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The s datien of this asanbyia e o Coo 00

pertaining todnvestsont procaotion, oes, forocdeton of o

for expansion and fo - nov dnvestnents on the Loesia of biaco g, L
dutics also fucluded the px'r»v.sl.ln of ciginecring Tkt ,
fying linkage industiios as well as undoeotalog e ibilin,

othor relevant tasks as reqguited by the Joos 1ol 00 001y

Corporation (JIDC).

Accordingly, anoverall gurvey of the sita
chemical industrics o Janiaica was fioot reade, aad corton g
projects were ddentified in the following fiotda: -

- Production of solar salt freon see vator,

- Elecctrolytic caustic seda and chlorine,

= Manufacture of chlovinated derivatives an! poteo.
chemicals as part of @ chlorine -caustic ¢chem
comnplex,

- Manufacturc of sulphuric wcidl and/or atmue e
sulphate from gypsuni and aphydrite.

- Manufacturce of bagasse palp and nowspeint frone Lasee:

- Manufacture of chemicals (citrie and acciic weic, jiy
fermentation of molusger,

- Recovery o! chernicain and manufzetore of § Vol
from efflucnts and vaused remaioe of ool 1ol Cuer
tanning industry,

Surviys and fersibility studics for some of the o love
potential projects have been completed to a satisractory effeci, . woeve:,
work on other projccts is still procecding.

NOTE: "This rcport has not been cleared with the U .icd Nations
Industrial Devclopment Organization, which docs not, thevelor., nec. .. =il
sharc the views ~:oresscd,”

S . . ‘ (3 : .‘r‘ .
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At the request of JIDC, the expert undertook alse the
following tasks: - '

- Revicwed and studied the question of the discharge
or treatiment of process waste of a contemplated
yeast plant tq be constructed near Spanish Town,

- Started an investipation and f anibility study for the
manuiacture of cassava products, especially starch
(st1il not completed),

- Started investigations regarding two other projects,
namely, the manufacture of Lubricating Greases and
the manufacture of Thermoplostic Compounds with the
purpcse of giving recommendations to the Incentjve
Applications Committee of the JINC for considleration
under the Industrial Incentives I.aw (still not completed),

During the overall survey and the jnvestigations carrjed
out, secveral visits to institutions, chemical works and othor plants, as
well as to possible locations for salt works and sites for other projects
werc made,

During this term of duly numcrcus meetings and intervicews
with manufacturers and relevant Govermment authorities fook place an.!
four symposia on different subjects were attended. '

It seems now that the mission would be leading to a specific
project for the production of solar salt, initially at the levcl of 16, 000.
21, 000 tons /year, and possibly later to another larger production projcct
of about 148, 000 tons/year (or 116, 000 tons/year).

In the meantime it wasg possible to rcach useful conclusions
with regard to a chlorine-caustic complex based on salt,  Units of this
chemical complex with thejr opitmum capacitics have been suggested 1y a
project that could be implemented 5n Jamaica in one or more stageas,

A study was also carried out on the possibility cf manufacturing
sulphuric acid from anhydrite or gypsum as raw materjal according to the
new Kent-1SU process in which lime is produced as a by -product instead
of clinker (ccment),  This study revealed thc conditions unzler whieh thi:
Process would be more economic than the <

¢aventicnal sulphur Lurning
process,

It was not possible to complete investigations of the other
identified chemical poesibilitics in Jamaica dviing the period of the
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ascignment due to cither Tack of G or waaveilabiiity of inforn tin..,

Details of work done are outlined in the followin, ccction
of this repore,

L__WORK DONE

Salt Production

Solar salt is being produced in come countrios in e
Cariblean and Central Amervican vegion in which wooine s conditions
do not vary miuch fram those in Jamaica, It o sctvally bodg produced
in castern and western coasts of Cubat, wortern haiti ang 5. Fandila,

’ ©
It has also been produced in southern Jamaican Tocations tul abe o
due to the small size of the operatiors,  One sieoll fac 'y oo Loc ot
P )
on Pigeon Ivland#? in Portlund Bight daricg the fosties and co,m o o .
& [ 1

are still in existence.  According (o sources of (he InsGinte of Toe i o,
the Yalluhs Ponds near Kingston were the mvin locotion fo, =nl 5 o« )
production in Jumaica during the sixiconth and severteenil contor . S

For the above rcasons 3t is considered that woathes
conditions should be adequate for solnr salt production Junococtiory oo
may be western Jamnaica enpecially on account of e redaiivaly
land as comparcd with the more expeasive purth, Accordingly, ae v
in the previous Progress Reports, a physica' servey of poos:
was undertaken, The following four lecaticns were invoestipalod:

a, The Great Morass

This Is a large swampy arca about 71 squore miles on the
south west coast of Jan.iica near Black River in St Elizabaih,  Deeits
of this location were given in th . Progress Report o Joagusr, 197 .

This location was excluded fron: i rther solir salt irv 5.
tigations at present owing to lack of evaporadon data wiich would enal.¢ o
meaningful evaluation,

* Handbook of World Salt Resources,

% This Island ha_ becn visited ard it §s cstimated that between 2, 000
3, 000 tor:x wnlt were produced annually.
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b, The Great Salt Pond

This is the Great Salt Pond arca in St, Catherine, It has
the advantage of being near to the industrial centres of Kingston and
Spanish Town, and could permit a production of 120, 000-150, 000 tons
salt per year, Details of the area were given in the Progress Reports
of August 1970 and January 1971,

However, this location wae dropped from further investi-
gations since it appeared from chemical analysis of the pond's brine, as
well as from the physical survey, that fresh waler from some springe
have been mixing with the water of the pond to such an extent that it
would be useless to usc this site for a solar sult work, especially that
soil conditions in this location scem to be unfavourable,

c. The West Harbour Pondsg

This arca has beendescribed before in the Progress
Re ports of August 1970 and Junuary 1971, The location is large enough
thus having thc advantage of enabling large scale production of salt,
Other advantages were suimmarized before as follows:

- Weather conditions are relatively good,

- West Harbour itself could be uscd as a concentrating
area and the smaller Bog and Boggy Ponds could be
used as crystallizing ponds,

The main disadvantage of the location is that the cost of
removal of mangroves covering the marsh land adjacent to the ponds
would be too high to make the project economic and therefore investiga-
tions were previously stopped at this stage.

However, now that more monthly weathe: data for a
period of 11 years and daily data for another period of 4 ycars are
available for Monymusk, a new possibility has been considered for this
location. This is based on utilizing West llarbour (with another extra arca
of the harbour outside the small islands ncar its opening to the sca), the
two small ponds (Eog and Boggy Ponds), as well as a third small pond
that can be created by connecting the Dolphin 'sland with the mainland.
West Harbou. would be separated by dikes into three concrutrating pouds,
whereas the other three small ponds would be used as crystallizers,
West Harbour is actually at present connected with Boggy Pond by mcans
of a creek (s mentioned in a previous Progress Report) not shown on
the map,
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Foasibility Study for the Produetion of 148, N0t 7o, .
m-“m HA A S g S e B teriiid T i deie . c =TT PN ST e ity
Salt/¥ear al West 11 nals Arcs

e T B L e T T R T T T S P i

This solar salt facility woul! possibly bave the et
capital cost since West Harbour and the th.eee oiher poads sre ovrned
by Governmearnt, and on accounf of the fact that Lo land would 1.
wtilized thus avoiding any excersive costs for the rewroval  f 5y

ETO e,
A preliminary layout of such facility is she v in Digure ) (page 6),

Basis of the Study

The study is bascd on the following Asswuptions -

= That the available rainfall and ervaporation dal for
Monymusk would be zdequately represonting the
arca of West larbour ard the three pouds,

- That the total area of the facility is aprrosiroaiety
3,000 acres of which 2,600 acres are in the COnCer -
trating poids and 420 acres In the crystallizing pesda,

= That West Harbour has an average depth of gix foot
with the depth betweern the islunds enclasing i« ieuth
averaging two feet and a depth of approxitmiately four
feet where internal dikes will be built,

= That 1t is not practical to maintain a permanernt salt
floor, and that harvesting would be completed off a
mud floor within a period of onec month. This assunip-
tion must be verified as soon as possible since nothing
is known of the bearing strength or the topography of
erystallizing ponds,

- That deep sca shipping facilities would be possilLle cithier

. through rental of the ncarl, ALCOA bauxite pier at
Rocky Point at US$0.50 per ton of salf, or through the
construction of a new alicrnative picr on the coral rec's
east of Dolphin Island. This location is ne- - the
erystallizing ponds and depths of 42 feet are available -
within about 100 yards according to Admiralty Charts,

N The first shipping alternative would imply low 1 capit:”

cost but higher productic.. :ost, whercas the second
alternative would have the «puosite cffect.
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Analyris of the A"_;ul.e[.‘)} ‘v(_m,y.n!' L \‘v'"rv.‘ni'w.r 1lata

Close examination of the ave ot po iyl o Vit
data*pertaining to Monymusk indicates thut vearcround salt oot
is technically unfeasible,  These dati, if copeoet, Sugpent (4
be only possiilc (¢ prodace 16 s poer acre oy wr fora rix oot en
tion scason .o Noveraver il the end of Apaits CEhe product:
of the ares may be bigher, but since thesne Lo 0, nly avia el e
a detailed analysic is warvauted,

