
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU OF STANDARDS 

STANDARD REFERENCE MATERIAL 1010a 
(ANSI and ISO TEST CHART No 2) 



I 

I 
I 
I 

I 
I 

(M51 
\ 

„ • .. 9 r •- " >'*.;>" 

Uni tad Nation« Industrial  Daval opinant Organization 

Distribution 
R«str!ct«d 
May  1967 

Rafo No.   EC 132/226 TRTO (1) 

ORIGINALI     ENGLISH 

REPORT ON 

FEASIBILITY ANO MARKET  STUDY FOR 

PRODUCTION OF FURFURAL« 
--41 

UNIBO/T/TRT0-1 

FINAL REPORT 

TORT OF SPAIN,    TRI NI PAC /, 

FEIRUARY/MARCH  19*7 

Tha UNI DO/SI S Mission to Trinidad t Tobago Included tha 

fol lowing 1 

I OrC^R. C« OaaaÒ    Ta«* Laadar 

Or. J. M. Smuk 

Mr. •• Thlagar«Jan 

I Tilla raport Is not an official doeumnt of UNIDO, but a papar 
specialty prepared for tha fiovarnmsnt of Trinidad and Tobago, 
and officials and exports of tha Uni tad Nations. 

% i 



r""ER. -j ~MNSM:--*;. 

To«    Mr. I. H. ADde^-Ranm*' 
Extcutfv« 0* recto.* 
UNIDO 

Sir, 

1. At the request  of the îovernmant of Trinidad and Tobago • 

Unit ad Nations Mission wa? or^ar'itd to axport the possibilities of 

producing furfural   In Tr'n'dad *n\ Tobago primarily fro« the bagasse 

aval labia from the operati oís of the ¿uqêr  'ndustry,    ~he Mission 

consistati oft 

3r,  R.  C.   Oesal, Industrial   Economist 
Or.  j.  Smuk, Chemical   Engineer and Furfural Specialist 
Mr.   B* Thlagarajar», Chemical   Engineer 

The Mission was In "rinfdad and Tobago for thraa weeks from 21 

February to 13 March  1967. 

2. Prior to the -Mffsion'j departure for Trinidad and Tobago, 

the UNI 00 Secretariat he ó under tikar to study the market conditions 

for furfural.   On the baia4s of Information published In the trade and 

professional  literature,   supplemanted by two raports preparad by 

Meaars. CargUI and Company and conversations with the Oufont Company, 

It appaarad that the price of fur fura' was the key to the market.   The 

main consumer, neme 1 y the DuFort Compary, we* switching to an altar- 

nativa raw materiel  for  the production of tetrahydrofuren, and than 

tone high cost producers m<ght go out of production,    It emarged 

that the main affort» should be toward cost reduction.    If furfural 

could be produced In "r'n'dad at sn ex-factory cost of US 8 cents per 

lb* of furfural,  it was  reasonable to brieve that the production 

could ba marketed without d'ff *cu>t'es.    if, on the other hand, the 

coats ware above 10 cents per    b., it «cu'd be «»tramaiy difficult for 

Trinidad to market ery  a*gn''leant quantities.    The locel consumption 

1n Trinidad for the ol'.   ref'Hng processes of the Texaco plant Is small. 



3. Thw c-u* e*   -e  • • --3 fr'w-i    F-V.-J--    e-   •••-   '»•  the raw water- 
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1a! situation,    béif'.t :*.        p-o3- *d    -  two íarqt sugar wills 

and two smaiî   ci*ts,    *>e   :«*c    «-.•<•  '.J «a- m' '•'% -«tea«* -aspectlvely 

13$,000 and 120,000  -o^  *or- c'  ua*,»"».   r, wr'jnt.    Tha two factoría« 

ara situatad  ''* m -J '• ç r  »pa-   ,  aro •-•• .-c-f«* oy a r«ar-ow asphalt road 

In poor condì Mo-.    0' îr*  rju*-- e*" bao*-«r ava'labia, all but 50,000 

tons (dry walgM) ê*9 --,*_« up  *->  <" ..r      -    ^ '*o plants.    Thai relatively 

amali quantive« p-odu. *i    -  •*••• o-Hr    *o F'*»"'.: a-« *uily burnt up at 

fual.    Tha pi th cor»crt e*  n-\  t>*«aasr,  *«, '»porttú by independent labor- 

atorlas in *h* Un't/*d v * ?^O.T te «rom •>« t>«qa:.-* specimens wara sant, 

Is 2$%.    Tha pentose- rortert c:    •>*  -j-/  b*«;iss* •'* o-va* as an avaraga 

of 2«. 

Il, Two a'ta*r.a*'v* mrchoo* of mar<i»*4<.:ur • ng furfural wara cen- 

«Idarad.   Th« ff-st H»H«Kí HI« dap  f*-*<j   th* bacaste  (irto fibra and 

pith) and producing fu.-'-.-e     f-cir »Ha p.th.    The **eond alternativa was 

to usa tha tota! bega»!**     Ir  f-M rè** f*c d-'fanent techniques wara con- 

ti dar adi 

(a)   tha confer»  o- a •  Qua*e- Oat: batch technique end 

(fe)  p-#-H>n-o'.-   ••,  fc   'c**i by cct^uou*  production 

of fj-'jrsi ,   a;      .   v* p-i^'our   cas*. 

5. Baa«o on t*e  >o'.a'   -«•< ma•»•-•:«.  M'.JIî on ard tha  technologies 

of production as á**.r' t>^3 ace-",   t*« M  ¿s'c-  **$ <i'ven tarata of refer- 

ence by tha Governi*«"*, c'  "•'¡•'•w: • -•' ' ob*;c *•  fce'ow.    The Mission was 

to Investigata a"d rapc-t  o~ th*  f0-c«—?: 

1-     wer id me.-ket   ï'IU*''  C    for  fjr'jre1 

2.     A'tur-Mfvf;   *o-   "et*    p, cdj:r¡or of Furfural, 

uti';*'«$  *v.* baa«*--. .    ••:Wîi r»q. 
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(b)     appi''ab'« •.çiîhffO'ofl/i 

I (c)     stagti of  p.-oj#c*  'mp'^nwrtat'oni 

This   study  to înc'ude: 

(i)     The feas1b<r>'ty of  *aparat'ng bagassa *nto pith and 

fibre 'rom «í 1 ava'iab's supp^a* of bagassa and 

using p'th as tha basi* 'o.- furerai  production. 

I Th« following altar*at'vts ut'¡'s'ng tu  the resulting 

flbr« should b« co^s'd*redi 

• (a)    At •  futi for th* me-Mif suture of tugar i and 

I (b)     As a faad stock for pwîp ind paper and other Industrias. 

(11)     The feasibility of  Immad'ati commerçai   production of 

furfural using the quarti ty of raw material  ovsr and 

above tht normal  fuel rsqu'rawts of tha sugar Industry. 

(111)    The feasibility of -.ownercla'' production of furfural  1n 

Trinidad and Tobago us'rg a'i available bagassa and 

other pantosanl f ereu* mataríais  («.g. coconat bass)* 

and to avvisa ont 

(a) Tha calling prlca of raw matarla's which would 

rtntor such maximum production economically vlablai 

and 

(b) Tha naed for tha estabHsnmert •nd operation of a 

pilot projact or schämt to hendía soma proportion 

of tha planned f<n%\  capacity. 

3.   Itecommendat'ons 'or furtnar actior byt 

(1)     United Natl ors 

(11)    Trinidad and Tobago. 

4. Tha Hi asi on compeared aH   thas« alternativas In datall, on 

tha basis of Ita «valuation c* data as«amb ad by visits, consultations 
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and corretpondence with M*nutrie.« of th« Tr rr^ra end Tobago Government, 

with tugar compañías, and with o"  snd «t^.-'c'tv compañías which were 

to be concarnad with supplying «Itarnat'v». fue'  and energ/, and hat tha 

honour to praiant  Its Report herewith» 

I 7. Tha Report hag 1ns with a genere1  dejen pt4on of the technolofy 

of furfural production.    It than proceeds to «xamine the rew meterlal 

I eltuatlon In tona datali.    Vtrlous ait«rnat«ve» of furfurtl production 

i by dap1 thing and from total ut1!*«ation of bagasse ara than conti dar ad. 

Th« retultt ara than evaluated. 

| 8. Tha main conclusion 1t that the batt alternative It to produca 

furfural at tha largati tugar factory, utlng total begatte from tha two 

large tugar mills, together with tha available coconut batt. This 1a a 

relatively farga venture, Involving conversion of tugar ml lit to alter- 

native fuels, and transportation and ttoraga of begatte (and bait) In 

I larga quantities    Ivan to, tha project comas out marginal on paper. 

Any practical difficulty or error 1n calculation could easily upaet the 

economict of the project. 

9. On the other hand, tome favorable factt naedt to be taken Into 

account t- 

(a) The project seems to close to marginal that any favorable 

developments  (such as a long-term contract for the aale 

of pulp or fibre) may make It extremely ettracttvej 

(b) The projeet may jutt pay for Itself» however, tha Ineomee 

generated 1n producing furfural   (which er* chargeable aa 

coata to tha project) would make a tlieable addition to 

the groat domett1c product of Trinidad and Tobago. 

There 1s retrenchment 1n the petroleum Industry and tha waget paid to 

labor employed can be taken at Involving no net cott to the economy. 

Incomes earned In transporting bagatse and in telling natural gat which 



U surplus at the moment mou',û aUo b« addltiorr   :c th« benefits derived 

by th« economy of th«  Island».    A -ase can b« maá« out that th« project 

1a economic from th« national  standpoint,  «v«r    f  '*.    s not so fro« th« 

standpoint of Its 1nd«p«nd«nt sommar ¡raí  v'ab'-'ty :r c mark«t «conomy. 

10. As th« R«port was being submitted th« Mí u on received Informa- 

tion that th« t«sts cerrled out recently «t th« University of Wast  Indies 

resulted In Mfh«r p«rc«ntagas of pe*toser> contact of samplas of Trinidad 

bagassa.    Th« pentosan contant ft these  tests averaged 25.7 percent.    It 

may be worth investigating th« reasons for th« discrepancy between the 

results obtained by the IMtlsh Laboratory and thost by the 

Untverslty of West Indies.    If th« results obtained by the University 

ere confirmed the stetlsties in Teble* 3»  6 and 9 win alter es below. 

IFFKT OF INCREASE IN PENTOSAN FROM 22 to 25.7% ON REPORTED EXPENSES 
IN TAMS 3,  6,  » 9.    VALUES INCLUDE INCREASES IN PREHY0R0LYSIS COSTS 

Total Additional Steam 
Cost • Fuel Velue 
Water • Elect. * Add 

Furfurei Produced 

Manufacturing 
Expense 

New Product Value 
et 8*Ab. 

