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Explanatory notes

References to "dollars" are to United States dollars unless otherwise

stated.

References to "pounds' (t) are to pounds sterling unlesa otherwise stated.

The monetary unit in Belize is the Belize $§. During the period covered by

the report, the value of the Belize dollar to the United States dollar was
$US 1 = Belize $ 1.98 and to the pound sterling £ 1 = Belize $ 3.41.

The following ahbreviations of organizations are used in this report:

CIDA Canadian International Development Agency
dbh diameter breast height
TPI Tropical Products Institute (Ministry of Overseas Development

of the United Kingdom

Fi~ures in narenthesis ( ) are lreved to the refercnce list.

The anncxes and the refercnee list are renroeced in the form

in whieh they were received.
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The des:-nations emnloved ar! the nresertatior of *he materia)
in thic domument de not imnly the expression of an oninion vhatsoecver
or ithe nart of the Secretariat of the United Nations concernin~T the
la=a) ciatur of arn- countrr, territorr, citr or area or of its
cuthoriting, or acneernine the delimitation of its frontiers or

houndaprien,

Martien of firm namen and commercial nroduvets does not irnlye
the ~nicrsement of the Imited Nations Irdurtrinl Develormen®

Cr~1mization (ITITNO). .
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The desi~ng - re hr the Tronical Products Institnte, Minietyr

of Overseas Develonmert, United Vin-dom.
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ABRSTRACT

Project background
Foreste, including forest land and mountainous areas, cover 8,5’)3
s}
(22,723) of the R,866 mi“ (22,963 k%) of land areg of Helige. Of this
total forest land area, 5,1R1 mi2 (13,419 km") are in public land and

3,322 mi (7,604 km? ) are in private holdings.

Owing to improper utilization of forestrv resources, the
forestry sector has been declinines in cconomic imvortance durin~
the last few decades. After a brief resur-~ence of forestry
activities 1953-1961, IHurricane Hattie, in 1961 devastated large
areas. Outnut of traditional snecies (ma.ho,n:a.m', cedar and nine)
declined from Belire 3 4.4 million in 1960 to Belize $ 2.6 million
in 1974. However, in the past 10 years there has been a marked
increase in the domestic consumption of timber from lesser-known

species. On the other hand, there exists an increasing demand for

wood and wood products in the export market. Forest utilization has
been confined too lonz tothe selective removal ~f marketable trees

of mahorsany, cedar and nine.

The Forest Industry Development proiect (IS/BZE/75/007) was
initiated bv the Ministry of Trade and Industry of the Government of
Belire and a mission of the Food and Arriculture Orpanization of
the United Nations (FAC) (September 1975) with the aim of developing
the country's secondary wood processin~ industries. This aim has been
incorporated into the National Development Plan since forests are the
country's maior natural resource. Fxnloitation of 317 of the area
of these forerts, however, vielded a rovaltr revenue in 1974 of only
Belize 8 363,543. The project was annroved by the United Nations
Develooment Programme (UNDP) and the United Nations Industrial
Development Orranirzation (UIDO) is the executing agencv. It is
aimed at ve-orsanizing the Forest Demartment's Wood tlorkshop and

trainine ccunterparts in kiln drying and maintenance of tools and

equipment as well as identifying the nonsibility of utiliring wocd
residues (currently disposed of by burning or leaving in the forest)

by chemical orocessing.




This projcct complements the FAO/UNDP projeet (SI/BZE/75/008),
the objective of which is {o assist in the primary wood processing
industries, and co-ordination between thc two projects is being

maintained.

This report concerns only that part of the overall Forest
Industry Development project that involves the chemical processing
of wood residues. Another expert will be assigned to deal with the
remainder of thre project objectives as soon as the kiln-drying

facilities are installed.

' The Forest Industry Development project was finally approved
on 26 February 1976.

Objectives of the project

The immediaté objectives fo this project, together with the
complcmentary one of Foresiry Development are (a) the planning of

forestry and forest industry development and (b) improvement in

the efficiency of the existing sawmill industry and of the quality
of the products, and together they emphasize the utilization of the

forostry resources of Belize. This is only part of a wider plan of

action including conservation of related foresiry management techniques
and wildlife protection, which guarantees a balanced effort between
the conservation and renewal of forest resources and their improved

and proper industrial exploitation.

The Belize Government,the Canadian International Development
Agency (CIDA) and the Ministry of Overseas Development of the United

i Kingdom have provided funds and/or equipment for conservation and
protection.

Objectives of this mission

Since the recent dramatic increase in world prices of all

petrochemical proaucts and precursors, there has been renewed interest
in both the developing and developed countries in the exploitation of

foresiry and other biomass residues as raw materials for the production
of indigenous substitutes.

-
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The more traditional processes and raw materials which, over the
last three decades, have been discarded in favour of the cheaper
petrochemical synthetics are being re-evaluated now that the economics
of their use are more favourable.

The specific objec‘ive of this repori is to prepare brief
pre-feasibility studies on some of the minor forest product industries
concerned with the processing of wood residues both for export and as
impqrt substitutes.

The systems to be studied are:
Charcoal production
Woodwool/cement slab production
The naval stores industry
Tannin production

The logwood industry

Wood fuel systems

The report includes, where possible, quantitative and
qualitative details of present utilization, if any, of forest
residues; the types and quantities of forest residucs available;

a plan of action to assure a fuller utilization of these residues
through chemical processing; and the recommendation of all measures
that have to %e taken by the authorities in Belige and/or
internatioral organirations to ensure the rapid introduction of
such industries that appear to be viable.

The following recommendations were made:

Charcoal
(a) To obtain the services of a charooal expert to introduce
modern charcoal-making techniques for the processing of both
roundwood and. sawmill wastes;
(b) To purchase two portable metal kilns either from manufacturers
in the United Kinegdom or manufactured locally from the drawing
supplied;
(c) To establish a training unit under the aegis of the Wood
Utilisation Section of the Forestry Department where initial
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tpainir~ car be ~iven bv the aynart on manufanture, ocuality
\ control and marketins of charcoal;
| (d) To obtain a market survev on imnorters of hardwood sharnroal
in tHe mited Staten, |
Woondvoo 1/cement slabs
(a) To obtain information on the use of woodwool/cement slahs as v
a buildin~ material with nrarticnlar raference t low co~t honsin~;

(b) To remest the M™ronical Prodnnts Institute, Mimstry of |

Overseas Develooment, United Kirrdom for suitabilitv trials to he

rarried out on samnles of (melina arhorea, Cecropia mexicana and

Pirns caribaeas
5 (¢) It the sugrested timber svecies rove suitable then a

feasibilitv stndy should he made of setting up this industry.

y Loswood dye extraction

A bibliorranrhical sesrch should be carried oui on extrantion
methods for lo7wood dye including details of the equinment

involved and a list of manufacturers.

Tannin industry
(a) A feasibilitv studvy should be carried out on the

establishment of a small tannery in Belive;

(b) The introduction of local tannin facilities should include
an advisory service on small-scale rural tanning methods using

locally available tan barks.

Naval stores industry

(a) This industry should not be expanded at this time;
(b) FEfforts to uprrade the resin currently oroduced should be
encouraged. Technical training is needed from the parent

company in the United States.

Wood fuel systems

Continuing attention should be paid to current developments in

alternative energy fields to reduce the existing dependence

on fossil fuel imrorts. ‘

!
!
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INTRODUCTION

Project backzround

Forests, including forest land and mountainous areas, cover 8,573
(22,723) of the 8,866 mi2 (22,963 km2\ of land area of Belize. Nf this
total forest land area, 5,181 mi2 (13,419 kmz\ are in public land and |
3,322 mi° (8,604 kn) are in private holdings

Owing to improper utilization of forestry resources, the
forestry sector has been declining in economic importance during

the last few decades. After a brief resurgence of forestrv

activities 1958-1961, Hurricane Hattie, in 1961, devastated large
areas. Output of traditional species (mahogany, cedar and pine)

declined from Belize 8 4.4 million in 1960 to Belize $ 2.6 million l
{ in 1974. However, in the past 10 vears there has been a marked
increase in the domestic consumption of timber from lesser-nwon

species. On the other hand, there exists an increasine demand for

wood and wood products in the export market. Forest utilization has
been confined too lons to be selective removal of marketable trees

of mahogany, cedar and onine.

The Forest Industry Developmat project (IS/BZE/'?S/OO’?) was
initiated by the Ministry of Trade and Industry of the Government of
Belize and a mission of the Food and Asriculture Organization of the
United Nations (FA)) (September 1975) with the aim of developing the
cwuntry's secondary wood processins industries. This aim has been
incorporated into the National Development Plan since forests are
the country's major natural resource. FExploitation of 3117 of the
area of thece forests,however, yielded a royalty revenue in 1974 of
only Belize $ 363,543. The project was approved. by the United Nations
Development Programme (UNDP) and the United Nations Industrial
Development Organization (UNIDO) is the executing agency. It is
aimed at re-organizing the Forest Department's Wood Workshop and
training counterparts in kiln drying and maintenance of tools and
equipment as well as identifying the possibility of utilizing wood
residues (currently disposed of by burning or leaving in the forest)
by cher.ical processing.

[ W h
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This nroiect complements the FAO/UNDP proiect (1S/RZE/75 /008)  the
obientive of which is to assist in the primary wood processing
industries, and co-ordination between the two proiects is being

maintained. .

This renort concerns only that nart of the overall Foro: t v
Industr Development nroject that involves the chemical processing of
wood residues. Another exnert will be assizred to deal with the
remainder of the nroiect obiectives as soon as the kiln-dryines

facilities are installed.

“he expert's duties were 10:

(a' Survey the present utilization, if any, of forest residues,
quant1tatively and qualitatively;

(b Survey qualitatively and quantitatively the forest residues
available;

(~\ Draw up a plan of action to assure a fuller utilization of

fsrest residues through chemical processing (such as - but not limited to =
production of tannins, naval stores, charcoal Vs

(4" Prepare brief pre-feasibility studies for the more promising
productss

(e Recommend all measures that have to be taken by the
authorities in Belize and or international organizations to ensure
the rapid introduction of these industries. The expert will also be
expected to prepare a final report, setting out the findings of his
mission and his recommendations to the Government on further actions
which might be taken.

BN
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Objectives of the project

The immediate obiectives ot this project, torether with the
complementary one of Forestry Develonment are (a) the nlanning of
forestrv and forest industrv development and (b) imorovement in
the efficienry of the existing sawmill industryv and of the quality
of the nroducts, and torether thoy.emphacize the utilization of the
forestrvy resources of Belize. This is onlv nart of ~ wider plan of
action including conservation of related forrstry manarement technicues
and vwildlife orotection, which muarantees a balanred effort hetween
the conservation and renewal of forest resources ani their imnroved

and proner industrial exnloitation.

The Belize Government,the Canadian Intermational Development
Arency (NIDA) and the Ministry of Overseas Development of the United
Kinedom have nrovided funds and/or equinment for conservation and

proctection.

Objectives of this mission !

[

Since the recent dramatic increase in world nrices of all
netrochemical nroducts and precursors, there has been renewed interest
in both the develovins and develoned countries in the exploitation of
forestry and other biomass residues as raw materials for the nroduntion

of indirenous substitutes.

The more 'raditional nrocesrer and raw materials which, over the
last three decades, have be-n discarded in favour of the cheaper
netrochemical synthetics are beins re-evaluated now that the economics

of their use are more favourable.

The snecific ojbective of this report is to nrepare brief
prefeasibility studies on some of the minor forest product industries

concerned with the processing of wood residues both for export and as

import sut.ctitutes.
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The systems to be studied are:
Charcoal production
Woodwool/cement slab production
The naval stores industry
Tannin nroduction

The logwood industry

Wood fuel systems

The report includes, where possible, quantitative and
qualitative details of present utilieation, if any, of forest
residuesy the types and quantities of forest residues available;

a plan of action to assure a fuller utilization of these residues

through chemical processing; and the recommendation of all measures
that have to be taken by the authorities in Belirze and/or
international organizations to ensure the ranid introduction of
such industries that appear to be viable.
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I. FOREST RESOURCES

Standing volumes of timber in Natural Forest Reserve Areas

''he commercially exploitable natural forest areas in Helisze can be divided

into five main districts @nnex I): (a) Mountain Pine Ridge; (b) Chiquibul;
(c) Southern Coastal Plain; (d) Belize Estates; and (e) the Columbia
River and Maya Mountains, Toledo.,

A summary of the results of the 1968-1974 gurvey by the LamiRe-
sources Division of the United Kingdom Ministry of Overseas Development
for the volume of commercially exploitable timber in three of these dig~
tricts is given below. Subsequent data on the privately~-owned forest
area in the Orange Walk district, to the north of the Mountain Pine Ridge |
reserve, have also been summarized from data given in a recent survey by .
the owners, the Belize Estate and Produce Company. A further survey financed i
by the Ministry of Overseas Development has just been completed in the
Columbia River and Maya Mountain area in the south of the country.

Mountain Pine Riggg
Of the 225 mi® (58, 300 ha) in the Mountain Pine Ridge area, only the

best of the pine lands (90 mi )with stands of reasonable tree density
irrespective of age were surveyed. Muoh of the unsampled area com-
prises broad~leaf forests along the western side and areas on the
eastern side with no fire protection.

The survey oan be broken down into areas of 44,839 acres
(18,146 ha) of pine forests (78%), 7,883 acres (3,190 ha) of grass-
land and pine seedlings (1%%), and 5,609 acres (2,270 ha)of pine
savannah,

The volume of pine timber found in the area surveyed was
70,410 m (2 486,599 £13) for trees greater than 10 in, (25 “om)
diameter breast height (dbh', 155, 197 n> (5,480, 940 £t3) for trees greater
than 6 in., (15 om) dbh and 224,334 m (7,922, 583 ft ) for trees greater
than 3 in,(7.6om). dbh. Trees greater than 10 in. dbh represented only 31¢%
of the total merchantable volume. The mean density of the stooking
of all trees over 3 in, dbh was found to be 282 stems per hectare.
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The density of regeneration stock involving trees less than
2 in, (5 cm) dbh averaged 1,770 stems per hectare in 12 of the survey

area but oniy 249 stems per hectare in 71% ot the area.