Table ! {page Bl and Table N poepe 90 show b g L
rainfall and cvaporation at New Monymash . 11 Yrars roepectio y,
It bas been possible to obtain rainfall dats pertain.ig to other ren: 'ty
meteorological stations, however, the only ava lacte evaporat, Aot
for this arca comne fron New Monymnush, and suppont with b o o0
that the gross cevaporation fromn Class A 1 ctewrolopica) pare Jo Loy
67 - 68 inches per year,  This figurce tmuet he corrected to dee s
evaporation of various brince densitics from larpe solar ponds,  The
factors commonly accepted are 0, 7 to convert fresh water evaporotion
from Class A pans to large reservoirs, ard 0,9 and 0, 8 to convert fro.i,
water reservoir datu to brine concentrations of 1, 10 and 1, 25 specific
gravities respectively,

Using these above factors, the yearly evaporation rates
were calculated as follows:

Type Evaporation (Inches/Yeca: )
Fresh water in Clasa A pans : 68
Fresh water in large ponds 48
Brine in concentrating ponds (sp, gr. 1.10) 43
Brine in crystallizing ponds (: . gr. 1,25) 8

Since the average annual rainfull is 37" . 38", it is obvious
that year-round salt production would not be foa-ible under thes« conditious,

_ : Table 111 (page 10) shows the analysis of .h-me Lly rain-
fall and cvaporation data for West Harbour site after conversicn to brinc
~ comcentrations of sp. gr. 1.10and 1. 25 (in conccntrating ponds and
crystallizing ponds respectively) and on a curaulative basis,

—-— .

*  Sources: Meteorological Division, inistry of COn{munication & Works
and Rescarch Department, Sugar Manufacturers Association.
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only be as (ollows:

Volune of harvestable salt/ocre = .!.9.7_},(1‘1?.’.‘_@09_,
70

= 3, 057 ft. 3/;1(;1'0.

Depth of harvestable salt in crystallizers
= 3,057 x 12 u 0,84",
43,560

Considering the above factors, it must be concluded
that operation of this sult facility under these corslitions will neither
be cconomical nor techuically feasible,

Howcever, if the evaporation rates were more favourable,
or if the rainfall during Muay until the end of July occurred primarily
as a fewinajor showcers, it may be possible to decant nearly 60% o1
this rainfull before mixing and dilution fakes place, If this were the
casc, the tolal accurnulated net evaporation in the crystallizing ponds
would be 15, 76" between Novanber and end of July instead of 9, b1
between November and end of April, This vould greatly eshance the
economics of this salt facility since evaporaticn in the crystallizers
would take place during 5. 5 months from iniddle Febraaiy until end of
July iunstead of 1, 5 snonths (in the case of 6-months operation) from the
middle of February until the end of March, and the corresponding
accumtlated net evaporation of saturated biine would be 11, 7" (during
5. 5 months) instead of 3, 0" (during 1, 5 months),

Under these conditions, the quantity of ealt that can be
produced per acre of crystallizing area would be calculated as follows:

Total saturated Lrine evaporation = 11. 7 inches/ucre-o .crating ycar

n

Volume of brine cvaporated per acre= 11,7 x 43,560

——

2
3
= 42,470 ft, /operating year,
Quantity of salt crystallized at 25% concentration

= 0,25 [ (62, 2:)).25)7 (42, 470}
2, 000

= 413 tons/acre - operating ycar
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Assuming 20% fur Lrine lecakage occuring linearly in the
crystallivers (i.e,, 10% less productior per acre),

o Quantity of sall crystallized at 259 aftc. leakage

« 413 x 90 s 371, 7 tousCorystullizing acre,
100

Assuming cryctallizers account for 14% of tatal ponds ares in

this case,

. Production rate of salt = 14 x 3717 = 52 tcnsfacre - operaing
100 yoir,

This is regarded as ar. economic rate,

Allowing 5% losscs for salt harvesting, wathing and lo.ding

+ Yield per crystallizing acre
= 370.7 x _95 = 353 tons salt/uperating ycar,
100
Total annual production of the facility = 352 x 420 = 148, 260

= approximately 148, 000 tons/year,

M barvesting of salt crystals is carricd out during the
month of August, then the total operation period of this salt facility
will last from November until about thc end of August, i.e., anproxi.
mately 10 months. The timc schedule for this operation s chown in
Figure 4 (page 16),

. Daily Rainfall Data for 4 years (1966-1970) kindly
provided by the West Indies Sugar Company (WiSCO), supported the
idea that rain falls primarily in a few heavy showers during the period
from May until the end of July. Accordingly #n economic study has
been made for the West Harbour site for this 1ssumed condition.
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Economic Study for 148,000 Tons/Year Solar Sait Facility at West ilur! ur

Preliminary Capita) Cost Estinates

Assuming that it will be possil.tc 10 use the ALLCOA Vaux:.
Pier for loading the salt, the following are the copital cost estimates:

ITEM COST (Us$)
}J. land . ’ Zero
2. Perimeter dikes - 64, 000

Approximately one mile of perimeter
dikes are required to enclose about 2, 600 acres
of concentrating ponds and about 420 acrces of
erystallizing ponds, These dikes are locatced
in water 2 fect deep, and arc 6 feet high and
12 feet wide at the top with a slope of | : 4,
Material with sufficient impermeability is
assumed to be locally available at a delivered
cost of $1.53/yd. 3 (i.e., $2.00/mecter?),

3. Perimeter dike protection - 58, 000

Locally availablc limestone rip rap
i» used with about onc foot thickness nceded
for adequate protection. The installed cost
is estimated at $9. 00/yd. 3,

4. Internal dikes - 128, 000

Two internal dikes totalling
3,500 yards in length adequately divide the
eoncentrating ponds to maintain a plug flow
pattern, These dikes arc 6 feot high, 12 feet
wide at the top witha 1 : 4 slope. The
buplaced cost is estimated to be $1.53/yd. ° ..
(L e., $2.00/meter?d), '

8. Ioternal dike protection - ' 12, 000
6. Access Road . ' , 20, 000

_ An ;c‘cou road {s only required
§ the bauxite pier is used for loading salt.

.
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iITEM COST US

7. Stockpile pad - 50, 000

A pad of approximately 15, 000 yd.2
in arca is required at the shipping location of

i ALCOA, Delivered fill is estimated at $2, 004d, ", 3
8. Pumping Station - 60, 000
L
3 Minor pumping will be required to
? tran%fer the brine to and from the crystallivers,
i Extra pumping equipment will be required to
Q decant part of rainfall occurring as heavy
' showers during May, June and July,

9. Washing Plant - 150, 000

This includes conveyors, screcns,
watcr sprays and punaps,

10. Harvesting Fquipment - 72, 000
3 This includes one 500 ton/hour
1 harvester estimatcd at $60, 000 and one automa-
tic transmissicn tractor at $12, 000,
11. Four 50-ton trucks - 240, 000
i Sub - total 914, 000
12. Contingencics (20%) 183, 000
i Total capital cost estimates 1,097, 000,
¢ '
§ . I, however an alternative pier has to be constructcd, the
i following itemns will have to replace the corresponding oncs in the previous
i estimates, or added :
i
% 1, Access Road - _ 240, 000
A three milc road connecting the
: mainland, Dolphin Island and the coral reefs
; will be required.
1 ."~.'o
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ITEM COST (Vo)

2, Stockpilc Pad - 120, GUO

More filling will be required at
the new picr and stockpile,

3. Loading ¢nd Pier Facilities - 400, 0060
Thus, the extra costs will Le
760, 000 - 70,000 = 690, 600

and the Capital Coust will b2 as follows :

Preliminary Cupital Cost Ectimatcs Using Alternotive Picr

Estimates using the Bauxite Picr 914, 000
Extra Costs If Alternative Pier is uscd 650, 00C

Sub-total 1,604, 000

Contingencies (20%) 321, 000
Total capital cost estimatcs. 1, 925, 000

Anmual Production Costs Eltimaéel
;

(a) Using Bauxite Pier

ITEM COST (US$)
Depreciation (15 years) : 73, 000
Intecest { 8%) 88, 000
Maintcnance ( 3%) ) 33, 000
Insurance ( 0.5%) 5, 000
labour (60 workers) 60, 000
Supervision ' 36, 000
Fuel A 15, 000
Electricity 16, 000
Loading Charges for Bauxite Pier 65, 000
Total produetion costs estimates 391, 000

TN

&
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ITEM - COST (US$)

Production zost per ton salt 2.64
loce! Siles (16, 000 tons at $6, 00) 108, 000
Fxports {130, 000 tons at $4, 00) 520, 000
Gross Anrual Revenue . 628, 000
Pre~Tax ’rofit 237, 000
Roturn oa Investinent (RO1)

= _ 237, 000 21, 6%

1, 097, 000

QL Using Altcernative Pier

ITEM COST (US$)

Total annual production costs

(no loading charges) 477, 000
Production cost per ton salt 3,22
Pre~Tax Profit 151, 000
Return on Investment (ROI) 7. 8%.

Since a considerable portion.of the investment is tied up
in the four 50-ton trucks to be used only onc month per year, a leasing
operation of the four trucks during the rest of the year would raise the
profit and ROI, These trucks, however, have to be included in the
investment since the harvesting period is scasonal and is greatly
dependent on the use of them in this location,

Similarly the economics of the facility in the second case
could be improved considcrably if leasing of the pier is sought for other
exports or imports.

