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Sir,
1. At the request of the jovernment of Trinidad and Tobago a
Unfted Netions Mission war orgar‘zed *o exp:ore the possibilities of
producing furfurel irn T-'n’dad and Tobago prima~fly from the bagasse
avaflabla from the cpe-s*ions of the sugar ‘ndustry. The Mission
consistad of:

Or. R. C. Desai, Industria’l Economist

pr. J. Smuk, Chemical Engineer and Furfural Specialist

Mr. B. Thiagarajan, Chem'ca! Engineer
The Mission was in "rinidad and Tobago fo- threa weeks from 21
February to 13 Ma~ch 1967,
2. Prior to the M!ssion's daparture for Trinidad and Tobago,
the UNIDO Secrateriat hed unde-taker to study the market conditions
for furfural. On the bas‘s of !nformetior published in the trade and
professional i{terature, supplementad by two reports prepared by
Messrs. Cargill and Compeny and comversations with the DuPont Company,
ft appesred that the price of furfura! was the key to the merket. The
main consumer, namely the Dufort Compary, wes switching to an alter-
native rew materia!l for tha production of tetrahydrofuran, and then
some high cost producers migh* go out of production. It emerged
that the mein efforts shouid be towerd cost reduction., If furfural
could be producad i{n T-’n'ded at an ax-factory cost of Us 8 cents per
1be of furfural, ‘t was r-eascnable %o believe that the production
could be marketed wi thout d'fficuit’ez., !f, on the other hand, the
costs wera above 10 cents pe- "D, 't wou'd be eviremely difficult for

Trinidad to merket ary s'gr’ricant quantities. The loce! consumption

in Trinidad for the o!' refiring processas of the Texaco plant 15 small,




3. Tha c-uv ¢¢ "c - -3 f2-fu-9 f-cr.~ ¢~ e 'r the raw meter-
fal situation. Be3a-<c¢ - ~ - - Za. - g7Li.+1 © two iarge sugar mills
and two smeii cres. The “wC 47 .f ‘.8 mi'4 <. eate -aspactively
135,000 and 120,000 iory “or=~ c’ rvasa--e ', we gnt. The two factories
ara situatad ' m ie- spa--, @ry ¥-- cc’-€-"¢1 py a rar-ow asphalt road
{n poor condi*ic~. 0f :tre qua~-i - - cf bacazce ava-lable, all but 50,000
tons (dry waigh®) ave uie ! up 33 “,r = 'ne tao pia~ts. The relotively
small quentit’er produ:en = “me o“her .wo flart: ace ‘ully burnt up as
fual. The pith sor*ert c* r-\ bagasse, a. reported by independent labor-
atories in *he Unitad R ~2dor tc «~rom ke baga~ e specimens were sent,

1s 25X. The pentosa= rorsert ¢ he 17/ bajass® "3 givan as an average

of 22X.

b, Two a'te ra*ive mechoae of manufaciur -ng fu-fural were con-
sidered. The first methord wa: dep ih:rq the bagasce (irnto fibre and |
pith) and producing fur®.-a F-cm *ke p.th.  The second altarnative was

to use the tota! bagasse. - ea-h ~are twc 4 fferent techniques were con-

sidered:
(a) the zon.er*.o~a' Quawe: Oat: ba-:nr technique end
() pre-hbyd=e!,- -, fc''cwed by continuous production
of fu-®ura’, &. = ‘ve p-ev-our cdse,
S. Basea on the ‘0ra" Taw ma‘r-a. :ituet on ard the technologies

of production as decr- bra apc=, ine M ;t'ct w93 3'ven terms of refer-
ence by the Gover~men: c© ~-‘r’9e< 8= “cbasc a- te'ow, The Mission wes
to investigate a~d repc-* on tre fo icw !
1. worid ma-ket c'-ywt ¢. fer turfure!
2. A'tarnat-ves fo- “cra’ podoition of Furfurel,
utilizing *“e besa<-:, liu1ng.

fa! »-oncm .. of predutiong




6.

(b) eppiirable ceckrology;

(c) s%ages of project '‘mplamercaton;

This study to nciude:

1)

The feas!bi:’ty of saparat‘rg bagassa ‘nto pith and
fibre from ail ave’lab'e supp’‘es of bagasse and

using p'th as tne basis for furfurai production.

The following aite~rat/ves ut'i’'zing ail the resulting

fibre should be cons'dmr-ed:

(o)
(b)
(11)

(114)

As a fuel for the me~ufazture of sugsrs snd

As a fsad stock for puip and psper and other industries.

The fesribitity of immed‘ate commercial production of

furfurs! using the quantity of -aw meterisl over snd

above tha norma! fue! raquirements of the suger {ndustry.

The fessibility of ~ommercia‘ production of furfural in

Trinided and Tobago usirg a'i svailsble bagasse and

other pentosaniferous materia's (e.g. coconst bass),

and to advise oni

() The ze!ting price of raw materia’s which would
rander such meximum produ-tion economically viable;
and

() The nead for the estabiiskmert and operation of s
pilot projest or scheme to hardie soms proportion

of the pla~ned final capactty.

Recommendations ‘or furtre: act'or by:

(1)
(11)

Unf ted Net'ors

Trinidad and Tobago.

The M{ssion cons'dered a'l these aiternativas in detail, on

the basis of {ts evaluation of data assemb ad by visits, consultations



and correspondence with M'nist-ies of the - n"daa and Tobago Government,
with suger companies, and wi*h o'’ ard elect-"c’tyv companies which were
to be concerned with supply‘ng aiternat’ve fue! and energy, and has the
honour to present {ts Report herew!th.

7. The Report begin: with a general desz-iption of the technology
of furfural productior. Tt then proceeis %o examine the raw meterie!
situation in some detail. Various altcrmatives of furfural production
by depithing and from total uti!‘zation of bagasse ara then considered.
The results are then evaiuated.

8. The main conclusion is that the best alternativa {s to produce
furfural at the largest sugar factory, using total bagassa from the two
large sugar mi1ls, together with the avaiiable coconut bass. This is o
relatively large venture, involving conversion of sugar mills to alter-
native fuels, and transportation and storage of begasse (and bass) in
large quantities. Even so, the projact comes out marginal on paper.
Any practical difficulty or error in calculation could easily upset the
economics of the project.

9. On the other hand, soms favorable facts needs to be taken into
accounti-

(a) The project seems so close to marginal that any favorable
developments (such as a long-term contract for the sale.
of pulp or fibra) mey meke {¢ extremealy attractive;

(b) The project may just pay for {tseif; however, the {ncomes
ganerated in producing furfural (which are chargeabla as
costs to the project) would make e s’zeeble addition to
the gross domestic product of Trinided and Tobago.

There is retrenchment in the petrolaum {ndustry and the wages paid to
labor employed can be taken as involving no net cost to the economy.

Incomes earned in transporting bagasse and in sellirg natural gas which




is surplus at the moment wcuid aiso be additior: :c the benefits derived
by the economy of the Islands. A case zan be made out that the project
is economic from the natioral standpoin%, ever ‘f '+ ‘s not so from the
standpoint of its independent commerciai v’ab’" "ty 'r e merket economy.
10, As the Raport was being submitted the 4iir on received {nforme-
tion that the tests carried out recanly at the University of West Indies
resulted in higher percentages of pertosan contert of sampies of Trinided
bagasse. The pentosan content {n thase tests averaged 25.7 percent. It
may be worth {nvastigating the reasons for the d{screpancy between tha
results obtained by the British Laboratory and those by the

University of West Indi~s. If the results obteined by the University
are confirmed the statistics in Tables 3, 6 and 9 will aiter es below.

EFFECT OF INCREASE IN PENTOSAN FROM 22 to 25.7% ON REPORTED EXPENSES
IN TABLES 3, 6, & 9. VALUES INCLUDE INCREASES IN PREMYDROLYSIS COSTS

Teble 3 Table 6 Teble 9
Total Additional Steam
Cost + Fue! Value
Water + Elect. + Acid $ 137,600 $ 25h4,200 $ 257,500
Furfura!l Produced 30, 400,000 58,400,000 60,800,000
New Manufacturing
Expanse 2,4k, 700 4,440,800 L, 427,600
New Product Value
at Ocll.b. 2,432,000 L,672,000 4,864,000
Net Increase (12,700) 231,200 ‘036,‘000
% Return on Investment - 3.4 6.3
Cesh Flow/Capital
Investment (X) - 12.8 15.8
1. The evidence thus is varisble, end even with the latest results

the prospects remain mergiral. The project requiras, therefore, to be

further evalueted before any firm dec!sfon can be reached on {ts economic

viabf 11 ty.




12, We recommend that the Government and the suger and the fuel
{ndustries of Trinidad and Tobago take ail steps to effectively establish
the technice! end economic data on (a) t)e pentosan content of the Trini-
dad bagasse (b) the tiue replacement costs of converting the suger fector-
fes to alternative fuels (and not whet the interested partias would each
1ike to charge for bagesse or for altarnative fuels), and (¢) the
practicel aspects of trensportotion and storage of bagasse (and basa)

in large quantities.

13, W recommend that the United Nations keep the project under

review and help the Government of Trinidad end Tobego n two stages.

Stage one may consist of the assistance it may need in establishing the
above technicel end economic data. If these data resuit in a more |
optimistic view of the project, staga 2 may consist of assistence leading |
to the estebliahment end operation of e viable furfural plant in Trinided.
1h, We elso recommend that this Report be submittad to the Government
of Trinided end Tobago.