Net Increase 

% Return on Investment 

Cash Flow 

Cash Flow/Capital 
Investment (X) 

Table 3 

$ 137,600 

30,1*00,000 

2, 444, 700 

Table 6 

$ 254,200 

58,400,000 

4,440,800 

Table 9 

$ 257,500 

60,800,000 

4, 427,600 

2,432,000 4,672,000 4,864,000 

(12,700) 231,200 436,400 

- 3.4 6.3 

888,200 1,093,^00 

12.8 15.8 

11.   The evidence thus is variable, end evan with the leteet results 

the prospects remain marginal. The project requires, therefore, to be 

further evaluated before eny firm dee'si on can be reached on its economic 

viability. 
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12. We recommend that the Government and the sugar and the fuel 

Industries of Trinidad and Tcba|o take a H  steps  to «ffectively eetebllsh 

tha    technicel and economic data on (a)  tía pentosan contant of the Trini- 

dad bagassa (b)  tha ti ua replacement costs of converting the sufer factor- 

lea to alternative fuels  (and not what the interested parties would each 

like to charge for bagasse or for alternative fuels), and (c)    the 

practical aspects of transportation and storage of bagasse (and bass) 

In large quantities. 

13. We recommend that the United Kations keep the project under 

review end help the Government of Trinidad and Tobago 1n two stages. 

Sta§e one may consist of the assistance 1t may need in estabiIshlnf the 

above technical and economic data.    If these data result 1n a more 

optimistic view of the project, stage 2 may consist of assistance lee-ding 

to the establishment end operation of a viable furfural plant in Trinidad. 

I 11». We else recommend thet this Report be submitted to the G overrent 

of Trinidad and Tobago. 

15. So many persons were helpful thet 1t would be somewhat invidio«« 

to mention only a few by name.    Nevertheless, we would like specifically 

to acknowledge the strong support, guidance end helpfulness of Sir Alan 

I Re ace, Chairmen, Or. Max Richards, Director and Mr. El don Warner, Sanerai 

Manager of the Industriel  Development Corporetion.    That this Mission 

I was able to accomplish what it did in the short time it had Is a tribute 

to the organisation and quickness of decision of the IOC.   Our Liaison 

Officer, Mr. Henry Chee Hung wes able, conscientious and thorough.    HI» 

1 assistance saved us meny hours of work.   Mrs. Thérèse Nurse, our secretary, 

carried a heavy stenographic load with aplomb end skill.   Much of our 

I work had to do with Messers Ceroni Ltd. whose representatives were 

t cordlel, helpful end kind.   To have spared so many hours of so many 

! 

I 
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. officials for us during the height of tha can« grindig season «Mt indaad 

" • consideration which we nuch appreciated.    To all  tha msny othar» who 

I wara of tarvlea to ut wa can wish to offar a coi lectiva thanks, espe- 

cially to Masacra Carglll Inc. of Minneapolis, Minnesota.   TMs fir* had 

I spant several thousands of dollars on a pre-Investment study of furfural, 

. and vary generoualy turned over tha study to tha United nations fro« of 

' cost.   We found the) »»tarlai to b« valuable in our work. 

«MUM/**-       i'^tfi 

ft. C. bass!  
Leader of Mission 

/J. H. imJk  

afarajan 
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TECHNOLOGICAL 

General Process 

The formation of furfu-a- oc.cu, * «hen • pentosan  (poiymer1c five- 

carbon tugar)  1» first h/Jr :/'.»Z8d tc  the mono sec-.'o. i ja wmch subsequently 

loses three molecu'es cf wa^er to /*e'd one moitcoie of fu-'u^al      The 

overall reaction can be w-*tto^ as fo!lo*s; 

Pentosan -^     c,hMjo5       _'J*2L-^ 
¿i/ 

HC    -    CH 

II     Í 

V 
Several  side reactions ozur simultaneously with the main reaction 

shown above which detract from tivs furfural /leid.    To a small extent 

furfural  1s destroyed r>y   the Mgh temperature and addle media, but a more 

Important reason for not attainfnj quantitative yields 1* the reaction of 

furfural with some pr.:Cjrsor      If,  however,  »re furfural 1s removed as 

rapidly as 1t Is formed,  eai-r.v.útly  JP   >f  :ht pentosan Is converted to 

furfural.    This Important fa-.*•. p.-r  \ 1*1 the tasi» for the well known 

Quaker Oats Process w-^'cr* na* '•••&$..-.    «;. r* buj for nearly all cf the com- 

mercial furfural. 

In the Quaker Oats  Froresi»  if   r     > a •* •'*•   -baici- ».peratlon, com 

cobs or other agriculture ras"'JM*;  e   *r.' *"fc >^lfuríí ar'd are fed Into 

large) spherical d1g«s*. xs     V,r   *    r - .j-.g«*«.-* .-atat^ sowly,  steam at 

about  100 ptl  is irtrojucftJ ur v ¡   . .;-  .«¿-ir« reaction temperature is 

reached.    During the cooking e*.-:.H *urf-*ai »*á ether volatile products 

are »tripped from the r^cti  n rwss  uf*ry i-jsitiona»  steam     The furfuret* 

laden vapors ere ied into fracrlcnóVr.i. *nd atrtjdrat'og columns where 

approximately 99% furfural is fi .-.a'« S ofctafred.    Th* so'Hd residue from 

the digesters is pri^iarl ly hurrc-J >s  *J*I .    ty removing the furfural •• 
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It li formó through tht sin »pin-, action zf thf steam,  destruction losses 

can be Hrinlmiied.    0* courvf.   •'   i» evident that in optimum operating 

point exists where tha gam in y i aid can no ìonger compensata for the 

increased steam consumption.    Yields of 33-3« besed on pentosen content 

are commonly obtained in industrial plants.    Each digester in itself 

operates as a batch reactor and the required continuous feed to the dis- 

tillation unit is achieved by operation of many digesters on e prescribed 

timing cycle.    Because of the relatively low cooking temperatures the 

reaction times are very long, resulting in a necesserlly Urge number of 

digesters in order to simulate a continuous system.   These digesters 

represent a very Mfh capital  investment per ton of product end are by 

fer the most expensive equipment item m the entire plant.   A schematic 

flowsheet of the feteker Oats type of process Is shown in Figure 1. 

The inefficiencies of the single stage system have stimuleted investi- 

gations Into other methods of furfural production.   A Urge share of this 

work has concentrated on a two stage type of process     "hat 1s, prehydrol- 

yiing the raw materiel to extrect tha pentosans Into solution followed 

by a conversi      >f the solubiliied sugar to furfural.    The basis for this 

type of scheme lies in the feet that conversion of the pentosan to mono- 

saccharide (or soluble oligosaccharides) proceeds much more rapidly than 

the subsequent detiydretion step.   Thus, by properly stoging the tempera- 

tures and odd concentretlon It 1s possible to effectively stop any degra- 

de ti on of the monoseccharide while obtaining a high yield (about 90%) of 

the evaileble five-cerbon supers.    Such e reection is commonly carried out 

In the manufacture of dissolving type pulps by the Kreft process where 

the presence of pentosans in the product Is undeslreble.    Bue to the nature 

of the pulping process, however, tha équipaient would not be directly 

sui tabla for use in furfurel  production.    There are no other existing 

-2- 
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Industrial examples of prehydrolysi -   except DJIMOP*    I  .tussla), but it 

it a technically feasible and relatively stralghtfo ward procaci.   Col- 

marci al aquí pma nt it «ai labia today for carrying out any of tha naca »aar y 

stasa (intarlai  preparation, reaction, concentration) Involved In making 

a separation of tha pentosan fraction.    Tha process économies, of courta» 

ara directly tied to tha utilization of tha total material. 

•ecause of tha extraction step tha final dehydration to furfural 

can be quite simply effected.   With due attention to fouling prob lea» the 

homogeneous reaction can take place at $00°F with yields approaching 6ft 

ef theoretical.   Tha high temperature and presence of add (effectively 0.1 

normal) »reduce very rapid reaction rates so that tha residence time (• 

reduced to approximately 10 seconds.    If the prehydrolysls step Is carried 

out at 120°C, total hold up time In the two stage procesa 1s of tha order 

ef JO minutes.   Tha short residence time allows the use of a tubular 

rejector with very high flow rates and correspondingly large shear forces 

et the wall te help prevent fouling.   The simplicity of the system and 

continuous operation result in the advantageous combination of high through- 

put capacity at very low Investment.    In contrast to the tingle stage 

process where as much as J/*> of the equipment Investment Is due to reactora, 

the tuba type reactor  is practically expendable, amounting to about ft ef 

the equipment cost,   figure 2 shows the schematic flowsheet fer a two 

stage process. 

Haw Hatería! 

The Item of major expense In tha manufacture of furfural 1s tha cost 

of the carbohydrate raw material.   This Is due to tha low yields (generally 

lets then 1ft) that can be practically obtained and the handling cotta 

associated with tha necessity for moving large quantities of tew bulk 

density material.   With conventional processing tachnlques tha raw materiel 
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accounts  for «bout <t» of  •»*«  tota«  manuf*',   i p.;, t,>.nife       C visèrent 1y, 

a strong posit fon in the raw material  supp'y   -,  ;.  * cement,-,.   -«¡uuement 

for ecoiomic furfural  product  on      Th-. s    mpi   -, - .-^h •    ¡    e    f control 

over supply so as to remove as much as possible the unce- tai nties in 

•vatlability and fluctuation*  'n price.    The sugar mill  is  therefore a 

very Important partner  In aiy furfural producing scheme based on bagasse. 

In the past, corn cobs  have been the pruna-y carbohydrate material 

used for fur fur-1 production.    Hvs has been due to the high pentosan 

content,   large quantities available in rather  concentrated   locations, 

and th« essentially laro value which the farmers put on them.    The cost 

to the furfural plant is incurred primarily in the collection and stor- 

age opérations, which until   the present f.me has amounted to $5-6 per 

ton of wet cobs.    Recently  the availability and projected availability 

of cobi has become restricted due to the introduction of mechanized corn 

pickers.    As a result the p-ice of cobs is r^lng with estimated cost in 

the early  1970's of $10/ton.     Because of this,  other carbohydrate mater- 

ials have become more attractive and have been the subject  of  recent 

investigation.    The changing  raw materia'   situaron is nearly reflected 

in th« decision of the major   producer of  fu-furai  to construct a new 

plant adjacent toa sugar   mill utHirng bagasse. 

Til« total  sugar produced IP Trinidad amounts to about  2j0,000 tons 

annually,  corresponding to nearly 300,000 short  tons of bagasse.    The 

relativ« distribution of  TP< * production '» indicated by the following 

mill capaci tiest 

4. 
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I locatioi Oa'ly  Sugar Production (Tons) 

I Fees Pa* ^¿0 

Reform 90 

Woodford Lodge 2M) 

Brachi o Casti« 700 

Stt   Madeleine 700 

I 
I 
I 

The raw can« supply con»» fro« 83,000 acras along the coast between 

the Port of Spain snd San Fernando     Tha tugar astata» cultivât« «bout 1/2 

of tha total acreage but account for two thirds of tha cana production. 

This i« du« to «ora fertilization, dosar past control and bat tar cultiva- 

tion practicas.    In view of th* past trand and tha continuad afforts at 

imsrovamant through agricultural  research th« proportion of sugar pro- 

duced by th« «statas (Caron:  Ltd.) will probably Increase.   This could b« 

an important cons Ida'at* on in choosing a furfural  plant sita.    Whereas 

th« cantrold of production is currently in th« neighborhood of  Sr«chin 

Casti», th« grMtast futura ine reasas in can« production will  probably 

b« in tha South.    To soma degree the recent plant modarnliatlon at Sta. 