The economics of the facility could be still enhanced by
increasing the crystallizing area. This would be possible by utilizing
an extra area, say 100 acres of the available low-cost marsh land
between Bog and Boggy Ponds on the one hand and the coast opposite
the newly created third pond on the other hand, Although the cost of
removal of the mangroves in this area may be relatively high, yet its
effect on the tolal capital cost of the facility -~vould be small,

If in the future, the removal of mangroves could be carried
out economically, then more land areas could be utilized to increase
considerably the annual capacity of the facility,

HEcwever, before this project is implemented the production
rate of salt mnust be verifiecd by studying and having more detailed data
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regarding the following:

1.  Weather conditions pertaining to the si'e should Le determined
at lecast for a short period, sincc those of Monymusl were talcr
as being reprosontative. By haviug specific data for the site,
the asswnption that rainfall during Mav..July cccurs as a few
heavy showers would De ascertained,  Three mietcorological
stations ~ould be et up at the following points to gerve the
above purpose - :

(§) At the south coast of West Harbour;

(i) East to Mitchell Town, 85 near as possille from
Bog and Boggy Pounds (possibly at Bog Beach);

(i) On Dolphin Island or on the coast of Peal ¢ Bay,

Leakage rates in the concentrating and crystallizing ponds,
since only assuined rates were considercd for the present study,

Topography and soil conditions of the bottums of West Harbour and -
the three crystallizing ponds,

d, The Yallahs Salt Ponds Area

This area has beea described before in the Progress
Reports of August 1970 and January 1971, In the provious survey,
the large pond (about 900 acrcs) and the flat land adjacent to it (avout
200 scres) were suggested as a possible site.

Now that moathly raiafall and evaporation data (,r
Kast Alblon (near the Yallahs Poads) have becoine available for
appreximately 5 years (1966-1971), the previous preliminary feasibi-
Mty study for salt production at this site vas reconsidered, especially
with regard te the aecessary eorrection for evaporation rates of brire
ia consentrating and erystallising ponds (with sp, gravity about 1,10
aad 1,25 respectively)
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Feasibility Study for the Production of 16, 000-21, 500
== "7 Tons S:{\TT_\" car at Ya 12 Ls Site

Two cascs were studied for the Yallahg site based on
slinilar lines to thore considered for the West Harbour site and
described before in this report, A prelimirary layout for the proposed

facility is shown in Figure § (page 23),

Basis of the Stu_d_x

The study is bascd on the assumptions that -

(a) The available rainfall and evaporation data for '"East Albjon"
would be adcquately representing the Yallahs Ponds site,

(b) The total arca of the facility would be either:

Case ) (16, 000 tons/year)

Approximately 354 acrcs of which 300 ncres for concen-
trating and about 54 acres for crystallizing: or

Case 2 (21, 000 tons/ycar)

Approximalely 472 acrcs of which 400 acres for concen~
trating and 72 acrcs for crystallizing.

(c) Thelarge Yallahs Pond would be divided by an internal dike
into a large area to be utilized as a Pre-Concentrator {about
600 acres) and a smaller area to be utilized in both cases as a
Concentrator (about 300 acres).

(d) If Casc 2 is implemented, an area of about 100 acrcs of the
flat land adjacent to the pond would be added to the facility to
be used as a second Concentrator thus bringing the concentrating
area to a total of 400 acres, whereas the crystallizing urea

y would be increaged by 18 acres of the same flat land thus bringing

the total to 72 acres, ,

(e) The large Yallahs Pond has a depth of about 2 feut near the
peripiicry, 11 feet in the centre, an average depth of about
6 feet and a depth of 4 feet only where the internal dike would

be built,
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1) W owill not be practical to maintain o perrisn. nt salt floor, and
thu: b ot vould be cwnpleted off a4 ined floar within a perio’
of Jo vl U uf miechanical cans for harvesting is et
wlec prac ol oty due te the releiis 1y oo 2 quantities of
salt jo ot od, Btwonld therefor: b prosers Vie from beth
ecor i it mocial aspoects o rer v the sl frug Whe beda by
hind Lo usanp picks and shovel o onts wetwal Lanis, say
about S S0y G —aly

(.) Aleo, 1t vl ot be prociacal So gooplote the v o hing af relt
at th. site <inece the gould be effecter at the Spo . oh Jewn sal
vefincry, for o acrmm d omtrea cowt o USEN S0 ton nalt, R
is alro assumc! that Jossen due o loading and v ashing of salt
would be about 8%,

(B) All the salt |- clucred veuld Be €r s ed Incally 1 e e Janialea
s inorting Cprosont abouwt 16, 000 te s fycar at 188, 5%0/tum ¢. 1.

About 1$2, 00/ton (1 added for un'c. ting, the efore the land. d
price is J$JO, 50/ton (US$12, 60/tci), M e therefore assumed
that the local selling price, taclud i p the w. shing corte shauld
be reasnnally lower than this landed price,

Ana}) sis_of the Aga*}a!-l}r !ya{!ﬁél!»ig&_"rﬂ}wr Ik

Examination of the avialabls rainfull and evej oration data
pertaining to East Albion (near Yallahs Fords), sudicat. that s year -
round salt production §s technically wafeasible,  Table IV (page 25) and
Table V (page 26) show the monthly reirniall and evaporation n inches
at East Albion for approximately 5 yoars respectively,

The average annual rainfall ts atout 40, V2, wheress
sverage gross cvaporation fran Class A Meteurclegical pane {s showt '
86.66" per year,  This latter figure was eorric'c ' te oitain evaperation
ratcs froin [1esh wate: reservoirs and hrines having ep. gravity'l, 10
(in concentrators) and 1, 25 (4n eryotalfisers) Calewbations are s follov !

Type Kvagoration (Inches/Year;
Freesh Water Class A pane 0. o4
Fresh Wates lurge reserveirs 60 66
Brine in Concuntrating Ponds (ep. gr. 1. 10) 84 .4
RArine in Cryatillizing Ponds (sp, gr. 1, 29) 48, 52

- e i vy eou—

¢ Bource: Mcivorological Division, Ministry of Cammunioations & Werks
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Since the average annual rainfall is obout 47, 3.0
it is obvious that vnly about 8, 2" of net evarnr.tinr per yo.r v o
be available in the crystallizers which woula 1onder year round
salt production unfeasible,

Table VI (page 28) shows the wnaysis of the naontth
rainfall and evaporation data for Yallahs Poidd. Site ofter ¢ uver
to brine of sp. gr. 1.10 and 1. 25, and on a cvralative bareis, Ol

i

examination of the monthly data shown in this Cable, however, rone !
that evaporation conditions in the crystallizeve are pooitioe dul

8 months of the year. Results are sununariz dsn graphic.) for

in Figure 6 (page 29).

Examinaztion of the data in Figure 6 indicat. . vhat ti
evaporation scason startr in December (or may bo by the mmiddle of
Noveinber) and ends in May, i.e., the entire silt prodoction eyl
must be accomnplished within a 6 . 6. % month poriod, The tiene
schedule for this operation is shown in Figure 7 (page 50,

Fresh brine niust be added to the syster each yoar, Th o o
only 2.5 months for evaporation in the concentrator, the: anoth v 2. F
months for evaporation in the crystallizer.  Durieg the frsr per, 1,
accumulated net evaporation in the concentrator (having i lready Lo
of 7T or more % w/w concvntration) would be about 5 (after the nece. .-
conversion to evaporation rates of brine of the correspondi; specific
gravity) fron: the beginning of December until the middle ¢f Pebruery,
During the sccond periad, the accuimulated net cvaparation of satrat. O
brine in the crystallizer would be about 9. 1" from middle of Fetr vy
unti! end of April.  Although this short pericd causces seine restrictione
for the operation, yect because this facility voould be utilivzing brine
originally with inuch higher salt concentration than averayc sea-vite -,
the project would still be fcasible,

Cnlcylation of the Production Rate and Yiel! of Sal

The following calculations show the quantity of salt that
can be produced per acre of coystallizing pond in Case 1 under Jhe abaw.
. conditions -

Tetal saturated brine evaporation
=9, 1'"/operating year (6-6.5 months)

Volume of brine evaporated per crystallizing acre
9.1 x 43560 = 33,000 ft.
12
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FIGURE 6

Cumulative Net Evaporation for Ya'lahs Site
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Quantity of salt crystallized ar 25%
= (%of salt)(Density of brine}d{¥olune of brine)

= (0. 25)[(62.24)(1. 25)] (32, 00.3)
(2000) .

L]
n 321 tons/crystallizing acre-opcraling yeur,

Since the crystallizing pond is approximatcly
54 x 100 - 15% of the cntirve sy« tan,

——

354
.. Production ratc of salt = 321 x 15%~ 48 tons/acre of the enthe
facility
(This is regarded as an ¢conumic ratcl

.+ Quantity of salt crystallized in all the system
= 48 x 354 = 17,000 tons/ycar,

Allowing for 5% losses during harvesting, loading and washing of
salt,

s Annual yicld of the facility in Cace )
= 17,000 x 95 = 16,150
100
= approximately 16, 000 tons/ycar.