The survey indicated that there will be little increase in
the amount of exploitiable pine timber during the next 1V 10
15 years. After this period the volume of comercially
exploitable pire stocks will increase at a fairly rapid rate, and
the long=term prospents nf fully-stocked m-*+ure pine forests are
good ,

Chiquibul Forest Reserve

The Chiquibul Forest Reserve covers an area of 714 m12
(1,850 km2) to the east of the Maya Mountain range; 300 mi 2
(1,000 kmz) are in the readily acoessible main felling area,
and the remainder are in the less accessible mountain area.

The reserve contains almost all broad-leafed species.

The 300 m'.? of readily accessible forest oontains a total
volume of 8,691 ms(? A0 ft3)
(70 om) dbh, 16,032 m>( 566,16 ££3) of cedar greater than 28 in.
dbh, and 1,434,240 m5(5”7.649.710 ft3) of secondary hardwood species
greater than 20 in. (50 om) dbh.

of mahogany greater than 28 in.

Replacement stocking of mahogany and cedar stems of more than
6 in, (15 cm) dbh amounted to 170,880 stems in this area, The
corresponding number of secondary hardwood species is 9,984,000

stems,

Only 125 mi? (325 )cn12) of less accessible mountain area was
surveyed and a total volume of 30,899 m5(1,091. 200 ftabf‘ mahogany
greater than 28 in. dbh, 52,973 m5(1.870.70° f‘t3)of cedar greater
than 28 in. dbh and 1,813,120 m’( 64,029,730 £t3) of secondary hard=
wood species greater than 20 in. dbh was found. Replacement stoocking
of mahogany and oedar stems of more than 6 in., dbh amounted to
128,960 stems in this area., The corresponding mumber for secondary
hardwood species is 3,744,000 stems,
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The survey indioated that the area has a low standing volume
of primary species whioh would hardly support commercial exploita=-
tion. The standing volume of secondary species is not high, but
exploitation could oontimue provided that the replacement stooking

is not damaged.

Southern Coastal Plain
The area surveyed is bordered by thc Maya Mountains to the

west, the Sittee River to the north and Deep River in the Toledo

District to the south. This oovers a total area of 540 mi?

(1,400 km?). Only 175 mi° (450 ka) carry pine and of this

14,815 ha are pine forest, 5,219 ha are mixed pine and broad-leafed

forests and the remaining area is grassland scattered with pine i

seedlings or over-mature pine trees.

The total volume of pine trees is 156,154 m5 (s,514,53" ft3) ,

for trees greater than 10 in. dbh and 75,625 m (9,733,614 ft%)
for those greater than 6 in. dbh, In addition, 32,038 m’
(1,131,4 ﬁﬁ'bf defective wood was found in trees greater than
6 in. dbh,

Tree densities were on averag> 27 stems per hectare for
diameters greater than 6 in, dbh and only 10 stems per hectare for
trees greater than 10 in, dbh,

The regeneration stock density of pines less than ? in. dbh
was more than 346 stems per hectare in only 25% of the pine area;

75% of the area carried less than 99 stems per hectare.

The survey indioated that the low stocking of commercially ex-
ploitable timber will be slow to increase in more than half the
area of pine-bearing land, Tt will take at least %0 years to
achieve a modest stocking of 50 exploitable trees per heotare.

Belize Estate
A recenty survey of the 14000 mi 2 (2,600 lunz) of forest owned
by the Belize Estate and Produce Company is summarized below.

L.
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The total volume of mahogany and cedar greater th... 24 in.
(60 om) dbh is 444,078 m(15,682,50) £13).The total volum of sapodilla
and cottonwood greater than 24 in dbh and all other hardwoods greater
than 20 in, dbh is 4,357,296 m3( 153,876,520 ft3). The survey indicated
that an anmual harvest of 17,763 m3(627,?9:) ft3) of mahogany and
cedar and 174,292 mX(6,155,60 £t°)of secondary hardwoods can be
contimed for the next 25 years.

Columbia River and Maya Mountain
A survey of the Columbia River and Maya Mountain area recently

completed by a Ministry of Overseas Develcpment forester attached

to zhe Southern Division, shows that in 530 mi’ (1,390 kn?) of
forest area involved the total volume of mahogany greater than 28 in,
dbh is 46,540 m}(1,643,5m ft3).’l‘he corresponding volume for cedar
is 11,244 m}( 397,989 ft3) and the tctal volume of secondary hardwoods
grater than 20 in, dbh is 8,152,650 m> (287,908,170 £t°).

Plantations

Compared with natural forests, plantaticn schemes are not extensive
in Belize; at present, they total 8,000 acres (3,200 ha) nearly all of
which are concentrated in the Southtern Coastal Plain,

The first plantations were set out soon after the Second World War
near the Machaca Forest Station in the Toledo Distriot and in the vioinity
of the Savannah Foresiry Station near Mango Creek. Subsequent plantations
have been established nearby the Melinda Forestry headquarters of the
Southern Division near Stann Creek (now Dangriga).

The early plantations were almost exclusively Pinus caribasa and
although initial growth rates were enccuraging it scon became evident that
the s0il and drainage conditions were not suitable for the establishment of
a commercially exploitable pine forest.

In 1962, planting of Omelina arborea was started at Mayflower near the
Melinda Forest Station. In Belize, this species matures in 12 = 15 years
and achieves mean anmal growth rates of 350 - 500 o (10 - 14 m5) per
acre and these plantaticns are now being harvested. Planting contimed




until 1965 at an anmal rate of 20 - 40 haithen, because of laok of funds,
oeased until 1970 when 150 acres (60 ha) were established. Each year

since 1970, 200 aores (80 ha) of Gmelina have been planted and future
plans are to inorease this to 250 acres (100 ha) per Yyear until 1984

when a total of more than 2,800 aores (1,100 ha) will have been established,
A l4-year cycle of clear felling and replanting is then planned which will
result in the anmal harvesting of 33,600 m5(1,186,600f‘t})of timber.

At present, the total area of Tmelina plantations is approximately 1,60
aores (64 ha).

Small-scale trials of several species of encalypts are in progress to
identify one that will be particularly suitable for utility poles. Several

species show oonsiderable promise after only three years in plantations.

Unreserved hardwood forests

In 1971, it was estimated that, of the 6,631 mi° (17,174 km?) of une
reserved or "non-permanent" forest areas in Belize, 1,500 mi> (3,885 km?)
of land was under shifting cultivation (1). Most of this can be attributed
to the "milpa" practioe, whereby small patches of 5 to 10 aores (2-4 ha)
of publioly-owned jungle vegetation are cleared by burning and are then
planted with maize for one season. After this the land is allowed to
revert to jungle for an indefinite period. There is constant pressure to
open up more land for milpa cultivation, often in preference to re-using
the same land after a minimum period of six years, Aooording to the Lands
Department of the Ministry of Agrioulture, anmial milpa olearanoe for corn
and rioe in the Toledo distriot alone amounts to more than 7,000 aores
(2,800 ha) in addition to over 5,000 acres (2,000 ha) for oorn production
in the Cayo distriot.

Extensive land olearance programmes are planned and in operation for
large agrioultural and dairy projects.

The Corn/Soya Project of the Beligze River valley is initially planned
to clear 8,000 aores (3,200 ha) at a rate of 300-500 acres (127-200 ha)
per year in the neighbouring Creek area. This involves a oollaborative
venture with the governments of Belize and Jamaioa,
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A private land clearance scheme is in operation by the Amerioan Kern
Corraiyy in the Big Falls aren of the Belize River valley for the establish-
ment of rice-growine areas. A total clearance of 30,000 acres (12,000 ha)
of burh is planned nver the next +en to trenty years -t - rte of about

1,500 = 2,000 acres  ="-800 ha® per year,

A further 100 acres (40 ha) per year land-clearance operation is
to commence for a dairy project in the area north of Belize ity with

"elize Mlobal as one of the participants,

Some of the local sawmill owners have conoessions to remove any
commercially exploitible trees from these areas before bulldozing,
windrowing and burning is commenced,

Applications are also made to the lands Derartment for the 200-°5"
acres (“i=1  ha' per year of high bush which have to be cleared for the
contimiing Gmelina plantations in the MYayflower area of Stann Creek

Mstrict.

Yo statistical data is available on the total standing volume of timber
available in these high bush areas in Belize. In the tropical rain forest
of 'lest Africa, the prowing stock may vary from 1,400 to 11,500 ft5
(. -- r per acre.-F‘orllarp;e areas }of mature forest, the average is
between 3,5%4 and 4,241 £t° (° '-17 m"' per acre (2.

Mangrove swamps

Mansrove and swamp areas are estimated to cover 924 mi? (2,593 k'm?)
or slightly more than 10% ~f ‘he country (3. "However, according
to dright (4) the total mangrove-bearing areas in Belize in 1959 ocoupied
239 mi° (750 km°).

The area comprises: Aores
Buttomood{yed mangrove /white mangrove

assemblage~ 31,365 (12,693 ha)
Red mangrove consociation?‘/ 120,810 (48,892 ha)
Red mangrove/white mangrove associatio 32,70C (13,234 ha)

Yy Mixed colony or arsembly of species,
2/ ‘lhere red mangrovc predominates.,
2_/ Where the predominance 18 shared by tw> spe-i1es.
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Most of the mangrove is low and sorubby being only 45 m high.
Belts of taller mangrove do exist in the north and south of the country
but no mapping of Religzean mangrove by height classes has yet been
undertaken. Some commercial axploitation of mangrove was carried out
in the 1950s but the industry was closed down in 1961 as a result of
the damage wroupght by Hurrioane Hattie. Vast areas of mangrove woro
dutmyed by the hv-ricane and it is though that out of tho 289 mi
(750 im ) of swamp area there is probably less than 50 mi° (130 km ) of
exploitable mangrove (5).

e
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II. AVAILABILITY OF FOREST RESIDUES
Logging areas
The availability of forest floor residues in the form of branches

and "lop and top" is very poor. Contributing factors are:

(a) The widespread location of felling areas;

(v) The extremely poor, if not total lack of, roads to these areas;

(c) The sporadic and selective manner in which the prime species
are felled making even forest floor processing difficult;

(d) The discontimation of felling in most areas during the long

rainy season (from seven to eight months).

The Mountain Pine Ridge reserve is perhaps the only area where the
forest floor waste and thinnings can be exploited. These pine forests
have a very good internal road system and the forest floor ic ivasonably
clear and well draimed. Unfortunately, the reserve is situated in a
remote area and the one road whioh links it to the rest of the country is
extremely poor and hazardous. Transport costs of materials to and from
the reserve are expensive because of the increased wear and tear on the

vehicles and the time involved.

The pine forests of Mountain Pine Ridge are, in general, immature and
no commercial produotion of timber is carried out at present. Sawmill opera-
tions ceased in 1970 when the diameter of timber available was too small
for economic milling. Improvements in forest management of the area are
being made and the future prospects for a mature pine~lumber industry are
good. TIn the meantime thinning programmes are being carried out and the
resultant material is left on the forest floor to rot. As it is hoped that
8 new sawmill will be built to utilize the largest of this material,
only diseased trees and those oonsidered too small for processing on even
a small bench saw are being felled at this time.

Information on the total volume of material whioh could be used for
industrial processing is very difficult to obtain. Even an approximate
figure on the amount of material involved in present thinning operations
oould not be found. However, it is known that for 1970, when sawmilling
operations ceased, a total of 5,060 m5(178, 700 ft3)ot pine roundwood was
processed in addition to 510 mX 18,000 f+Jof pine thinnings ().

Assuming an average density of TOOk'/m5 (43.7 1b/ft5), this represents
357 tomsof thinnings and 3,542 tomsof relatively small diameter roundwood.
As no sawmilling has been oarried out since then, a substantial increase

on these figures can be expeoted for the present situation,
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Sawmill dues
An estimate of the total usable solid sawmill waste in Belige is glven
in annex 1T,

There are more than fifty separate sawmill operations in Belize,
The large majority of these are pathetically small and poorly-equipped
mills looated over an extremely wide area. Only six can be seriously
considered at this time as developing industries using the waste wood
agsociated with their operation. Details of these mille and the quantities

and types of timber involved are given in annex TIT.

One of the main objectives in the co-ordinated Forestry Development
Projeot is to improve the efficiency of the sawmill industry in Belize.
This will almost certainly involve the encouragement of larger and more
efficient sawmills and most of the existing units should be phased out.

Land olearance programmes

Undoubtedly the greatest amount of timber resources that are currently
wasted in Belize are those that are burnt during land olearance and milpa
oultivation. With the agricultural development prdjects that exist and
those that are planned for the future, this source of large quantities of
wagte timber in relatively small areas oould be the most viable for induse
trial processing.

The standing volume of timber in Belize bush can be taken as
3,534 £t (100 ms) per acre (3). Even if concessions were given to
sawmill owners to remove all main stems over 12 in. (30 cm) diameter
for sawn timber, at least 30% of the total wood weight would remain.

Assuming an average density of the dry wood to be 400kg/m3 (25 lb/fts).
the dry weight of wood remaining in the forest would be:

3,534 £t  per ~cre x 3 x 400 x _1 = 12 tons per sore
100 1,000 35.34

Plantations
Gmelina arborea

The procedures involved in establishing a mature plantation of

Omelina arborea at Melinda are as follows:

(a) Nursery propagation for one year of seeds oolleoted from
the forest floorj

(b) Planting of seedlings with approximately 3 meters spacing;
(o) Clearance of forest weeds one Year after planting seedlings;

(d) Pre-commercial thinning of plantation once canopy closure
has been achieved (4-5 years).
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An approximate estimate of the total volume of pre-commercial
thinnings was obtained from the local Research Nfficer. This indioated
that at least °17 ft 3 (6 ms) were produced per acre. At present
this material is left on the forest floor and assuming a dry weight
density of 560.63%/m" (35 1b/ft°) the total weisht of this timber
from the anmal thinning of 200 acres is 673 tons. These thinninms
are between 4 and 10 in, (10 and 25 cm) in diameter.