Mao« 1 «in« substantiates this potential shift in cane production.    Tha 

capacity now 1s vary nearly «qua'  that of Brachin Castle, with th« dis- 

tinct possibility that witMn a *ew years it will  exceed the Brachin 

Cattle sugar production by 30,000 tons.   Another advantage of th« Sta. 

Mad«I»ina location is the possibility of a working arrangement with 

reparation Chemical fo^ bulk   (oeding at their dock. 

The future of the total   sugar production for the country 1s not 

clear.   The low yields per acre, relatively low sugar content and sub- 

stanti«)  lack of mscheniied harvesting techniques result In th« highest 
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I tot* I   product'.» K-  •>«« vi-J  •* - -,.  • *>"* -r   » g-a'aniaea prie, to 

the   Vitish C,mncn*.v.H»       ''••>  .¿'vcieru  ^t^-i>   *       s* en voa- s  and is 

I negotiated each  year   f ,r   U.e e'ghth  ,ea-       0bviou*iy,   these factor» 

/ ,   ''•      mitigate against any »njoif.c*v. irc-c-ass*  in  saqar   production..     On the 

other hand,  as mentioned above,  Car orv   ltd    his modernized their   Sto. 

I Mad« 1.1 n« sugarhouse (to  tht extent  .»f  ne--ly   3-8 m-M •. on dollars).    In 

addition they have projected about S100,UO!) will  be spent for incinera- 

I tion equipment.    This  se<«rng -anally of f^ts  tends to indicate  that 

i whereas the total  products of the count-y may change very  little,  the 

more efficient  pn.du.. r -  will   p-ogress-vel/  increase  their   share of the 

! market.    The largest  ruto', s -u-.es •;!• -aw atrial  for a furfural  plant 

therefore will   probably  come from the two matn Car on«  mills. 

A summary of  the current  énú near  future  supplies of bagasse and 

the distances «.«tween  the Ca<  >m   i.nils  i. -j'-cr. below.     S:nce  the   largest 

available  supply  is at    i-^Mn Cstl*,   -II   distances «< e g<ven  to   Brechin 

Cattle assuming   this   locate as  the furfural   plant  »ite,  and  transport 

charges for   the bagasse are given  -n  this hasU      ^he   local  cost  for 

bagasse haulage is /.5c U.S./g»«** ton m le.      Tir* 'at* does not show 

any seasonal  variation. 

jrtfrrvn    Woodfo d Sto. 
td»th        U>d£e Reform   Made loir 

1 01 »Unco to "rochin Castle  ¿Mues) ,0 '3 

1 Houlage Chorgo <»-  t-n dry oag..,s* %* •«> ^'82 *2'10 

Total available dry bagasse (long   ions) isS.OüO      J2.UU0 16,000 120,000 

| Surplus dry bagasse (long tons) 27.UOO - - 23,000 

*Rate of exchange a earned as 
60< U.S.  * $1.00 T.T. 



I 
Surplus bagasse raters to that which must be hauled away (about one 

mile) because of inadequate burning facilities. 

3agasse as it comes from the last extraction unit in the mi 11 con- 

tains about 50% molsturec    An analysis of the bagasse from Trinidad has 

shown 1t to contain 2*»»26% pith by wet screening methods.    Roughly 2/J 

of the pith can be removed by simple mechanical means.    There 1s very 

little difference between the chemical composition of the pith and that 

for  the remaining fiber with the pith perhaps containing slightly more 

gums or xylans.    The principal  chemical constituents of the whole dry 

bagasse aret 

Llgnin 17% 

Cellulose 57% 

Pentosans 22% 

Ash k% 

The two constituents of prlmery concern in furfural production ere, 

of course, the pentosans and the ash,    Ash is importent from the itend- 

point of add requirements and the effect 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 «ero.    ^"h1s assumption mini« 

miles the acid cost.    As an Indication of the possible Increase due te 

ash alkalinity,  the buffering capacity of wood can result in a doubliftf 

of the theoretical acid requirement. 

The pentosan fract'jn is the furfural precursor,  the quantity of 

furfural derived being dependent upon th* particular  process employed. 

Under carefully controlled laboratory conditions the conversion is 

essentially quantitative with the measurement of furfural actually used 

at a method for pentosan determination.    Howeve*,  in the conventional 

manufacture of furfural yields do not exceed 38% based on pentosan 
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content.    It has  been u-.v nstr^rec   »n w  *»••,. n   sc;'t that    » solubillzed 

pentosan media can yield <**   MX> furfural      F--   the construction of a 

new plant it is not unreasonable to assume that a yield of 1*0% can be 

realized.    Based on this,  the  yield of furfural  from the various sources 

in Trinidad can be summarized as follows: 

POTENTIAL ANNUAL  F UHF IH AL  rMÜUUt, TI ON (POUNDS) 

Source 

l£Íii_Jiií¿i2         Surplus  3aa,asse Pith 

6,2*j0#u00 1,560,000 

3,120,000 7Cü,000 

¿ykùj,<m it.cM, m $,&i)(),uoo 

26,6()'v!'1 i.1»'  i,Ai'' 6,650,000 

Location 

Woodford Lodge 

Reform 

Ste. Madeleine 

Brechin Castle 
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Under this à ' te .-•   :'• •   .r>e *•••. >'c r.ujuss"-  's  sep^r-ited  int) .:  oith 

fraction and «  fiber   f-oct'.i.      -ne  p!th ?>  ut > I   ¿on  r  r   f  rfwal   -»re- 

duction and the fiber   T> C ¡ ther   tu-reo as  fuel   <-.'   up-yr^uj tj another 

product.    Since the pith dies not  substantially trffV   in composition 

from the rt$t of the  stau:,  the potentiai   furfur«) aiiourts  to one quarter 

of that obtainable from the whole bayasse.    Therefore,  tiu.  ;>lant scale 

la relatively small   -  6,t*)' ,uut    j..urJs of furfural at the   ir«ch1n Castle 

mill end §,850,000 pounds at Ste. Madeleine.    In addition t> this dis- 

advantage of smaller   scale   >f  or »luctí >n th.re i» the cost of pith 

separa ti op.    There are,  however,  stveral  factors which tend to counter- 

balance) thaïe unfavorable dspecU. 

The) current surplus bayasse ut I Jtn  îrcchio Castle uiW Sto. Madeleine 

il between 20-23% of  the total  Available quantity.    Since  trn.ro is no 

reason to suspect large differences between the hoat of combustion of 

the pith and whcïe bogass.»,  it -s ô-jparent th.it utiliiinij  the  01th for 

furfural practically removes the p"ofc1em of excess bagassa dispaiai. 

Indeed« a financial  credit can he  token based on rhe estimates for 

additional incineration capacity made b/ thu $ug-r  company.    This estl- 

mete indicates that (a ton of beasse requires a cioltal  investment of $9.00 

U.S. and I maintenance charge of $.3« U.S.    Furthermore,  it is quite poi- 

libia that there will   be an associated Improvement in iui Ur efficiency 

Which will ameliorate an existiny noxious soot problem. 

A ootentially very attractive advantage in  orncossiny ¡nth    -> furfural 

in contrast to whole bagasse is trm Hksly lar^e reduction in reactor 

volume necessary to accomplish the conversion*    The difference in ihysical 

characteristics of the pith and fiber accounts f »r ti.-s possible process 



I 

I 
I 

slmpHfiCdti ^n,     Oot • v.* s**\ ..'• i/,   •;.•>';.   Ví>¿I1   M-a^ts    n  the continuous 

I tubular reactor  system *<'..UJ r-e  '•x-jisdr/ w: th negnçpoie changes In the 

total  plant cost       Th->  i>-jm.:   vi w*s ^ st=d  in est^ofoj  the capital 

investment for  the depirrv'r.g  o-ocess-    The flowsheet  for   this process 

would look essentially   l:t«e  tr,dt   .n Figure 2 with the exception of addi- 

tional depithing equipment a-«d  no p^eh/drolysi s unit.    Fundamentally, 

I such a system would  save the  ; •<-1 •->? prehyet- olys  s  ;r;v)1vcd  in processing 

whole bagasse by  the subif tufi or of costs  fo»-  pith separation. 

' The pith could concei/»i;iy   uo obtained  from all   of  the mills in 

I which case the total  fur fura»  p- »duction wuuld be  l^.ci; r,utJ0 pounds per 

year.    However, considering thai  W< >dfnrd lodge and Reform contribute 

only 2,300,000 pounds of tru.  total  furfu-al   p-oduction,   the expense of 

depithing equipment ät   th«»j  sites plu* the t,dns;iort charges would far 

exceed the benefits of the slightly  idrger  plant sue.    Transportation 

of the total  bagasse to the fur furo 1  pi ont  for  depithing is equetly 

unattractive due to the ncujsit/ for a replacement fuel and the three- 

fold Increase in transportation vha-ges.    Consequently,  only the  frechin 

Cattle and Ste.  Hádele:nt  •« M;-  were con&idered as oractient   sources of 

rew material. 

Two proces$ir*j  scheme s y.-.'':   .••/«; >u<i te- i:     \-j)    depithing at   ïrechin 

Castle (b)    depithing at r^ir   ;.IU-M$ •-id transporting the pith from Ste. 

Madeleine to 3recr,in Last It   -.!•--•• r.;i the off  swson.    In the first case 

the annuel  furfural  production v. uld Iìó 6,650,000 pounds.    White second 

economies of  larger p'.« t  scrofa,   these benefits ero c juntered by 

the transportation cost.    Tables  1 and 2 givo a summary of the manufact- 

uring expense for each prices* alternative. 

The cost analyses indicate triât neither depithing schema It practic- 

able bated on en 3$/1b.  factory  once;  «od  that  transporting  the  pith 
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from Ste. Madeleine to   irechin Castle is even rnre uneconomic» 1  than 

I production based on Irechin Castle |>1th alone.    The transportation charge 

(about 1c/1b. of product)  is the crucial   factor in attempting to use the 

bagasse from Ste.  Madeleine for increased production.    In addition, the 

economies of scale are somewhat reduced because of the necessity for 

duplicating a siieable portion of the plant (depithing equipment) at 

both sites. 

In the case of production at Srechin Castle only, the charges for 

pith removal are the principe» reason for making the process unattrac- 

tive.   This item represents epproximately ka% of the total manufacturing 

expense so that changes in this estimate have a greet bearing on plant 

economics.    The charge of $l.$0 U.S. pmr ton of dry bagasse, however, 

is e lower bound end eny errors involved in this estimate wilt undoubt- 

edly cause an even greeter production cost.    Furthermore, no charge) has 

been made for the bagasse itself since it was assumed the fiber fraction 

would be returned to the suger mill for fuel. 