- Annual yield of the facility in Case 2

= 16,000 x 4 = 21,300
3
= approximately 21,000 tons/ycar,

It is assumed that harvesting of salt would be carried
out during 2 - 3 weeks in May, thus ending the operatio. before the
. heavier rainy season starts, ‘

The volumc, of brine enteriny the concentr..t ng pond
would be about 244, 000 m~/year in Casc ! and about 325, 00¢ m3lycar
in Case 2, This volume would be withdravi. ycarly from the cuiceutrated
brine available in the Pre-concentrator anl vhich has a volume of
about 4,000,000 m™, It appears thereforc .hat il will be possible to
maintain the concentration of the brine in the Fre-concentrator at its
bigh level during the years of operation.
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No alternative study has been made hased on partial

_ Sth July, 1971

decantation of rain during June and July, as i West Harbour, since

the East Albion Mcteorological Station was onl, sct up in Septembe
1966 and the available daily rainfall data (ever 2 rclatively short
period) would not suggest with enouph confidence any meaningful
conclusion whiother or not the ran during Jun~ aad July falls as a
few heavy showers,

Ii such is the case then the annual production of salt

could be considorably increascd and the economics of the facility would

be greatly enhinced,

Preliminary Capital Cost Fstimaltes for Yallahs Facility

Assuming that washing of salt will be carried out at

Spanish Town salt refincry, and that harvesting will be by means of

hand labour, the following are the capital cost estimates -
1ITEM COST (US3)
Case !l

). Land - (at $360/acre) 20, 000
54 acres of the flat land adjacent
to the pond in Case ! and 72 in
Case 2, '

2. Perimeter dikes - 1, 600
Approximately 200 yds of perimeter
dikes are required to enclose about
900 acres in the large Yallahs Pond,
Thene dikes are located in water 2 fect
dscp and are 6 feet high, 12 feet a ‘he
toe with a slope 1:4, Material with
sufficient inpermecability is assun.ed
to be locally availal!: at a delivered
cost of $1. 53/yd.3 ($2. 00/ mete ).

3. Perimeter dikes Protection - 7, 000
Loecally avajlable limestone rip rap
would be used with about ene foot
thickness to give adequate protectim\.
The installed cost is estimated at
$9.00/yd. 3,

Case 2

62, 000

7. 600

7, 000
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Internal dike -

__5th July, 1971
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COST (Us$)

One internal dike about 1200 ycs. in

length will divide the large Yallaiie

Pond into a Pre-concentrator {ahout
600 acres in area) and a concenlrator
{about 300 acres).  The dike- kas an

average hcight of 6 fect, 12 fee!
wide at the top with 1:4 slope,. The
implaced Soal is estimatcd to be

$1.53/yd.”.

Inernal dike protection -

8econd Concentrating Pond -
To construct, in case 2 only, a

second concentrator with its perime-

ter edges at an average cort of
approxiinately $300 per acre,

Crystallizing Ponds -
To build perimeter edges and level
floor of crystallizing pond (about
S4 acres in Case 1 and 72 acrcs
in Case 2) at an average cost of
o Approximately $450 per acre.

Pemping Mation -

Sub-Total

Ceatingencics (20%)

Tetal Capital Cost Estimates

This is equivalent to

Case )  Case 2
43, 000 43, 000
40, 000 40, 000
.- 30, NOO
24, 000 32, 000
30, 000 40, 000
171,000 261,000
34, 000 52,000
205, 000 313,000

e e e

J$ 171, 000

261,00
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Amyuul Pl'oﬂ\_‘g_!‘idp_!‘xm(jost a Fstimates

ITEM COST _(Us$)
Case ] Casc 2

Depreciation (15 years) 14, 090 21, 000
Interest (8%) }6, 000 25, (40
Maintenance {3%) 6, 000 9, OOL
Insurance (0. 5%) 1, 000 2, 000
Labour (70 workers) 20, 600 20, 000
Supervicion 10, 000 10, 000
Elcctricity 6, 000 8, 00U
Water }, 000 1, 000
Harvesting (at 1,50/ton) 24, 000 32, 000
Washing charges (at 0. 5/ton) 8, 0VO 11, 000

Total Production Costs 106, 000 139, 000

Produciion Cost per Ton Salt 6.63 6.62

(This is cquivalent to J$5.53 and
J$5. 52 respectively).

Gross Annual Revenue (at $9. 00/ton as 144, 000 189, 000
comparcd with $12.60/ton for
the present landed price)

Pre-Tax Profit 38, 000 50, 000
Return on Invest..ent (RO1) 18, 5% 6% .

» Although the production cost per ton {s almust the same
in both cases, yet the ROl in Case 2 is lower on account of the reclatively
high cost of the land that has to be added to the syster in this case.
However, the two Cases would be economically fcasible under the
above conditions.
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Fina

Conclusions and Preposed Projcct doegarding
&}EIL.‘E’!H__L’L{_}(’!\:( ton ‘n o da @
As a result of the physica' sorv v ancd feasilility
studies undcertaken, the following concluioie were drawn regarn. o
solar sait production in Janaied, especiably with respeat toth
West Harbouo and the Yallahs Sites,

A - (:",’"‘,;!‘,E"i_'i“‘,,,,,},'&‘r_'l‘,!‘i,!.'lf Wesnt Harbour boe

o

Two possible projects would be o Lie widor the oo

assumed before and on the basis of 60% decantation of rainfalt o .ig
May - July being possible,  These projects ar«

Project No.
Production of 148, 000 tons salt/year using the ALCOA

Bauxite Pier. Such a project would be considerably econci:.

(ROI1 = 21-22%). M the four 50-ton trucks are leasced as moitionc’

in the feasibibty study, the economics would Le enhunced ani ine
ROI could be increased to about 25%,

Thus assuming thut a lcase of the 4 trucks would bLe
possible for a 10-month period at $1, 000/truck -morth,

.. Total lease = $40,000/4 trucks -operating year,
In this case,

Us §
Gross Annual Revemue = 628, 000 + 40, 000 668, 000
Pre-Tax Profit = 668, 000 - 391, 00" = 2717, 000

.% Return on Investnent = 277,000 x 110 < 5%,
3, 097, 06V

Project No, 2

Production of the same quarniity of sal: as in the first
preoject but using an altermative constructcd pier. 8uch a project
would be marginally economic {f the 4 t~acks and the Pier facilitic:
were not leased (RO1 =7 - 8%)

However, if the 4 trucks, or the trucks and the pier were
leased, the fiross Annual Revenue and th: ROI could be increased to
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about 10% and 13% rcspectively.

Thus, arsuming that the 4 1rucks were leased at about
$40, 000/1 0 snonths (operating year) cad tinat the pier facilitics
were leased at about $60, 000 per 10 tnonihs (operating ycar),

L]
Gross Annual Revenue in case of leasing
the 4 tiucks only = 628,000 + 40,000 : 668, 600

Pre-Tax Profit in thus case = 668,000 - 477, 000 = 191, 000

.. Return on luvéstment = 191,000 x 100 = 9.9%
1,925,000

= approximately 10%,

Gross Annual Revenue in case of leasing the

4 trucks and the Picer = 628,000 + 100,000 = 728, 000
Pre.-Tax Profit in this case = 728, 000 - 477, 000 = 251, 000
.. Return on Investment = 251, 000 x 100 = 13%.

1, 945,000

On the other hand if 60% decantation of the rainfall
during May - July inclusive), would not be possible, but only about
40% possible, then one project only would be fcasible in this case.
The production capacity of the facility would thus be about 116,000
tons salt per ycar because the cunulative net cvaporation would be
smaller than the case of Projects 1 and 2,  This 3rd Project is:

Project No. 3

Production of 116, 600 tons sall/yc.ar using the ALLCOA
Bauxite Pier.

Calculation of the Annua! Production would be us l'dllown:

Cumulative net evaporation in the cryatallizer between middle of
February and end of July (40% decar! ation) = ¢, 2 inches,

. Quantity of salt crystallized at 25% concentrat..n (after leakage)
= 292 tons / crystallizing acre-operiating ycar,
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Production Ruic of Salt (assurning crystallizers account for 14%
of the entire facility)

= 292 x 14 = 40,9 torr/acre operating year,
100

v Total Antual Production = 292 x 420 (crystallizing acres)
= 116, 349
* approximately 116, 000 tons/acre-operating year,

. Return on Investment in calculated ae fo!lows {in care the
4 trucks are not leased):

USS$

Annual Production Costs (316, 000 lees than

Project No. | = 375,000
Production Cost per ton Salt 3,23
local Sales (18,000 tore @ $6.00/ton) - 1092, 000
Exports (98, 000 tons @ $4.00/tor) = 362,000
Gross Annual Revenue ' = 500, 600
Pre-Tax Irofit = 125, 000 ;
Return on Investment =125, 000 x 100 = 11, 4%

TT1,097, 000
= ppproximatecly 119,

The project in this casc would be cconomic.

If the four 50-ton trucks were leascd as in the case of
Project No. 1, then,

US$
Gross Annual Reveme = 5§40, 000
Pre- Tax Profit = 540, 000 - 375, 000 = 165, 000
" Return on Investment (in case of leasing the 4
trucks) = 165,000 x_100 = 15.04% .
1, 097, 60O

= approxinrately 15%,
(Which §s considercd economically good).