Almost 111 of the timber now beinr harvested from the oldest
nf the Mmelina nlantatiors is used for makinm citrms crates. The
~i11linm is currently being carried out by the Yorest Department on a
sm2ll bench saw which is only suitable for processing the upper part
of the tree which is 6-10 in. (15 - 25 cm) in diameter, The larger
diameter timber is sometimes processed at a neighbouring private
mill but the majority is being put aside in readiness for a new mill
of much larger capacity (9,000-10,000 bd ft per day) which is shortly
to be commissiored. Once this new mill is established the use of the

old bench saw is planned to contime,

However, in view of the appalling lack of facilities in
comparison to the new equipment it would seem likely that the
emphasis will be drawn away from this labour=intensive and
hazardous operation. Tf this is the case, much of the smaller
diameter timber could be put to other uses. One suggestion is to
transfer the small bench saw to Mountain Pine Ridge and to use the
large amount of available pine thinnings to make the citrm# boxes.
This will make available a further 305 tons of the smaller diameter

Omelina for alternative uses.

Pimus caribaea

The volume of thinnings from Pipgug caribaea in the Southern area
is very small, In general the area is poorly stocked with a pre-
dominance of immature trees and few thinnings with diameters greater

than4 in. are produced.

Prolific forest weeds

Muoch local interest has been generated concerning the utilizaticn
of speoifio forest weed such as Cecropia mexicans (Trumpet Tree). This
particular species grows in great abundance in almost every district in

Belize, The tree is fast-growing and its regeneration properties are quite
outstanding. It grows to a maximum height of about 8=10 m and can attain
diameters of up to 14 in. (35 cm). Tt is easily identifiable by the
characteristic shape of its leaves and by its straight silvery-white
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trunk. A large volume of this timber could be easily harvested from a
comparatively small area. A representative area of bush sampled in the
vicinity of the new sawmill at Melinda revealed an approximate total
of 20 stems per acre. Calculating on 2 mean volume of 0.4 m5 (14 f+3)
per stem and assuming a density of 4001<g/m5 (75 lb/fta) this would

produce nearly 3 tons of timber per acre.

Mangrove areas

s already explained, the majority of the mansrove areas in Pelize
contain a mixed tangle of scrubby growth with 2 maximum hei~ht of 5 m,
The mean diameter of discernable stems in these areas i~ brtween 5 and
15 cm and the land is covered with swamp vemetation and water, Stands of
tall mangrove are difficult to find, probably because of the lasting
effects of hurricane damase. One or two areas of comparotively large
mangrove are located on the northern side of Belize City and these are
fairly accessible, The trees were well-defined and varied in diameter
between 10 and 2?5 cm. The majority of these *rees were over 10 m in
height and although the tree denrity was in evcess of 1,000 stems per
acre, the undersrowth was falrly clear, Part of one of the arcas had

been cleared with ax¢s, undoub%edly by » local firewond merchant,

It was impossitlc during the short period of this project to under-
take a full survey of the mangrove arcas in Belize., Indeed not even the
full extent of the c<xploitable mangrove areas or identi fication of spezies in

the Belize district could be explored,

The exploitation of mangrove, other than the more accessible tall
variety, is not commercially viable. Although the existence of land
drainage and clearanoe scheme in the area for housing development could
make the material more accessible, the tanrled mass of relatively small

diameter stems would be difficult raw materizl for any prooess,

The larger diameter tall variety could be commercially exploitable
for small-scale industries, Until such time as a detailed survey and
mapping of the whole mansrove areas of Belize is undertaken, no large-
scale industries involving a high capital input should be considered.

Logwood
There are no records (official or otherwise) of the availability of
logwood in Belize. Looal knowledge and even historioal literature indicates
some of the more general areas that are reputed to contain relatively large

stands of this species. According to the Forest Ranger for the Belirze
District, the main areas are located in the Belize Valley and in the private

e e e - ——
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land owned by the Belize Fastate and Produce Company around Hillbank. The
specific areas in the Belize Valley where logwood is ocommon are at Burrell
Boom, Sibun River, Crooked Tree, Mexico Works, Washing Tree and Crace
Bank, In 1975, a concession for logwood felling was given to a oonsortium
in the Mexico 'lorks area for the expcrt of the timber for subsequent pro-
cessing of logwood dye. For reasons unknown, this project was not followed
through and felling operations were never started,

With the assistance of the Forest Ranger, a small area at Burrell
Boom was investicated., Stands of about 40 trees per acre were observed
in whioh the average tree was between 7 and 10 m(23 and 33 £4) high and
oonained approximately 5 m3(177 ft3)of timber. This would produce about
100 tons of logwood per acre in this area,

The writer felt that the small area surveyed was not typioal as the

most common ococurrence of logwood trees experienced were those lining
the river banks.
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ITT. CHARCOAL

The production of charcoal in most developing countries is a widee
spread and long-established craft and provides a valuable product for both
domestic and industrial markets.

Since the escalation of fossil fuel prices, many of the developing
countries have embarked on intensive efforts to exploit their indigenous
biomass reserves and so reduce their dependence on petroleum-based fuel
imports.

Systems using wood and agrioultural residues have gained increasing
importance as fuel sources in processes where the waste material is available
in large quantities immediately adjacent to the process plant (cocomut shells
for copra drying, rice husks for paddy driers and sawmill waste for kiln
drying of timber), However, when wood has to be transported for uses in
areas away from its source, then it becomes more economic to convert the
wood to charcoal. In East Africa, Earl (7) calculated that when comparing
the calorific value of wood and charcoal, and the resneotive oosts of pro=
duction, the distance at which the break-even point is reached is B2 km.

The method of caloulating delivered cost of fuels is shown in annex IV.

The relative calorifio values of some common fuels are shown in the
following table.
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Table 1. Relative values of some common fuels

Calorific value

Fuel Btu/1b kJ kg
Kerosene 18,720 43,543
Fuel oil 17,640 41,031
Charcoal 12,780 29,727
Coal (bituminous) 12,420 28,889
Wood (05 moisture comtent) 8,460 19,678
Duns (air dried) 7, 200 16,727
Peat (air dried) 7420C 16,727
'lood (air dried ,30°> moisture content) 64 300 14,654
Wood, freshly felled (100° moisture

content) 4,320 10,048

—— = aee - a—
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It c2n be seen from this table that charcoal has twice the calorific
v+lue of air-dried ''ood and three times that of freshly-felled wood.

Yowr v+, fuctors other than pross calorific values give charcoal
advantames a:. a fuel when compared with wood, In order to utilize the total
heat availible in wood=burning systems, the wood has to be broken up into
small chivrs and burnt in a specially designed furnace, If the wood is
burnt in more simple appliances, then an uneven heat outut is obtained
and mach of the calorific content is lost as smoke, uncombusted vapour
or wood ~u:, This also applies when wood is used as a domestic fuel, when
the business of cooking is not usually commenced until a stable fire
produoinge & more even output is achieved. Also, charcoal burns without
smoke and as a result the cooking utensils can be kept cleaner and cooking
can be carried out inside the house provided adequate ventilation is assured,
(*ooking with chuarcoal is normally carried out on simple inexpensive charcoal
stoves (annexes 7, 77 o ViT) and considerable economy can be achieved
because charcoual can be quickly extinguished with water and then re-used
at a later date.
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Existing oharcoal production in Belize

Apparently, there are only two traditional oharcoal-makers in the
whole of Belize. One operates at Maskall in the Orange Walk Distriot
and the other at Burrell Boom in the Heli.ve District.

Production is carned out using the earth clamp method whereby 2%
to 3 cords (9=11 m )of round wood are stacked to form a mount of wood
approvimately 20 ft (6 m) lons, 5 ft (1 m) wide and 4 ft ( 1.2 m) high.
The wood is then covered with palm leaves and finally with soil. Oue
end is 1lit and smoke is drawn out with a ~alvanirzed i ron pire at the
onrosite 2nd. The huilding of the clomp takes only 1 day but the firing
period occupies about 14 days. A further 14 days is required for cooling
before the charcoal can be extracted and bagged.

The charcoal maker in the ™elize District has recently decreased his

production (by decreasing the sirze of his clamps) because of a breakdown

in his chain saw., All raw material is now cut with an axe. The wood used |
is mainly oak with mixtures of other locally-available hardwoods added.
The wood varies from 3 in. to 12 in. in di ameter and is out in 5 foot

(1 > m) lengths.

Between 0.5 and 1,0 ton of charcoal is produced each month and this is
sold on site in 25-30 1b (11-14 keg) sacks., All the charcoal is sold during
the first week after production and there is a three=week period when

no stooks are available, The current retail price is Belize % 2.50 per sack.

Potential uses of charcoal in Belize

Domestic
Belize is one of the few developing countries that does not
base the majority of its domestic fuel needs on oharcoal. At at

e

time when other Caribbean communities such as Jamaica and Muyana
are oarrying out programmes on increased and improved oharcoal=
produotion activities both as a substitution for imports and with

a view to exports, Belize comtimues to pay the ever-increasing cost
of fossil fuel imports for a large majority of its internal fuel

| J
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requirements. The situation was not always suoh. Tn the past,
the use of charcoal was quite common in urban areas, and cooking
was carried out on stoves fabricated frum old jerrycans or on
special cast iron charcoal stoves imported from Turope. MNowadays,
however, only a few peonle use charcoal for fuelling hot irons and

cooking, but even so it appears the demand exceeds the supply.

Customs and.excise records show that approximately % tons of
charcoal briquettes are imported from the "nited States of America

each year and sold at the local supermarkets at Belize ¢ 5.75 per

10 1b (4.5 kg) bag for barbecueing. This is yet another illustra-
tion of the way in which the relatively small population is dominated
by the life~-style and customs of visiting developers and, more re=-
cently, by immigrants from the large industrial natiors. At a time
when these more advanced nations have their own energy problems
uppermost in their minds, Belize should be looking to iis considerable
bio~mass resources as a source of fuel to partially substitute for

imports which are too high,

There are social difficulties involved in increasing charcoal
markets by persuading the kerosene and bottled gas users of Belize
City to adapt a less convenient fuel form but perhaps these will
lessen in the near future when the comparative costs of imported

fuel will make too large a hole in the family budget.

Small industries
Of the six bakeries visited in Belize City, three were using wood

as fuel and three were using kerosene or diesel,

The bakeries using oil had only reoently ohanged over from wood,
their reasons being that oil gave them a quioker and more controllable
heat output, whereas wood-fired systems had to be 1it well in advance
of baking operatiomm. In spite of this, two of the oil-fired bakeries
were buying wood sticks at Belize $ 1.00 for 7 1b (3 kg) to be used in
the event of power failure. Operators of the wood-fired bakeries
expressed considerable interest in oharcoal as a fuel whereby contimous
baking operations could be employed. With their operations, baking
could only commence once the wood fuel had produced hot ooals and a
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) : constant heat output had been achieved. Charcoal could occasionally
be purchased in the Belize City Market at ~bout Belize % 2,00 per
N 1b (13,5 ke) sack, but supplies could not be relied upon.

Charcoal can be marketed in Belize at a price ompetitive to
oil (annex VIII). Tf resgular supplies could be suaranteed, then
a considerable market sh~uld exist for bhkeries, distilleries, soft

drink manufacturers and other small processing activities in Relize,

larger industries

The ability to meet the ever-increasing cost of fuel oil will
be a major controlling factor in the future success of many of the
large industries in Belize. If the citrus industry is taken as
an example, charcoal could be an excellent alternative tn fuel oil

to provide the necessary heat for the conoentrate plant.,

Ixport possibilities
The total wood charcoal imports of France, the United Kingdom and the
United States of America and the c.i.t. values are shown 1in annex 1X. Freight

costs to the Caribbean, the United Kingdom and the 'Inited States are
shown in annex X.

From preliminary oaloulations, it appears that the export of charooal
is only feasible if special oargo rates can be arranged similar to the
shipment of cooomt-shell charcoal to New York as quoted by Eurocaribb, the
agent for the Mexoian Shipping lines. If a similar agreement can be ob=-
tained for wood oharcoal, whereby the shipping charges are levied on
unit weight irrespective of volume, and a price of at least $ 120
per ton oan be guaranteed#jthen the export of charcoal to the United
States of Amerioa could give similar profit margins as that intended for
the home market,

Belige !
Production costs for 2,5 tons

of charcoal (less market charge) 197.95

Freight costs for 2.5 tons
Belize City to New York 300,00

Total oost 497,95

_4/ The a\}erage c.i.f, value-of imported oharooal in the United States of
America in 1975 was about $US 170 per ton.
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Belize $
"Ifted States sales at %170.00
per ton 600,00
Total costs 497,95
Net income per 2.5 tons 102,05
llet income ner ton 40,82

‘nnual net income, assuming 50 working weeks with one buatch of 2,5
tons of charcoal produced per week 5402 .20

Shipping rates are normally based on unit volume when the bulk
density of the product is below 1 'l:on,/m‘s. Freight charges on charcoal
can be reduced by briquetting, but then, even apnlying the lowest of the
volume rates quoted, the net return would Jjust cover production costs of
the lump charcorl, Hirher cl._i.f. prices for charcoal briquettes cou}d prcbably
be chieved but it is known that the capital cost of a briquetting plant
of 1 ton per hour capacity is at least Belize $150,000.

Suitability of raw material

Charcoxl can be made from any vegetable material by heating it, in a
restricted supnrly of air, to temperatures above 300° C. The properties
of the charcoal nroduced will depend on the density and chemical compo-
sition of the raw muterial and the method of carbonization. The best
quality charcoal is mamufactured from wood or mut shells which have a
hirh relative density. This results in the product also having a high
density and subsequently a high calorific value per unit volume. As a
result, charcoal is mostly mamufactured from hardwoods., Softwoods with
a lower density can be used but in most developing countries, where

charcoal is sold by the bac and not by unit weight, there is an understandable
reluctance to buy it.