It is therefore necessary to find outlets which will upgrade the 

fiber value above that for fuel in order to make an economical depithing 

scheme for forfurel production.    The result of this conclusion It that 

the scope of the problem is broadened to the question of total begösse 

utilisation which is beyond the bounderies of this report.    Two of the 

more obvious possibilities, however, ere the conversion of the fiber Into 

hardboard or pulp.    In considering these alternatives for fiber utilisa- 

tion the following points ere importanti 

(a) An outlet for the fiberboerd or pulp must be developed 

whereas the use as fuel already exists. 

(b) The current boilers would heve to be converted to en 

elternetlve fuel. 

• II- 
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I (c) The bagasse win  hey« to fct ourchesed at a  prie« equiva- 

lent to tht futi replacement velue plus * small premium 

for the sugar mi 11. 

(d) Much largar capital  outlays will  ba required. 

At tht present tin» there Is an appartnt internel merket for «bout 

2$,000 tons of diversified pulp products, roughly corresponding to 50,000 

tons of dry bagassa.    A singla 100 ton/day pulp «111 could theoretically 

satisfy tht total market,    fry world standards tMs Is a vary smll mill, 

and of coursa, one mill could not produce the variety of products re- 

quired without e prohibitively large Investment.    On the other hand, 

certein portions of the internal market can possibly be captured by 

small producers.   TMs 1s evidenced by the new mill installed by Cenerai 

•eper Corporation for production of toilet tissues.   About 700 tons of 

product will be manufactured annuali/ with a beifasse demand of 2000-2500 

tons.    In terms of a furfural plant, however,  It is quite obvious thet 

for the tonnâtes of bagasse required, the associated pulp product must 

be sold on the wer Id market.   Whether export pulp can competa with other 

sources Is a question that cannot be resolved 1n this study, but which, 

on tht surface, seems an unlikely prospect. 

Utilisation of the fiber fraction for the production of board pre- 

sents much the tame situation as for pulp     One possible advantage) is 

the smaller capital Investment needed per ton of production, but never- 

theless tht current Internal demand (about I$00-2000 tona par year) is 

Insufficient to warrant local production.   Again, whether an expert 

merket cen be developed or major changes in the Trinidad end Tobago 

market can be rea Hied 1s e question for further Investigation.    An 

evaluation recently made for Shell (Trinidad) Ltd. showed that a fiber- 

beard plant In Trinidad and Tobago could not be economi ce 11 y justified. 

• 12- 
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However,  the produi ti ,.•    , :••     ,,   :.  .> <..      .  r K-   <•• ->    <-.',..-..    /ui inter- 

esting point  in trie iM- •     . e     >*u  „       .  c *^  c>u1d be 

obtained at $3 ¡j.i. ,.•.--   a . • •           1 

It is conceivable  th«t i>t   jper_tinu, u furfural   plant  in conjunction 

with a herdboerd  (or puiu) piuM, u '«Jw.ti <n In "«<* m«t«riu1  cost could 

be obtained by dividiny  the iteoithifit] c »U »rUtt-n both ;>lants.    Hope- 

fully, both the furfural  *nJ h*r <*>#«'J plant* would become viable by such 

a maneuver.    An Important conti durati >n in ofder   to «thieve maximum 

benefits from plant t  mbirut» »n 1» th*j neurit/ r.>r  integrating the 

fiber utlHiatlon capacity to the pith requirements of the furfural  plant. 

This means a fiberb>ard production or -r, ut   h-J,- • n t ¡n* per year when 

operating In conjunct i -n with a r.' f r ^ I plant b.»h«.d on the bagasse avail- 

able at Vechin Ca»tU.    tinder   W-v»«t c n li tun» «•-. t»tii«.aU of the reduc- 

tion in bagasse cost t .  tht  nitf Mill  ^n   •-  in» K- by using the expenses 

given in Table  I.    If - 1*1 «.TU    n tacitai  iitvwsUd    t   KU t» a »turnad 

for the furfural plant ui i ti«.  irKMur¿ti<n iu idj '* »till credited* 

the allowable cost of ,>itr. cMi> :•« calculated a& Pfur ly $H'in,uGo.    Spread- 

ing this ovar   l$1,t.u,   -J.. • t   t    .>    f   i 41$»«    r   . » -.»ût  illustrât*»  trwt 

at mil»  »hi cost of b<*t]<i»Sf  t     'I.   t> ? tu   .,  \ 1   tu. r«*iu.i » • 64r 

U S. par short dry t <n<    A.<; ',"•,  t'1-   tt..i  err lit   (¿II  >»f trw »>b#  i* 

not  Strictly deducttLIc  (.UM     t    -l.«.t   ,-   I«   .1 1 f. ranees)  t     the  «hell 

estimate of martufactur inj ..*,*-.. .   1       ¡   • < » .u     .   %>\i*  in <* H.VMVJ of $ué, 

U.S. per  1000 s«4uar<   r««i   .-.   .      »i     1   $«/    •:•   <        nt-   It1      ».,-->r« feet. 

While there 1» a uvri   • t •  .hoit.j    i<i « .       .ndi >-i t>(* pr >cess, 

it is evident that  if  4a»>i tru-.i Hiv   i* c. r.siu*.:* 1 a» a »ow .isteria I  for 

pulp or board product!«.«,   thuv    .   c- »sc» «*»**t r•* ce >n v¡n   »n their own 

riyht.    The role of f-.rfuru»  ti.» i «.o pit'i r«w    . t  n«. 1   1» *i.fply a 
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scavenger  operation »no cannot be expected to c*.f*y or drastically alter 

the economic* of  the rthe-  orations  'nvolved   in .-eso due uti liuti _.i. 

I Shortly befo-e the Furtu-aï   wsiion left   IVin<dad and  Tobago 1t «as 

learned that Mitsui   and Co, limited was appar-entiy 'ntecested in purchas- 

ing briquet ted bagaje for export  to their Japanese pulp mills.    Such a 

prospect is pertinent  to the f«Wurai  question  in at   least   two ways. 

The briquettlng process  involves  aepuhirg,  d'ylng *nd compressing In 

orde"   to make the bagasse  »oi table  for   »nipping and for pulping.    This 

ineans a possible chea> source  )t  pith; und,  .•.": T<,./.   if *-:h a scheme 

1s pract'eal  it undoubtedly would Involve significant quantities of 

material.    Although th« pith would b« a residue it still would not be 

aval labia at zero cost,    iwo p" icing alternative* are immediately 

apparanti  ont based on a pro-rated charge for   expanses Incurred in 

depithing, and another  based on the fuel value  should all   the sugar 

mill boilers not be converted t> * substitute fuel.    From the stand- 

point of furfural  production a *<a1ue of pith can be derived by using 

the previously estimated allowable pith cost  of $100,QUO U.S.    On the 

basis of ->ith this «mount» t» ah  ut Sj.C^ U,$,   per   ton 

The sale of briquetttd tagasse fiber to *it%ui   Co. Limited êné the 

associated generation   <f a **àte  ,^' th residue,   hinge* on whether the 

bagasse Is competitive with »/ther   fiber sources.    As this report was 

being prepared a letter wntun by the  local  marketing representative 

for Mitsui  Company l«mit«dwa* f irwarded by  the Industrial   Development 

Corporation of Trinidad which *t«ted the current cost of fiber compered 

to begesse as follows; 

Wood Chips i 
$17.50 U.S.  per cubic metsr C  e F 

$ 9.00 u.S   ^*r   long ton is ocean freight rete 
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Per Long Ton of Fu 1,5. 

Wood Ch i •>$ rtei,u i1 td      ),>  > /. ' :    •*. t. r $ 

T  UÌ Cu*t    - j.¿t> i/-^) 

Freight - 2.i6($$».U0)    = 

Chip Cost - 

togas»« Required - k long  ton» 

Segasse Cost =   M$22.1*>)    = 

Freight *   M$9.00) 

Total 

$>6,t .   U.S. 

23.00 

$33 Ou 

$89.60 U.S. 

36.00 

$12.'.60 

According to the above   data the price of bag«tie Is prohibitive. 

While begatte 1s 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 SO pounds per 

cubic foot whereat a density of about 25 pounds per cubic foot seem 

more realistic.    If this Is the casi',  the freight charge for wood chips 

would be closer to $«4 U.S. with a resulting total cost of $79 U.S. per 

long ton of pulp.    At the same limn, the bagasse price and the assumed 

pulp yield T9 Incompatible.    Tha bajaste price» although subject to 

negotiation with Car on    Ltd. 1» charged ><ct «t $¿2.<»o per ton which Is 

obviously on a dry basis.   On the other nend, the pulp yield 1s based 

on wet bagasse.    Actually, the pulp yield would be closer to kO)L beted 

on dry deplthed bagasse end depending uport thé type jf pulp produced 

It could be as high as 60*.   Allowing for « $0% yield the cost of bagaste 

per long ton of pulp would t»a ml AH $b*1.C) U.S. compared to the $125.60 

estimated above, and the revised estimate <>f $79 f* wood chips.    The 

lower cost of bagasse» however, is continj«nt upen obtaining an ocean 

freight charge of $*).ou per ton (rtyr t«d1y the current rete 1s $25.00 1n 

Trinidad), and assumes  the ui>.'Uin& osts «re incorporated In the $22.«J0 

per ton bagasse price. 
-15 
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Furfural  Production r> -,r   : re -th< '<•• jLo » .jr 

Under this tite'rj: ve tr-e wn.-'c      3a^t is      pasted either In a 

ona staga or two stage iruu ü to » eiu fu'fura      nd a Hgno-cul luíosle 

rasidua.    Schematic flow shaats for   rh< se p-oces¿es ara given in Figuras t 

and 2.    As m the case of the depwr  ng alternat    a, a suitable outlet 

must be found for the residue if turfu<d*  production is to be viable.    In 

view of the previous discission the 'it   luí i» essumed to have value only 

as fuel. 

Two schema» of p-cdu  t <~n were «skated;   one based on the bagasse 

available at Vechm Castle corresponding to *n annual  furfural produc- 

tion of 26 ml I Hon pounds, and the other   -Msed    '   transporting the bagasse 

from Ste. Madeleine to tnc ciw n-reduction t    SO w 11 «on pounds.    As a 

matter of comparison» c ;st t»t    -tes for b>th the (;• ehydrolysis and single 

stage processes wert: mad« fu-   t'a «UMHe*   p|ànt-    F "   the 50 million pound 

plant only prehydrolysts was considered «mei. it was the more economical, 

investment for a conventional process would be much greater, undoubtedly 

exceeding $10 million, and it does not  »tarn like-y tn*t any plants of this 

type would be constructed <n the future      Since the economics of the smaller 

plant based on »51,000 ton* of blasse at  *eth*n Castle were unfavorable» 

the processing alte native ut'luing v»y *ur .lus bagasse (55,000 tons) 

was not considered 

The economics of product«  n ¿re g<eat¡*  u-r'oenveo by differences in 

operation of the sugar  mil' and fur fur «i  pi*m      i.nccds the sugar mill 

grinds cene fv about  \%\J oay», the furfu .,'  ;*unt mu>t operate over the 

entire year.    This fact p<e*ent» pr >blems in bagasse storage, heat exchange 

and disposal.    Table Ö »ummeritet tnt d«»tr liuti->n and utilization of 

bagasse in terms of demands tr  h*at in rh*. cabined »uger ti 11 •furfural 

plent.    In performing the.,. ca'tu'dT on*  the rtüt requirements of the 
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iugdf mill  wtsrc   tükcn   is tho eijuivo'ent  bjyossfc currently  burned after 

deducting the quantity designated as surplus.    No allowance was nude for 

possible Improvements In heat economy within the sugar mill. 