A fourth project for the production ¢/ 116, 000 tons salt/year
would not be feasiblc if an alternative pier “wore used in case of 409
decantation of the rainfall between May and July (inclusive),

The Return on Investment ir *his case = 2%, which is
calculated as follows:
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us §

Gross Annual Revenue (40% decantation) = 500, 800

Annual P'rodac ron Costs (leas than the case

of 60% d. cartron Ly $16, 000 sincc Fxportar

98, 000 tus tnstead of 110, 000 tons ) » 461, 000
Pre-Tax 1 sofit = 39, 000

Return on Irvestment = ‘.‘-).!0(‘0 x 100 = 2%,

1, 925, 000
(This is too small),

If it is sssumed that leasing opcratione were posrible
for the 4 trucks at $40, 000, and for the piey at $60, 000 por operating
year of 10 month, then,

uss
Gross Annual Roevenue (in case the trucks and
pier are leascd) + 600, 000
Pre-Tax Profit = 600, 000 - 4¢1, 000 1%, 000
Return on Investnient = 139, 060 -~ T%

i,925, 000

which would still be mragina! and ricky corsidering the relatively large
tnvestment used in this case, Therefore s ich a project iv not recom-
mended unless a larger facility could be established in the fature using
the marsh land adjacent to the ponds,

B - Conclusions Regarding the Yallahe Site

Two possible projects would be fcasible wnder the
conditions assumed before. These projects are:

Project No. |

Production qf 16, 000 tons ¢ 't/ car using about 81 acroe
of the flat land adjacent to the ponde (to be uscd ag a erystallirer;
and about 300 «u. s of the large Yallahs Poud (to be used sx a
concentrator), The ROJ of this project wruld Lo i hout 1%,

Ero}gct No. 2

Production of 21, 000 tons sali/year weing abowt 74 aeres
of the flat land adjacen! to the ponds (tu be used as a crystallizer,
100 acres of this flat land to be used as a second concentrator, ard
about 300 acres of the large Yallahs Pond (te be usced as o firet
concentrator). Thc ROI in this cane would be about 16%,
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Fither of the two prajedts 8 reons rpendod] sin o tin
firet has an redv ao e of hu"in‘ alughor ROY reoar the pec
has the advartago of piving o aghor productyoy

Recwrnnaendations for mpler catap Sola
Salt l'ln.)t«h i Jarmaira

The (ol vitig recunancndatic oo a
mplementing setar «alt projocts in Yamaica

i To expedite the steps to depnte a UNETr 00T
Prodeoction Yot faceordiig tothe for o of roforores
already to the Governovent andaccopt-d iy UNT0 o 0n
tnary feanil. ity viwhies for Yallah  and ¥ est 1l ot
been coumjleted, alsa, becaase the Nty of B (0 o]

lhvehopnn nl has no oY )ections to the wae of 000! e,
solar satt production,

At presont, because cordioie w0 Yadlahe om0 0
positive and minture, it i preferihle to use thie g0 pro
for salt production, copeddally becau « o thor of o vy
projects would saticfy the needs of the local 1nad

In the future, the West Haitbour Site could boang ! o0 o
a0 e opceration woald depend un ensvired expert car el o1 the
manufacture of caustic soda 4 Janaica

To identify the topogrephy of t'vc lurge Yollahs Poid ar ool
8¢ leakape rates and soil conditions wt th. Pond and the adjac. -t

land.

M the topography and soil ¢on ' tions results arc pos.tive,
e meteorclogical station should be set up at Yallahs site,

Project No. | eould be Lnpleionted first, then it could
posstbly b. expanded as Project No. 2.

In the incantine as the above sleps arc being taken, for:, |
approv=1 of the Ministry of Rural land Developmont should be
sought 10 var the West Hurbour Bite 10r salt ;ir ' tion.

T3 tdentify the topegraphy of Weet Harbou: and the nearby
Poade, ++ weoll as leakage rates and soil condit s,
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8. I results from 7 abuve were positive, three meleoro-
logical siations ghould be got up at the vest Harbour Site to
confirm tae weather data as suggested in the fcaspibility study.

2. Chemical Complex Baged On Salt

iy

1. the Progress Report of danuary 1971, it was posnible
to reach useful vonclusions with regard to a Chemical Comples based
on salt,  The optanwn capucitics of the units of this complex were
dete rined as a result of the preliminary economnie study given in that
Report.  Accordingly, the Coanplex is suggested as a project that could
be pmplemented in Jamaica in une or move stages in the future,

Units of the proposed Chemnical Complog are:

a- A Chlorinc-caustic lant to produce 200, 000 tons caustic soda
and 183, 000 tons chlorine per year,

b- An Ethylene Dichloride Plant having « capacity of 200, 000 tors
per yeur.

c- An Lthylene Plant to product about 67, D00 tons [ycar ethylene
from naphtha in a Stripped Dowan PPlant {by the lov'-cosl
Diancr Process).

The production of Ethylene in Jamaica would only be an
alternative in casc the cost of iinporied ethylene hecomes
too high,

d- A Vinyl-Chloride Plant to producc 17, "0 tons por yuar viny!
monomer,

A diagram outlining thesc diffc rent units is thown in
Figure 8 (page 41). However, on account of new information now
available concerning the actual price of imported cavutic suda, the
economic study and ceaclusions regarding the suggested chlorinc-c- ustic
plant have been re-considered.  Inthe mceantime, the efiect of plant
capacity on the cost of production of caustic soda and chlorine in Jamaica
bas been reviewed based on factors differeui frrom thuse previously takes

"~

in the Progress Keport of Janaary 1971, Thaus -
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Bffect of Plant Cop -y o Cost of Manufacturc of Caustic Soda

and Chlorvine 1o Jivneica

Yok omere realintic values fo s, power, fucl,
labour and Coproviation, crlimates of costa o manufacture relevant

to Gfferent plant copecitics an Junaicw weie Jetermined and compared
with those in the Umted Siates,  Figure 9 (page 43) represents these

relations gr phically,
The new basis for this comparison is us follows:
ITEM PRICEIN U 8 A, PRICE IN IAMAICA
- Us$ uss

Salt 5. 00 /ton 5. 00/ton
Power 0. 006 /Kwh 0.012 /¥wh
Fuel 0.20 /MMBTU 0.37 /MMAIT U
Labour 4. 00 /inan hr, 3,20 /inan hr.
Depreciation 15 years 15 year:

It is obvicus froin the graph that the optimuin capacity {or
the production of caustic toda and chlorine would be about 550 tons/day or
marc (3. e., about 200, 000 tons/ycar or morc). The corresponding ccult
of manufacturc of clectro-chemical unit (1. 1 tons caustic soda 50% solution
4+ 1 ton chlorine) is about $68, 20 in Jamaica as comparcd with about
$60. 00 in U. S A,

As mentioned in the Progress Report of January 1971, it
would be intercsting to draw a comparison between this estimated cost
of manufacture of caustic soda (50% solution) #nd the actual price of
caustic soda (50% solution) presently imported by the Alumina producers
in Jaraica, since alinost all of the lecally produced caustic soda will
eventually be utilized for alumina prucessing.

Preliminary Economic Study for the Chlorine-Caustic Plant

Pricc of Preseutly Imported Caustic Soda

uss
F.o0.b. price . 33, 00
Freight (b, privately chartercd vesscls 2nd on

dry basis) 3. 00
C & F price ' 36. 00

Insurance (1.5% of C & F price) ' 0. 54

C.i. 1. price 36, 54
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FIGURE 9
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Price of Presently hn“pu_xj{(wc_‘lla(;:lx_nﬂ_‘.i@_i_g:_ Soda {com'd) USE

——

[

(B/1) 36. 54

Putics (1550 of c.i.f. price) 5. 48

Surchavge (105 of dutics) 0. 5%

Landing oa W harfage Charges 2. 40

Tonnuge Tax (approx) 2, 00

Inland freighi _3.00

5 , Total 49, 97

It could be assumed therefore that the price of chustic
soda (505 sotution) delivered at the ALCAN plant ir zpproximately
US$50, 00 (i, e., 1$41.66)

In other words, assuming that the cauntic soda prodiced
locally will be sold at US$50. 00 prr ton as the iimported, and avswning
that the jndustrial incentive legislations will be applicd, then -

The netback for 1.1 tons caustic soda producedand sold
locally US$s5. 00
1f the netback for chlorine = 40. 00
(as comparcd with the current price of
$46. 00/ton chlorine f.o0. b. Gulf Coast)

————

. Total netback for the clectro-chemical unit = 95, 00

Since eslimated cost of manufacture of clcctro-

chemical unit r° Q6,20
., Gross Profit 6. 80
Gross Return = 6,80 x 100 = 7. T%.
88, 20

In thic case the plant would be somewhat
marginal but still rccommended on sccoun. of the other sspects from
which the naiinaal cconomy will benefit,

-

If, on the other hand, the neiback for chlerine
is $42. 00 or $44,00,

t . Grocs Return = 10%and 12, 2% respectively.,

In thesc cases the economice are improved,
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Utilisation of Co-Product Chlorine for the Prody:tion of Titaniu
Metal from Titania Slag

In the meantime, the region» UNIDO Senjor Indurtrio)
Development Eield Advisor suggested the possitility of using the
co-product, chlorine, in industrial processcs other thanits faniliar
usc for manufacturing ethylene dichloride and vionyl chloride which
some other countries in the area are going to oruduce.