In Belize, good quality charcoal oould probably be made from any solid
hardwood waste including sawmill off-outs, forest clearance residues and

mangrove. Pims caribaea has an unusually high density for a soft wood

and its use for charcoal in Belirze especially for local consumption should
not be overlooked,




+

- 3] -

Production methods

A summary of chaicoal production methnds is given in annex XI. |

Industrial retorts

Charcoal is produced on a large industrial scale in many
countries by using vertical coking retorts which are operated
on a continuous basis, The most successful of these systems ig
the lambiotto retort which is currently being operated in ‘ustralin, 1
Relgium and Prance. Thig company hars recently introduced onto the
market 4 smaller version with a production canacity of 1,500 tons of
oharcoal per year. The cost of one of these units is Nelize
$400,000 and it would need to be sited close to a contimuous supply
of wood of about 20 tons/day (air dry veight).

Further details can be obtainod from:

Lambiotte et Cio, 3.°,
Avermue Brugmann 417
1180 Brussels

Relgium

A British manufacturer markets a similar resort and details
of this can be obtainei from:

3hirley .\ldred and Co,

Sandy Tane

“lorkshop, Mottinghamshire

United ¥ingdom

Charcoal production in these units demands the maximum efficiency
and consequently the highest yields., Thc wood fases, tars and
pyroligneous liquor that are formed during the themmal decomposition
of the wood are passed into a furnace where the heat of combustion
is returned to the body of the retort. Because of this, no external
fuel source is required to sustain the process and, unlike more tradi-
! tional charcoal-making methods, no air is needed for partial combug-
tion of the charge to produce the necessary heat for carbonization,
Charcoal yields in excess of 307 are normal (oven dry basis).

|
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Masonry kilns

Permanently-sited kilns made from materials such as conorete
blocks, laterite bricks, cinder blocks and even standard household
clay bricks have enjoyed considerable ropularity as batch type
charcoul-making systems for over 100 years., Designs vary from the
circular beehive type to the rectangular Missouri or Connectiout
versions that are currently popular in the nited States (8),

These units are more suitable for large primary wood
processing areas where a repular supply of timber of f=cuts
4nd cordwood is available, Mechanical handling aids can also be
employed on the larger of these units,

A small masonry kiln, based on the Conneoticut design is being
successfully operated at the Tronioal Products Institute in
the United Xingdom (annex XII).

Portable metal kilns

The most versatile method of oharcoal production is undoubtably
the portable metal kiln. Thisg type of production oan be carried
out on the forest floor immediately adjacent to the felling area
and avoids the relatively high cost of transporting waste wood to a
central point,

The kilns are composed of two interlocking cylindrical sections
that can be rolled along the forest floor or transported by flat-back
truck to a new location. These units can also be used at sawmills,
furniture factories and other wood industries where the advantage :
of portability is not necessarily exploited. Provided the wood
used is seasoned to less than 40% moisture corrtent' oven dry weight,
then a yield of 25% can be achieved.

The popularity of portable metal kilns is ewident by the mumber
of units currently in use in Afrioa, Asia, the Caribbean and South
America. Complete kiln units can be purchased at a cost of
£850 each from:

Charkiln and Co.

83 The Grove

North Cray

Sidoup, Kent DA145NG
United Kingdom




freight cost to Belize would be a further - 130.00,

To avoid the cost of freight, portable kilns may be constructed

by a local engincering company with metal rolline and weldine facilities,

¥or maximum efficicncy, the Kilns are normall. operated 1n
units of two and two men can operate two kilns and produce 2.4

tons of charcoal per five-day working week from 10 tons of Wwood

(oven dry weight).

Aorking drawings and operatine instructions for the construce
tion of a kiln desirned by the Tropical Products Institute of tho
Ministry of Overseas Development are fiven in anne-es KIII and XIV.
These details have been given to a local engineering firm in Relize
City, Barl Lindo and Co., Ltd., su that : budget cost of local

mamifacture can be obtained.

Earth clamp method
The traditional pit method and earth clamp method for making

charcoal are still widely used. These methods are operated by crafts-
men of considerable evperience and the art of makine pood oharcoal

in this way is usually handed down from one generation to the nevt,
Consequently the rroblems of trainine and npromotion of the techniques
involved are considerable., The process is time-consumine and labour=
intensive and the product is frequently contaminated with the soil
whioh is used to oover the charme to restrict the access of air.

The quality of charcoal produced by these methods varies considerably
as there is little control over the burning process and the optimum

duration of the burn is difficult to assess,

Continuous moving-bed carbonization for finely-divided

forestry and agricultural residues

A considerable amount of interest has been shown for many years
in the utilization of residues suoh as sawdust, coffee husks and
Froundmut shells. These materials are generated at large centralized
processing centres and have in the nast given rise to serious dige
posal problems,

Many of the larme boiler-maling companies are now marketing units
that are specially designed to use these residues to raise steam and
in these times of high fossil fuel prices, they are enjoying oon=
siderable success,
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Advances h~ve also been made involving the prooessing of

these residues into solid fuel. ‘'owever, briquetting the uncarbonized
green material into fuel=logs has met with only a limited amount of
success in develoning countries because of the instability of the
rroduct in climates with high relative humidities. The process is
higzhly capital intensive because the machinery involved is complev
ovins to the extremely high pressure that must be exerted to pro-
duce briquettes from a naturally flexible material without the use

of a binder. Also the fuel produced has a relatively low calorific

value ner uni+t weirht.

;. frreater desree of cuccess, however, is achieved by companies
that are marketing moving-bed carbonization units that reduce the
Freen reisdues to a powdcred char, This char is then mixed with a
suitable binder (e.z. vegetable starch) and fed into a medium=pressure
charcoal briquetting plant and the rroduct, when dried, gives a

valuable high=calorific solid fuel,

™o companies that mamfacture such units are:

shirley Aldred and Co., 1td.
Sandy lane

‘lorkshop

Yottinghamshire

United Kingdom

and:

“imon Carves 1id,

Stockport

Cheshire SK 50RY

Inited ¥ingdom
The process is contimwous and the cost of these umnits is about
150,000, Their use is only recommended where there is a reliable
supply of more than 5 tons per hour of raw material producing 1 ton

per hour of charcoal briquettes.

Wood distillation and recovery of by-products

tIt is possible to recover methyl aloohol, acetone, acetic acid
and wood tars as by-products from the carbonization process, However,
in practice, these products are only recoverable from large-scale
contimious procesees, In addition to the high capital cost of these
units there is the expense of isolating the individual components
and the refining process for this involves a considerable amount of

technical expertise. The refining process would also involve imports !



cf other chemical agents, "he by-products are nowadays produced
synthetically from petrochemical precursors and in spite of recent
price increases they are still relatively cheap to buy.

Yamfacturers and operators of the larre industrial-soale '
charcoal retorts do not consider by-product isolation to be viable
and all the volatile products of the carbonization are usually
used as fuel. The heat produced is passed back into the system to

increase the overall efficiency of the charcoal=makines process.

A more sophisticated version of the portable metal kiln is

mamufactured by Shirley Aldred and Go., Itd. at a cost of

£1,830.00. This unit could also be manufactured under licence in

Relize.

The kiln is similar in size and operation to the basic kiln but
the unit is less portable and is raised above the sround on four
angle-iron legs. The kiln is provided with a conical metal base
that enables the charcoal to be unloaded hot into sealable metal
drums by the operation of a mechanical slide valve., This allows
the kiln to be immediately re~charged with wood and avoids the

extra day for cooling required with the standard unit. lHence
charcoal production can be increased by more than 1005 and the

method of unloading is loss labour intensive.

During the carbonization of a % ton batch of wood, smoke is
drawn up through a single chimney issuing from the lowest point of
the kiln. The expert discovered while operating this unit that a con-
siderable amount of wood tar is produced at the base of the

chimney and this can be conveniently recovered.

Jood tar can be used as a creosote=type preservative for fence
posts and wooden structures but it is only about 40" as efficient
as coal tar creosote due to its increased solubility in water. Tts
use is quite common in the drier climates of Morthern Turope and
Scandinavia but its application in Belige, with its relatively high
rainfall, would not be worthwhile.
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Suitability of method for Beli:e

Because of the widespread location of raw material in a country with
bat roads, the use of 4 lurere industriwl-scale charcoal prozessins plant
iz not recommendea, ‘lowevery, considernble opportunity evists for the use
of portable meta!l kilns in lund clearance or any activity where the clear

felling of bush, virmin forest :ind manprove areas is beinge undertaken,

Portable metal kilns could also be operated in the larrest of the
sawmills using slabvood and offecuts from the primary and secondary

hardwood milling,

Normally the ideal situation for the use of portable metal kilmns is
in hardwood lorping operations where the branches and tops of the trees
can be converted to charcoal on the forest floor. This type of produc-
tion is not feasible in Belize where the felling of hardwoods ic very
selective und ic carried out in widespread areas of main forest where
virtually no roads evist. Also, losrine operations of this tyve are

only undertaken during the short four-month dry season.

Small masonry-type kilns could be used at the larger sawmills for
charcoal production where sufficient quantities of hardwood off-outs erist
and where nortability is not required. Most of the solid waste seen at
these sawmills, however, is of fairly low bulk denmsity and the weight of
charcoal produced from each operation would be low. Also the charcoal pro=-

duced would be rather small in size.

Production costs usi rtable metal kilns
Details of construction and practical operation of the kilns are given
in annexes XIIT and. XIV,The production costs (in Belize $) are summarired below:
(a) Two men using two metal kilns oan produce 2,5 tons per week;
(b) ™o metal kilns oost 7,086 c.i.f. Belise City}
(c) Each kiln has a life span of three years or 750 working days
(five~day week), if used contimously;
(d4) Te chain-saw required oosts 700 and also has a worldng
life of three years;
(e) The interest charge of the cost of the kiln and the chain saw
at 12% paid quarterly in equal instalments over 1.5 years amounts
to 816, then the cost of the capital equipment per 2.5 tons

of charcoal is (7,086 + 700 + 816) = Belize $ 57.35
750 5
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Labour cost for 2.5 tons of charcoal using twoe
men and two kilns at 8 per day for a five=day
week

Capital cnst per 7.5 tons of charcoal
Fuel for chain-saw for one week

Cost of sacks 1t 0,20 each assuming one sack
holds 18kg (40 1b) of charcoal and one batch
yields 2500kg (5,500 1b or 139 sacks)

Transport to market at 0.20 per sack
"urket charge at 0.20 per bar sold
Total cost per batch of 139 bags

tevemie from 139 'ba.g's at 2.50 per bag
(allowing for 50" profit margin)

Yet income per batch 139 bags
Met income per ton

Anmial net income

Location of portable metal kilns in Belize

Beljze $

80,00
57435
S.U’)

27.80
27.80
27.80
225.75

347 .50
121,75
48.70
6,088.,00

The use of portable metal kilns will have the greatest effect

when used on the forest floor in land clearance, milpa clearance and

mangrove exploitation. At present, land clearance operations for

agricultural development are as follows:

(a) There is select felling of exploitable hardwood trees

by concessionary logging companies;

(b) The area is cleared with a bulldozer;

(c) Wood and branches are cut up to facilitate windrowing;
(d) The wood is stacked imto windrows and burned after
seasoning for approximately two momths,

The burnt stacks of wood in the windrows provide mutrients for
the plants as the rain leaches out the inorganic salts from the ash.

This type of land olearance operation is ideal for charcoal
production as a battery of portable kilns ocan be used to utilize
the wood in the round leaving the large diametersfor the windrows,
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A briof analysis of the charcoal production potential for
land clearance schemes in Belize is given below, A detailed

survey of the density of the forest was not undertaken and a

more accurate estimate is advised as part of any future inves=

tiration of developing charcoal.

The diameter of wood recommended for charcoal production in
portable metal kilns is between ? and 10 in,

Assuming that the total volume of wood available per acre of

j hirh bush is3, 534 f‘t3(100 mi) (?) and the percentare of wood in

the afore-=mentioned runre is 50,‘3, then the volume of raw material
available for charcoal production in high bush is 1,060 fi/acre.
If the density of wood is taken as 25 1\.')/f‘1;5 (400 kg/ms), the weight

of wood available is 12 tons/acre. A 25, yield of charcoal from dry

vwwood will produce approvimately 3 tons of charconl per acre.

Production costs usineg masonry kilns

A masonry kiln, constructed and operated successfully by the Tropical
Products Institute of the Ministry of Overseas Devclopment, is shown in
anncv X1I. Further details of construction and operation may be obtained
from the Institute at 56/62 Oray's Inn Road, London N1, United Kingdom.

The kiln i1lustrated has the same 7 m (250 fts) capacity as the

portable metal kiln but larrmer versions can easily be mrde. The masonry

blocks used by the TPI version were the hollow variety, each 17% in.
long, 8% in. wide and 8% in.deep. Similar hollow blocks can be pur—

, chased in Belize but the size is smaller being 1 in, long and 8 in, in
' square section. The following costing is based on the required amount
| of Belizean blocks to build a kiln with a 14 m -capacity (500 f£t°) with
; internal dimensions of 14 ft long, 6 ft wide and 6 ft high.