For the plant producing 26 million pounds of furfural   it 1s necessary 

to provide bagasse storage for   lau days of operation after  the grinding 

season 1s over.    This amounts to 82,3U0 short tons»   leaving 68,700 tons 

•vallabia during the grinding season.    As a result,  there Is a poor bal- 

ance In the supply and demand of heat for the total   plant.    During the 

grinding season  |i»6,uui ton* of dry t¡«'jd»»u ¿re required for fuel.   Allow- 

ing f r 20% removal    t vii«» »ubsUnce in the furfural   process, 55,000 

tons of residue arc *v,thiU<   for  fiel,   Irvine, the equivalent *f id,030 

tons of dry bagaste t> hu purchased «s replucei.iunt fuel.    On the other hand, 

after the grinding sous n the amount    f residue exceeds  the stc«m genera- 

tion requirements by 32,2uü tons.    The uisoosal cost of this excess Mas 

calculated by assuming Out existing b »iters would be u*ed und only «ein- 

te nane e of )0c/ton was chargeable;.    It is evi dont that at the grinding 

saason gets  longer  the K <t «c »nomy and hd<j«sse utilisation become more 

favorable,    There will, nav art hü I ess, alw-ys be a anfielt 1.i the haat 

balance unless prêtant mill efficiencies «re improved,   since the total 

heating value of the hagassu cannot ecommoddte both furfural and sugar 

production. 

It it poeti ble t<< «void th« disposal cost and improve the residua 

uti Htatlon by prehy»1r.Iyiiruj the entire huy«sse during  the grinding 

saason.    The tavingt eri-, tiowaver, compromised by the Increased plant 

sise for prehydrolysis which Mill operate only during the grinding santon« 

and the storage costs of the pentose solution.    The net result Is an 

actual Increate In the est   if  furfural production. 
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A mor« practical   alternative to the p-ob<em of bagasse utilization 

it  to stockpile the excess  of 32,200 »on»  dunng  the off season for ut« as 

fuel when the suga*-  mili   'S  * n operat-or      Tro s has. the advantage of 

reducing replacement  fuel   requ'-ements to  58,800 tors,  eliminating  th« 

incineration cost and using ava-lable sto-age      Storage and handling of 

the residue is assumed to cost $l,00/ton so the manufacturing «xp«ns« of 

Table 3 is actually reduced by $63,500.     This    eduction, however,  is not 

sufficiently  large to el ^nr nate the $179,100 operating deficit shown in 

Tabi« 3. 

The analogous problem c* bagasse utihiat'on a-id heat balance for 

the 50 million pound furfural  p'«r.t can also be s^i'-ed by sto-age during 

the off season and by  transporting  the bagasse équipaient to the  Brechin 

Castle deficit  (67.UOO Tons)  from Ste. Madeleine dM"ng the first grinding 

season.    The replacement  fuel  csts, however, ar« magnified by the necessity 

for replacing  the total  *alue of the Ste, Made iene bagasse.    Sy means of 

off season storage it  is  possible to reduce the substitut« fuel require- 

ments to the equivalent  of 6800 tons of dry bagasse  (above St«. Madeleine 

requirements) at the added expense of $60,800 f.v   storage.    Incineration 

costs ar« also eliminated,   resulting if a $'!<;,*00 reduction in the manu- 

facturing expense shown in Tab»« 6      'he epe-a eng  loss «s th«r«by changed 

to $67,200. 

Th« manufacturing expenses shown !n Tables  i and 6 and the improvements 

thereon mentioned above,   Indicate that neither   type of furfural plant is 

economical with an 8</1b-   factory p-Ue for  fu*fu*al.    Th« plant producing 

50 million pounds essentially breaks «von at the 8i/tb. price, while the 26.6 

million pound plant shows a  loss of < .;., and a beak even price of 8.7*/'b. 

The plant economics with  larger  production ae largely off set by the trans- 

portation and fuel  replacement charges. 
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It dots not eppe*r  possible to attain the useable decreases in the 

I manufacturing expense which *re naces4ary to moke the considered alter- 

nativa! viable.    While possibilities do exist for effecting economies, 

" they «re counterbalanced by at   least equal  possibilities  that some Item» 

I have been underestimated.    Furthermore, these économies are marginal and 

are overshadowed by the real  problem of bagasse cost and availability. 

I The importance of  the fuel   replacement value is clearly emphasixed 

in the large plant where It amounts to nearly 1/2 million dollars.   The 

possibility of reducing the value of bagasse for fuel  below $2.67 psr 

I short ton does not seem likely.    This estimate« provided by the Trinidad 

and Tobago Electric Company,   is based on the cheapest fuel  available 

I (gas # 27« U.S./IO00 ft.3) with no allowance made for boiler conversion 

I expenses or the usual  premium to the sugar mill  (50$/torO.    It would, in 

fact, seem more realistic to use a value of i>3.25/ton.    On this basis, 

I the operating deficits shown in Tables 3 »nd 6 would be  increased to 

$231,600 and $. .'.'./.JO respectively.    As a matter  of  interest,  the General 

Paper Corporation currently pays slightly more than $8.00 U.S. p%r short 

dry ton for bagasse et the sugar mill. 

The effect of having a concentrated raw nWena'   supply can be 

illustrated using the deta in Teble 6.   If the bagasse  for   50 million 

pounds of furfural pe-   year was available at a single suga- mill, the 

transportation charges of $252,000 would be eliminated.     In addition, 

there would be a reduction in  the fue) rep-actment  value  equivalent 

to 11,000 tons  of bagasse,  plus the edvantege tnat  any heat economies 

effected In the suger   house would directly  lower  tne purchesed fuel. 

Where two mills ere involved,  however, the  cotai  heat   load of one of the 

mills must always be replaced and  the maximum improvements in the other 

milt are restricted by the amount of bagasse »vai 'able   (assuming fuel 

is the only outlet for  the '-«sidue  f^om digestion).    If   the two mills 
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are of comparable size the t->tnl   oí f ici-.-.cy of the two will   be  significantly 

lest than for   one mill  of the  so, >e   t it,.l  capacity.    For  a  50 million pound 

furfural  plant  based  on bagasse  from a  single mill   the  savings would exceed 

$2bU,UUu and could conceivably approach $*»5ü,UÜ0¡   or about  3-5   to 7% on 

Invested capital.    Raw material   location obviously plays a crucial role 

in detarmi ni ng  the economics of «   furfural  plant. 

The cost  of carbohydrate raw motorini  can be   looked at  from the Stand- 

point of the allowable charge that   can be borne by tho furfural  process. 

For the processing alternatives in  Tables 3 and 6,  no cost was assigned 

to the bagasse except where another   fuel was substituted.    In Table 6,  for 

example, the total  charge for bagasse was shown as $1*65,000.    The corres- 

ponding maximum allowable cost of  bagasse would be $l.25/ton assuming a 

zero net Income for  the process.     Actually, this figur« would be reduced 

somewhat due to credit assumed for   the value of the residue as fuel 1n 

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 materiel available  3« miles distant from Drechin Castle. 

The pentosan content of this material   is assumed to be similar  to the 

coconut shell   (taken as 3"%) «nd  tho bulk dnisity of  too dry  buss is 

probably about the  same as dry begösse.     If the bass is available at tero 

cost and only transportation,  storage and handling are charged against It, 

this 1s an economically attractive material for augmenting output at a 

producing furfural   plant.    The manufacturing expenses are given in 

Table 9 for  the plant described  in Table 6 with the previously described 

improvements  In bagasse utilization, and the coconut bass as additional 

input.    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  h„st of ony alternative considered. 
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I GCNEttAL  EVALUATION OF  RESULTS 

The results of this preliminary study show that product Ian of furfur«! 

in Trinidad li noti profitable venture.    Under the best circumstances (•» 

H »tod 1» Tabi« 9) it Is a marginal  operation and other alternatives show 

actual   toiMi. Two general  schemes of production ware considered:    (a) de- 

pithing,  and (b) utUUati >n of the whole bagasse.    In the case of depith- 

ing th« mejor obstada is the cost of pith removal, while in the use of 

the who»« bagassa the effective raw material  cost essentially controls tha 

procast économies.    Fundamental ly the problem lias in the availability of 

tha raw material» that is (a) quantity (b)  1 acati:-n, and (c) length of 

frlndtug eeeton.    lacauie >f this and the ani stanca of comparatively «or« 

produttiva sources of bagasse in other parts   >f the w rid, it is valid lo 

Question «ay decision to produce furfural  in Trini ad. 

I« adaption to the basic unfavrabio raw material  supply,   there ara 

problèma tacciftc to Trinidad regarding road»,  »Moping, and acid supply 

that muet be »o I ved.    The ¿rusent ondi ti on of tha road betwean Sta. 

Madt tai na and »rechi n Castle,  along with load limitations, presents a 

practical problem in moving any substantial  quanti tes    f raterial  between 

tha two plant  locations.    There is now under construct' >n a new highway 

scheduled for completion in 1S71 which will alleviate tiis situation.    In 

alt probability a furfural  plant could not   >e    n-stfcan much »-vinar tha» 

1970, end in this respect  the road problem is a second try   jne.    Similarly, 

a solution for obtaining the necessary wll«   I >adi n ¡ fach ties may he 

possible by an arrangement with Federation Chenvcals thr  ugh thu help of 

Ceroni  Ltd. at an intermediary.    A private  Hading o <k  is rehired if 

port charges ara to be kept at a bearable level.    Ordinary longshoraaian 

and barili charge» In Trinidad »f am*ig tha highest in the w>rld bacana« 

of th« %%JT« «bout time and must be avoided.    This will also have an 

-21- 



I 
I 
I 
I 

Influence on the cost of add which apparently will hùvc to h¿ 1    , rt«d 

due to the reported balance In local production and demand,    It  doc»  not 

seen that  these difficulties arc insi-rmiunteolc one' ..ccor<iiiu.,ly arc 

termed secondary relative to  the problem of raw material. 

It  1* important to note here  that Trinidad doei assess certe in 

advantages which can be exploited in the production of furfural. 

1, Natural gas - Approximately 13 million cubic feet per dey  i» 

available from tho Trinidad end Tobago Electric Company and 

an additional  lu million cuMc feet per  day can be obtained 

fro* Shell Oil Company.    Using both of these sources the total 

currunt fual requirements of Ste. Madeleine and Jrathin Cattle 

can uè satisfied. 

2, Trinidad is a member of the Commonwealth and as such enjoya 

certain trade advantages with other memoers of this «roup, 

3, tabor - fh* c°U of  labor, although not as 1->w a* in tha   lassar 

developed «.entries,  is nevertheless substantially 1ow«r   than 

other areas or roeior chemical  production.    Tho peculation has a 

very high (- re «ut «ige of  literacy, and the experience of  soma 

other Industrief  has shown the   local   labor  force to be  sf  g >o<| 

quallt/--edaptabl© and willing to leern. 

k,    Thar 2 is a currant problem with disposing 'f excess bagassa 

which will  demani capital e*,>cnditures  in the near future). 