15. S0 meny persons were helpful that 1t would be somewhat fnvidious
to mention only a few by name. Nevertheless, we would 1ike specificelly
to ecknowledge the strong support, guidance end helpfulness of Sir Alen
Reece, Chairmen, Or. Max Richards, Director end Mr. Eldon Warner, Genere!
Manager of the Industriel Development Corporation. That this Mission

was able to eccomplish what it did in the short time it had is e tr {bute
to the orgenfzetion and quickness of decisfon of the 10C. Our Liaison
Officer, Mr. Menry Chee Hung was able, conscientious and thorough. Ms
assistence saved us meny hours of work. Mrs. Theresa Nurse, our aecretery,
carried @ heavy stenogrephic 1oad with aplomb and skill. Much of our

work had to do with Mesaers Ceron! Ltd. whose representatives were

cordiel, helpful end kind. To have spared so many hours of so meny




officials for us during the height of the cane grindirg season was i ndeed
a consideration which we much appreciated. To ali the many others who
were of service to us we can wish to offer a coilective thanks, espe-
cially to Messers Cargill Inc. of Minneapolis, Mirnesota. This firm had
spent several thousands of dollsrs on a pre-investment study of furfural,
and very generously turned ovsr the study to the United Netions free of

cost. We found the materis! to be valuable {n our work.

R. C. Dassl
Leader of Mission

o Ak

Member

OLICINAL SIGNHED

5. ThiagaraJen
Member
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TECHNOL OGICAL

General Process

The formation of furfu a' oliu. s #hen a pentcsan (polymeric five-
carbon sugar) is first hydrci,zed tc the monosac<a ' 12 wiich subsequently
loses three molecuies cf wa“c- to y &'d one moieciuie of fu-fural  The

overall reaction carn be w~=ittun as fo'lowms:

Pentosan -NTZS_—:E'> CSH*OOS 38,0 HC - Cr
# L7 |
Hq\\o///;CHO

Several side rcactinng cciur simuitaneously with the main reaction
shown above which detract from the furfural yield. To & small extent
furfure! is destruycd ky the Figh temperature and acidic media, but a more
{mportent resson for nnt attaining quantitative yields is the reaction of
furfural with some ~rucurscr  1f, howevar, tre furfural is removed es
repidly es it is fcrmed, e>s5 n'iuily ali Of the pentosan is converted to
furfurel. This important fa-t ror ¥ 122 the Lasis for the well known
Quaker Oats Process w-ich ras "ceo ot ngihie for neerly all cf the com-
mercial furfural.

In the Quaker Oa%s Frncess, «° F . a s.~ -batct cperation, corn.
cobs or other agriculture resitus, & 3. w’k sulfuriz a:iid are fed into
lerge spherical digest.rs W' & ‘r- ojesters Jotate siowly, steam at
about 100 psi is frtroducsed writl ..z sutirsd reectior temparature is
resched. During the cooking rertnd Furt.~si and cther volatile products
ere stripped from the raucti:n mess usiny 333itional stesm  The furfural.
leden vapors are ied into fratrivna® ru end Jenydrating columns where
epproximately 99% furfural is fiza'’, cktaired. The soiid residue from

the digesters is primarily hurrad s tuel, 9y removing the fur fura! as

. 4w




it is formed through the strispin, 2tion cf the steam, destruction losses
can be minimized. Of cour:v, i1 1 evident that an optimum oparating
point axists whera the gein in yield can no longer compensate for the
increased steam consumption. Yields of 33-38X based on pentosen content
are commonly obtained in industrial plants. Each digaster in 1tself
operates as a batch reactor and the required continuous feed to the dis-
ti11etion unit is achieved by operation of many digesters on a prescribed
timing cycla. Becsusa of the relativaly low cooking temperatures the
reaction times are very long, resulting in a necesserily large number of
digesters in order to simulete a continuous system. These digesters
represent a very high capital investment per ton of product and ara by
fer the most expensive equipment item in the entire plant. A schemstic
flowshest of the Quaker Oats type of process is shown in Figure 1.

The inefficiencies of the single stege system have stimulated fnvesti-

getions into other methods of furfural production. A lerge shara of this

work has concentreted on a two staga type of process. “hat {is, prehydrol-
yzing the raw material to axtract the pentosens into solution followed

by a conversi. .f the solubilized suger to furfural. The basis for this
type of schems 1ies in the fact that conversion of the pentosan to mono-
saccheride (or soluble oligosaccharides) proceeds much mora rapidly than
the subsequent dehydration step. Thus, by properly staging the tempera-
tures and ecid concentration it is possible to effactivaly stop any degre-
dation of the monosaccharide while obtaining a high yield (about 90X) of
the available five-carbon sugars. Such e reaction is commonly carried out
in the menufacture of dissolving type pulps by the Kraft process where
the prasence of pentosans in the product is undesirabla. Due to the nature
of the pulping process, however, the equipment would not be directly

sui teble for use in furfural production. There are no other existing
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industrial examplas of prehydrolysi: \cacept purneps 'n Russia), but it
is a technically feasible and relatively straightfo ward process. (Com-
merciel equipment is a ailable today for carrying cut any of the necessary
steps (material preparation, resction, concentration) involved in making
a soparetion of the pentosan fraction. The procass economics, of course,
are directly tied to the utilization of the total mterial.

Because of the extraction step the final dehydration to furfurel
cen be quite simply effected. With due attention to fouling problems the
homogeneous reaction can take place at 500°F with yields epproaching 65%
of theoreticel. The high temperature end presence of acid (effectively 0.1
norme)) produce very repid reaction rates so that the residence time {s
reduced to approximately 10 saconds. If the prehydrolysis step is carried
out et 1209, total hold up time in the two stage process is of the order
of 30 minutes. The short residence time allows the use of a tubuler
resctor with very high flow rates end correspondingly large shesr forces
st the wall to help prevent fouling. The simplicity of the system end
continuous operation result in the advantageous combination of high through=
put cepacity at very low investment. In contrast to the single stage
process where as much as 3/ of the equipment investment is due to reacters,
the tube type reactor is practically expendable, amounting to sbout 5% of
the equipment cost. Figure 2 shows the schemstic flowsheet for a two
stage process.
Saw Matorie!

The item of mjor expense in the manufacture of furfurel is the cest
of the carbohydrate raw material. This is due to the low yields (genersily
less than 12X) that cen be practicelly obtained and the handling costs

associeted with the necessity for moving large quantities of low bulk

density material. With conventional processing tachniques the raw material
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accounts for about 45% of *ne total manufa: o ey exnonie nsequently,
a strong position in the row mater1al supp'y ' < furd.ment a! - equirement
for ecoomic furfural product wn  This "mpi =3 ~ . "4h 7€ £ cuntrol
over supply so as to remove as much as poss'ble the uncertainties in
availability and fluctuations *n price. The sugar mill is therefore a
very important partner in a7y fur fural producing scheme based on hagasse.

In the past, corn cobs have heen the primary carbohydrate material
used for furfur.) production. Th's has been due to the high pentosan
content, large quantities ava>lable 'n rather concentrated locations,
and the essentially zero value which the farmers put on them. The cost
to the furfural plant is 'ncurred primerily in the collection and stor-
age operations, which unt11 the present time has amounted to $5-6 per
ton of wet cobs. Recently the availability and projected availability
of cobs has become restricted due to the introductron of mechanized corn
pickers. As a result the price of cobs is rising with estimated cost in
the early 1970's of $10/ton. Because of this, other carbohydrate mater-
ials have become more attract:ve and have been the subject of recent
investigation. The changing raw material situat-on 1s clearly reflected
in the decisfon of the major progucer of furfural to corstruct a new
plant adjacent to a sugar mi 11 utiirz'ng bagasse.

The total sugar produced 1r Trinidad amounts to about 230,000 tons
annually, corresponding to nea:ly 300,000 short tons of bagasse. The
relative distribution of this productinn 13 indvcated by the following

mill cepacities:




Lozation Daily Suge- Production (Tons)
0range G-ove 160
Fo-res Patk 120
Reform 90
woodford Lodge 240
Brechin Castie 700
Ste. Madeleine 700

The rew cane supply comes from 83,000 acres along the coast between
the Port of Spain and San Fernando. The sugar estates cultivate about 1/2
of the total acreage but account for two thirds of the cane production.
This is due to more fertil zat:on, closer past control and better cultiva-
tion practices. In view of the past trend and the continued efforts at
{mprovement through agricultural research the proportion of sugar pro-
duced by the estates (Caron: Ltd.) will probably increase. This could be
an important consideration in choosing a furfural plant site. Whereas
the centroid of production is currently in the neighborhood of Brechin
Castle, the greatest future increases in cane production will probably
be in the South. To some degree the recent plant modernization at Ste.
Madeleine substantiates this potential shift in cane production. The
capacity now is very nearly equal that of Brechin Castle, with the dis-
tinct possibility that within a few years it wil) exceed the Brechin
Castle sugar production by 30,000 tons. Another advantage of the Ste.
Madeleine location {s the possibility of e working arrangement with
Federetion Chemical for bulk 10ading at the'r dock.

The future of the total sugaer production for the country fs not
clear. The low yields per acre, relatively low sugar content and sub-
stantial lack of mechenized harvesting techniques result in the highest

-5.



sugar producti.r ..5'> "N (L 4 Lo oard ot arnaat 3/4 of the
total produCt i n bar heen s5-3 ond e 1008 aT 3 Quaraniaed price to
the Jri1tish Commementth.  Tais edrvemin onlunds €. 42 en veats and is

negotiated each year f.r tie grgnth year Obvioustiy, these factors
mitigate against any siynificant 1rc-casss 1n sagar production. On the
other hand, as mentioned above, Laron' (td has modernized their Ste.
Madeleine sugarhouse (to the extent of nearly 3.8 mI1.0n doilars). In
addition they have projected about $100,00) will be snent for incinera-

tion equipment. This seeming anam,ly of fats tends to indicate that
whereas the total product’on of ghe caunicy may change very little, the
more efficient pridu..r- will progresstvely 1ncrease ther share of the
market. The largest future s urces oF oW material for a furfural plant
therefore will probably come fiom the two matn Caront mlls.