N

|
|
(e
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' Table 2, Costing of a 14 ml)-ce.nuoity kiln built with 3clizean blocks
(Belize §)
Ttem Sire "ty Price Tost
Hollow block 16" x 4" - om 00 n,64 195,00
Tier block 16" « 2" = 46 0,50 15,00
Conduit 1" diameter,
6! 5" long 15 12.0n 130,00
Corrugated iron
sheet 6! " long 3 10.00 0,00
2
Builder's sand 5 ya’ 20,00 20,00
flement T sacks A0 44,10
Lime 7 sacks 6,00 42,00
falvanized pipe 8" diameter,
{ 3! long 1 20,00 20.0C
Steel plate 1/8" thick » 2!
x 5 1 40,00 10,00
Labour 4 man/days 10,00 40,00
Total £19,10
The carbonization cycle of this unit is one week because of the
increascd cooling timc rejuired because of the increased insulation

value of the building materinls used, fonsequently two of these units
would be needed to equal the output of two portable metal kilns, which
although having half the capacity may be used twice in one week,

The charcoal production costs usins masonry kilns are summarized
below,
On the assumption that:
(a) Mo men using two masonry kilns can produce 2.5 tons of
charcoal per five~day working week;
(v) Mo masonry kilns cost TRelize * 14553 to construct:
(c) Eaoh kiln has a life span of three years of 750 working days

if used oontimiously;

(d) Te chain-saw required cost Belize 2 700 and also has a
working life of three years;

(e) The galvanized iron roof sheeting is replaced every six months;

i

|

| 4
‘*__. e o A
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(f) T™he interest charge on the cost of the kiln constmction and
the chain=saw at 1 paid guarterly in equal irstclments over
1.5 years amounts to Relire ® 258, then the cost (Belize *)
of the capital equipment per 7.5 tons of charcoal is
(1,554 + 700 + 40~ »58) / (750 : 5) which equals 1:8.11.

Belize %
Labour cost per 7.5 tons of charcoal
usin~ tuo men and 2 kilns at 8 per day for
a five=day week 80.00
Gapitul cost per 2.5 tons of charcoal, as above 18,11
One bar of cement and 1.5 bapgs of lime for re-
building the doorway and sealineg cracks 15.30
Fuel for the chaine-saw for one week 5.00
Cost of sacks at 0,20 each, assuming one sack
holds 1 kg (40 1b) of charcoal and one batch
yields 2,500 kg (5,500 1b or 139 sacks) 27.80
Transport to market at 0,20 per sack 27.80
"arket charge at 0,20 per sack sold 27.80
Total cost per batch of 139 sacks 201!81
Peverue from 139 sacks at 2.50 per sack 347.50
Vet inoome 145.69
Net income per ton 58,28

Anmial net income assuming 50 working weeks with one batch of 2.5 tons of
charcoal produced per week 7,285

Looation uf masonry kilns in Belize
Masonry kilns could be used to oarbonize slabwood and sawmill

off=cuts in any sawmill where a minimum of 20 tons per week of this type
of hardwood waste is generated. The greatest yields of charcoal will

be achieved when the wood used has been allowed to dry down to a moisture
content of below 40% (oven dry basis).

Conclusions and reoommendations

The imtroduction of modern oharcoalemaking techniques in Belize
would provide a valuable local fuel source from the large quantities
of waste timber available,

¥
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Althourh the existing domestic market for charnenl is small, this
should increase when more charcoal is available at a prioe oompetitive
with ke rosene, However, the biggest looal outlet may be the smill
industries that are burdened by high fuel costs,

The export potential for charconrl appears to be good provided a
high quality can be maintained and a stable market found in the
United States.

Tt is recommended that a market feasibility survey should be carried
out on all potential oharcoal-using irdustries in Relize to identify areas

in whioh fossil fuel substitution may be viable,

It is also recommended that a market survey is carried out on importers
of hardwood charcoal in the United States,

A oharcoal production training unit, under the aegis of the Forestry
Denarwme nt, should be set up using modern carbonization techniques on both
sawmill waste, and roundwood wazste from forestry thinning and land
olearance programmes. The oharcoal produced could be introduced into
loocal markets and export trade evaluation could be made at the same time .
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TV, WDODWOOL ‘£ "™ 51,115

lool:100l ‘cement slabs ire increasing in nopularity as « wood=based
ranel vredurt both in the develonod and developine world. TMecause of
their o certional pronerties of loir thermal conductivity sound-proofing,
flincerctording and resistance to decay, they ure beins widely adopted
: buildings material in many low=cost housing proiects throuwrhout the
ievelonin~ uorld, ™he rateriul ic ideal for stockpiline @z a valuable
muilidin~ mnterial reserve for hurricane relief prograrmes. This would

be rarticul: rly relevant for Beliwe,

“her~ iz an abundant literature that deals ith the manufacture

rrorcrtic: and arrlications of this vroduct (9) (10) (11) (1°).

“n @ buildine material the woodwool/cement slab is versatile. Tt
ic used forr yartitioning and cloddine, etterior walline, roofing, for permanent
~hutterine and as o base for floorins materials and can be sawn and nailed
ws required., Tis use in temperate climates for all these purposes is
vell=documented and details of methods of arrlication of the slabs in

develope] conntrics can be obtained from the mamifucturers.

The ctrenmth vroperties of woodwool slabs as specified by the DIN

standard 1101, ‘pril 1970, are riven in annex "V,

Tanufacturinge process

Mamufacturing varies according to the raw material, the depree of
utomition required or available and the ultimate use of the product.
The ooduool slab,as known in most industrially developed nations is a
rroduct of . highly-automated industry. The raw material used are species
of rine, nnruce and fir seasoned to a moisture content of 20-30,, debarked,
cut into billets approvimately 20 in. (50 cm) lonm, and machined along the
leneth of the billet to produce strands of woodwool., The woodwool is
treated with o suitable mineralizing agent such as calcium chloride [dosed
with cement, mived, spread onto timber and plywood moulds, compressed and
then stacked in the moulds under pressure for 24 hours. The slabs are then
demoulded, trimmed and stacked in the oren to cure for from two to four

vweeks before being sold,

The woodwool machine and cement-dosing system are generally the only
narts of a potential woodwool/cement slab plant that need to be imported
into a developing coumtry. All other equipment can be made or obtained
locally or purchased second-hand if reconditioned by specialists. In this
respect, and in the suitability of the process for small=-scale operations,

woodwool /cement slab mamufacture is the only nanel produce ideally suited

ot
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to many less develoved countriee, althourh this situation is 2ltered

sliFhtly thest dnys becrune of ircreased prices of fuel that are reflacted
in the hirher cost of cement ,

Paw_materials

Suitability
The need to determine the suitability of any timber species before

it is used in the commercial production of a wood/cement product is
imperative. IMuch work has been carried out ot a mumber of research
institutes %o develop a test method, involving o minimum quantity of
raw materials and labour, of evaluating the possible use of various
species but it had limited success. A method that is more annlicable
to use in the field as a "0 - no-go" test is one that requires no sophis-
ticated equipment. In this test small pieces of wood are partially
inserted in a cement paste, if,after two days, the wood can be
pulled out by hand or a with a pair of pliers, the timber is un-
suitable. This rough sorting is invaluable in terms of labour in
those areas of the tropics concentrating on the use of indigenous mixed
hardwood species where full-scale testing of all species is impracticable
in terms of time and cost. Having roughly sorted the possibles and pro=
bables from the unlikely species, complete assurance must be obtained
that a usable product can be made from a given material. To do this
there is no alternative to making test slabs, using the material
under investigation, and testing them physically according to the
standard methods., The preparation of test slabs will also give an
indication of the machineability of the timber being tested and
the effectiveness of the application of mineralizing agents to
negate the action of cement setting inhibitors (ma.inly sugars)
present in the wood.

Availability
Jdood. The ideal raw material for woodwool/cement slab production
is roundwood thinnings or large sawmill wastes from plantation spe-

cies, from which a regular supply of timber of pre-determined species
oan be assured,

Of the forest residues surveyed during this project, the Gmelina
thinnings and roundwood waste form the plantations at Melinda seem to
be the most promising source of raw material, The available and
potential quantities are sufficient to supply even the largest of
woodwool/cement slab plants.
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Another species worth considering is Cecropia mexioana

(trumpet tree). A large volume of this forest wood species can
be harvested from a relatively small area. Woodwool/cement slabs
are reputed to have been mamufactured from this species in Puerto

Rico hut no literature on this can be traced.

Cement and oalcium cloride, Cement is not mamufactured in

Belize, althourh all the raw materials necessary for production

are available. The averase anmual consumption of cement in the
whole country is only 10,000 tons and the smallesteconomically
viable cement plant has an output of more than 50 times that amount.
Consequently all cement is imported and at Belize ® 6,30 per 96 1b

sack, is relatively expensive to buy.

The mineralizins agent is also an import item but the relative

cost involved in the production is small,

lloodwool/slab plant in Belize

Annex XVI shows the order of physical capital requirements in establish-
ing a woodwool/cement slab industry in Belize. The figures given for the
various size plants and their corresponding outouts are based on similar
studies in other developing countries. It must be stressed that a woodwool/
oement slab plant is normally designed to meet the conditions and require-
ment of each specifio area and potential market. Consequently a full soale
feasibility study would have to be carried out before such an industry is
established, All eosts are based on information obtained from the Lands
Department evcert for the oosts of sunplying, installing and oommissioning
the plant whioh are very approximate and are based on 1975 prices quoted
for a similar study elsewhere in the developing world, The TPI is able to
design various sizes of woodwool/oement slab plants and will arrange
the supply of the required components. The budget cost of the TPI-
designed plants, given in annex XVII,could be reduced by mamfacturing
some of these oomponents looally and making use of looally-available
reconditioned equipment.

,L‘}
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1 rating input data

Details of raw materials, fuel and labour requirements are
#iven in annexes YVIIT and YTX.

Anmual operating costs

Raw material costs were supplied by the Forest Departemnt
Purchasing Officer in Belize City and are as follows (Belize %):
(a) Timber (assumed intrinsic value)= 20/ton;

(b) Cement (more than 100 bags) = 5.70/96 1b (44 kg) sack;
(o) Diesel (bulk) = 1,70/pal (0.317/1)4
(d) Mectricity = 0.18/Kwh,

Labour costs were caloulated at government rates and were
estimated from information given in a recenmt CIDA report (2).
The remaining oosts were calculated from data obtained by private
comminication with TPT and the machinery manufacturers, Details of

the anmal operating oosts of the various sigzed plants are given in
annex XX.

duction cost

The cost of produoing 1 m5 of woodwoool/cement slabs varies from
Belize % 102.85 to Belize $ 170 8 (annex XX) depending upon
the size of the plant and the operating schedule. The quadruple-acting
TPI Plant No., 111 operating on a single shift basis incurs a maximum total
initial cost of Belize 8 355,680, This plant will oonsume 296 tons of
wood and 607 tons of oement and will produce?2, 220 m3(78,400 ﬂ;3) of slabs
per year. Produotion costs are shown to be about Beligze $ 21.92 per mj
or Belize $ 3.10 per n° of 25 mm (1 in.) thiok slabs,

Competing bujlding materials in Belize

The retail prioes of some ocommonly used building materials are
&iven belows



- 46 -

Table 3. Partition sunported on a 50 mm » 50 mm timber framework

Item Unit cost of Total cost of in-
material stalline 1 m” of
partition

Belize §

Woodwool /cement slabs 25 mm  4.65/m° of 10.00

thick, rendered on both ?5 mm thiok wood =

sides with cement plaster wool cement slabs

Unrendcred " 8,50

loodwool /cement slabs 9.*0/m? of 50 mm 11.50

50 mm thick, rendered on thick woodwool

both sides with cement cement slabhs

plaster

Unrendercd * 13.00

Hardboard 3 mm thisk 3,20/m?

on each side 3 mm thiok hardboard 10.00

Eardboard 4.5 mm thick 4.88/m° of 4.5 mm

on each side thick hardboard 13.50

Hardboard 6 mm thiok on each 6.22/m? of 6 mm thiok

side hardboard 16.00

Hardboard 9.5 mm thick 18.50/m’ 22.00

Plywood 13 mm thick 25,23 /m° 29.00

Plywood 19 mm thick 37.00/m’ 40.50

2

Sawn timber 25 mm thiok 4,84/m 10,00

Concrcte hlocks 8 in. thick, 0.65/per block

hollow tyre 16" x 8" x 8" 10.50

fonorete blocks 4 in. thick, 0.50/per block

hollow tyvre 16" x 8" x g 8.50

o h)
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Conclusions and recommendations

The estimated retail cost of woodwool /cement slabs in Relize compares
favourably with existing building materials, The rotential uce of

this unicue material within current and futurs nroerammes (e.r, the 1low
cost housing develorment scheme at Belmopan should be fully evplored,
Detuils on the ude of this miterial in building construction in de=-
velopins countries can be obt:nined from: ™ropical Products Tnstitute,
Trdustrial DNevedopment Department, 'inistry of Overseas Developmert of
the 'nited Vinsdom.

The possible siting of such a nlant should be considered., “tann
Creek may seem,at first, an obvious choice, being close to the supnly
of raw material., Hovever, with the reluctance to transvort moods by
barges along the coust and the very poor condition of the "umminsbird
‘Ughway to Belmopan and other markets, other sites should not be over=
looked, It may even be mor economic to transport the ceasoned timber to
a factory in Belmopan considerable potential market erists in the
expansion of the new capital and the road from Belmopan to Belize City 1s
mood .

Before any feasibility study is carried out on this inductry, the
suitability of the raw materials must be e¥plored. The TPT hac complete
rav material testing facilities for woodwool /cement slab production, 7Tt

is recommended that suitability trials on “melina arborea, Cecropia

meicana and Pimis caribaes should be requested to the TPT urder the

"mited Kinrdom technical aid programme. The Institute
could advise on all aspects of this industry, including a complete
feasibility and market study, should the raw materials prove suitable,

i
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V. Myt STORRS IMDUSTRY

Tisting commercial production

Ystablishing the industry

The first large-scale attemnt at establishing a naval stores
industry in Nelize appears to have occured in 1965 when the
American Yercules Company installed a wood naval stores plant at
Pis Creek, near Manpo Mreek, Stann Creek Distriot. This factory

carried out solvent extraction of pine stumps left over from timber

workins in the Southern Coastal Plain pine forest and the
turpentine and rosin products were evrorted to the United States.
Jecause of the eventual shortape of exploitable stumps the enter—
nrise was not as successful as had been anticipated and operations
ceased in 1965,

The esxtraction equipment was transferred to MNicaragua, but
mch of the other infrastructure (storare tanks, building etc.)
was left intact.