5,    Financial  - 'fte-'« are a var'ety of governmental and inter- 

national agencia» through wnich favorable loans may be arranged* 

The government of Trinidad ana Tobago ais<> provides incentives 

for Investment by means cf ú te* r. hday- 

i.    r'cMticai  - A stable g-.wemrent with apparent desir»»  to  be  helpful 

in attract inj new industry to th« country. 
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I 'Itilin reasonable bound«, however,   no single one or combination of 

thete factors can compenti ta for the adverse raw material  situation.   For 

changes in the outlook for furfural   it   is necenary to look at the 

possibility of  future increases in sugar  production or more concentrate«* 

canj grinding,  upgraded utilization of  the fiber portion with concomitant 

generation of a   low cost pith fraction,  Increased efficiency in bagasse 

collection,  or  higher prices for furfural. 

Of these possi bill ties the one of most immediate Importance and 

which could modify the conclusions presented here,  Is the price of furfural. 

The question of obtaining a higher furfural price 1s dependent upon two 

factors) freight charges and the ability to sell the furfural In compati- 

ti on with substitutes.   Assuming slightly higher than average shipping 

cost of l.5«/lb., an 8</lb. F.O.B. factory price results In a delivered 

cost of 9.5</lb.    Compared to the quoted market prices of 13-1%/tb. this 

appears to be extremely profitable.    For certein uses there is no alter- 

native materiel,   In which case conditions of tight supply (as presently) 

greatly increases the price.   Typical   of this situation Is the use of 

furfural in solvent extraction of unsaturates.   However, the fraction of 

the furfural market subject to these circumstances Is small.   Most of the) 

furfural Is purchased In contract lots well below the quoted price. 

The price of furfural is bounded by the fact that the major part of 

the furfural merket (and the fastest growing outlet) Is undergoing 

severe competition from petrochemleels.    Ou Pont, the largest single 

twyer, has now erected a plant for production of tetrahydrofuren from 

acetylene and formaldehyde.   This decision is influenced by the lack of 

an adequate furfural supply upon which to bass future expensions of the 

synthetic fiber  production.   Currently,  Ou Font purchases practically 

all the output  of South Puerto Rico Sugar on a contract at under  10</lb. 

delivered,  but  Instability in this supply has Inspired the move eway 

-23- 



I 
I 

I 
I 

fr-,. f.rr. ra« .    »      .     -•   •   '       ,   ' o-.•'•      **   fur tur* 1 

ir   th.   rutun.-   K<»< -.       .    .>.;••*       » ..   •-.•••.•.: •*•'••• ••' d tractive) 

I is going   t> depend i-> a   • .•   ic   ., ,    f   -i •.•   *!•      -••.:.-•. s   'f their  synthetic 

J'W plant, and the quantities of fu'fu«-ai that are available. Other out- 

lets for furfural exist, out «s the price y%es above l()$/1h. the market 

situation becomes more and i;c e m. bul nus and it is not possible to easily 

ascertain actual market sue «ithodt a very intensive study. By the same 

token, at the assumed Cc/'b factory unte there is little doubt that the 

entire furfural   potentia'   nf  1>i-idad could  be sold. 

The product value at tn«  factory can also be judged from the) stand. 

point of  the manufacturing r.xptnscs of the compet' ti on.    An £</lb. price 

would compete favorably with  the costs of South Puerto «ico 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 manufacturing expenses of these plants would be) expected 

to reach 8</1b. by 1972.    The newest plant,   just now being put  through 

start-up operations, uses oagas>e a$ a raw material, but departs  from the 

conventi »nal  process at  South Fuetto Rito Sugar Company by using  horizontal 

cylindrical  digesters.    TMs  pl.^t will o» oduce 50 million pound» of fur- 

fural annually, and it must be ejected that  it will operate more effic- 

iently  than the conventional   p-oco**,    F-om all   appearances,  the)  plant 

investment p«r  ton of product  hua been decreased considerably vie en esti- 

mated reduction of about one $i*th in reactor volume.    Actual manufacturing 

expenses cannot be estimated at thi* time due  to the lack of information 

on plant  investment,  furfural   yield and handling charges.    Ho**ejv«r,  it 

would probably be somewhat  less than 8i/lb. 
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Although furfural production by itso*f Is not economic,  it 1* possible 

to generate som« justification for a plant by considering tha contribution 

to the total  economy of Trin*'dad.    After un initial deficit in foreign 

exchange due to the import of plant equipment,  there would be net annual 

increate of about $^4 mi »Hon»    At the same time,   important domestic 

benefits êr% derived from employment provided (both direct and indirect) 

especially in view of the current  situati.m where laborers ëf being dis- 

placed due to fundamental  changes  in the petroleum industry.    Furthermore, 

a plant would result in upgraded bagasse utilization and provide indirect 

revenu«!    through the purchase of natural gas and power.    Of course, any 

decision of  this nature is governed by th* alternative uses for monies to 

be spent and the corresponding relative priorities. 
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TAI. E  1 

FURfUIAi PRODUCTION AT BRECHIN CASTLE WITH PEP I THING 

Tetti production   *   6,650,000 lbs. p»r veer from processing 33,750 
long tons or  aith.    Plant cost estimated at $930,000 Including $378*000 
for riepi thing. 

U.S. $ 

Pith 9 $1.50 wr snort ton1 $ 22$,000 

Ac d * $50 per short ton2 *»7,200 

Steam i* 60i/1  00 lbs. 57,100 

Electricity (c  0.6<*/kwhr. 12,500 

Water í¿ 3«/10rc gal. 10,000 

Operating labor -  \k * $2500 )5,000 

Supervision 2,000 

Payroll overhe#d 3,300 

Maintenance M),000 

Supplias *»*500 

Technical 25,000 

Insurance 10,000 

Japraciatlon 93*000 

Total  Direct Production Cost 5*^,600 

Working Capi ta 1 
I month operating expanse 37,300 
1 month rv* intarlai »upo I y 22,500 

Total  Capital  Investment 957,800 

laics 1*»,000 

Administration 11», 300 

Total manufacturing eMptnse 592,900 

No storage charge el lowed, bagasse taken as tero value. 

2»rocessin¡j at k\\   Hqti < solid ratio êné assuming no buffering 
capacity from ash constituents. 
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Credit  for incineration cost3 $  32,400 

Met  trwnufacturlng  expense 5©ü,5M 

Gross  income«® 8$ p«r  lb. $32.000 

Net Loss $  28,500 

Cash Flow * 6*»500 

lîreak «van prica 8.9$ per lb. 

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

Basad upon an estimated plant cost in 1958 of $427,000 for 
a continuous plant oroduclng 15 million pounds pmr year. 
This aarliar estimate doas not  include land,  buildings, or 
i team generation equipment. 

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

Basic Cost = (6.6SJ6(1»27.000)(2S6    )    *   $293.000 U.S. 
Í.5 

Steam Generation (12,500 Lbs./Mr.) * 120,000 U.S. 

Bui 1 dings and Land * 80,000 U.S. 

Overseas Packing and Freight = 29,000 u*$- 

Cost  of Furfural   production Unit = $522,000 U.S. 

h redit for disposal of 27,000 tons of surplus  bagasse t 
10% depreciation of Incineration capital cost: 

0.1  ($9X27,000)      *    $24,300 
$0.30 Maintenance    '        SJQO 
Saving ^mr ton 

$32,400 U.S. 
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I :<rií'ATION OF   OEPITHING  EXPENSES   r?AStù UPON "METHOJó.   fZ-h  «EPAMTING   !»IT'I- 

3:>-•»;« PLANTS  INTO FI9ER AND PITH," U.S.O.A. LATHROP,   E.C., et.al. 

I Tabla 23  from above references   -   Estimated Operating Expense t~> 
separate whole bagasse at   sugar mill  Into pith free fiber and 
pith.    Case 2A - Fiber dried and baled after wet  screening; 
pith burned wet as fuel.     Basis  100 Ton o.d. bagasse par day. 

I $U.S. Per   Ton  o.d.  3asa*se _.. 
100-Cay liio-Day JuO-Cüy 

I Operation      0 Miration     Oberavi .>n 

Fuel and powar $0.896 $ü.í¡96 $G. ••'.¿ 

j Labor,  supervision, maintenance, 
and supplias t »355 

Fixed charges * »3M 

Total  operating expenses/ 
) o.d.  ton 3'632 

Credit fr>r sugar» recovered/ 
o.d.   ton bagasse JLiíü. 

Nat operating expense/ 
o.d«  ton 2.632 

Cost/o.d.   ton fiber and pith, 
90* yield 2.92 

Coit/o.d.  ton f1b*r on se si s 
of 68.*# yield with olth 
of no value 3«' 5 

Fuel value/o.d. ton fiber 2.50 

Colt baling/o.d. ton fiber 2.5'J 

$C.C5 

1.1*» 1.^3 

O.s-61 j./fr 

2.957 a.^r. 

: .00 • •>•' 

1 .997 l.éi 

2.22 I./ 

2.-2 2.(»6 

2.50 2.5 

2.SO 2.50 

$7-92 $7.^0 

Prom Tabla 21 of Lathro*1* article, asti meted capital cost fni* 

aapithing  100 ton/dsy for   Casa 2A is $105,000.     (Orlar for  fiber 

«anaeassery for our purposes, but assume äquivalent cost for 

coavtyor systems needed.) 
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Latir op assumes U'A r,w intoni nee =    $U,2üG = $í*2/tan 

For   I Oü day ooeration: 
Malntenence    - $0.42/ton 
Suppliti =    15% of maintenance = $0.06/ton 

For 300 day operationi 
Maintenance    = 
Supplies = 

From Table 23 
Labor,  supervision, maintenance 
and supplies = 

$0.1Vton 
$Û.Q2/ton 

$1.355/ton 

end from above 
Labor and supervision 
For  3OQ  ton plant lebor and 

supervision = 1.033 -  .16 

$0.675/ton 

$0.873/ton 

Therefore assume  labor and supervision remain constent per ton $ $0.&7/toA 

end from Lathrop the fuel and power are constent & $D.oWton (2**U 

installed H.P.)    Scaling the capital  investment up for  151*000 short 

tons at arechin Castlei 

(256) 
W.7 

<   ^1,000 ) 0.6 
100 (105,000)    •    1*06,000 

The depithing equipment cost c#n be reduced if the number of days of 

depithing Is allowed to be greater then the grinding season.    The exact 

rate of production must obviously be related to the rete of fiber 

utlllietlon.    It was assumed above that the fiber Mes burned for fuel 

and hence the production rate was restricted to boiler demands. 