A summary of the current and near future suppiies of bagasse and
the distances setween the Lor :mt iiils 14 4 ven betow. Since the largest
available supply 1s at druikon Lastle, all distances are given to 3rechin
Castle assumng thrs lucat :n as the furfu-al plant sita, and transport
charges for the bagesse are grven =n this hasis. The iocal cost for

bagasse haulage s /.5¢ U.S./gruss ton m*leJ“ Th ¢ rate does not show

any seasonal variation,

racnon Woodfo d Ste.

tastle  todge =~ Reform Madeleins
Distance to 3rechin Castic (Mryies) 10 13 b
Haulage Charge per t.n dry Degesse $1.u0 $1.82 $2.10

Tota! available dry bagasse (long tons) 135,000 32,000 16,000 120,000

Surplus dry bagasse (!)ung tuns) 217,000 - - 23,000

*Rate of exchange o. umed as:
60¢ U.S. = §1.00 T.T.

afye



surplus bagasse refes to that which must be hauled away (about one
mile) because of 1nadequate burning facrlrties.

Sagasse as 1t comes from the last ext-action unit n the mill con-
tains about 50% moisture. An analysis of the bagasse from Trinidad hes
shown ft to contain 24-26% pith by wet screening methods. Roughly 2/3

of the pith can be removed by simple mechanical means. There is very .

little difference between the chemical composition of the pith and that
for the remeining fiber with the pith perhaps containing slightly more 1
gums or xylans. The principal chemical constituents of the whole dry
bagessa aras

Lignin 17%

Cellulose 57%
Pentosans 22%

Ash &%

The two constituants of primery concarn in furfurel production ere,
of coursa, the pentosans and the ash. Ash is importent from the stand-
point of acid raquirements and the affect of silica content on high pres-
sure steam generation equipment. In lieu of a detailed analysis of the
ash the buffering capacity has been taken as zero. This assumption mini-
mizes the acid cost. As an indication of the possible increase due to
ash alkalinity, the buffering capacity of wood can result in a doubling
of the theoreticel aci1d requirement.

The pentosan fract on is the furfural precursor, the quantity of
furfurs! derived baing dependent upun the particular process employed.
Under carefully controlied laboratory conditions the conversion is
essentially quantitativa with the measurement of furfural actually used

as a method for pentosan determination. Howeves, in the conventional

menufacture of furfural yields d> not excead 38% based on pentosan
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content. It has been L. "nitreted »n o« sru'l sC:'e that » solubilized
pentosan media can yield & L34 furfural. Fo- the construction of a
new plant it is not unreasonable to assume that a yt1eld of LOX can be
realized. Based on this, the yveld of furfural from the various sources

in Trinidad can be summarized as follows:

POTENTIAL ANNUAL FURFURAL PRODUCTION (POUNDS)

Source

Location Total 3agasse Surplus 3agasse Pith

Woodford Lodge 6,240,000 1,660,000
leform 3,120,000 7€0,000
Ste. Madeleine 23,400,000 b,cvu, 5,850,000

Brechin Castle 26,601 ,uN1 Y, by, 00 6,650,000




Jasithing

Under this a'tern 1. - .n2 who'e hajusss s sepsirated inty . 9dith
fraction and @ fiber f-actra.  ina pith 15 util-ceo £ f orfural orn-
duction and the fiber *s cither burreo as fuel or up-greccd t) another
product. Since the pith dies not substantially u'ffer in ¢omosi tion
from the rest of the stalk, the potential furfural aemourts to one quarter
of that obtainable from thc whoic bayesse. Therefore, the lant scale
is relativaly small - 6,05 ,uuc uurds of furfural at the drechin Castle
m 11 and §,060,000 pounds at Ste. Madeleine. In additinon t) this dis-
sdvantage of smaller scale f ofuction thure iy the cost of pith
separation. There are, haever, several facturs which tend to counter-
belance these unfavorahle aspects.

The current surplus bagasse ot toth rechin Castle and Sto. Madeleine
is between 20-23% of the total ~varluble quantity. Since there is no
resson to suspect large differcnces Letween the hcat of comhustion of
the pith and who'lc bagassz, it “s apparent that utilizing the dith for
furfure) practically removes thc protlem of cxcess hagussc dispasal.
Indeed, a financial credit can hi toeken based on the estimates for
eddi tional Mcincuﬁnn capa(.lfty made by the sugur company. This esti-
mete indicates :i‘\:t\[l\ t)n .o;'l;g',asse requires a cudital investment of $9.00
U.8. and & meintenance charge of $.30 U.S. Furthcrmore, it is quite pos-

sible that there will be an associatecd i nprovement in duiler efficiency

which will ameliorate an existing noxious soot prablem.

A potentially very attractive auvantage in orncessing mth “d furfural

in contrast to whole bagasse 1s the likaly large reduction in reactor
volume necassary to accom.lish the conversion. The difference 1n shysical

characteristics of the pith and trher accounts for tics nussible orocess
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simplificatisn. OCnt.mss*icaliy, oniy smatl crarges ‘n the continuous
tubular reactor system w- .i¢ he eci23sary «°th neg!rgroie changes in the
total plant cost  Th:s 2:um 1 v was .sz3 in estimating the canital
investment for the depith'rg n-niess. The flowsheet for this process
would look essentialiy 1:ike that in Figure 2 with the excentinn of add’-
tional depithing equipment and n» prehydrolysis unit. Fundamentally,
such a system would save the ::«t oF prehydrolys s nvolved in processing
whole bagasse by the subst:tutior of costs for pith separation.

The pith could conceivaiiy we obtairned from all Hf the mills in
which case the total furfural H- oduction would e b, ¢, 000 pounds per
year. However, considering thut Woodford Lodge and leform contribute
only 2,300,000 pounds of th. t-tal furfural prcductinon, the expense of
depithing equipment at thus: sites plus the tiansdort charges would fer
exceed the benefits cf the slightly iarger plant size. Transportation
of the total bagasse to the fur fural plant for depithing is equally

unattractive due to the necussity for a replacement fuel and the three-

fold increase in transportation (ha~ges. Consequently, »nly the 9rechin

Castle and Ste. Madelcine « '13 were considered as nracticel sources of
rew material.

Two processirg schemcs w.rv wvatuated. a) depithing at drechin
Castle (b) depithing at 5ot ~tunts <nd trans,porting the pith from Ste.
Madeleine to 3recrin Caustle w-iry the off suassn. In the first case
the annual furfural production w uld te 6,650,000 piunds. While second
slternative raises the tutal ;rcduction to 12,500,006 pounds, and effects
some economies of largcr plart scule, these benefits are countered by
the transportation cost. [laklis 1 and 2 give a surmary of the manufact-
uring expense for each pricess aiternative.

The cost analyses indicate that neither depithing scheme is practic-

able based on an 3¢/1h. factory nrice; end that transporting the pith
-10-




from Ste. Madeleine tr Jrechin Castle is even mire uneconomical then
production based on Jrechin Castle pith alone. The transportation charge
(about 1¢/1b. of product) is the crucial factor in attempting to use the
bagasse from Sta. Madeleine for increased production. In addition, the
economies of scale are somewhat raduced becausa of the necessity for
duplicating a sizeabla portion of the plant (depithing equipment) at
both sites.

In the case of production at Srechin Castie only, the charges for
pitn removal are the principal raason for making the process unattrac-
tive. This item represents approximately 4OX of the total manufacturing
expense so that changes in this estimate have a great bearing on plant
economics. The charge of $1.50 U.S. per ton of dry bagesse, however,
is a lower bound and any errors involved in this estimete will undoubt-
edly cause an even greater production cost. Furthermore, no charge has
been mede for the bagasse itself since it was assumed the fiber fraction
would ba returned to the sugar mill for fuel.

It is therefore necessary to find outiets which will upgrade the
fiber value above that for fuel in order to maka an economical depithing
schems for forfural production., The result of this conclusion is thet
the scope of the problem is broadened to the quastion of total bagasse
utilization which is beyond the boundaries of this report. Two of the
more obvious possibilities, howevar, are the conversion of the fiber into
har dboard or pulp. In considering these alternatives for fiber utilize-
tion the following points are important:

(a) An outlet for the fiberboard or pulp must be developed
whereas the use as fuel already exists.

(b) The current boilers would have to be converted to an
alternative fuel.



(¢) The bagasse will have to be ourchased at a price equiva-
lent to the fue! replacement value plus « small premium
for the sugar mill.

(d) Much larger cepital outlays will be required.

At the present time there is an apparent internal merket for about
25,000 tons of diversified pulp products, roughly corresponding to §0,000
tons of dry bagesse. A single 100 ton/day pulp mill could theoretically
satisfy the tote! merket. By world standards this is a very smell mill,
and of course, one mi 11 could not produce the variety of products re-
quired without a prohibitively large investment. On the other hand,
certein portions of the internal market can possibly be captured by
small producers. This is evidenced by the new mill installed by General
Peper Corporetion for production of toilet tissues. About 700 toms of
product will be manufactured annually with a bagesse demend of 2000-2500
tons. In terms of ¢ furfural plent, however, it is quite obvious thet
for the tonnages of bagesse required, the associated pulp product must
be sold on the world merket. Whether export pulp can compete with other
sources is a question that cennot be resolved in this study, but which,
on the surfece, seems an uniikely prospect.