Late 1972, another American company, Minter Naval Stores, set
un a fum oleoresin tapping operation on Mountain Pine Ridge, installing
a second=hand Olustee type unit (13) for processing the oleoresin
to turrentine and rosin., This firm obtains its raw material by
tappines under licence in the Mountain Pine Ridge Reserve. The
tapping season normally evtends from January to November and the

trees ernloited are mainly Pinus caribaea,var hondurensis and some

P. oocarpa.

Approximately 110,000 trees are being worked. The first area
exploited by the company has 13 crops fitted with a total of 60,000
cups (i.e. approximately 4,600 cups per crop). Tn the United States,
the economic scale for tappins is regarded as 10,000 cups per crop.

ffum resin collection

The faces on the trees are prepared by the bark-chipping method,
and these are freshened (streaked) every two to three weeks with sul=-
phuric acid to stimulate gum flow. Fach streak yields an average
8 oz. (228 g) of gum oleoresin, Assuming a three-week streaking
cycle and an effective tapping period of nine monthe per anmum,
the average yield of gum oleoresin per tree is 6.5 1b (3 kg).

The manpower for the tapping operation is divided into two
groups, the tappers and the collectors. These people are paid on
a4 piece-work basis, receiving Belize $ 70.00 per barrel (about 40C 1b

or 187 kg) of gum olecoresin.

e

BN
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Olustee method of processing

The crude gum oleoresin received at the factory is first diluted
with turpentine and is then filtered into a vat with a capacity of
approximately 100 barrels (40,000 1b). This volume can be processed

in one shift of about 11 hours.

The unit incorporates two stills( measuring about 6 ft (1.8 m)
high and 6 ft in diameter for distillation of the diluted filtered
oleoresin, Tach still tukes a charge of approximately 15 burrels,
yielding 14 barrels of rosin and 1 barrel of turpentine after a twoe
hour distillation. The rosin is stored and shipped in barrels that
are constructed on site from imported palvanized sheet steel. The
turpentine is stornd in »,000 gallons bulk storage tanks and second-
hand 40=gallon oil drums.

Althourh tapping is carried out only between January and
November the factory is normally kept in operation throushout the
year. Five men are employed in running the factory.

OQutput
The major problem encountered in this operation is the

relatively low yield of olooresin per crop of trees worked, Owing

to heavy felling of timber in the past and restocking ococurring by
natural regeneration, most of the pine trees on the Reserve are fairly
young and of a more or less uniform age, The Forestry Department
permits tapping of only those trees above 10 in. (25 cm) in diameter
and then only on one face. According to the Forestry Department there
are only 12=18 trees above 10 in, diameter per acre and the present

tapping operation is exploiting less than 10 per acre.

In 1974, the operation produced 750,000 1b (340,200 kg) of rosin
and 7,000 gal (26,495 1) of turpentine. The bulk of the turpemtine
and the entire rosin production was shipped to the parent company
in the United States. The looal manageyent is not permitted to
to undertake any independent sales apart from dispensing small
volumes of turpentine locally,
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The effectc of the world trade rccession, which resulted in
low demind “nd rrices for nawal stores products, affected the
venture in 1975 :nd taopins and rrocessing operations were stopred
in Octoher of that year., Tapnine was not resumed until October
1974, Durins the close=down neriod, considerable stocks of une
disposed material were held in store at the factory. Stocks began
to be shipped out in /umust 1976 when 540 barrels of rosin were
eported (1 barmel = 517 1b), Since then a further 492 barrels
have been evnorted anl the entire nroduction of rosin processed
durin~ the four months rince lay 1977 (363 barrels) is avaitinge

shipment,

Poor markets, however, exist for the turrentire: althonch 3,000
~al of the 4,250 Fal of old ctock has been sold since 1975 the re-
mainder is stored in SA=sallon drums on the site. The 5,000 ml of
new turnentire processed since Jamanry 1977 is beins stored in bulk

contai ners,

uality of products

Conzideruble difficulties were encountered in onerating the
plant in the first years of the venture. The operation is manned
entirely by local staff and, apart from the period when the plant
iras being erected, it appears that the parent imerican company did
not nrovided much assistance or advice in its manasement or with
technical problems. These problems were eventually overcome inde-
pendently by the local staff and the colour quality of the resin
has been improved to I "rade. ittempts to obtain the top grade (ww)
of rosin have not been successful. 3amples of turpentine produced
by the factory have been analysed by the TPI (14). The quality
seemed reasonable and the composition of the turpentine was cone
sistent with what one would expect from material obtained from
YMountain Pine Ridge P. caribaea in which a little P, occarpa was
included. The major component was found to be alpha=pinene
(78.67) while the content of any of the other individual come
ponents was less than 105, While being a useful raw material for the
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isolation of alrhi-pinene by the chemical industry, it is of less
value than 'merican turnentine which normally contains €5" alpha=

rinene and 37 beta-pinene.

Proposed evpansior of industry

'Inder the terms of its asreement with the Torestry Department,
this company was persuaded to start tapping operutions in the wassy
Rladen Forest Meserve (Southern Coastal Plain) in 1975, Howevar,
tappine was carried out for only a short period before operations
were curtiiled, mainly because of labour problems and the reluctance
of workers in the south to accent piece-work rates. Other reasons were
the noor market that existed at the time and a fire in the area that
destroyed the cut faces., There were 4,574 cups employed in the tapping
of this crop and the 5.5 barrels of aleoresin collected durino the
sirx=week period has yet to be processed. Plans are beins made to
resume tapping in this area using labour transferred from the

Yountain Pine Ridge area.

The company is also considering stump evtraction in the area
and because the Hercules venture has shown that there are insufficient
stumps to suprort a solvent extraction plant, it proposes to ship the

stumps to the parent plant in the 'mited States for final rrocessing.

Future development of the naval stores industry

The expense of pine forests in Belize offers a considerable potential
in providing additional income and employment from the production of sum
naval stores as an auxiliary to timber. The royalties on 6.5 1b of resin
per tree per year for five years is worth Belize % 0,975 (& 0.03/1b).

A second face might give 5 1b of resin per tree per year, worth
further royalties of Belire % 0.75, giving a total revenue of Belize % 1,75
per tree. From volume tables, a tree of 35 cm dbh at felling is 19.88 ft5.
With timber royalites of Belize $ 0.10/ft > a further Belize & 1.988 is
generated. The total royalty potential of pine trees could be in the
region of Belize $ 3,71 per tree.

— et
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Resin production by the oontimuing operation of Minter Naval
Stores can be expected to oontribute a significant proportion of total

revemie from the Mountain Pine Nidge Reserve.

At the present time, however, most provenances are too young for a
large scale naval stores exploitation. It will take perhaps ten years
before many of these provenances are sufficiently mature and for a
long-term rotation system to be established. In the meantime, the con-
tinued small-scule operation of Minter Naval Stores is desirable to
provide a nucleus for future development. The scale of its existing
operation, however, is suoh that it may encounter profitability problems,
be’ ng particularly susceptible to fluctuations in world demand and prioes
and to pressures of wage inflation. lloreover, a large increase in naval
stores production is expected in North America as a result of the widely

adopted paraquat treatment associated with the suphate (kraft) process (15).

Jhether the effects of this, together with the inability of home
markets to offset the periods of low export demand, can be overcome by
increased effioiency of produotion and more available raw material remains

to be seen,

Conclusions and recommendations

Years will have to pass before there are sufficient mature pines in
Belire to establish a substantial gum-tapping industry. For the imme-
diate future, serious attempts should be made to up-grade the rosin
for the one company operating in Belize, Suffioient expertise should be
available within the parent company, if it seriously wishes to overcome

these technical problems.

The manager of the plant has, through his own efforts, made consi-
derable improvements to the quality of the products and is anxious to
oontimie to do so. Further improvements can only be achieved by a period
of intensive training either at the parent plant in the United States or
on-site by a technical trouble-shooter from that company.

Beoause of the present poor export market for turpentine (no doubt
partly because of the low beta-pinene content) an expansion of the markets
in the neighbouring oountry should be encouraged.
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VI. TANNINM

The study shows that there are insufficient quantities of com-
mercially exploitable tannin-containing materials in localized areas

for processing to be carried out on a large industrial scale,

Althourh mangrove-growing areas exist in the majority of coastal

repions, the harvesting of the bark from the red variety gﬂpizgphora mangle L)

to supply a tannin extract plant on a minimum economic scale would not be
viable., This would involve the processing of 30=-40 tons of bark (air

dry weight) per day in order to justify the high capital cost of the plant
(16) (17) (18). Moreover, the tannin content of the bark of the small
diameter trees that grow in Belize would probably be too low as it has
been found that only trees with diameters greater than 8 in, (20 cm) are
worth exploiting (19). As an export nrroduct manecrove tannin has a low
value compared to other tannins owing to the coarse leather it produces

and the high red colouration with which it is associated.

There is, however, a growing need for tannin facilities in Belize.
It has been reported (20) that over 6,000 head of cattle are slaughtered
each year in the slaughter houses of Belize. This is in addition to the
4,000 or so animals slaughtered by farmers and small-holders in rural

areas,

Fresh salted hides, valued at between Belire $ 100,000 and Belize
$300,000, are exported each year to Mexico and other oountries. Most of
these are obtained from the munioipal slaughter houses and only a fraction

of the total munber of hides available in rural areas are recovered,

In rural areas, the valuable hides are mostly buried with the offal
as there is a complete lack of know=how regarding the preservation and

tannin process,

The leather consumed in Belize is small. Many of the shoes sold there
are made from plastic. Tven the shoes with leather uppers have,in the majority
of cases, synthetic composition soles and the consumption of sole leather
is relatively small, Processed leather valued at approximately
Belize $% 20,000 is imported anmually for the manufacture of quality
shoes, saddlery and other leather goods. If tannin facilities were available
these imports could be reduced and the hides that are available each year
in inoreasing numbers as a result of the fast-growing ocattle industry
could be up-graded by processing, and exported.

[
—— ot
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The number of smull=scule tanneriss is decreusing rapidly. '‘ost of
these¢ concern one-man operations on the rremises of small leather roods
chops. TImported turnir evtracts are miinly used except in one case
in "attiville where = leather merchant uses a tannir solution extracted

from locally obtiinible ozk bark in crude concrete tanks.,

suitability of turnin materials in lelize

etoils of locally=-uvailable tannin materials ure given in

anne- XXI,

Yost tannin muterials are variable and difficult to uassess without
triuls, Tt is doubtful th:t any one source used ulone would pive sutis-
factory results and suitoble blendirns would probably be required. "ost
of these nuterials would produce heavy leathers because of the predominance

of the more astrirment catechol=tyre tannin in the e-tracts.

Synthetic mineral tannin agents arc mostly used nowadays for the
lishter lcathers, I‘odern blendins techniques and chemical additives,

howaver, could increase the versatility of these materials.,

vailability of tannin materi:ls in Delize

As with many of the forest rroducts in Relize, availability is a
problem because of the widespread and selective harvesting of the rrimary
products, The tannin material should he processed as soon as possible
after the harvestins of the timber or rrimary product. Tdeally the bark
should be partly rcmoved from the living tree, and the remainder removed
immediately after felline, Tt should then be air dried and the tannin

extracted before any decomposition ofit8 structure can take rlace.

Unfortunately, the large quantities of narsusta and mahogany bark
removed at the sawmills have suffered serious rottinT and insect attack
before arriving at the sawmill, Much of the tannin originally present
in the bark would by then have been converted to non-tannin and the old
bark would be less suitable for extraction (21).

The most promising course is from non-commercial timbers from which the
bark could be removed ard the wood used for an associated process (e.q.
charcoal production, fuel or woodwool/cement slabs).This would be parti-
cularly suituble for mansrrov: and ouzk of which areas of relatively

coenaevtrato revth can be found.




Tndustri:l=-geile turnir evtroction urit

Ir the irdustrial=secle tanrir e triction rlirts the hork ic lnucho!
ceveral times with » total ~f 1,500~ llonc o€ itar tn syapy 4ax of »own
(72). The uater should be frem from s'inh 1mruriti~s as iror, erleium and
marnesium sults and the leachin-~ 1i mier sheul? be maintiirod at o temper -

. 0 om0 .
ture of betueer 5N and 0 by the use of conrer stoam—coils.

Mne loochine is carricd out on the courter=current syster uwcins
b etueen four und ci~ .noden vuts cach equipred with o perforuted conner

false bottom instullcu u- wnerosimutely ~ £t from the bhottor of the vat.

Tach wooden vat ic murufactured from nireewood unc is rrerovimit:ly
17 ft (5.6 m) in diumeter and 1 ft hish., "he liguor ig heited by the

sterm=coils unier the filse bottom of the c-trictor.

The liquor is continuously rumnad foruard thronwsh tne several
leaches., ™e froch water entors ot one end of the hattery wher: the
veakest mutorial is held., .t eich le~chinge vat, the licuerr sets stronser
and the ctronrest "firct" li uor is used for leaching the fresh materiol
in the primary leaching vat. ™he resultant liquer is evarorated ir sroe

cially triple-effect climbinr film evarorators.

o iron or iren=mm~inine moterizls should be ugsed in the construc-
tion of the rlurt. forrer or pun-metal it usually emnloyed for all units

that come into cont =t with the liuuor,

Because of the special materials us~si in the construction of these
nlunts, the caritul cost irvolved is high. ™he smallest viable urit
vould cost somethin~ in evcess of $JS 750,000 and would need o daily

input of 40 ters of bark (equivalent to 40 cords of stacked bark),

Small=scale tannin csolution plant

Smallescale industrial plint could be considered for the production
of suitable tarnin solutions in rural areas. Tn the past, tannin solu-
tion have been prepared using local tar barks and single cold wuter
extraction methods. ‘‘ore efficient leaching can be effected by usins
water previously heated to 60°-70°C on u counterecurrcnt system, "nis
could be carried out in a battery of four wooden barrels, eucin appro=i=-
mately 6 ft (1.33 m) in diameter and 4 ft (1.2 m) decy, made locally
bv the same neonle that manufacture wooden reservoirs that are commonlvy

used to nollect rain water.
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The transfer of bark materirl could be carried out menually
using wooden spades and the liquor trensferred in plestic containers,
Initially some technical input would be necessary to perfect such a
process and evaluste the suitability of various tyves of liocuor for
tannin purposes. Le~flets could then he prenared to advise potential
tinners on methods of processing the hides that are st present being
wosted,

If and when a commercial tennery is installed in Beliz~, 2 demon-
stration unit could be included in the project to show the use of im=

norted tannin extracts ~nd locally=produced materials,

- Concluriions snd recommendations

The study showed that the industrial-scele use of tannin extract
is not worthwhile. There is insufficient raw material to sinply the

smallest viable plant and the world market for menerove tannin is poor.