It was therefore sugpested tn investigate the poass i lility
of using the co-product chlorine in the produciion of titadum noets) fron
titania slag obtained in countrics as Japan, U.S. 5. R, and Canada fro
the smelting of ilmenite concentrates. DBecause the IO, content in
the Canadian slag is comparatively low (70-7171), the slag in this case
is mainly uscd for the sulphate process of Ti0, production,  Ou the
other hand, the high titania slag produced in Japan (90%) ie viilised
for the production of titanium metal by chlorination and subccquent
reduction. The slag produced inthe U, 8, S. R. (also having a high
T30, content of 85-90%) is used as raw material for titanium mctal and
for the production of Pigment-Gradc TiO; by a new chlorination-
oxidation process,

Since Jamaica han no ilmenite, thir invesrtigation ‘o
utilise chlorine co-produced with caustic soda for the production of
titaniwn metal or Pigment-Grade TiO, dependr on the cvailabihity
of investors who would be ready to impurt the titania si. ; or ilimenite
eoncentrates to Jamajca for the chlorination process. Marketing of
the Titanium metal produced (and the Pigment -Grade TiO,) could be
eflected in nearby countries,

However, work on this investigation was not completcd
because it was not possible, until now, to oltain the necessary inforimatio:
regarding the material balances and particularly the quantities of
chlorine required in these chlorinstion processes so that an alternative
suggestion for the use of chlorine for manufacturing Ethylene Dichlcrile
and Vinyl Chloride could have been wourked out,

Therefore the completion of this investigation is suspendced
for the time being, and the only alternative for the use of the co-product
Chlorine in the suggested Chemical complex Based on Salt remains
unchanged as given before in the Progress Report of Janucry, 1971,

. a., for the mnanufacture of Ethylene Dichloride and Vinyl Dichloride,
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3. ﬂx_l_ﬂ&lrir Agr_l_and/ur Armmoniwn Sulphate from Anb‘vﬂ.rl?v ;o Gypeom
Becavce arhydrite and pypaun are availoble in abundance
in lamaica, it ves planned according to Propies . Ropors of August 197,
to study the feasitulity of manufacturing ammonmm sulphate and/or
sulplinric acid from these raw materials, t was thoupht Yater, in the
Pionress Report of Jonaary 1971, to linit the rtudy to the manfacture of
aintaonium sulphate only, due to cortamn re sons outlized inu that Repor b

However, on advice received (romn the Substantive Scetiop
fn UNIDO, Vicina, the feasibality of manufactaring sulphuric acid fron:
anhydrite by the new Kent-1SU Process was carried out,

A - Marufacture of Sulphurie Acid from Anhydrite or Gypeun

This procces will be of particular interest in countries
which have no indigenous elemental sulphur, bt which have anhydrite
or gypsum available locally. A feature of the process is that it produccs
lime as a by-product ingtr-ad of the more farniliar elinkcr (eement).
Lime is considered to be casier than (hinker to dispose of profitably.

The nformation published and reccived from URIho
about this rew prccess indicated that the process depends on nsing
natural gas (pre-hcated with air) to provic. the reducing gar ~nd the
necessary heat for the rcaction in the fluidizing bed reactor,

However, since Jamaica has no natural gas, it was deciaed
to investigate the possibility of using fuel oi' as a substitute for natural
gas by analogy with another similar process (i.e., the imanufacture of
lime from limestone in fluidizing bed reactor), vhere it is possille to
use either fuel oil or natural gas. The impact or the ecoen anicy of the
project, of such substitution in Jan.aica, has to be determdren in this care.

It was possible to contuct the Licensors of the new Kent . 10U
Process in the U.S. A. who confirmed that the fiuid bo«d reactors i their
process could be cquipped to use either natural gas or fuel oil, »ith the
oil being either injected directly irto the bed, or alterpativ: 'y to barp thc
ofl §n an external burner and feed the hot gas with the air for fluidization
into the reactor. '

The cxtra cost of the necessary facilities for fuel stora; ~
and fuel injection, that would be used in Jamzicy, was estimated ,nd 1.4
effect on the economics of the project was studied as shown later in thi»
Report.
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1

The published {nfornsation received from UNIDO aeet oo d
the econumnices of menufacturing 1, 000 tons/dey eolphuric acid by the
three known procerses, vir.,

& - Kent-1SU process (usiug ' .ral gas)

d - SBulphur . burning process
¢ - Canent/Sulphuric proc.

The econunics of the third process shoved the highe st
ecapital and production costs and therefore vas excludod fron the prevent
otudy,

However such economics of a large rcate plant (1, 000 tane/
day) would not be meaningful if applied to Jamaica, since it is not hikely
that the ecountry woula be consuming or producing this amount,

Also, becausce Jamaica has a sulplivric acid plant in
Spanish Town which has « capacity of about 109-120 tons/day from
imported sulphur, it would be useful therefore to study the economics
of a plant having similar capacity to that of Spanish Tewn or sc i waat
larges, say 300 tons /day, should the danand wasrant this in the futore,

To determine the best conditions under which suipliaric
acid couM be manufactured in Jamaica in the future, the cconomics of the
Kemt-1SU process (using fuel oil) and the Sulphur -burning process werc
compared. In the meantime the capital and production costs in Jamaica
were compared with those in U. 8. A. to est~blish the relationsiiip in
oach case,

Econonic Study for ' = Manufa. tur ture of Sulphurir Ac.d
Either from Anhydntv or & ?B_ll.x_r

A; Capltal Cost Estimates

Al - Capital Cost Estimates for 300 Tors/Day Sulphuric Acid Plant
from Anhydrite by Kemt-1SU Using Facl Oil in USA and Ja.niaica

uss
Estimated 1968 cost of plant in USA* wsiay,
aetural gas (battery limit) 4,110,000

T% increase in machinery cost uatil end 1970%* 290, 090

e —

®  Kiadly provided by Licensors
% Frem Marshal and Stevens Index.
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Us s

Estimated Capital Cost (beginning 1971) 4, 400,000
in USA using natural gas

Fuel oil storage (2 weeks) 70, 000
Fuel oil injection 30, 000

Estimated Capital Cost (beginning 1971)
in USA using fuel oil 4, 500, 000

- ko ettt
S i e i

Assuming 5% increase in case of Jamaica 225, 000

Estimated Capital Cost in Jamaica (beginning
1971)using fuel oil 4, 7125, 000

(It is interesting to note that Capital Cost estimates for ), 000 ton/day
plant from anhydrite by Kent-1SU Process using natural gas in USA
at beginning of 197} arc US$9, 100, 000), *

A2 . Capital Cost Estirmates for 300 Ton/Day Sulphuric Acid Plant
from Sulphiur in USA and Jamaica

Us $
Estiinated 1968 cost of plant in USA=% 1, 870,000
from sulphur (battery limit)

11% increase in machinery cost until end :
1970 %% 206, 000

Estimated Capital Cost (beginning 1971) in
USA 2, 076, 000

Assuming 5% increase in case of Jamaica 104, 000

Estimated Capital Cost in Jamalca (beginning
1971) 2,180,000

(It is intercsting to note that Capital Cost ¢stimates for ), 000 ton/day
plant from Sulphur in USA at beginning of 1971 are US $4, 150, 000)*,

# From Europcan Chnomical News, January 197)
#% Kindly provided through the Licensors.
*¥% From Marshal and Stevens Index,
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A3 - Capital Cost Estimates for 120 Ton/Day Sulphuric Acid Plart
‘ from Avhydrite by Kent-1SU Procces Uling Fuel Ol in USA
ant Jaiogica

i e i,

Based on 1968 capital cost estimate for 300 tons/day plant
in USA using netural gas = US $ 4, 10, 000, which was kindly provided
by the Licensors, the following estimates wer~ made -

us ¢
Estimated Capital Cost ( beginning 1971)
ia USA for 120 tons/duy plant by Kent-1SU

uwsing natural gas 2,710, 000

Puel oil storage (2 weeks) 30, 000
Fuel ofl injection .. 13,000
Estimated Capital Cost (beginning 1971)

in USA by Kent-ISU using fuel oil 2, 1583, 000

L - e g

Assuming 5% increase in case of Jasnaica 137, 000
Estimated Capital Cost (beginning 1971)
in Jamaica 2, 89}, 000

f.e., approximately 2! 900! 000

Ad - Capital Cost Estiinates for lZOTon[Da! Sulphuric Acid Plant

from Sulphur in USA and Jamalca

Based on 1968 capital cost estimates for 300 tons /day
plent from sulphur in USA = US $1,870,00) which was xindly provided
by the Licensors, the following estima‘es were made -

us ¢
Estimated Capital Cost ( begianing 1971)
Ia USA for 120 tons/day plaat from sulphur 1,420,000

Assuming 5% !ncrerse in case of Jamaica 71, 000
Estimated Capital Cost (begianing 1971)

in Jamaics ]! ‘9:!! 000
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B. Production Cousts Fstimates

Since production costs of suiphurie acid ir. USA would
be indicative to the intcrnational costs, ard, (. muke this comparative
study as complete as possible, the preduction costs of 300 tons/day
sulphuric acid plant fro.n anhydrite by Kent-ISU process using natural
gas wercestiniated according to the present custs of imput units in USA,
thus -