Utilizetion of the fiber fraction for the production of board pre-
sents much the same situation as for pulp. One possible advantege is
the smaller capita! {nvestment needed per ton of production, but never-
theless the current internal demend (about 1500-2000 tons per yeer) {s
insufficient to werrant local production. Again, whether en export
market can be developed or major chenges in the Trinidad and Tobago
merket can be realized is a question for further investigation. An
evaluation recently mede for Shell (Trinidad) Ltd. showed that & fiber-
board plant in Trinidad end Tobago could not be economically justified.
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Hwevgr, the prudu\ | S B T LI YRS SCRPR S TSI L [ LA A SAr hn inter-
esting point in tne h.+ . | T A 4 sa¢ Could be
obtained at $3 U.d. 7 2 0 L0

It is concervabic thut by .per.ting a furfural plant 1n conjunction
with a hardboard (or pulp) plant, a rehition in ~aw material cost could
be obtained by dividing the deprthing ¢ ats 'etwcen dath nlants. Hope-
fully, both the furfural ond herubiar s nlants would become viable by such
a meneuver. An impcrtant consitderation in order to echieve maximum
benefits from plant ¢ mbinatt in 13 the necessity ror integreting the |
fiber utilization capacity to the pith requirements of the furfural plant, i
This means & fibertoard production of eb ut lud,cci tins per yeer when |
operating in conjunctiun with a Firtural plant bascd on the begasse avail-
able at Yechin Castle. Under thvse ¢ niliticns vy catimate of the reduc-
tion in bagasse cust t. the frrer will cun Uu mu e by using the expenses
given in Table 1. If a 1uturn o capital tovested F 104 15 assumed
for the furfural plant wid tic INCIOrGtIcn au 1hy vs st1]) credited,
the allowable cost of pith cun ©w calculated as pearly $100,00u0,  Spread-
ing this over 150,06y, sttt -y oF Fagasse TG 11lustretes thet
2t mIe? tha cagt of bagasse t the Foo o ol ol Do reduecd o 66,
U S. per short dry ton. /Asil, o, tre bl cre it (all of the obg 1s
not strictly deductibiv tucs so 1 lat Lodu daborences) t the Shell
estimate of ManufacCturing capte. « 1 - 0 v Pral 0 osdlts 1n o saving of Sug
U.S. per 1000 square foet oo o at 0 86/ % 0 nem 10 agoare fcet.
While there is @ ucli:'te L hont. g 1M a .« aNalhan Ly @ process,
it is evident that it fepithcd Pitzr 1s S nstunit | @s @ tow waterial for
pulp or hoard producticn, thus: . C- v8€3 amidt Fe vCunaite an their own

right. The role of f.rfural Lisc! wn pith raw -t ricl 1y sriply @
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sCavenger operatior ang ‘annot be expected to larty or drastically alter
the economics of the cthe: one. atisns "nvoived in -esidue utilizati._a.

Shortly befo-e *he Furtu-a! M'ssion left irinidad and Tobago it was
learned that Mitsu: and Co. . mited was apparentiy >nterested in purchas-
ing briquetted bagasse for export tu their Japanese pulp mills., Such a
prospect 1s pertinent tn tre furfurel quz:tion 1n at ieast two ways.
The briquetting process involves aepithirg, drying end comp-essing in
order to make the bagasse suitable for smpping and for pulping. This
neans a possible chea: sdurie of pithi und, oo r.y If sech @ schama
{s practicel it undoubtedly wouid involve 1ignificant quantities of
material. Although the pith would be a residue it still would not be
available at zers cost. iwn pricing alternatives are immediately
apparent; one based nn a pro-rated charge for expenses incurred in
depithing, and another based on the fuel value should all the sugar
mi11 boilers not be converted t> « substitute fuel. From the stand-
point of furfural production a value of pith can be derived by using
the previously estimated alluwable pith cost of §100,000 U.S. On the
basis of »ith this emnunts ty ob:ut $3.00 U.S. per tan.

The sale of briquettea “agesse fiber to Mitsui Co. Limited and the
associated generation »f a wuste ~1lh residue, hinges on whether the
bagasse is competitive with wther fiber snurces. As this report wes
being preparec a letter writtun by the local marketing representative
for Mitsui Company L'mited was Forwarded hy the [ndustr:al Development
Corporation of Trinidad which steted the current cost of fiber compared
to bagasse as follows:

Wood Chips:
$17.5N0 u.S. per cubiz metar C & F

$ 9.00 U.S. per long ton i3 ocean freight rate




Per Long Ton of Ful,,
Wood Chios Required 5.7 ui'l wiurs

T tal Cust <= 3.e08i7.5d) = $56.0:. U.S,

Freight 2.56($9.00) 23.00

Chip Cost $33.0u
Segasse Required - &4 long tons

Sagasse Cost L($22.4) $89.60 u.S.

Freight = 4($9.00) 36.00

Total $12-.60

According to the above data the price of bagusse is prohibitive.
While bagasse is perhaps more costly than wood chips, the figures used

in the above calculation are open to some question. The freight charge

for wood chips appears to be calculated on the basis of 50 pounds per
cubic foot whereas a density of about 25 pounds per cubic foot seems
wmore realistic. If this is the cas¢, the freight charge for wood chips
would be closer tn $46 U.S. with a resulting total cost of $79 U.$. per
long ton of pulp. At the sems tims, the bagasse price and the assumed
pulp yield are incompatibie. The bajasse price, although subjuct to
negotiation with Caron' Ltd. 1» charged «wt at $22.4u per ton which {s
obviously on a dry basis. On the other nand, the pulp yteld is based

on wet bagasse. Actually, the pulp yield would be closer to 40X based
on dry depithed bagasse c<nd depunding up.n the type »f pulp produced

it could be as high as 6UX. Allowirg for a 50X yield the cost of bagasse
per long ton of pulp would ba ebout $81.03 U.S. conpared to the $125.60
estimated above, and the reviscd estimute of $79 for wood chips. The
lower cost of bagasse, however, 13 continjunt upun obtaining an ocean
freight charge of $y.0U per ton (rewrtudly the current rate is $25.00 in

Trinided), and assumes the iLri-wutting costs are Vncorporated in the $22.40

per ton bagasse price.
-15.




Furfural Production fr-r :re whi'e dau >.:

Under this cliterra: ve the wn:le  ,a3se 18 “gested either in @
one stage or two stage orute s to y eiu furfurs nd a ligno-cullulosic
residue. Schematic flow sheets for these p-oces:es are given in Figures |
end 2. As 'n the case of the depr:r ng «lternat ‘e, a suitable outlet
must be found for the residue 1f fturfura: oroduction is to be viable. In
view of the previous discussion the res' due 1» essumed to hava value only
as fuel.

Two schemes of p-ciu t-rn were ecul ated] dne tSased on the bagasse
aveilable st rechin Castle corresponding to an annual furfural produc-
tion of 26 mitlion pcunds, ard the nther sased .+ transporting the bagasse
from $te. Madeleine to nc case production t. S0 m 11ion pounds. As @
matter of comparison, cust ust .tes for bith the .- ehydrolysis and single
stage processes were made fo- the smailer plant. F.r the 50 mill{on pound
plant only prehydrolysis wes considered since: 1t was the mora economical,
oI pressssss-4dumthrURprter-ptent .  Furthermors, the capitel

fnavestment for s conventional process would be much greater, undoubtedly

exceeding 310 million, and 1t does not >cem likeiy thet any plants of this

type would be const-ucted 'n the future  Since the aconomics of the smaller
plant based on 151,000 tons of bagasse at drecn'n Lastle wers unfavoreble,
the processing alternative utilravng >nty surlus bagasse (55,000 tons)

was not considered.

The economics 5Ff product'.n are g @atiy '‘rfluemec by differences in
oderation of the sugar mii' and furfurui plent.  wncrues the suger mill
grinds cane for about 15u days, the furfu u! Liant must operate over the
entire year. This fact presents prblems 'n bagasse storage, heat exchange
ond disposal. Table 8 suwmer:izes the diatribut,on and utilization of
begesse in terms of demund: for heat 1n the c.mbined »uger mill-furfurel

plant. In performng the.. caicu'ut nns the Fuet r :quircments of the
16




sugar mill werc tuken os the equivalent bagesse currently burned after
deducting the quantity designated as surplus. No allowance was mude for
possible improvements in heat economy within the sugar mill.

For the plant producing 26 million pounds of furfural it is necessary
to provide bagasse storage for 180 days of operation after the grinding
season is over. This amounts to 82,300 short tons, leaving 68,700 tons
evailable during the grinding season. As a result, there is a poor bal-

ance in the supply and demand of heat for the total plant. Ouring the

grinding seascn 1k6,0u. tons of dry bejasse arc required for fuel. Allow-

ing for 20% removal t solid substance in the furfurul process, 55,000

tons of residue are aeveilatlc tar frel, louving the equivalent ~f §1,000
tons of dry bagesse t. hu purchased as replucesnt fuel. On the other hand,
aftar the grinding suus n the anount : f residue exceeds the steam genera-
tion requiremsnts by 32,200 tns. The disnosal cost of this excess was
calculated by assuming that existing bilers would be used und only mein-
tenance of 30¢/ton was churgeable. It is evident that as the grinding

season gets longer the huat scondmy and hugyesse utilizution become more

fevorable. There will, neverthueless, elways be @ duficit in the heat
balence unless present mill efficiencies ure improved, since the totsl
heating value of the hagssse cannot accomudate bath furfural and suger
production.

It is possible t. avoid the dispisal cost and improve the residue
uti l{zation by prehydrulysing the untire bugesse during the grinding
season. The savings erc, huwaver, comyroiised by the increased plant
size for prehydrolysis which wi 1l operate only during the grinding senson,
and the storage custs of the pentose solution. The net result {s an

sctual increase in the ¢ st f furfurel production.

-1/-




A more practical alternati.e to the p-obiem of bagasse utilization
is to stockpile the excess of 32,200 tors during the off season for use as
fue! when the sugar mil) s -nr operatior Th's has the advantage of
reducing replacement fuei regqu:-ements to 58,800 tors, eliminating the
incineration cost and using ava-lable sto-age. 3torage and handling of
the residuc is assumed to cost $1.00/ton so the manufacturing expense of v
Table 3 is actually reduced by $63,500. This -eduction, however, is no*
sufficiently large to el m nate the $179,100 operating deficit shown in

Table 3.

