyear

g Clerks x | shuft at $1.60/hout
e Y80 3%.60/day

1 Guard x 3 shifts at §1.00/hour
o Y004 .00/deay

.. Sub-tots! without Managet = US$49.00/day

o = 49.00 z 313 payd daye
o YOS1S 000/ yeur

% Sub-townl fer Bupsrvisien = UB019,700/yene

A ol Annvel labowr QCoste

389 . 000

89 ,700
38,000
30,700

) .000

7,000
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Anse Matea's
- staich
4950 tons/year ot USHI3U . ton 383,500
- Chamicsls .,2(2*;)
Ralitee #
- Liectricity
36Kw = 7200 h ot 1.6 USE Fwh 3,000
- Pwel

181 .28 Kgs, malh, or
4,3%0 kg oti/uay, or

1007 gais, day, ot

1007 x 300 = 302,100 gals. ‘yeal

“ ll.’ U.Se‘/ﬂ‘l- - 38 ,4(}27
- Wate: 2,000
. 9ol Annual Production Costs = 574,500

% Moduauon Cost/long Ton Glucose Syrup

- %Lm = USG1G.. U
000

Since the price of imported Glucose syrup 18 us$202-2127
bemg %0i., and assuming 'hat & seiling price of the local prosuct 1s
80107 /ton, therefore , '
Aomusl Bajles
= 3,000 long tons at US$207=USStcl, w0,, . Gress Fromt
® PO0621,000 - 574,500
o P88 46,500,

5% Toeasn en Jawestment

- W = 1%,
000

o W Selling Price is UBS212/t0n
o fotum en lvesmont - 17.0%
@b G0 obuve besis the preject would be feanible.

i ¥ . «
SEIBE R 5 DO S I PO BN *é” g d oAy I e T o .
o g o T i L N St e S . " iy il 3 - . !
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(iv) Pre liminary Loonomic Study for Manufactunng 3000 lLoryg Tons

Glucose Sying Year by thh Batch Piocess

a - Capital Cost Estimates

land

o S

1.5 ac:es at US$1,200

Buildings

Machinery and Tguipmont
i i

- Machinery (imported) US$182,000
- Other Equipmont and

suxiliary plants (of

which US$10,000

imported) 20,000
- Freight and [usuiance

(8% of imporind items) 15,300
- Erection Costs

(16% of imported items) 30,700

Total Machinery and Equipment

1]

,% Capital Cost Estimates without
contingencies

ncies
(10% of Machinery and Equipment)

.. Total Capital Cost Estumates with

contingencies
p_- Production Costs Lstimates
Depreciation (1S years)
Interest ("% of Capital Cost)
Maintepance . (%)
bunxe 05w
Qrateads aw),

. .
L 3 gon g Y o

uss
1,800

$,000

248,000

—————

357,800

20,000

————

Us$ar? 800

10,500
19,400
6,300
1,400

§,000

P PN M a1 "




Qperating gnd Majntenance {15 men)

| Foreman x 3 shifts at US$2,00/hour
= US548,00 day

4 Operators x 3 shifts at UsS1.60/hour
= US$153.60 day

{.e., US$201.60/day

or, 201.60 x 312 days
= U8$62,900/ycar

Supervision

] Manager at US$4,200/year

3 Clerks x 1 shift at USS$1.¢7 Mour
= U8$25.60/day

1 Guard x 3 shafts at US$]1.00/hour
= U8$24.00/day

Sub-Total without Manager
= US$49.60 /day fo: supervision
or 49.60 x 312 pa.. days
= U8$15,500/year

Sub-Total for Supervision = US$§19,700/ yar

Total! Annual 'abour Costs =

Starch
2,980 tong/year at U8$130.00/ton= 383,500

Chemicals 8,500

Rlectricity
26Kw = 7200 h at US£1.6/Kwh =

298 Kge oilh

7.000 Kg/day

1,639 gals/dey

1,639 x 300 = 491,700 gals/year
o ﬂl‘ll.?hﬂ. -

od
¢
.