The establishment of a number of low-cost units to produce tannin
solutions for the processing of the increasing number of locally-

available hides should be encouraged,

If the services of 5 leather expert are recuested for the installa-
tion of a small tannery in Belize, it is recommended that his project -
should include the potential use of locally-available tanning materials

for the nrocessing of hides in rural areas,




-

- 57 -

VII. LOGWOOD INDUSTRY

(Haemotoxylon camnecheanum)

The loawood trade dominated the esrly economic history of Belize
until a heavily overstocked market forced the price down (23). Later,
mahogany became a more important export thsn logwood, =2nd finally with
the introduction of relatively chesn dyes, the demsnd for logwood com=
pletely disappeared., However, in recent Years, becruse of the spiraling
cost of petrochemical ~ based syntehtics, increasing interest is being shown in

these tradition»l vegetable dyes.

Logwood was always exported in the round for subsecuent processing
in the industrial countries of North Americe and Furope., Nowads:r.,
because of increasing freight costs, it is doubtful that the dye could

be produced At a nrice comretitive with the synthetic alternative,

The extraction of the dye (Haematoxylin) in Belize, however, would
produce » high-value, low-bulk commodity »nd the economics of exnorting

this product would be considerably more attractive.

Availability of raw materinl

There may be sufficient quantities of lomwood in concentrrted areas
to supply » suitable processing industry. For a reliable estimation
of the total standing volume of exploitable timber in Belize, a complete
survey is required of all the logwood areas. The size of plant recuired
can then be estimated.,

Markets

No potential markets for the dye produced are known and a thorough
market survey would be needed in the industrial nations before any
such industry is considered for Palize.

Extraction proce a8

The processing of logwocd involves the hogging of the timber into
small chips followed by the extraction of the dye in steam autoclaves
at a pressure of 80 pounds per sgquare inch (18). The resulting liquor
is then evaporated, using climbing film evaporators, and the final
product is dried in a vacuum spray-drying unit.

‘.}



Technicel input =nd costs

Det~ils of the cost and operetion of extraction pl~nts of various
outputs should be obtained from the manufacturers and recuests for this
information and the technic2l input required can be merde to agencies such
as UNIDO!'s industrinl inocuiry service in Vienn» or the Ministry of

wverseas Development in the 'nited ¥insdom,

Conclusions and recommendations

A lorwood dye extr-ction rlent could rrovide » vslusble evnort nro-
duct in Pelize hut first the following surveys must be corried out:

() Cn the exnloitahle stondin~ volumes of logwood in selected ~ress;

(*} ©n votenti~l intern~tional markets for hsemetoxylin dye:

(c) On costs »nd technicsl input recuired for extrstion plents

of various sizes.

~.
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VIII. WOOD RESIWES FOR FUFL

The grest potential of waste timber »s =n indigenous fuel in
daveloping cruntries is nften rwerlooked in studies on oht»inine

mrrketable oroducts from wood residves.

Manv internstional sresnizations and resesrch institutes are
currently eng~ged in nrojects to urdete ~nd nromote the more trodi=
tional enerrv systems, such ~s stesm engines, wood=fs red urits, nro-
Aucer g~s =2nd aener-~tors, thet use forestry »nd agricultursl wastes
~s fuel, WManv mrnufacturers are already marketine such nowsr nnits

and nxemples of these are 7iven in ~nnex XXTT ,

Producer gas

Develonment work is being carried ocut at the Tropir»l Produrts
Institute of the Ministry cf Oversers Devel~nment in the United Virngdom
on nroducer ge~ ~ener>tors which will anshle diesel »nd snark ignitinn
enfFines to mn on forestry snd agsricultural residies or cherco»l,
Similerlw, ~t the Univarsgity of Californi~ in the United States come

mercial trinls are heins earried out in rollahoration with ‘nductrry.

A Sviss comnenv (Thalanat AG, Peldstragse /], CH-8400 Wintertrur)
h~s been selling/ wood gos produrcers for vears and will sunnlv Adetsils

of coets and annlicotions.

The nroducer mac system involves the controlled vasenge of air
throurh » "ed of charco=l (or "grean" uncrrbonizrd residuec such =
vond, nutshalls or rice husks), Lonalized combustiecn in the nresence

of “n exceas of carhon nroduces gos with the followine comrosition.

Component Per cent
Carbon monoride 32.0
Hydrogen 8.0
Mitrogen 58.1
Carbon dioxide ‘ 1.5
Methane 0.?

The calorific value of the ess is about 140 Btu/f't.3 (5.2 MJ/P‘).

Producer #»8 can he burnt directly for hestin~ furnsces, ovens or
r=ising steom ~nd very few modifications »re needed to convert existing

grs or oil burning system.
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Tfy however, it is to be used as fuel for internal combustion
enrines, the @us must be throushly cleaned to remove any traces of
dust or tur. This is especialy important when wood or any ereen,
uncarbonired residues are used as the wood tar and the volatiles

rroduced ure curied over with the pas.

down=druught system can be used to reduce the quintity of
volutiles by pussing them throursh the fire-bed before they are re-
leased,  ™his will result in o further decomposition of the volatiles

into non-condensable gunes.

The technolocy of producer pas is by ne maans now. Tt was used as
an automotive fuel for much of the public and private transport in "urope
durine the Secord orld dur when fossil fuel supplies were restricted,
"any of the old desirns are beins updated and more modern materials used,

Sweloen, for erample, has accumulated a larre stock-pile to be used in

the cvert of 4 sudden restriction of their oil supplies,

Steam eryrines
The advantages of steam engines as a motive vower source for sawmills

aund other cellulosic industries have long been recornirod, duste lisnosal

costs ure uverted and a constant supply of fuel is assured without the
ever-increusing commitments of fossil fuel imports. Many steam-nowered
units arc still ir use but supplies of new installations and apares are
rarely availuble., Renewed interest is beings shown by certain manufacturers
in marketins now systems but because of economic restrictions in develop-

ment projects in irdustry, progress is slow.

A4 British munufacturer(J.L. Coltiman of Clonsast Ltd.,Sarsfield House,
Bransgore, Christ Church, Hants, United Kingdom) has recently developed a 100 hp
(75ku) steam cngine und is proposing to market this as an addition to
their normal range of stundard boiler systeme. Further details can be

obtuined directly from the manufacturer.

Fuel requirements in Belize

Neariy 111 motive power units in Belize, including electricity genera-
tion units, are diesel powered. In only one of the many sawmills that exist

is the waste wood used as fuel in a steam engine <to supply power to the mill,

e



_61_

In all the other sawmills, the slabbines and off-cuts are rither used
as landfill or burned.

Nil burning units are used to suprly heat to industries such as
soft drirk factories, distilleries, nitrus nrocessing, fond nrocessine
and most of the loecal hakeries,

™~ ability to meet the increasine cost of fuel oil will he a major
controlling factor in the =uceerss of many of the lirse industries in Relize.
If alternative ererry sources can be employed, usir~ the motive rower
s,atems described above, or if wood (producer) fas can be used to roplace
0oil in existing furnaces and ovens, then the savings in operating costs

(and in foreign exchanre) could be considerable.

Conclusions and recommendations

Continuing attention should be raid to the current developments in
the alternative energy systems that are relevant to the fuel demands

in Belize. Tnformation on suitable systems can be obtained from:

(a) ™e Forest Products and Fuels Section
Industrial Development Department
Tropical Products Institute
Ministry of Overseas Developm~nt
Culham, Oxford, "mited Kingdom;

(b) United States Department of Agriculture (T1SDA)
Forest Products Laboratory
Madison
2801 Marshall Court
Wisconsin, 53705, United States;
and other international organizations.

Detailed technical information and costs can be obtained from the
manufacturers (annex XXII ),
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ANNEX_ TV

TRANSPORTATION OF FUEL

Method of comparing total delivered cost of fuel productjion
cost and trancport cocts

‘v n that:

nalarific value of ai= dry wed (30 7 m/s) = 6100 Btu/1b

" " " rharcoal = 12780 Btu/1b

" " " coal = 124720 Btu/1b

Prodiict inn enst nf chareconl = B¢ 95,20 per ton

(1t 3% 1,70 ner 40 1b sack)

Produntion eost of wnod = B$ 9.00 per ton

1 tom coal emivatent (C.E.) - 1 x 1242C - 0,97 tnna charcoal
12780

1 tan enal etuivalent (C,R,) = 1 x 12420 = 1.97 ton air Ary wood
3300

Thm e

Production annt of * +om C,%, »f charcoal = 95.70 x 0,97 = B$ 92.34
Protuntion cont of 1 tor C.%, of aiv dry wiod = 9,00 x 1,97 = B$ 17.73

T~ta]l Aelivored ccot of 1 tam C.E. of fuel assuming a transport cost of
B¢ X per ton per mile

= Proiuction cost of 1 ton G.B, + (N, of miles ¥ X x calorific velue cosl
calorific value fuel

Foampl ez

Aasuming A transport cost of B8 2,00 per ton per mile

a) total cost of 1 ton G.E. of charcoal deliverei over 50 miles

= 92,34 + (50 x 2 x 12420 )

12780
- B 183:32

b) total cost of 1 ton C.E. of wood delivered over 50 miles

= 17,73 + (50 x 2 x 12420 )
8300

= B§ 214.87

i
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Annex V

CHARCOAL STOVE (square)
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Annex VI
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CHARCOAL STOVE (West Indian)
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Annex VII

CHARCOAL STOVE (Indian)
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ANNEY  UTTY
COMP-R.TIVZ FUZL CCSTS IV WRLTZR

Fuel Calorific Value Calorific Value Retail

Ki/Ke Btu/1b Sclling Price Kj/B3  Btu/BS

Kerosene 43543 18720 B$1.20/U.5. 118498 112320
Gallo

Wood (air dry 25-30%

m/c
Stick wood sold in
bundles of 3 per 24 ¢ 14654 6300 B$1,00/7 1b. 46526 44100
Charcoal (proposcd) 297217 12780 B$2.50/40 1b. 215726 204480
Electricity 1 Kwh=3601 Kj. 1 Kwh.=3413 B%0.18/Xwh 20005 18961 |

Allowing for the fact that this table gives no indication of the efficiency
of the burn obtained from the different fuel sources, charcoal is confirmed as
the cheapest source of domestic fuel. In one isolated small industry, the owner
had a regular supply of oak cordwoad delivered to his bakery at a cost of B$ 12.50
per ton.

" This was the only example found where the gross calorific value per B% ex-
oeeded that of charcoal. However, the owner was dissatisfied with wood as a bakery
fuel and would prefer to use charcoal if he could be assured of a reliable supply
because of the delay in starting baking operations after lighting the ovens would
be reduced.

In that case the corresponding figures are:

Split ocordwood (oak)
sold in bulk to in-

dustry 14654 6300 B$12,50/ton 1191053 1128960

T
l
|
“
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ANNEX X

TOTAL WCOD CHARCOAL IMPORTS FOR THE UNITED KINJDOM, FRANCE AND THE UNITED STATES

Country 1971 | 1972 1973 | 197 | 1975 1
v.k, ¥V 9,7u3| 7,033 8,502| 10,365| 7,516 | Tons
1,110,000| 888,000 {1,130,000 |2,194,000 |1,495,000 | US 8
114 126 133 212 199 | #/ton (C.1.F.)
U.S.AT?/ 23,545| 17,063 13,220 16,961 7,942 | Tons
2,023,0000,891,000 {1,231,000 |3,595,000 1,695,000 | US # |
86 111 93 212 213 | #/ton (C.I.F.) ‘
F'uncey 18,729 13,137 12,276 16,390 14,560 | Tons
1,536,000/(1,368,000 {1,368,000 (3,705,000 2,713,000 | US &
82 104 111 226 186 | #/ton (C.I.F.)
Sources:

V The Trede of the United Kingdom H. M. Customs and Fxcise
2/ U.8. Foreign Trede - Imports (F.T. 135)

Y Stetistiques du Commerce exterieur de la France
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ANNEX XII
TPI MASONRY KILN !
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ANNEX X111

TPI PORTABLE STERL CR.PCOAL KTLN

The most importent festure of this kiln is its simplicity
in both manufscture snd operstion, The kiln uses the well
tried down-drasught csrbonisstion principle.

CAPACITY

The kiln holds about 7 steres of wood (2 cords) producing
spproximately 500 hg of charcosl. Two men csn hendle two
kilns snd the complete process tskes sbout two days.

DESCRIPTION

The kiln is msde from rust resistsnt sheet steel and consists

of two cylindricel sections and s cover, The bottom section

is made from 3mm (10g) thick sheet and is 2320mm in dismeter

snd 900mm high. The top section is made from 2mm (lLg) sheet
snd 18 2290mm in dismeter snd 800mm high. The conicsl cover is
2260mm dismeter snd 460mm high in the centre snd is also made
from 2mm (l4g) thick sheet steel. 50mm engle hoops, welded to
the inside of the top rims of the two cylinders, serve ss supports
for the upper section snd the cover, A third hoop welded to the
outside of the lower rim of the bsse section is necesssry for
incressed strength snd dursbility (Fig.l). A 50mm wide strip
of 3mm thick f1at tsck is welded to the inside of the bottom rim
of the upper section snd the cover, sgsin for strengthening
purposes.