The anclogous problem cf bagasse utilizat-on and heat balance for
the 50 million pound fur fural plant can also be sol-ed by storage during
the off season and by transporting the bagasse equivalent to the Brechin ‘
Castle deficit (67,400 tons) from Ste. Madeleine o1~ tng the first grinding
season. The reslacement fue! costs, however, are magn-fied by the necessity
for replacing the total value of the Ste. Made!e'ne bagasse. By mesans of
of f season storage it is possible to reduce the substitute fuel require-
ments to the equivalent of 6800 tons of dry bagasse (above Ste. Medeleine
requirements) at the added expensz of $60,800 fo storage. Incineration
costs are also eliminated, resuiting in a §719,400 reduction in the manu-
facturing expense shown in Table 6 The cpe-at'ng loss ‘s theraby changed
to $67,200.

The manufactur ing experses shown 'n Tables 3 ard 6 and the improvements
thereon mentioned above, indicate that ncither type of furfural plant is
economical with an 8¢/1b. factory p-ice for furfural. The plant producing
50 million pounds essentially b:eaks even at the 82/1b. price, while the 26.6
mi)lion pound plant shows a loss of ¢ .y and a b-eak even price of 8.7¢/1b.

The plant economics with larger production are largely off set by the trans-
portation and fuel replacement charges.
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It does not appedr possible tc attain the sizeable decresses in the
manufacturing expense which are nacessary to make the cnsidered alter-
natives viable. While possibilities do exist for effecting economies,
they are counterbalanced by at least equa! possibiiities that some {tems
have been underestimated. Furthermors, these economies are margine! and
are overshadowed by the real piroblem of bagasse cost and availability.

The importance of the fuel replacement value is clearly emphasized
in the large plant where it amounts to nearly 1/2 million dollars. The
possibi1ity of reducing the value of bagasse for fuel below $2.67 per
short ton does not seem likely. This estimate, prosided by the Trinided b
and Tobago Electric Company, is based on the cheapest fuel available
(ges @ 27¢ U.S./1000 ft.’) with no allowance made for boi ler conversion |
expenses or the usual premium to the sugar mill (50¢/ton). It would, in
fact, seem more realistic to use a value of $3.26/ton. On this basis,
the operating deficits shown in Tables J and 6 would be increased to
$231,600 and $. ..00 respectively. As a matter of inte-est, the General
Paper Corporation currently pays slightly more than $8.00 U.S. per short
dry ton for bagasse at the sugar mill,

The effect of having a concentrated raw ms*eriai supply can be
f1lustrated using the data in Table 6. 1f the bagasse for 50 million
pounds of furfural per yes: was avaiiabie at a single suge® mill, the
transportation charges of $252,000 would be ei'minated. Ir eddition,
there would be a reduction 1n the fuel rep'acement “alue equivalent
to 11,000 tons of bagasse, plus the advantage indt ary heat economies
effected in the sugar house would directiy lower tne purchased fuel,
where two mills are invoived, however, the total heat load of one of the
mi1ls must slways be replaced and the mix:mum ‘mpr ovements 1n the other
mill are restricted by the amount of bagasse avai .able (assuming fuel

is the only outlet for the ~esidue f-om digestion). If the two mills
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are of comparable size the total o ficicicy of the two will be significantly
less than for one mill of the saic total capacity. For a 50 mi 111on pound
furfural plant based on bagasse from a single mill the savings would exceed
$24u,00u and could conceivably approach $450,000; or about 3.5 to 7% on
invested capital. Raw meterial location obviously plays a crucial role

in determining the economics of « furfural plant.

The cost of carbohydrate raw matcerial can be looked at from the stand-
point of the allowable charge that can he horne by the furfural process.
For the processing alternatives in Tables 3 and 6, no cnst was assigned
to the bagasse except where annther fuel was substituted. In Table 6, for
example, the total charge for hagasse was shown as $465,000. The corres-
ponding maximum allowable cost of bayasse wuld he $1.25/ton assuming @
zero net income for the process. Actually, this figure would he reduced
somewhat due to credit assumed for the value of the residue as fuel in
the furfural steam requirement.

The island of Trinidad has a minor auxiliary source of furfural in
the bass rejected from the coconut {industry. There are 10,000 tons of
essentially dry material available 30 miles distant from Arechin Castle.
The pentosan content of this materfal is assumed to be similar to the
coconut shell (taken as 35%) and the hulk density of tha dry hass §s
probably about the same as dry bagasse. If the bass is available at zero
cost and only transportation, storage and hancling are charged against {t,
this is an economically attractive material for augmenting output at @
producing furfural plant. The manufacturing expenses are given in
Teble 9 for the plant described in Table G with the previously described
improvements in bagasse utilization, and the cnconut bass as additional
fnput. It should be noted that plant costs are taken the same as for
the 50 million pound plant. The economics of this alternative, although

not very favorable, represent the host of any alternative considered.
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GENERAL EVALUATION OF RESULTS

The results of this preliminary study show that production of furfural
in Trinidad is mot a srofitable venture. Under the best circumstances (as
1istad in Table 9) it is a marginal operation and other alternatives show
actual losses. Two general schemes of sroduction were considered: (s) de-
pithing, and (b) utilization of the whole bagasse. In the case of depith-
ing the major ohstacle is the cost of pith removal, while in the use of
the whole bagasse the effective raw material cost essentially controlg the
process economics. Fundamentally the problem lies in the availabitity of
the row material; that is (a) quantity (b) 1ocati:n, end (c) l1ength of
grinding seeson, Jecause of this and the existence of cormparatively more
produstive saurees of bagasse in other parts f the w.rid, it is valid o
quastion eny desision to Hriduce furfural tn Trinf :ad.

in addttion to the basic unfavorable rew meterial supnly, there afe
problems apecific to Trinidad regarding roads, shiping, and acid supnly
thot_mﬂ be solved. The resent condition of the road hetween Ste.
Madeletine and Brechin Castle, along with load limitations, oresents &
practical problem in moving any substantial guantit:es -f raterial between
the two plant locations. There is now under construct:iHn a new highway
scheduled for completion in 1571 which will alleviate tais situation, In
all probabiléty a furfural plant could not e .n-strean much soner tham
1970, and in this respect the road prodlem is a secordary one. Similarly,
e solution for obtaining the necessary hulk |iadin; facrlities mey he
possible by an arrangement with Federation Chem:cals thr ugh the help of
Ceront L}d. a8 on intermudiary. A private lsading d <k is reyuired if
port charges are to he ket at a besrahle level. Ordinary Inngshoremen
and berth ngl {n Trinidad are amng' the highest in the world because

of the turn about time and must be avoided. This will alsy have an
-21-
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influence on the cost of acid which apparently will huve to he 10 rted

duc tn the reported balance in local production and demand, It docs not

seerr that these difficultius are insermuntahle anc weenrdingly arc

termed ‘secondary relutive to the problem of raw material,

It §s important to note here that Trinidad does ddssess certein

advantages which cen be cxploited in the production of furfural,

1.

a.

3.

b,

5.

Natura! gas - Aparoximatcly 13 mi11ion cubic feet per day i8
availobls from the Trinidad end Tobago Electric Company and

an additional 10 millinn cuhic feet per cay can be obtained

from Shell 01l Company. Using both of these sources the total
currunt tusl roquirements of Ste. Madeleine and Jrachin Castle
can W satisfied,

Trinidad 18 a member of the Commonwealth and as such enjoys
certain trade advantages with other memoers of this group.

Labor - ihe cost of iabor, although not as 1w as in the lesser
dcvol:\ped coLntrics, is nevartheless substantially lower than
oth&r areas of maifor chemical prnduction. The pomuletion has 8
very high } rcentuge of Nitecacy, and the enperiance nf sH>me
other industries has shown the local lsbor toree ta be >f gwd
quality--adaptable and willing to learn.

Ther: 1s @ currant problem with disans rg ~f uxcess bagosse
which wit) denani capital eapcenditures 1n the near future.
Finan:iel - Tture are a var‘ety of governmental apd.intéf'f
national 'ugencies through wmch favorahble 1nans my be arranged.
The governmunt of Trinidad and Tobago aiso provides incentives
for investrent by means of o tex hoirday.

political - A stable governrent with apparent desire to he Mipfuj -,
in attractin, new industry to the country. |
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"{thin reasonahle bounds, however, no single nne or combination of
these factors can compensste for the edverse rew material situstion. For
changes in the outlook for furfural it {s necessary to look at the
possibility of future increases in sugar production or more concentreted
cans grinding, upgraded utilization of the fiber portion with concomitant
generation of & low cost pith fraction, increased efficiency in bagasse
collection, or higher prices for furfural.

0f these possibilities the one of most immediate importance and
which could modi fy the conclusions presented here, is the price of furfural,
The question of obtaining a higher furfural price {s dependent upon two
factors; freight charges and the ebi1ity to sell the furfural in competi-
tion with substitutes. Assuming slightly higher than average shipping
cost of 1.5¢/1b., an 8¢/1b. F.0.B. factory price results in a delivered
cost of 9.5¢/1b. Compared to the quoted merket prices of 13-14¢/1b. this
appesrs to be extremely profitable. For certain uses there is no alter-
native mterial, in which case conditions of tight supply (es presently)
greatly increeses the price. Typical of this situation is the use of
furfural in solvent extraction of unseturates. However, the fraction of
the furfure! market subject to these circumstances is smail. Most of the
furfurel is purchased in contract lots well below the quoted price.