Maintenance for 1000 ton/day unit »    $12,000 * $.08/ton 

Supplies    =    $0.01/ton 
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MOJECTEO ORMATING EXPENSES FOR DEP1THING UNIT 
SUFFICIENT TO HANDLE BtECHIN CASTLE CAPACITY 

Power and fuel 

Labor, Maintenance,  Supplies, 
Supervision 

Fixed Charges 

51/JÉ of labor, »upervislon, and 
maintenance 

Depreciation <s S% 

Taxes and Insurance 

Total operating expense 

$0.896 

.96 

.<»75 

.10 

.ok 

$2.*»71 

According to Lathrop additional sugar recovered could amount to $1.gO/t< 

1n which cate the deplthlng cost 1s $1.i«//ton of dry begaste. 

12- 
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TABU   2 

PUNT AT 8RECHIN CASTLE FOX ?*ODUCING   12,5)0,OJO 19.  OF  FURFURAL 
from  135,030 LONG  TONS OF  jRY BAGASSE AT MECHIN CASTLE ANO 120,i(JU 

LONG TOW *T  STE. MADELEINE. 

Dapithing at both  locations estimated at $1403,000.    Total  plant 
aquipnwnt «at f->r  rtaoUhinj and furfural or »cfuction «stimatad 
dt $I,67'J,ÜUÜ. 

Pith i" $1.50 per  short ton $ »«25,000 

Acic-      $50 S3,/00 

Irans'wwtatlon 126, JC'j 

&t«am-a 6>i(/1úC'0  r>». 108,000 

El «Ctrl city i* •} .(•**$ pnr riwbr . 2*1,500 

Vattr •«' 3< ?«r  100:; jal. 20.ÛÙ0 

Orxiratiivj UVor  - 21 ¡f $2,53') $2,$00 

SuptrvUion 5»3i'" 

Payroll overbad &»7C0 

Nalntanonc« 6H.0C0 

i WH«» 7,000 

Tacinlcal 25,000 

Iniur«ncc IJ.SuO 

J*, <r «c i a t i .">n 167 «000 

Fota !  ?r * uc ti^Ccit                                            $ !. 1 **6 » 2 -Jt; 

'Mo at wage costs, baq'iatt t«k«n as tero valu«. 

'transportation of 3C.000 long ton« of dry pith fron St«. Had« lain« 

(lbs wet)(wet cost U. S.) (danti ty cf ?acatf )(*< 1c»)(dry tont)    * Cott of 
(T&Tdry')(fo^"iâiTr"" '")(Ä•Tty"^F'¿irti     ) (of pith)      Transa. 
(Seguís«) 

(2)(.r75)(2)(1í»)(3-l,0OO)    •   $126,000 U.S. 
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»•orkfTj C.ioiUl 
1 month's operating expensa 
2 weeks' raw material 

T;»t» 1 Capital  Investment 

¿»„It* 

tKé< ini strati on 

Total    unufactoring expanse 

Credit f">r i nein* ration Otts 

Hst .nanjf«during «t/oense 

C%r<>%t i. ;*•   ? t.C n«r  lb.  f.o.n. olant 

*et Lust 

r*vh Ho* 

<rc*k «van ;>rice    *    9.1c oer   lb. 

$ 85,500 
J»3,2O0 

1,678,700 

27,800 

2*»,000 

1,190,000 

60,000 

1,138,000 

1,000,000 

$    1)6,900 

$      29,000 

W.AWT 'OST ESTUATE FOHt l2»SOO,0uD POUtM/VR. fURfURAt 
•.40OJCI tCN AT -^CHIN CASTLE RY PHOCCSSIHG C0NTIWJ0UKY 

IH /< MMR. Aft TYU REACTOR  

fekic C »it 
.o (12.5)    (*»2/,1'UJM256)     *    $«»10,000 U.S. 

1? 21B.5 

>U-m Uenerition (?3,M* Lbs./rtr.) 

» / Ibinçic < vi Land 

Cwsees» ••/. •   n3 and Freight 

180,000 U.S. 

120,000 U.S. 

M.0Q0 U.S. 

¿Mt of Kur fur* I Production Unit     *    $751,000 U.S. 

*Cre«i. for eivi-sil of »ornim 50,000 fmsi 

'.4 éejrjciaíiin of incineration capital cotti 

C.I t$')($fl.û0?) 
$.3- Maintenance 

saving par ton 

$â»5,00> 
15,00- 

$60,'JO0 

•J*> 
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I TA Ti F  3 

r JiFUJAL  PRODUCTION t\~   WÉCHIN CA«TLE USING THE TOTAL BAGASSE 

•                          Prehydrolysis and continuous production of furfural at  Brichln Casti« - 
151,000  tini dry bagasse p,~    year      26,600,000 lbs. of furfural.    Estl- 

I                            matad plant cost  (exclude,  c-enydro'yai s)    =    $1,310,000 U.S.    Total 
plant  out  Including  pr«hyî-o<ys;s    -    $¿+,180,000. Prehydro lysis ex- 
penses exclusive of -aw material  coit are taken as 1 .** P«'  »b. pantos« 
I                           produced in a 7% solute   ¡oased on estimated costs of prehydrolyiing 
wood as  Indicated >r ~abi« V, 

decesse itorace * h¿.-.ú'ng i* $1*ü0/ton $  16*»,600 

Pentose2 PÎ/.OOO 

Cost of replacement   'uelJ 2^3,000 

incineration** ?»7°0 

Acid ''  $50 p*r   short   ten 188,800 

Electricity   <  &06**/*wh; = 50,000 

Steam .* <tft/i000 ID* 180,000 

Water 4* 3</1ûO0 ge> *»°»000 

Operatine, Labor  -   29 > $2$C() 

Supervision 

»ayr >11 Overhead 12,000 

Ha Intana.K« 6$,600 

Supplies 5,800 

Technical * analytical 72,700 

Insurance 13,100 

OeprecUtion 131.000 

Total direct production cost $ 2,197,100 

72,500 

7,300 

'é awnths supply of wet begasse -  te*,600 tons 
^Segasse taken as z«ro **IJ% 
JleapUcweant of 91,000 short ton» d $2.67/ton 
*Co«t  for off season disposal of  J2.200 tons « )Qt ton 
assuming off season boUer u^etí and no capital coat» Incurred 

5Fu«1  value of residue taken as 2óC/'u00 lbs. of s teem 

J5 
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1 month operating axp«ns« $150,000 

1 montn raw matarla! acid 15*700 

I Total capital  invastm«nt (including 
pr «hydrolysis) •»#3a»6,000 

Sala» <*3»000 

Administration 63,000 

Total manufacturing ax pania» 2,307,10ü 

Product valu« *> 8c P«r  lb. 2.12ti,J00 

N«t Loss $      17b*,100 

Cash flow 

9rt/êk «van prie« - 0.7</1b. 

PUKT COST ISTIKAU FOR 26,600,000 POUHOS/Y*. PUHFUlAi «0DUCTIÖ« AT 
Mi 'lH WTl< BY PROCESSING CflWTIKüOUtlY IN A TU IM. AR TYPE »JACTPH. 

fesic cost   •-•    IÍ6.6)    (*t<7.PO0HIfé) «      $700,000 U.S. 
"TT »Is 

Stati» Generation (50,000 Ibs./hr.) *       **2O,OO0 U.S. 

iMidinfls snd Land *        120,000 U.S. 

0v«rs«*a Packing an« Fraight *         70,000 U.S. 

Cost of Furfur«! Production Unit » $1,310,000 U.S. 
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TABLE k 

FftEHYDROLYSIS EXPENSES  (EXCLUSIVE OF CARiWlIYWATE RAW MATERIAL) FOR 
FURFURAL  FIANT AT MECHIN CASTLE.     Estimated Plant  Cost - $2,870,000 U.S. 

Acid Í $50 par  short ton $    i, 3,000 

Steam § <t$</1000  lbs. 132,50c 

Water * X/1000 gal. 2,200 

Electricity 9 0.64</Kwhr. 69,500 

Operating labor  - 20 I» $2500 50,000 

Supervision 5, nui; 

Payroll overhead ci,200 

Hai ntana net IM»,000 

Supplias 21,600 

Technical and analytical 105.0V) 

Insurance 2«,00ü 

Oepraciation 237.000 

Total Oirtct Producti-m Cost $5>37.<K*i 

Fuel valu« of ratiòu« taken eeutvetent to 25</100J Ins. of sta«« 

ìh- 
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TAH. E 5 

SINGLE STAGE PROCESS AT BRECHIN CASTLE,  USING TOTAL  BAGASSE 

26,600,000  lbs. Furfural   - 151.000 short tons dry befasse.    Plant cost 
estlmeted as $8,100,000 U.S. based on tha 1955 cost of the Dominican 
Republic plant ($7,000,000). 

Bagassa storage t Handling f» $1.00 $ 16V,000 

Acidi? $50.00 130,000 

Cost of replacement fual 2*3,000 

Incineration 9,700 

Staat* f» *»5< per 1000 lb. 2)0,000 

Matar # J< per  10(H) get. 26,000 

Electricity #> .6%/Kwhr. 35*000 

Operating La bot   - ko §> $2500 100,000 

Supervision 10,000 

Peyrol 1 Overhead 16,500 

Mai ntenence 32V, 000 

Supplies 52,000 

Technical 217,000 

Insurance 81,000 

Depreciation 810,000 

Total Production Cost 2,W»8,200 

Seles expenses 43,000 

Administration 63.000 

Total manufacturing expense 2,55*,200 

1 month's operating expense 180,000 

2 weeks'  rew material, acid 5.000 

Total eepital  investment 8,785*000 

Product value # 8* per  lb. 2,128,000 

Net loss 9 no segasse cost 626,200 

•reek even price • 9.2$ p%r lb. 

6 months supply of wet bagasse 9 tero value 
-38- 
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TM-3LE 6 

FURFURAL PRODUCTION USING TOTAL  BAGASSE FROM 90TH 
STE. MACEiEINE ANO BRECHIN CASTLE 

I j>r^uct1on of 5^,000,000  pounds of furfural  [>*r  yaar,  transporting  120,000 
long tons from Sta. Had«'«me; astititatad plant cost (excluding prehydrolysls) 
* $1,870,000, and total   plant cost including prehydrolysls of $6,570,000. 

Sag«ss« storag« I handling 9 $1.00/ton $ 310,000 

Transportation 252,000 

Replacement Fuel* 465,000 

•anto»a 1,557,900 

Incineration* 18,200 

Acid & $50.00 p%r short ton 354,000 

Ilectricity I» Q.6**/Kwhr. 94,000 

Steam $ <*$«/1000 Iba.6 337,500 

Matar C* X/100Û gal, 75,300 

Oparating Labor - 40 e $2500 100,000 

Supervision 10,000 

Payroll Ovarhaad 16,500 

Maintenance 93,500 

Suppliti 14,000 

Tachnical t analytical 102,000 

Insuranca 18,700 

Oeprecletion 187,000 

Total  Oiract Production Cost $ 4,005,600 

¡6 months storage of wat bagassa, 310,000 tons. 
120,000 9 $2.10/long ton dry bagasse. 