Bl - Proluction Costs Fstimalcs= for 3C0 lg_p_/l}..n)_ Y:l_-n.tg.U_"»_/\

by Kent-ISU f’;;_closs Using Anhydrite and Natural Gas

T 1 Amcunt/ten] Cost/Unit [Cost !Ton)
Item H S0, of Input 1,50,
— , R B 15 M T
1. Raw material - Anhydrite 1.5 ten 3.00 ton 4.50
2. Utilities -
a. Electric power 80 Kwh 0. 012/l | 0,0
b. Process watcr 50 gal. 0.40/1 (;i)O 0.02
: gal.
c¢. Cooling water 14, 000 pal, 0.022/1001 0,32
d. Fuel (natural gas) 7. 1100810 | 0. 40/8B | 3. 08
BTU
3. Labour -
a. Operating (2 men/shift at average $4. 00/man hr. 0.64
b. Supervision (40% of operating labour) 0. 26
4. Maintcnance -
(5% of fixed capital) 2.20
Sub-Total 11,98
5. Indirect costs -
8. Depreciation and intercst(20% of fixed capital) 8. 80
b. Ovcrheads (1007 of labour and mainienance) 3.10
Sub-Total 23,88
Lecs credit for lime (0. 582 ton @ $9. 00/ton) -5, 24
Production cost/ton H.50, 18,64
*:“3—«
Less depreciation and interest -8. 80
Production costs/ton after depreciation »f plant cost 9. B4

* Annual Capacity is approximately 100, 090 tors based on 330 working days, ,

. d .
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Ther the following estimates o' the production costy in
both USA and Jamaica, using cither anhydritc and fuel oil in the Kent.19,
process or sulpaar in the sulphur-burning proceas, were carried out.

B2 - Production Coste Fstimates for 90 Ton/ iy Plant in_USA

and Jamaica by Kent-I5U Procers Maing Anhydrite nd Fuel ©3)

“Cost/ta '
JHem,
n VJSA
1 1s%77

e B o

Cou tanit of
Tt
in USA I“'l: Jaunalen

WSt T ey

Amount/ton

Item 1
1y Jaraict

CUsy

Raw Material -

Anhydritc

Utilities -

a, Flectric Power
b. Process Water
¢. Cooling Walcr
d. Fuel (fuel oil)

labour -

1.5/ton

80 Kwh
50 pal.

M, 0L gal,

7. 7x10011U

3,00/t0n

NOIC/Kwh
D, ‘W]OIX "”:] .
[.23/100

W/irra b

D, AN

3, 00 /oan

Q 0I5/ Kwh
0. 4G/1 (11 (-l
0. 0y 1m0

0. FOVMEN

& X hn b,

1. 50

»

Lalle i e

bt}
<

-~

J.

-
—

. e 4 - " p———— vt .+

a. Operating (2 men/shift)
b. Supervision 40% 16u%,

(of operatirg laboar

5% 6 %
(of Capital)

Maintenance

"~ Sub-Total

Indirect Costs -
8. Depreciation &
Interest (20% of fixed capital)
b, Overheads (100% of labour and maintrnance)

Sub-Total
Less credit for lime (0. 582 ton @ $9.00/ton)

«% Production cost /ton HS04

Less Depreciation and Interest

Production costs/ton after depreciation of plant cost
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B3 -
anr' J i

Item

Raw matcrial -

Sulphur

Utilities -

a. Electric Power
b. Process water
¢. Cooling watcer
d. Boiler feed waten

lLabour -
a. Operating

Amouni/ton
" 2‘;()4

0.3 ton

8 Kwh

400 gal.
7,500 gal.

300 gal.

(1 ntaw/shift + 1 day man)

b. Supervision

Maintcnance

Sub-Total

Indirect costs -

~ Sth

a hy the Qulﬁhur~nurmnb }‘ m €A

“July, 1971

Px uduchun Costs F‘ahmuh s for M0 Ton /T\ ay Plant in V'SA

a. Depreciation & Interest (20% Of fixed capital)
b. Owverheads (100% of labour and maintenance)

Sub-Total

Less credit for Steam

.» Production Cost/Ton H, 80,

less Depreciation and Intercst

Production Cests/ton after depreciation n! plant cost

Cost/unit of luput Cost/ton H_ SO
TAUSX T 1A Lovidaa T USA Tt b v
vse) [uss T s (1'S$)
30, 00/tv.(32. 00/tor] 9. 00 9. 66
0.0 2Kwt | 0,015/ wh 0.10 012
0. 40/1 Wl 0. E/10NNRY 0. 1¢ 0. 12
0. Q2100 ' | 0.0 KD 0,17 0.2
0. 40/1000 " | 0, 81100 0.12 0.24
.00 br.| 2, "% lal. 0. 43 0.2%
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It is interesting to note that the prodaction costs of
sulphuric acid 1 1070 tons/day plant in USA are about $12,40. /ton .
by the Kent 1517 process (using natural gas) aind avout $12.10 [ton
by the sulphus - burning process, Theane costs are as high ar $21. 70% {ton
¢ the third ce.acut/sulphuric process is used,

I'rom the above economic stuly, the following obeervaticns

and conclusions we e drawn -

Conclusions Rv;_;_ardng the Manufacture of Su'j hwarice !\gi«? ;“"_'I.?.’_'.‘.‘.E‘_i.c;,‘:

Esthe ¥ by the HKent-ISU_PFocers of the Sulphw burping Procoss

a. The cffeet of using fuel oil as & substitute for natural gas
in the Kent-18U process is not conside rable,  Only anincreasc of
about US30¢ per ton would be javolved in the casc of a 300 tons/day
plant in USA (costs of production being $18.94 and $18.04 respectively,

d. Sulphuric acid produced froin anhydrite ina 300 tons /day
plant in Jamaice by the Kent-1SU process (using fuel oil) would be
higher than in USA by about %3, 70/ton,

c. The production coste of the acid arc still higher by about
$2.4 - $4. 5 per ton in case of using the new Kent 15U process in
Jamaica as cemparcd with the sulphur burning process,  In the formaer
casc the costs are $21.94/ton and in the latter they ere $15,5/ton
(without crcdit for steam ) or $17. 4/torn (with credit for steam).

However, after depreciation of the plant cott, the produrlion
cosls of sulphuric acid by the Kent-1SU process ina 300 ton/day plant
in Jamajca would be slightly lower than the sulphur burning process
($13.0/ton as comnparcd with $12. 5/ton res-petively)

d. If the plant capacity is cqual to or smaller than 120 tens/day,
the Kent-1SU process beconmics morve exp=naive in buth capital as well
as production costs when comparcd with the sulphur burning process
on the basis of the present prices of about $30 or less per ton of sulphur.
Even after depreclation of plant cost, the sulphur burring process
would be still regarded the better of the two. This catc ir interesting
because the Spunish Town plant in Jamaica has approximately an
equal capacity and is applying the sulphur burning process,

In the future, should the neced warrant an extencion of the
existing plant in Jamsica, or the construction of a new one, the sulphur
burning process would be preferred under two conditions:

% European Cheinical News, January 1971,
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(i) That the plant capacity dees not excedd 300 ns/day {cine £
higher plart capacities the new Kent 151 procees woala b e
mically bhetter),

winn fe

(i1} That the cost of sulphur does not v re op oy Miwnmore

per ton as at was a few years uago,

‘

B - Manufacture of Amgnoniwn Sulp® . o Ling Gy o
da

A feasilility study has beern started a0 w0 Uas proy o
and discussed partly in the Progress Report of Jannary i, espe cialiy
with regard to -

Plant capacity (50, 000 tons/year)
Plant location (two possible siles wer
M~oufie ving process

Material input,

novert g anedy

Work outlis project has been continued, Lot v as d lays
to some extent owing to practical difficultaes inobtainir g veproient e
samples of available gypsun and anhydrite #rd alsn, G the 1o ot
consumed in carrying out the chemical analysos of theso san e ottt
Scientific Research Council laboratories, and of vater v plon (0o o
sourcc near one of the proposcd sites) at the Water Coivy ission labaratori s,
The following are the results of analyses of pypsun and

anhydrite representative samples collected fiom different locations,

crunhpd and mixed well,

Chemical Analysis of Sam Samples of Gypsun and Anhydrite

Ca0l
50,4
MgO

Fe20;3
AlLO,
Na20
K0
Cl
COy
H,0

8i0; and Inscluble Residue

| VT ——

30. 80
42,48
1.00
5.10
- 0.28
0. 67
.18
0. 02
0.20
.79
18. 81

[ _Gypsum

30 80
47,9
1. 20
1.97
0.2)
0. 86
0.13
C. 02
0. 19
0.60
9.0}

Total

100. 30

109. 99

Ahhy(! ;'(
3

35. 76
52,89
2,00
1. 45
0,0"
0.43
v. 16
¢. 01
0.'%
1.57
1. 29

99.73
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The two proposed sites were further investigated
especially with regard to soll bearing strength aad the availability
of nearby sui‘abic utilitics, especially process water, cooling water, !
electric power, et:,

The study was not completed rue to lack of tirne and
because priorvity was given to the study on h.t ufacturing sulphuric
acid from anhydrite,

4. Manufacture of Bagassc_Pulp and Newsprint from Bagasse

This projecct has been discusscd in the Progress Report
of January 1971 cspecially with regard to -

- Feasibility of using bagasse pulp in the manufacture of newsprint,
and the proposed proportion of chemical bagasse pulp in
the fibre furnish,

- Availability of bagasse in Jamaica,

«~ Proposcd plant location.