The price of furfural is bounded by the fact that the mjor pert of
the furfure! merket (and the fastest growing outlet) {s undergoing
severe competi tion from petrochemicels. Ou Pont, the largest single
huyer, has now erected a plant for production of tetrahydrofuran from
acetylene end forme!dehyds. This decision is influenced by the lack of
an adequate furfural supply upon which to base future expansions of the
synthetic fiber production. Currently, Du Pont purchases prectically

all the cutput of South Pusrto Rico Sugar on s contract et under 10¢/1b.

delivered, but instability in this supply has inspired the move away




" B e

fro, tarrora . Cob s , ot J-,ir o tur furfural
T Uhe FULURG Wiy o b ek bLotcee .. ate 1 etiractive)
is gning to deperd tu a "o qc wia Tt TP il oF their synthetic

T'# nlant, and the quantitics of tu-tural that are available. Other out-
lats For Furfural exist, <ut s the price g-es ahove 10¢/1b. the market
situation becomes more and rore rebulous and it is nnot possible to easily
ascertain actual market size w~rthout @ very intensive study. Sy the same
token, at the assumed B¢/'h factory price there is little doubt that the
entire furfural potentia' of Trinmidad could be soid.

The product value at the factory can also be judged from the stand-
pnint of the manufactur ing cxpenscs of the compet:tion. An £¢/1b. price
would compete favorably with the costs of South Puerto Rico Sugar Company,
but due to differences in plant efficiencies and depreciation the furfural
produced from corn cobs by Quaker Oats Company would have a definite
advantage. Nevertheless, at the projected rate of increase in the price
of corn cobs the menufacturirg expenses of these plants would be expected
to reach 8¢/1h. hy 1972. The nowest plant, just now being put through
start-up operations, uses tagasse as & raw material, but departs from the
conventional nrocess at South Fuertn Ric~ Sugar Compeny by using horizontal
cylindrical digesters. This plant will oroduce 59 million pounds of fur-
fural annually, and it must be canected that it will operate more effic-
fently than the conventionai p-ocess. From all a.pearances, the plant
investment per ton of product hus hoen decreased considerably via an esti-
mated rcductio:(;f a/bout one sixth in reactor volume. Actusl menufacturing
expenses cannot bc estimated at ths time due to the lack of information
on plunt investment, furfural yield and handling charges. However, it
would probably be somewhat less than 8¢/1b.

- 24-




Although furfural production hy itsu:if is not economic, it {s possible
to generate some justification for a plant by considering the contribution
to the total econuomy of Trinidad. After an initial deficit in foreign
exchonge due to the import of plant equipment, there would be net annual
increase of about $4 million. At the same time, important domestic
benefits are derived from employment provided (both direct and indirect)
especially in view >f the current situsti.n where laborers are being dis-

aleced due to fundamental changes in the petroteum {ndustry. Furthermore,

“a nlant would result in upgraded bagasse utilization and provide indirect

revenves through the purchase of natural gas and power. 0f course, any
decisfon of this nature is governed by the alternative uses for monies to

be spent end the corresponding relative priorities.

-28-
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FIGURE 2

SCHIMATIC PLOWSHEET FOR PRODICTION OF FUAFURAL
3V A TWO STAGE PROCESS
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Total production = 6,650,700 1bs. per year from processing 13,750

long tons o Jith. Plant cost estimeted at $930,000 including $378,000

TARE |

FURFURAL PRODUCTION AT BRECHIN CASTLE WITH OEPITHING

for depithing.

Pith @ $1.50 ser short ton'

Ac.d + $50 per short tonz
Steam @ 60¢/1 00 1ibs.
Electricity i 0.6kb¢/Kwhr.
Water @ 3¢/107C gal.
Operating labor - 14 @ $2500
Sunervision

Pavroll ovarheed

Maf ntenance

Supplies

Technical

Insurance

Jepraciation

Tota! Direct Praduction Cost

Working Capital
1 month operasting axpen

1 month raw material supply

Tota! Cenital Investment
Sales
Administration

Tota! manufacturing expense

u.s. §

$ 225,000
&L7,200
87,100
12,500
10,000
35,000

2,000
3,300
40,000
b, 500
25,000
10,000
92,000
564,600

37,300
22,500

957,800
14,000
14, 300

592,900

'No storage charge allcwed, bagasse taken as zero value.

-28.

zProccuing at bil 1iauid solid ratio and assuming no buffering
capacity from ash constituants.



Credit for incineration cost3 $ 32,400
Het msnufacturing expense 5§61, 500
Gross incoms @ 8¢ per 1b. 532,000
Net Loss $ 28,500
Cash Filow $ 6,500

Sreak even price 8.9¢ per 1b.

PLANT COST ESTIMATE FOR 6,650,000 POUNDS/YR. FURFURAL PRODUCTION AT
BRECHIN CASTLE BY PROCESSING CONTINUOUSLY IN A TUBULAR TYPE REACTOR

Based upon an estimated plant cost in 1958 of $427,000 for
s continuous plant aroducing 15 million pounds per yesr.
This earlier estimate does not include land, buildings, or
steam generation equipment.

Scaling the 1957 estimate for 6,650,000 pounds of production
in 1967 (Marshall and Stevens Indices: 1958 = 228.5,
January 1, 1967 = 256).

:6
Basic Cost = (6.65) (427,000)(256 ) $293,000 U.S$.
aiE .5 '

Steam Generation (12,500 Lbs./Mr.)

120,000 U.S.

fui 1dings and Land = 80,000 U.S.
Overseas Packing and Freight = 29,000 U.S.

Cost of Furfural Production Unit $622,000 U.S.

’Crcdit for disposal of 27,000 tons of surplus bagasse:
10% depreciation of incineration capital costs

0.1 ($9)(27,000) = $24,300
$0.30 Maintenance = £,100

Saving per ton
$32,400 U.S.
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StTI#ATION OF OEPITHING EXPENS

£< ASEC UPON "METHOS: F TR SEPARATING PITI-
3..-{iNG PLANTS INTO FIBER AND PITH," U.S.D.A. LATHROP, E.C,, et.al,

Table 23 from above reference: - Estimated Operating fxpense to
separate whole bagasse at sugar mill into pith free fiber and:
pith., Case 2A - Fiber dried and haled after wet screening;
pith burned wet as fuel. Basis 100 Ton o.d. bagasse per day.

$U.S. Per Ton o,d. Jdagosse
100<Nay 1Gu=Day SuiteDuy
Oseration Ooderation  Oderardon

Fuel and power $0.896 $0.096 $Ce <
Lubor, supervision, maintenance,

and supplies 1.355 1.14 1..93
Fixed charges 1361 0,461 Jefd%1

Total operating expenses/
2.d. ton 3.632 2.957 2.00

Credit for sugars recoveread/
2.4. ton hagasse 1.00 .00 bo s
Net operating expense/
o.d. ton 2 0632 ' 09’)7 ‘.6\'

Cost/n.d. ton fibar and pi th, _
90% yield 2492 2.22 1.7

Cost/oc.d. ton fiber on osis
of 68.4X yleld with nith

of no value 3.75 2..2 2.4
Pue! value/o.d. ton fiber 2.50 2.50 2.5
Cost baling/o.d. ton fiber 2,59 2.50 2.50

$6.05 $7.92 $7.40

- e

Prom Table 21 of Lathronts articla, estimted canital cost for
depithing 100 ton/dey for Case 2A fs $105,000. (Orfer for fiber
waneesssary for our purposes, but assume equivalent cost for

conveysr systems needed.)

- 3=



Latirop assumes W4 mainten:nce = $4,200 = $L2/ton

For 110G day ooeration:

Maintenance = $0.42/ton

Supplies = 15% of maintenance = $0.06/ton
For 300 day operation:

Maintenance = $0.14/ton

Supnlies = $0.02/ton
From Table 23

Labor, supervision, maintenance

and supplies = $1.355/ton
and from above

Labor and supervision z $0.675/ton

For 300 ton plant labor and

supervision = 1.033 - .16 = $0.873/ton

Therefore assume labor and supervision remain constant per ton € $0.87/ton
and from Lathrop the fusl and power are constant @ $u.896/ton (240
installed H.P.) Scaling the capital investment up for 151,000 short

tons at 9rechin Castle:

(256) ( 121!000 ) 0.6
T&B.? 100 (105,000) = 408,000

The depithing equipment cost can be reduced if the number of days of
depithing is allowed to be greater than the grinding season. The exact
rate of production must obviously be related to the rate of fiber
utilization. It was assumed above that the fiber was burned for fuel
and hence the production rate was restricted to boiler demends.
Masintenance for 1000 ton/dey unit = $12,000 = $.08/ton

Supplies = $0.01/ton




PROJECTED OPERATING EXPENSES FOR DEPITHING UNIT
SUFFICIENT TO HANOLE BRECHIN CASTLE CAPACITY

Power and fuel $0.896

Labor, Maintenance, Supplies,
Supervision .96

Fixed Charges

S of labor, supervision, and

maintenance L75
Depreciation i@ 5% A0
Taxes and insurance _oUb
Total opsrating expense $2.471

According to Lathrop additional suger recovered could amount to $1.00/ton

in which case the depithing cost is $1.47/ton of dry bagesse.




FABLE 2

PLANT AT BRECHIN CASTLE FOR 2ROOUCING 12,510,000
from 135,630 LONG TONS OF uJRY BAGASSE AT 3RECHIN
LONG TONS 4T STE. MAJELEINE.