. Towml Maual Productien Costs =
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Proiucticn Cost per Ton Glucose Syrup

= 595,800

3,000 = USs$198.60

Pretitalahity

If selling price is US$207./ton

.% Annual Sales = Uss$621,000
.% Gross Profit = us$ 25,200
.% Return on Investment
= 25,200 x 100 = 9%.
277,800

If the selling price of Glucose Syrup I8 1J588212.060 long ton,

.% Return cn Investment = 14.4%.

In this case also the project would be feasible.

6. gther activitir: s

A. ﬁvaluauo.n of a_Lime Manufacturing Plant in Jamaica

The Jamaica Industrial Development Corporaticr. asked
the Expert to pay visits to and evaluate a plant for the Manufacturing
of Quick Lime and Hydrated Lime.

The Expert has given his recommendations to the JIDC,
but, because the publication of these recommendations may disclose
certaln details relevant to the plant, it was thought not to do so.
Only some facts and some data pertaining to thc analysis of the cost
of production of lime and the selling prices are given below,

d Proj : The factory is located in an area of about
$S acres. The property also includes a second area of hilly land
of about 900 acres in which quarrying is taking place. This is

®




connccted to the firct area by means of a roa.d that panaed thioagn
other prope ity

Raw Materials: The formation shows the pregence of
"Limestonc” C,e., Calcium Carbonate) nounlingted Quantitie 5,
It is in many places covered with a superficial luyer of alumina
that can be 10 - 20 feet ;n thickness,

Miring: After quarrying (i, means of draing uza,

& small mobtle power genenting unit, and exrlohr; ot ok by
ammonlum nitrate), the himestone 1s cut by hand Woic W jieor o o8
about 4 - 8" in diameter. These ate cared by truch ' the factor,,

It s to be noted vist there ire 1., Mechanical crasie 1o
or the so-calle | Vibniting Gozaly Pecders i oan Y Uhas Lpeerar,

Bilot Operation ‘cr the Preduction cf Ay o cate: A emul! 1.l
operation was ir.stalied near the Quarrying are for the produre - 4
aggregate for construction FUPoOses (maring conc et Lo,

Although this could be a guod potental pairorict, vt
it seems that it was not sufficienty exgploted.

The Main Prod-t. The main product iz Quicx Lin. (lee o,
non-hydiated Calcium Oxide), However, most of th jiiucs L,
hydrated at the factory to give Hydiated Lin. which L pACho L ogn

3-ply bags when sold locally, or in S-ply puper bags wien expoitod,
The relatively small quantity of Quick lime which is sold as sach
to Monymusk Sugar Lstate is delivered in wiurnatle steol drains.

Jhe Manfactudng Process: Limestone (4"-8" from the quarry) is
dumped at the factory, and then fed from the tor into 2 Verticol

Kilns (rach working separatnly). Bunker-C tuci oil, afcr jro- 0oty
is Injected into each kiln from below. The process of lime toin
roasting goes on for about three days in the kila whicii 0. 14" &
continuously. During this step Carbon Dioxide gas «vialves a1

the conversion of the limestone into lime becomes complete noar

the bottom of the kiln, The loss in weight due v the ceny . sion
into lime is between 40 - 44%. ‘

The company claims that the quich lime produced has
8 composition of 98% Calcium Oxide. Thc o.her 2% would be u. on- ,
verted limestone and other impurities, (Chemical Analysis camicd out '
by the Bursau of Standards at the request of the Expert, confirms this).
Quick lime is collected at the bottom of the kiln every four hours as
fairly brittle stone. i
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The major part of this quick lime 18 crushed to less
than 17 Jdiametor and hydnted by adding water to It in @ hydrator,
a process whicn lasts for atout 15 minutes and s accompamicd
with the ovolutt n of creat amounts of heat. The fine particles of
hydratea lime prodaced are then pulverized by means of a hammey
mill and packed In paper bags by @ mocramcal jacking mactine,
Hydrated hime 1s composed of 78% Calcium Oxadr and 15% water,

There arc three kilns in the factory one of which is
out of use at present, being too old,

Matrial Prlance:

1.25 Limestone heating 0.75 tons quick hime,
0.75 ton quick lime + 0,25 ton wa'cr = | ton hydrated lime,
] ton hydrated lime produced required 60 gals fuel oil.
1 ton hydrated lime is packced in 40 paper Lags
(cach bag has a capacity of 56 lta.)