^Replacement of 108,000 and 67,400 short tons *f dry bagassa - sa« Tabla 8. 
.This «stimata doas not includa cost of conversion or premium to tha mill. 
4 
c Bagassa a s sumad as taro valúa. 
¿Cost for disposal of 60,8CC tons aftar grinding saaton. 
Puai vt lua of rasi do« tafean äquivalent to 2$*/1000 lbs. of staam. 
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1 month operating expense 

I month raw material acid 

Total  capital  invested 

Sale« 

Administration 

Total Manufacturing Expense 

Break even price 8.1</1b. 

Product Value # 8*/tb. 

Net Loss 

$ 279.000 

29,500 

6,880,000 

78,000 

103,000 

k, 186,600 

»,000,000 

$    186,600 

PLAUT COST {STIMATE FOR 50,000,000 P0UN0S/YR. FURFURAL PRODUCTION 
•V PROCESSING CONTINUOUSLY IN A TUBULAR TYPE REACTOR  

Batic Cost * (5O)*6(l»27,0O0)(256   ) 
T? «1.5 

Steam Generation (100,000 lb./hr.) 

•wildings and Land 

Overseas Packing » Freight 

Cost of Furfural Production Unit 

$ 1,000,000 

615,000 

150,000 

100,000 

$1,865,000 

•kQ. 
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TAILE 7 

| MEMYWIOLYSIS EXPENSES  (EXCLUSIVE OF CARBOHYORATE RAW MATERIAL) 

Production scaled to 50,000,000 Ib./yr. furfural plant. 
I Estimated plant coat for prehydrolysls $4,700,000 U.S. 

I Acid 1» $50.00 par short ton $  156,000 

Staatn #>1»5$/1000 lbs.1 225i000 

Watar 9 3t/10u0 gat. 4,20C 

Electricity * 0.6%/Kwhr. 131.000 

Operating 1*bor - 30 * $2500 75,000 

Supervision 7,500 

Payroll Overhead 13,900 

Maintenance 235,000 

Sullies 35,J00 

Technical ft Analytical 156,000 

Insurance i»7,000 

terrecí*tí on «»70,000 

Tctal  Olrect .Voduction Cost 1,557,ftOO 

'fuel value of residue taken equivalent to 25</1OO0# »team 

I 
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TABLE 8 

BACASSI UTILIZATION ANO OVERALL HEAT REQUIREMENTS IN TERMS Of ORY BAGASCE 

Production of 26,600,000 pound» of furfural at Brechin Catti« 

2 
Grinding Season 

Required «quivalant heating valua - short  tona dry bagassa 

»rehydrolys*a 

furfural  Section 

Sugar Ml 11 

Total 

Total aval labia bagassa 

Aval tabla bagasse as residua' 

Excess for disposal 

Daficlt, required in replacement fu«1 

3 

11,200 

16,800 

118,000 

1^6,ûuo 

68,700 

55,000 

Off Season 

13,1*00 

20,200 

0 

53.600 

82,300 

65,800 

32,200 

91,000 

Continuous production of 50,0f.fi,u00 pounds of furfural at Brechin Castle 

i»rohydroly»is Section 

Furfural  Section 

Sugar M111 

Total 

Tot«) Available 

Available bagaste as residue 

Excets for disposai 

Deficit required in replacement fuel 

at Brechin Castle 

at Ste. Madeleine 

21,000 25,200 

31,600 38,000 

IIB,000 ... 

170,600 63,200 

129,000 155,000 

103,200 124,000 

... 60,800 

67,1*00 ... 

108,000 ... 

I 6 
Effective heating value tf  10.3 x  10    BTU/short ton 

^Grinding season -  15» day a, off tea ton -  180 days 
Beted on 20% solids removed In furfural   processing 



I TAHA   , 

I F'J.IFUM   •'.«![ UC I J ••;;  ••»'   HEC'*;:*  CUE  uSTUG   3AGASSE AND COCONUT   3ASS 

Plant  capacity  -   52 ,'*    ',..•.   -urnds  •>>•-   -  "fural   ,5c yea-;   5O,U0O,00U from t h« 
Iavüi lobi«  bagasse d   J-echin Castle *rd  Ste,  Madeleine,   and 2,400,000 from 

10, lu:« tons of coconut  bass,    Estimated  plant cost (excluding prehydrolysis)- 
$l,"7J,l..ûo5   total   plant  cost  including   .i-ehyd-olyv s   -   $6,570,000 

I                                       Storage and handling 'a- $1.u0/ton $ 320,000 

Transportation 2^7,000 

12 
Replacement  fuel 208,000 

I                                     Pentose 1,640,000 

Acid P $50/short   ton 371.000 

Electricity È* o,6**e/Kwhr. 9B,kO0 

Steam & l»5</1'.JfJU   IJS. 354,000 

I'eter Í» 3</l'l!J0 gui . 79,000 

Operating  labor  -  i»<) « $2,5''".' 100,000 

fuorvi sion 10,000 

Payroll  overhead 16,$00 

Maintenance 93,500 

Supplias 'M°0 

Technical ( analytical 102,000 

Insurance 18,700 

Depreciation 187>00Û 

Total   Direct Production Cost $ 3,989,100 

Transportation of bagasse from Ste. Madeleine, and 10,000 tons of 
coconut 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 ilrechin Castle. 

-1*3- 



I 
I month oporatlnf oxpansa $ 300,000 

|                                     1 month acid supply 30,900 

Total capital invostod 6,900,900 

Satos 78,000 

Administration 103,000 

Total HanufactuMnf Expanso k, 170,100 

I 
I 
I 

Product Valu« # *Vlb. ».192,000 

Hat Incorna *       21.900 

Cash flow as % of Total Capital Invostod - 10% 

.<*• 
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Furfural Mlsplon 

1. I wai  recuesta to lead  the Mission to  the Government of Trinidad 
ana Tobago on the possibility of manufacturing furfural  in -Trinidad fro., 
the bagasse released in the  course of sugar production from enne,    f.n 
interim Report on the Mission was submitted on 29 Karah 1967 and tM.:  final 
Report on 31 Hay 1967 together with a letter of Transmit;tal  containing 

the main recommendations of the Mission, 

University of the Weat Indias,    Indttatrial_^atiaxgjì.jfe£fcl^g. 

2. I was also requested by the United Nations Davelopraent Programme to 
look into the requeat for an Industrial Reseç-.rrh Institut« which the 
Oovernoent of Trinidad and Tobago had requestatì for Special Fund f Inane, ins 
A brief in« note was given to me from the UN.DP.    My discussions on this 
subjeot were embodied in ray memorandum of 23 Hr.rch 1967 which was encloa-.d 

with the Bot« prepared by Mr.   Alexander Campbell. 

Programming of Technical Aasiatance 

3. Hy third assignment was to ascertain from the Oovernnent of Trinidad 
and Tobago their aaeiatance requirements in this field of industry.   Thes* 
resulted in an expected .Special Fund Request and several projecta for 
aa aia tance under the Special Industrial Servicia Programme. 

4. The Special Fund Requeat would be for an Industrial Project 
Development Centre,  to be located in the Industrial Development Corporati o;. 
of Trinidad and Tobago (IDC).    The IDC haa a number of general feasibility 
stud lea and a number of requests by private entrepreneurs for financing 
of likely Industrial projects.    The Industrial Development. Corporation, 
however, lacks suitable machinery to procesa the applications or to 
develop the feasibility studies already made into "bankable" projects. 

The project would consist of four main elements: 

A. Resident expertes 
1 chemical engineer 
1 mechanical engineer 
1 industrial economist 

Counterparts «ill be provided by IDC. 

A.. 
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B„ Provision for ad hoc experts: 
24-26 nan-months  for specific specialization on ths 

particular .industries under consideration. 

C. Provision of fellowships for management and technical  training. 

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

At the time,  the following industries were specifically under consideration 
(1) caustio soda 

l'ili  textiles and garments 
(ill)  ceramics 

5.    Under the Special Industrial Services programmes the following were 
to be requested« 

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

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

(o) Assistano» for the Brickworks, Rio Claro 
(l) An expert to re-appraise the project including a study of 

present market conditions and an assessment of the additional 
equipment required for commercial operations; 

(11) Procurement of the equipment needed (possibly heavy extruder 
and pre-drying facicities); and 

(ill) Short-ter« management and technical experts; 
(d) An «xpert 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 «Xpert to study the problems of implementing ( including financing) 
proposals for the manufacture of fibre-board from locally available 
bagasse or fibre,    (a feasibility study already exists); 

(f) Assistane« In efforts to strengthen the Management of Modern Methods 
Limited and the provision of an expert to examine the possibility 
of product divers if lea t Ion; 

A.. 
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(g) Pinal assistance to ascertain the practicability of a ateel mill 
In Trinidad. There have been five or six previous investigatlons- 
'Kalhotra,  Pittsburg,  Batelle, etc.).    The Sovernment does not want 
any further study but a definitive opinion based on the studies 
already made; 

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

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

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

R.C. Dessi 
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NOTES 

Trinidad Brickworks Limited 

Trinidad Brickworks Ltd.  la a Public Limited Liability Company 
registered in Trinidad in i960 with a Paid up Capital of TT$600,000. 
The main pu:*pose of the Company ia the manufacture of hollow clay 

building blocks. 
By I96I the Company had Capital Assets to the value of over 

TT$l,OO0,000 and at that time Loans amounted to ?T$65H,000, 
The output of the Kiln was estimated at five million 4 x 8 x 12 

hollow «lay building  bloeks or approximately 14,000 blocks per day, but 
the actual sales were: 1963-1.4 million;  1964-1.7 million and 1965-I.6 
million. Breakage was exceedingly high due to the vary high water 
content In the green bricks which the extruder and drying facilities 

could not extract. 
Conditions went from bad fco worse and by December 1965*  when the 

plant ©eased operations,  Loan« and Interest amounted to over TT$1,000,000. 
The IDC's share of this is TT$60,000 unpaid interest with a capital of 

«$250,000. 
Reporte on the Company were made by Messrs. Piatt,  Llanos,  and 

the threa engineers from the university of the West Indies and they 
ara all of the opinion that with an expenditure of about TT$275,000 the 
Plant ean ba rehabilitated and the undertaking pat on a profitable basis. 
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Modern Methods (Caribbean) Ltd. 

Modern Methods (Caribbean) Ltd. ìB a Private Limited Liability 

Company incorporated In Trinidad in September 19^5 with a Paid up Capital 

of TT$250,000. The objscta for which the Company was established are to 

carry on and undertake in Trinidad and Tobago the business of 

manufacturers, processors and producers of and dealers 5.r. plastic, thermo- 

plastic and therrao-setting plastic goods, materials and other such 

articles for industrial, commercial or domestic ur.a. 

The Company oporatftd at a loss over the pasí:- three years and duo to 

lack of working capital and pressure from creditors, applied to the IDC 

for a loan of TT$150,000. The loan was granted but one of ths conditions 

was that a new factory must be erected on 90,000 sq. ft, of land leased 

to the Company by the Government. 
The main needs of the Company were finance and good management as 

It has the capacity to produce several marketable* products of high 

quality for which ready markets are available. The standard cf 

workmanship is high and most of the training problems have baen overcome. 

An adequate amount of "know-how" and expertise has been developed and 

the trading future appears to be both secure and profitable. 
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