Depithing at both locations estimatad at $4ud,000.
equipment cast for deoithing and furfural > oduction estimated

ot $1,670,000,

Pith @ $1.50 per short ton‘

L3. OF FURFURAL
CASTLE AND 120,70y

$ b2s,000
heic 7 $50 $3,/00
fransvortati on? 126, 4
Staam v 0I¢/1GC0O s, 108,000
Electricity & ©.Gh¢ por twhr, 24,500
Vater « 3¢ ner 100U jal. 20,040
Onarating Lator - 21 ¢ $2,€27) £2,500
Supervision 5,300
Puyrall sverveed 8,700
Maintanonce 6,000
5 pplies 7,000
Tachnical 25,000
Insurence 15,500
Jy,reciotisn 167,000
Tota! ?racuct:on Lot $!,146,2u0
'ln stwage costs, baqusse taken as 2¢ro velve,

zfransportation of 3C.000 long tons of dry pith from Ste. Medelaine

(1bs wot)(wet cost U.S.)(density ~f ‘agasse)

(miles)(dry tons)

(Ths dry)(ton miTe ~ “)(density oF »it )
(hugusse)

(2)(or’75)(2)(”.)‘3-),00ﬂ) w 3126,000 U.!.

Total plant

= Cost of




vorki~, Caoital

! montn's operating expense $ 85,500

2 weeks' roaw material h3,200
Total Capital Investment 1,678,700
Sales 27,800
Adrinistration 24,000
Total manufacturing expanse 1,198,000
Cregit for incimeration costs’ 60,000
Mat nanafecturing esnense 1,138,000
Gross fo:xm 7 6¢ per 1b, t.o.b. plant 1,000,000
Net Loss $ 138,000
Cash tlow $ 29,000

ircak oven price = 9.1¢ ner 1b.

PLANT ~0ST ESTTMATE FO# 12,500,001 POUI 08/YR. FURFURAL
PRODUCTICN AT ARECHIN CASTLE BY PROCESSING CONTINUOUSLY
IN £ TUSULAR TYPE REACTOR

Miafc Cost = (12.8)°°(27,000)(256) = $410,000 U.S.
LA 0

L£]

Stuam Generction (23,50 Lbs./Hr.) 180,000 U.S$.

1aiteings ¢vd Lond 120,000 U, S,

'

1

Cveise8s *7 - nJ and Freight b1,000 U.S.

]

cast of Furfural Production Unit $751,000 u.8.

GG G AT SRS . D © S S

,CrooC; for dis> 831 »f surnlus 50,000 trnst
', deocraciatinn of incineration capital cost:

Col (87)(50,007) - $ks5,009
$.2. nairtenance = 15,000
saving per ton

$60,u00
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TARFE 3
FJAFURAL PRODUCTICNV A7 9RECHIN CACTLE USING THE TOTAL BAGASSE

Prehydrolysis and continuous nroduction nf furfural at Brechin Castle -
151,09C tons dry hagasse pe - year - 26,600,000 1hs. of furfural. Esti-
mated plant cost (excludin: c-enydro'ysis) = $1,310,000 U.S. Total
plant cost including prehy1-oiysis = $i4,180,000. Prehydrnlysis ex-
panses exclusive of ~aw matertal cost are taken as 1.4¢ per 1b. pentose
produced in a 7% solution [nased 20 estimated costs »f prehydrolyzing
wood as indicated ‘r Tabla &,

sagusse storaze § huil'ng @ §1 ‘,D'J/’ton' $ 164,600
Pentcsal 37,0600
Cost ~f replacement ‘ue13 241,000
lncineration“ 9,700
Acid - $50 per shor: ten 18¢,800
Electricity =« U.6k¢c/Kwh: . 50,000
Stoam - 48¢/1000 105> 180,000
Water & 3¢/1000 ga! 40,000
Operating Labor - 29 « $25C0 72,500
Sunervision 7,300
Payr »11 Over head 12,000
Maintenaxce 65,600
Supplies 9,800
Technice! & aratytical 72,700
Insurence 13,100
Deprecietion 131,000
Total direct production cost $ 2,197,100

16 months supply of wet bagasse - 164,600 tons

,l.gasu taken as zero ve'lue

‘.npiacmnt of 91,000 short tons & $2.67/ton

Cost for off season disposal of 32,200 tons & 30¢ ton
assuming off season builer used and no capi tal costs incurred
Fue! value of residue taken as 25¢/10L00 1bs. of steam

- )5




1 month operating expense $150,000
1 montn raw material actd 15,700

Total capital investment (including

prehydrolysis) L, 346,000
Sales %3,000
Administration 63,000
Tota! manufacturing expenses 2,307,100
Product value @ 8¢ per Ib. 2,120,000
Net Loss $ 179,100
Cask flow

Sreak even price - 0.7¢/1b.

PLANT COST ESTIMATL FOR 26,600,000 POUNDS/YR, FURFURAL PRODUCTION AT
BREC 'IN CASTLE BY PROCESSING CONTINUOUSLY IN A TUBMAAR TYPE REACTOR,

.é
Jasic cost = (26.6) (4:7,000)(256) $700,000 U.S$.
5 s

Steam Generation (50,000 ibs./hr.)

420,000 V.§.

Bui idings end Land 120,000 u.s.

Ovursees Packing ana Freigint = 10,000 L.S.
Cost of Furfural Production Unit = $1,310,000 U.$.




|
l TABLE &
l PREHYOROLYSIS EXPENSES (EXCLUSIVE OF CARINIIVURATE RAW MATERIAL) FOR
FURFURAL PLANT AT BRECHIN CASTLE. Estimated Plant Cost - $2,870,000 U.S.
l Acid @ $50 per short ton $ 63,000
Staam @ kge/1000 Ibs.' 132,50C
' Weter & 3¢/1000 gal. 2,200
' Electricity @ 0.64¢/Xwhr. 649,500
Operating labor - 20 & $2500 50,000
' Supervision 8,000
Payroll overhead d,200
l Meintenance 1ok , 0O
l Supplies 21,600
Technical and enalytical 105,0)
l Insurance 29,000
Osprecietion 237,000
Total Direct Production Cost $937,00

Fus! value of residue taeken equivalent to 25¢/1009 Ins. of steam

-3~
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TARE 5

SINGLE STAGE PROCESS AT BRECHIN CASTLE, USING TOTAL BAGASSE

26,600,000 1bs. Furfural - 151,000 short tons dry bagasse. Plant cost
estimated as $8,100,000 U.S. based on the 1955 cost of the Dominican

Republic plant ($7,000,000).

Bagasse storage § Handling @ $1.00

Acid ® $50.00

Cost of replacemant fue!
Incineration

Steam @ LS¢ per 1000 b,
Water @ 3¢ per 1000 gol.
Electricity € .64¢/Kwhr.
Operating Labor - 40 @ $2500
Supervision

Payroll Overhead
Maintenance

Supplies

Technica!

Insurence

Depreciation

Total Production Cost

Sales enpenses
Administration

Total manufacturing expense
| month's operating expense
2 weoks' row meterial, acid
Tota! cepital investment
Product value @ 8¢ per 1b.
Net loss @ no bagasse cost

Oresk even price - 9.2¢ per

b,

t6 months supply of wet bagasse @ zero value

-38-

$ 164,000
130,000
243,000

9,700
230,000
26,000
35,000
100,000
10,000
16,500
324,000
52,000
217,000
81,000
810,000
2,448,200
43,000
63,000
2,58h,200
180,000
5,000

8,785,000

2,128,000
826,200



|
TA3LE 6
l FURFURAL PRODUCTION USING TOTAL BAGASSE FROM BOTH
STE. MALELEINE AND BRECHIN CASTLE
I rnduction of 50,000,000 pounds of furfural per year, transporting 120,000
long tons from Ste. Madeleine; estimated plant cost (excluding prehydrolysis)
= $1,870,000, and tota! plant cost ncluding prehydrolysis of $6,570,000.

' Bagasse storage b handiing @ $! .Oo/ton' $ 310,000

I Transportation? 252,000 J
Replacement le’ L65,000

i pentose” 1,557,900

Incineration’ 18,200
Acid @ $50.00 per short ton 35k, 000
Clectricity @ 0.6k¢ Mwhr. 94,000
Steam @ 45¢/1000 lb|.6 337,500
Weter @& 3¢/1000 gal. 75,300
Operating Labor - &0 @ $250C 100,000
Supervision 10,000
Payroll Overhead 16,500

. Meintenance 93,500

B Supplies 14,000
Technical & analytical 102,000
Insurence 18,700
Depreciation 187,000

‘ Tota! Direct Production Cost $ &,005,600

26 months storage of wet bagasse, 310,000 tons,

120,000 ® $2.10/long ton dry hagesse.

Aeplacement of 108,000 and 67,400 short tons »f dry bagasse - see Table 8.
‘.Thh estimate does not include cost of conversion or premium tn the mill.
Begasse assumed as zero value.

560" for disposel of 60,800 tons after grinding season.

Fuel value of residue teken equivalent to 25¢/1000 1bs. of steam.

-39-




| month operating expense $ 279,000
1 month raw material acid 29,500
Total capital invested 6,880,000
Sales 78,000
Administration 103,000
l Tota! Manufacturing Expensa 4,186,600

Break evan price 8.1¢/1b.

Product Value @ 8¢/1b. 4,000,000
Net Loss $ 186,600

PLANT COST ESTIMATE FOR 50,000,000 POUNDS/YR. FURFURAL PRODUCTION
BY PROCESSING CONTINUOUSLY IN A TUBULAR TYPE REACTOR

Basic Cost = (%)'6(1027,000)(%;%.5) = § 1,000,000
Steam Generation (100,000 1b./hr.) = 615,000
Sufldings and Land L] 150,000
Overseas Packing & Freight L 100,000
Cost of Furfural Production Unit = $1,865,000

-&0-




TABLE 7
PREMYDROLYSIS EXPENSES (EXCLUSIVE OF CARBOHYDRATE RAW MATERIAL)

Production sceled to 50,000,000 1b./yr. furfural plent.
Estimated plant cost for prehydrolysis $4,700,000 U.S.