After resuming work on this project it had to be stopped
and its priority was deferred, bacause the West Indies Sugar Company
(WISCO), the largest potential supplier of bagasse, has decided jor the
time being not to use fuel ofl as a substitute for bagasse in thLe boilers
at their sugar mills. This is a new stand taken by the Company at their
large mills at Monymusk in Clareadon and Frome in Westmoreland.
This decision is contrary to the consent of the previous management of
this Company to supply bagasse to the proposed bagasse pulp project
since the boilers in the sugar mills are equippod to bura fuel oll as well
as bagasse,

5. Manufacture of Chemicals by Fermentation of Molasses

Thie was identified as a potential project in the Progress
Repormof August 1970 and Jamuary 1971, A techno-economic study of
this project is pending the preparation of a market study (locul and overseas)
to be undertaken by the Jamaica National Export Corporation.
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6. Recovrr) of Chemiacals .md/ur Manufacturc of by Poodacts fromg,

o Lo vn e - apnag

Fiflucts and l'mvtd Remains by Vocal beather | 1nn3.$i;3"\x€!-y

N T ST T SO 3. 25 P&

The main sections of Tanner. Limmited plant were
described in the Mrogress Report of Januarv 1971 with the purpose
of ldentifying chemicals which could be recovered fror the effluents
of the plant, arn/or manufacturing by produsts from uruscd yemasine,
thus improvite the cconomices of the plant,

However due to the relatively craall g32e of the plant,
the only promising section that has aublistantial quantitics of remaing for
this purpose §= the 'fleshing! and tirning section,  Compacition of the
flesh wars givern in the Progress Report of January 1971,

The Firim has been advised to determine the avalable
quantities of fat and protein that could be obtained from flesh, and o
find out whcther glue, gelatine, roap or glycerul eould be pruduced
economically as by-products in the plont,

The first resuits of the work dane at the Fiym's
laboratories were prornising as far ax production of glae,

Work on this project §s still proceeding,

7. Other Task: Urdertaken at the Roquc*! of thc- JDC

e il e i AP

At the request of the JIDC the expert undertook the
following tusks:

A - Disposal of Process Waste of the Contemplated Yeart Plant
at Spanish Town

The West Indies Yeast Company Ltd. has beer plrring
for a numbcr of ycars to construct in Jamaica a plant to manuf. .cture
yeast irom molasses. The proposed plant capacity was 75, 000 11, /rianth
(i.c., about 900, 000 1b/year) but since 1969, CARIFTA (ountr.~s
requirements werc taken into consideration and the Company decalel to
increase the production of yeast to about 2, 200, 000 1b. /year duriug
the first year of starting production, then to 2, 400, 000 a:id 2, 700, 000
Ib/ycar after 5 and 10 years respectively (tom the start of procuction,

A report dated December 1965 concerning the discharge
of process waste was prepared for the owners by a certain water
resources enginccering firm in U.8. A. and submiitted to the Ministry
of Agriculture. ‘Tae recommendations of the report, hased on the

0 - 5 P?
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initial proposed plont oo pecity, mentioned that luboratory tests using
similar ycast waster from another plant in V. & A., samples of the

Rio Gobre Canal water (in which the dischausge vould take place),

bave demonstrated that the discharge of unirccted wastes into the cannl
system will not significantly affcct the average PH, colour or BO D

of the water,  7he report also mentioned tht any short term or vicual
effects resulting frem poor initial mixing of the waste with canal watcr,
can be climinated, if necersary, by the use of a sunple holding tank to
equalivc wasle discherge retes, Cowipulations of re -acristion characte: -
§stics demonctiate, as given in the report, that a depletion of dissolvead
oxygen will not occur from discharge into the zanal,  Also that nuirient
value of the yeast cffluent can be utiticed on the cancficlds irrigated by
the Rio Cobre Canal wuler.  Therefore the Company found that wacte
treatmeoent is not indicatcd prior to discharge to the canal,

However, after the duvision to inereasc the plant capacity
was taken, the Yeast Conpany reached an impesse with the Minist: y of
Health in Jamaica reg: rding the discharge of process waste,  The
Ministry of Heolth held the view that the proposed holding tank will become
npo morec sufficicnt to cguulize the new discharge rates, whercee the
Comj.~ny thought the taik would be adequate for the purposc,

The motter was refervcd to JIDC authorities and the
expert wa: asked to take port in the talks between the represceitatives
of the Ministry of Health, the Company and JIDC.  The Ministry of
Health had the view that B O D of water should not be higher than 100 p. p.ra.
whercas the plant, based on the new capacity, will produce €, 350 p. p.i.
and mzay possibly reach 14,000 p. p. m.

The cxpert shared the view of the Minietry of Health
which insisted un avoiding the canal water pollution. lic was of tuc
opinion that an anaerobic digestive waler trcatment system should be
set up to bring the B O D to the required levcl, especially after being
jnforracd of thc approximate oxygen deficits that were 1ecalculated 1y
the engincering fixnm in April 1971 on the basic of the ncw plant capacity.

The We ! Indics Yeast Company Ltd, has finally agrecd
to setl up the anacrotic treatment systein and steps to complete the
erection of the plant are ahead.
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B - Manufacture of Cansava Products (Erpe cially Starch) from
lm_ga_[l_y_;irown Cassava

C . Manufacture of labricating Greases

D - Manufacture of ’l_hermo-l”l'qz:tic Cornpounds

These projects were referred to the export hy JIDC -
to investigate with the purpose of carrying out a feasibility study
for the cassava project and to give recommmendations to the Incentive
Applications Committee at the JIDC regarding the two other one 3.

Work was still procecding in theee projoets when this
asnignment came to an end,

1. VISITS TO SITES, WORKS AND MANUFACTURERS

Several visits to possibic solar galt sites and lIncatjons,
chemical works and other related industrial manufacturers were
discusscd in the previous Progrcss Reports,

More visits to other sitcs, locations und works vere made,
These are briefly mentioned below - '

). Pigeon Island
(Used for solar salt production during the fortics).

2. West Harbour Site

3. Yallabs Site

4. Ammonjun Sulphate Potential Sites

West .!ndie- Sugar Mill . Monymusk

5,
"6, Btandard Building Products Ltd.

(Bagasee Board Plant).

7. West Indies Pulp and Paper Company 144d.

This plant was under coastruection and is now completed.
Details of the plant were described in previous Progress

+ xS
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Reports.  Trial runs for the Vaper and Tissue machines
were attended, '
8. Carivhenr Steel Company 1td.

9. Caribbean Galvanize. Pipe Company 14d, 1

10, Rritich Tnsulated Callonder's Cables (Taribbesn) 14d.

1), Janmaich Carpet Commpany 1td.

1. SYNPOSIA, MEETINGS AND INTERVIEWS 1
A Symnposia |

Four symposia were attended. These were on the
following subjects:

}J. The Bauxite and Aluinina Industry in Jamaics |
{University of the West Indies),

2. Middle Managunent Session
(J1DC)

3. The Application of Irradiations and Radio-isotopes in Agriculture,
Food Storage and Industry -
{Scientific Rescareh Council)

. 4. Up-Dating Session for the Development and Promotions Department
(JIDC)

P - Meetings and Interviews

). Meeting at the Ministry of Rural Land Development

(Presided by Mr. D. Dyer, Permanent Secretary, regarding
permissfon to use the Yallahs Ponds for soiar salt production’

2, Mr, K, Vyasuly, UNIDO Senior Industrial Development Fleld
Adviser (Several meetings)

3. Mr. C. Langford, Commissioner of Covernment Lands

. 4. Mr. Michael Lewes, Managing Director, Jamajea Gypsum Li(.

(Several meectings).
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H . . ]
gr- Meetings and Interviews (cont'd)

s, Mr. “Msacrth Gallimore - Jabricatisg Creases (2 meetings)

* 6. Mr. Barclay Fwart, Managing Dircctor of
(a) ludustrial Chemical Compory Ltd, (Sulphuric Acid)
(b) Alkali Limited (Salt Reincry)
(c) Tanners Limited (By-Prolucts of Tanuing)
snd
Mr. W.Saunders .

o o—

7. Mz, Chester Dowdie, Director of Social Developiient Ageacy
{Cassava Products)

* 8. Mr. Derryck Stone, Soil and Crops Division, Ministry of
| Agriculture and Fisheries

! (Cassava)

i .9 Dr, Noel l.yon, Kajser Development Corporation

: (Cassava)

10. Mr. R, McClenaghan, Jr., Managing Director, West Indies
Yeast Caompany Ltd,
(Disposal of Yeast Waste)

1. Mr, Pitter, Ministry of Health
{Disposal of Yeast Waste).

12, Mr. Lloyd Langford, Director,Monymusk Sugar Estate.

Other meetings with the Fxecutive Director and other
Directors of JIDC took place to discuss various aspects of work,

-
./u./—’ / .. _),L(L LD

H. A, El Sharawy
Chemical Industries Expert

Te
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