Production Cocts: The company has ... . 7jiven a glctal
pinduction cost for hydrated lime as J$17.45/ton. This was based
on a fuel oil price of J9.75¢ /gal,

The company estimates also that limestone cut to 4% = §°
in dlameter and delivered at the factory near the kiln would co:*
J$1 20/ton, and therefore 1.25 ton would cost about j$1.50,

The following is the analysis of the producticn costs
per ton hydrated lime as calculated:~
it}

Limestone (1.25 tons) 1.%

Fuel Oil (60 gals) ) $.80
Electricity 0.20
Lubricating oils, ga3, etc, 0.25
Supervision and labour 4.00
Containers (40/ton et 8¢) 3,2
Maintenance and Repairs 1.50

. Overheads 1,900
I 17.45

Salliog Prices:  $28.00Acm quick lime
: 1$32.00/Aon hydrated lime.




P

o 49 »

8. Ald lc Ingrove the Prodyction in a Flant for Mon factunn, e

[gm!;:vrs ST A

The Aninal Feeding Corpany it o Flniotan te gyt
assistance from the JIDC ydiding arproveont of pro, 0 gt ita
small plant for manufactuning mimed fertilize s,

The Expert visited the Compary, and rn 5oy ) be
programme of prodiction and the T€JUIr mnts with o N giag g, 1
Eapert suggested to add o COMpact qranuiator W0 firpro v the prost ges - e
On Ms advice, and efter contacting marnufacturers gl u:i, the Ty
started the necessary steps W acquire the granylator,

C. QOther Stujies ant wechulcal As iitan o to LI Do oo

-

Assistance was extended to:

- Different departronts of the NDC arni paruculsy
the Inceatives Committee in CONNE-tr, with 3t 1 5
ol cenaia projects for the applicat..n of e iniust.al
Incentives,

- Some Industrial enterprises regarhng oo gjar g
plans for industrial research and futire dove jrrmepe,

- Recommenditions and comments on certain matlers
submitted to the JIDC Authorities, ‘I presious and
the present .on. Ministers of Industry , on their

. oquest,

The following are some of the arcas and nimes of projects
studied for the JIDC end sone eaterprises. -

- Applicstion for PVC resin manufacture,
. - Application for the manuiacture of compounded msins,

- Application for the manufacture of AQueous Latox
Dispersions.

- Application for the manufacture of Synthetic Resin
Vo hicles (Alkyd Resins) and Synthctic Resins
of the Themmoplastic and Thermosetting types.

.- Momufeoture of & PVC-coated foem laminat:.



Manufacture of chempcal auntives 10 1improve the

cificioney of fooa toibers,

- A icccarh oy o vty e Farcau of Vtandaris
on the cottesive  fect of chlenae on e e tal
alley of pro oo of boats, fThis stuliy
was me deoon Uooorogque ot of the Mancger of
the Ly idockh piop ot

- Manufactwe ¢E Ghionse,

[N

Details of the work cione to asast an formulating plans
Love fcpraent (s not discut ool more et the Tedue 8t

for rovearch and
of the induotraal sntorprse 8 Cene rmed, for olvious Corprition [Casding,

facton e, meetyp s ut

Waoik dorocoven boale oyt o

dificront Lot att phimgy sominags ared gty b,

An intore ting dincus aon toos place with i Trowrr By
of the Internati tal Atenie Ageady concoman, :

cotting up ¢ pendlear power station of ab ot Lue MW Cap e b et
e prog el O b Conplox, b fine 1y s ATy N SUINESAUS TR I TS
as well as other industrie s within reach of the powet slation,
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7. Al

The Expert wishes to expre ss b tham o ot Jsr nican

Governmctt and Jamaica Industiial o solovmoet Coapo st

and to all Thontr nte ana Tedd fLome owho sssistul oo o [l tas
work . Spucial thanns to Mis. N lorihinsen for ber oG- Catee ke

the secretarial worr done,

The Lxpert wish s alsc to extend his “rrr ortion U the
UNDP authcritics in Kingston and o UNIDO authont. = n Viorna, aksn
to Mr. K. Vyasulu, UNITO Senior Field Alvise: forase, taf: ol €5 Juoadyges
ment during the assignment,
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