Acid @ $50.00 per short ton $ 156,000
Steam @ b5¢/1000 1bs.' 225,000
Water @ 3¢/1000 gol. 4, 20¢
Electricity & 0.6l¢/Kwhr. 131.000
Opereting labor - 30 @ $2500 75,000
supervision 71,500
Peyroll Overhead 13,900
Meintenence 235,000
Suprlies 35,300
Technical § Analyticul 158,000
Insurance 47,000
Geprecistion | 470,000
Tetal Oirect Production Cost 1,557,900

lruel velue of residue taken equivelent to 25¢/10004 steam

-4l



TABLE 8

|
BAGASSE UTILIZATION AND OVERALL HEAT REQUIREMENTS IN TERMS OF ORY BAGASSE

Production of 26,600,000 pounds of furfural at Brechin Castle

Grinding Soosonz 0ff Season

Roquired equivalent heating value - short tons dry bagasse

Prehydrnlys’s 11,200 13,400
turfural Scction 16,800 20,200
Sugar Mill 118,000 90
Total 146,000 33,600
Total available bajasse 68,700 82,300
hvailahle bagssse as rcsidue3 §5,000 65,800
Exccss for disposa) ~a- 32,200
Deficit, required in replacement fue! 91,000 cee

Continunus production of 50,070,000 pounds of furfural at Brechin Castle

Prohydrolys:s Section 21,000 25,200
Furfural Section 31,600 38,000
Sugar Mill 116,000 cee
Total 170,600 63,230
Total Available 129,000 155,000
Avail:hle bagasse as residue 103,200 124,000
Excess for disposal --- 60,800
Deficit required in replacement fue! cee
at Orechin Castle 67,400 .ee
at Ste. Madeisine 108,000 cne

6
;mmm heating value of 1.3 x 10° BTU/short ton
,Grinding seas~n - 15/ days, off sesson - 180 days

Based on 20% snlids removed in furfura! processing

-b42-




TASLL &
FUIFR L 20000 5 7 1RECI G TLE USTNG JAGASSE AND COCONUT 3ASS
Plant capacity - 52,4 :, .« ouads of v fural pe- yea": 50,000,000 from the

available bagasse ot 3-echin Castle ard Ste. Madelevre, and 2,400,000 from
15,LUL tons of coconut bass. Estimated plant cost (excluding prehydrolysis)-
$1,77),u0u; total plant cost including srehydrolys's - $6,570,000

storage and handling 4 $§1.u0/ton $ 320,000
Transportation] 207,000
Roplacoment fuciz 288,000
Pentose 1,640,000
Acid @ $50/short ton 371,000
Electricity @ 1,,6b¢ /kuhr. 98,400
Steam G0 b§e /1000 1s, 354,000
Veter @ 3¢/1100 gal. 79,000
Operating labor - Lo @ §2,500 160,000
Supervision 10,000
Payroll overhead 16,500
Maintenance 93,500
Supplies 14,000
Technical & analytical 102,000
Insurance 18,700
Depreciation 187,000
Total Direct Production Cost $ 3,989,100

lTramportation of bagasse from Ste. Madeleine, and 10,000 tons of
zcoconut bass 30 miles at 15¢/ton mile.

Replacement of 108,000 short tons of dry bagasse at Ste. Madeleine -
coconut bass residue assumed to eliminate the need for the additional
6800 tons of dry bagasse at Jrechin Castle.
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| month operating expense $ 300,000
| month acid supply 30,900
Tota! cepital invested 6,900,900
Sales 78,000
Adninistration 103,000
Tota! Mamufacturing Expense &,170,100
Product Value @ B¢/1b. b, 193,000
Net Incoms $§ 21,%0

Cosh Fiow as X of Total Capital Invested - 10X
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Report on Hisslon to Trinidg and Tobagosi, 23 Webruary = 18 Kareh 1 T‘Jc’
=
Purfural Miasicn
1. I was recuest:di v lead the Wission o the Qovernmment o Trinided

and Tobago on the poasibility of mamufacturing furfural 4n Trinidad fre.
the bagasse relezesad in the eourse ¢ sugay production from eane. M
interim Report on the #Alssicn was sucmiitted on 2¢ Mareh 1967 and the Iina?
Report on 3] May 1967 together with a letier of Transmittal containing
the main recommcrdationa of the Hission.

University of the Weat Indies. Industrisl i pBLeren Ingtitute

2. T was also requested dy the Unlited Nations Navelopment Programme ©0
look into the request for an Industrial Regesirh fmatituie whieh the
Government of Trinidad and Tobago had requesisd for Spectal Pund flpraneclops
A briefing note was given to me from the UNDP. @y discussions on this
subject were embodied in my memorandum cf 23 lirren 1967 which was enclos:d
with the Note prepared by Mr. Alexander Campbell.

Progremming of Technical Assistance

3. My third assignment wae to ascertaln from the Governnent of Trinidad
and Tobago their assistance requiremernts in the field of induatry. Thess
resulted in an expected .Special Pund Request end several projects for
assistance under the Special Industrial Servic:s Programme.

8. The Special Fund Requeat would be for an lndustrial Project
Development Centre, to be located in the Indusitrial Development Corporatict.
of Trinidad and Tobago (IDC). The IDC has a number of general feasibiliiy
studies and a number of requests by private 2ntrepreneurs for financing

of likely industrial projects. The Industrial Development Corporation,
however, lacks suitable machinery to process the applications or to
develop the fessibility studies already made into "bankable' projects.

The project would consist of four main elem~nts:

A. Resident experts:
1 chemical engineer
1 mechanical engineer
1 industrial economist
Counterparts will be provided by IDC.

[ooe
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B. Provision for ad hoc experts:
24-26 man-months for specific specialization on the
particular industries under constderation.

C. Provision of fellowships for management and teghnical tralning.

D. Provision for testing of materials in Trinidad and Tobago
and abroad.

At the time, the following industries were speciflically under consideration

{1) caustic soda
{11) textiles and garments
{111) ceramics

5. Under the Special Industrial Services progranmes the fcliowing were
to be requested:

(a)
(b)

The provision of an expert to examine and report on the prospects
for food processing based on local fruit and vegetables;

The provision of an expert to advise on the creation of a
Standards Organization;

(o) Assistance for the Brickworks, Rio Claro

(a)

(o)

(r)

(1) An expert to re-appraise the project including a study of
present market conditions and an asseasment of the additional
equipment required for commercial operations;

(11) Procurement of the equipment needed {poasibly heavy extruder

and pre-drying facicities); and

(111) Short-term management and technical experts;
An expert to assist in setting up of plant layout for the dyeing
operations of the Elaine Barrymore Originals Ltd. and to train a
national in the dyeing operations;

An expert to study the problems of implementing ( including financing)
proposals for the manufacture of fibre-board from locally available
bagasse or fibre. (a feasibility study alrsady exists);
Assistance in efforts to strengthen the Management of Modern Methods
lLinited and the provision of an expert to examine the possibility
of product diversification;

[ooo
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(g) Pinal assistance to ascertain the practicability of a asteel mill
in Trinidad. There have been five or six previous investigations-
(Malhotra, Pittsburg, Batelle, etec,). The Government does not want
any further study but a definitive opinion bascd on the studies
already made;

(h) Use of asphalt from the Pitch Lake. The Govermment would like the
exploration of the industrial properties and possibilitias of this
natural asset of Trinidad; and

(1) Development of a petrochemical industry, particularly important
since the pstroleum industry of Trinidad is retrenchlng.

.... Some notes on projects {c¢c) and (f) are enclosed.

R.C. Desal



NOTES

Trinidad Brickworks Limited

Trinidad Rrickworks Ltd. is a Public Limlted Iiability Company
registered in Trinidad in 1960 with a Pald up Capltal of TT$E00,000.

The main purpose of the Company is the nanufacture of hollow clay
building blocks,

By 1961 the Company had Capital Asacts to the value of over
Tr$1,000,000 and at that time Loans amounted to TT8654,000,

The output of the Kiln was estimated at five milllon b x 8 x 12
hollow elay buildirg blocks or approximately 14,000 blocks per day, but
the actual sales were: 1963-1.4 million; 19€4-1.7 milllon and 1965-1.€
million. Breoakage was exceedingly high due tc the vary high water
sontent in the green bricks which the extyuder and drying facilities
sould not extract.

Conditions went from bad co worse and by December 1965, when the
plant ceascd operations, lLoans and Interest amounted to over T$1,000,000.
The IDC's share of this is TT$60,000 unpaid interest with a capital of
TT$250, 000.

Reports on the Company were made by Messrs. Platt, Ilanos, and
the three engincers from the University of the West Indies and they
are all of the opinion that with an expenditure of about ™1$275,000 the
Plant can be rehabilitated and the undertaking put on a profitable basis,




Modern Methods {Caribbean) Ltd.

Modern Methods (Caribbean) Ltd, is a Private Limited Llabllity
Company incorporated in Trinldad in September 1965 with a Paid up Capltal
of TT$250,000. 7The objects for which the Company was establiened are to
carry on and undertake in Trinidad and Tobago the businesa of
manufacturers, processcrs and produzers of and dealers in plagtic, thermc-
plastic and thermo-setting plastie goods, matoerlials and other such
articles for industrial, commerclal or domesiie usa,

The Company oparatad at a loss over the past three years and du: to
lack of workirng capital and pressure from ereditors, applled to the IDC
for a loan of TT$150,000. The lcan was granicd but one i the conditions
vas that a new factory must be erected on 99,000 sg. ft. of land leaned
to the Company by the Government.

The main needs of the Company were finauce and good management as
1t has the capacity to produce several marketcbla products of high
quality for which ready markets are avellable. The standavrd cf
workmanship is high and most oi' the tralning problems have baen overcome.
An adequate amount of "wnow-how" and expertise has been developed and
the trading future appears to be both secure and profiltable.
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