The kiln rests upon eight 200mm x 100mm section chsnnels, esch
prepered by bending s single sheet of 3mm thick steel 500mm long
by 500mm wide ss shown in Fig.2. A 130mm dismeter hole is msde
with its centre 100mm from one end of the chsnnel to locste the
smoke stack. Four metsl smoke stscks, 127mm in dismeter, snd
2300mm high sre required to fit into the holes at the time of
dreught reverssl end ss required during the csrbonisstion process.
The bsse of esch stsck is cut swsy to hslf its dismeter to s
distence of 80mm from the bottom so that the smoke mesy psss freely
from the chennel into the stack.

RAW MATERIAL

The carbonisstion time is lergely proportionsl to the sise of the
wood used. However, the excessive use of fuel snd men-power in
cutting up the raw msterisl is to be avoided. As 8 compromige the
most preoticsl size of timber for use in this kiln is sbout 45-60 cms
long snd up to 20cms in dismeter, Wood with s diemeter grester

thsn this should be split prior to losding into the kiln.

It 18 strongly recommended thst even in the tropics, wood should
be cut st 1esst L4 weeks before kilning. The high moisture content
of unsessoned wood lengthens the cerbonisotion time snd gives s

%ower yield of chsrcosl. A moisture content of less then 35%
sir dry weight) is recommended. Care should be tsken when
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seasoning for periods grester than 3 months, ss deterioration
of the wood could arise from fungsal or inaect attack.

ASSEMBLY

gite The site chosen should be well drained and roughly levelled
to form 8 3 metre diameter circulsr bsse, The floor of the kiln
should be mede as firm sas possible by atemping down, and it is
important to ensure a good supply of loose earth or send sround
the outside of the kiln so thut the air supply to the kiln can

be blocked off sa required.

Using a lever, the eight inlet/outlet chsnnels should be srranged
radislly st equidistant intervsls undernesth the bottom section
of the kiln.

LOADING

It is important that the inlet/outlet chsnnels sre not blocked
when the bottom of the kiln is losded with wood. This is

schieved by supporting the charge on "stringers". The "stringers"
are medium diemeter cordwood (15cms) arranged radislly like the
spokea of a8 wheel as shown in Fig.3A. Dry kindling wood together
with sny inflammable waste should be placed between these billeta
from a point 30cms in from the outside edge of the bottom section
of the kiln to the centre, (Fig.3, Section B), to provide at

least 4 lighting points. A lsyer of wood snd "brsnds" (incompletely
cerbonised wood from s previous firing) should then be plsced
crosswise upon the oillets snd chsnnels to form air ducts to
facilitate the lighting of the charge, (Fig.3, Section C).

Some old sump 0il may oe sdded to the dry kindling to assist the
lighting operstion. The vottom section of the kiln is now losded
with successive layers of wood, filling in as meny voids ss possible
snd placing the larger dismeter timber towards the centre of the
kiln. When filled the top section is 1ifted into plsce snd the
losding continued until the wood forms a conical shspe above the
brim of the tog section but tasking csre thst the cover csn be
located into the rim without hindersnce, During the first 30
minutes of the lighting procedure, the level of the charge falls

conaiderably, Experienced operators mey wish to overfill the kiln
to sllow for this.

OPERATION

The cover is rsised et the opposite side of the kiln to the
direction of the wind (lee-gide) and propped open with a piece of
wood, (Fig.4). A flame is then applied to the prepsred lighting
points. When the kiln is well 8light, snd the bottom section of
the kiln 18 hot enough (ususlly 30 to 60 minutes aftep lighting)

80 that 8 spot of watep spplied to the side of the kiln evaporates

the spsces between th
or soil, making auge thot the 2h§n:e§28nnela are covered with sand

are no
t:egh:g gllowed to settle i.to the top rim gytrg;SSf:g.theThe gover
four elterna e Channers’ ong,oiacks, eTe fitted into the holes in
steck iga directed towar&s the kign cggtﬁge cu%ggwggdgr:; 2§ she

. ege
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outlet chennels sand the base of the smoke stacks are covered
with ssnd or soil to ensure a satisfactory 'drsw' of the
exhsuct., The sir entering the kiln flows up through the
centre of the chorge and the exhsust 1s drswn down tnz outer
edge of the cherge snd 1s emitted via the smnoke stacks.

After anbout 15-30 minutes each stack should emit 8 column of

thick white smoke, If however there is 8 slowing down of smoke
production due to lsck of sir then sand or soil is temporsrily
removed from the 1lighting points sdjscent to the smnoke stack until
8 satisfactory emission of smoke is schieved. After 8-10 hours
the smoke stackse are moved into the sadjacent chsnnels to convert
inlets to outlets snd vice verss. This crestes & more even
carbonisaotion and prevents the excessive production of ssh et the
air inlets,

When carbonisetion is complete, the colour of the smoke tskes on s
'bluish' tinge snd becomes slmost trsnspsrent. At this stage the
kiln is closed by removing the smoke stecks snd completely blocking
81l channels with soil. Send or s80il is used to sesl the sangle
iron rims supporting the top section end cover, snd sny other
places where sair msy enter. The kiln 18 then sallowed to cool

for between 12 snd 2'4 hours before opening. It is sdviseble

to have 8 quantity of wster svailsble when unloeding the charcosl
80 that sny locselised fires that may occur can be quenched, A
sieve-gshute may be used to assist in the unloading of the kiln end
this is shown in Fig.5.

PRODUCTION

Two experienced kiln operators csn produce up to 3 tons of

charcosl a8 week using two porteble metsl kilns. The losding snd .
lighting procedure for each kiln should tske them approximately

3 hours followed by an 18-24 hour csrbonisstion period. Cooling
should be achieved in 12-24 hours snd the unlosding of the chsrcosl
8 further 2-3 hours.
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COCONUT SHELL CHARCOAL PRODUCTION
Kiln description

Although it is possible to use the same kiln as prcviously
descriged for wood charcosal production, it is sdvissble to
modify the kiln 1id so thst s 20cin diometer hole is msde in |
the centre which can be closed up by mesns of 8 We;l-fitting f
cap. This will give better control during the initisl lichting i
stuges of the run, If 1t is not possible to provide a ho;e in
the kiln 1id, then the 1id must be carefully propped open for
the first 4 fours leaving 8 gap of not more thsn 5 cm on the
lee side, :

Rew Meterial

The materisl should consist of § to 3 size shells snd these
should have & moisture couatent of less thpn 204. The best
results sre obtsined with siells with the lowest possible
moisture content,

Loading procedure

Care is tsken to ensure thet the shell materisl does not block
the ends of the inlet/outlet channels incide the kiln. This is
achieved by resting s flat piece of wood (s piece of rib from a
deed pelm frond will suffice) on the top of the end of esch
chennel before covering with shells. The kiln is than rilled
leaving & 25cm deep depression in the centre where s fire is
built with kindling. The kiln 114 is then 1ifted on and propped
open with a 25cm thick block of wood on the lee side.

Lighting procedure

The fire is 11t at the top of the charge underneath the centre
hole in the 1id of the kiln, The kiln is left propped open for
20 minutes until the entire surface of the charge is well alight.
At this point the 1id is lowered into the top rim snd the shells
are sllowed to burn with a completely free access of air into the
kiln base, The smoke is allowed to escape through the hole in
the centre of the 1id, or through the 5cm g3p between kiln rim and
1lid erranged where no centre hole in the 1id exists. This state
i8 allowed to continue for sbout 4 hours, until the whole of the
top section of the kiln is too hot to touch with bare hands

(70°C=90°C).  The cap is then fitted on to the centre hole in the

kiln 1id (or the arranged gep between kiln rim snd 1id is removed )

The spaces between the channels gre partislly filled in with gsnd
and left until the chimneys sre producing thick white smoke,

The bese of the kiln, with the eéxception of the air inlet ¢
is then totally blocked up with soil snd the cerbonisation isg
ellowed to continue until the overall surface tempersture of the
kiln reaches ebout 200°C. This ususlly tekes e further 20 hours.
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At this point the quentity of smoke produced from the chimneys
is seen to repidly decresse snd finslly disappesr to be
repleced by s transpsrent blue hsze, The kiln 18 then shut down.

Shutdown procedure

The chimneys sre removed and s11 inlet/outlet chennels are

blocked up with soil. The bese of the kiln is benked up with
80il end fine ssnd 1s used to fill in the Joints between the lower
end upper section snd the upper section snd 1id. The kiln 1is
sllowed to cool for suout 20 hours,
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ANNEX XIV
WORKING DRAWINGS OF TPI PORTABLE KILN
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ANNEX

WOODWOOL/SLAB PRODUCTION IN BELIZE

ANNUAL OPERATING COSTS

NB. 1 shift = 8 hours -

1 working week = 5 days

4

ALL FIGURES IN BELIZE §$

~ 1 working year= 47 weeks = 235 days

T. P.I. PLANT !
Double-Acting Quadruple-Acting
1 shift | 2 shifts 1 Shift 2 _shift
1 11 111 v
ANNUAL OUTPUTS | 1110 m3 2219 p3 2219 m3 4439 m3
RAW MATERIALS
1 {Timber 2960 5922 5922 11842
2 [Cement 39611 79222 79222 158457
3 [Ccalcium Chloride 2236 4473 4473 8946
4 [Water 163 313 262 514
5 [Lubricants 1110 2219 2219 a3y |
6 Sub-Total 46080 52149 92098 184198
7 [ Manager 5000 5000 5000 5000
€ | Supervisor/Foreman 3000 6000 3000 6000
- 5 [skilled 11200 19600 14C30 25200
¢ [ 10 |Semi-Skilled 30420 60840 35100 70200
& 111 Junskilled 11856 21736 17784 35568
2 [12]clerical 2500 2500 2500 2500
& |13 [Additicnal Labour 8930 16429 10807 20529
14 Sub~Total 72906 132105 88191 164997
» |15 JElectricity (Demand Charge) - - - - ‘
v lie Flectricity(Eneray Charge) 10355 23417 10863 25109 !
¢ [17 ]Diesel oil 130 259 259 517 :
“ 118 Sub-Total 10485 23676 11122 25626 )
19 | Transportation 9238 13071 13971 25984
T [T ] Insurance 2606 2803 3205 3424
o & | 21| Spare; and Maintencnace 7552 8029 Y235 9704
5 8122 | Product Promotion 3255 4340 4340 5425
O & [ 23 ]contingencies 16928 30569 23787 45023
24 Sub-Total 30341 45741 40567 63576
¢ 5 1 25 [ Plant 7102 7450 8718 9055
¢ {26 Buildings 9034 9656 11023 11646
&n 1 27 | vehicles 4461 57135 5735 11471
Au 128 Sub-Total 20597 22841 25496 32172
. 29 | Total before deperciation 169050 306742 245049 464381
2 w301 M before depreciation 152.3 | 138.23 110.43 104.61
o [ 31 M7 at 25 mm(1") thickness (ditto) 3.87 3.52 2.81 2.66
2 8 32 | Total after depreciation 189647 329583 270545 496553
§‘ 33 M7 after depreciation 170.8 148.53 121.92 111.86
34 I M at 25 mm (1")thickness (ditto) 4.35 3.78 3.10 2.85

i |
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annex XX {cont)

ANNUAL OPERATING COSTS

WOODWOOL SLAB PRODUCTION IN BELIZE

ALL FIGURES IN BFLIZE $

N.B. ! shift = B hours - 1 working week = 5 days - 1 working year = 235 days (47 weeks)
MASCHINENFABRIK ] ‘
REHAN PLANT ELTEN PLANT o |
1 shift 2 shift 1 shift 2 shift |
\' VI VIl VIIl
| ANNUNL OUTDPUTS 2108m 4217 mJ 241,m3 4837 m!
1 {Timber 5990 11980 (726 13452
2 _JCement 80188 160377 ROYST 170947
s [calcium chloride 5027 10054 5645 11000
4 {wWater 169 331 167 328
5 { Lubricants - - - -
6 Sub-Totul 91374 1682742 102495 2050 36
7 | Manaqger 5000 5000 5000 5000
8 | Supervisor/Foreman 3000 6000 3000 6000
Y 1skilled 11200 19600 11200 22400
10 | Semi-skilled 21060 42120 18720 37440
11 JUnskilled 15808 5¢C 13832 27664 ‘
12 JClerical 2500 =700 2500 2500
13 |Additional Labour B162 “,430 7559 14340
14 Sub-Total 66730 1:.4242 61811 115344
15 |Electricity (demand) - = - - |
16 JElectricity (Energy Charge) 23688 _ 49745 17597 37562 !
17 {Diesel Oil - - - -
18 Sub-Total 23688 49745 17597 37562
19 | Transportation 13045 26082 14058 27966
20 I lnsurance 2000 2215 3238 3476
2 Spares and Maintenance 7933 8428 13380 12827
22 | Product Promotion 4340 5425 4340 5425
23 |Contingencies 19946 37710 20398 38231
24 Sub-Total 34219 53778 41356 60959
25 [Plant 17605 18141 31146 31146
26 {Buildings 4420 4976 6727 7471
27 [Vehicles 5735 11470 5735 11471
28 Sub-Total 27760 34587 43608 50088
29 |Total before depreciation 229056 436589 237317 446867
30 M3 " " 108,66 103.53 98,22 92.48
31 M2 at 25 mm(1")thickness (ditto) 2.76 2.63 2.50 2.35
32 | Total after depreciation 256816 471178 280925 496955
13 [m3 " " 121.83 111 73 116.28 102,85
34 [M3 at 25 mm(1")thickness (ditto) 3.10 2,84 2.96 2.62

RN
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ALNEX XXI

TANTTIY SONTAIIING MATERIAL:S 15 BELI. K

WITH COMMERCIA!, POTSNTIAL

obovata

Fores

SPECIES COMMON TANNIN CONTENT % ARFA FOUND PREVIOUSLY USED
NAME
BARK WOOD LEAVES
Acacia spp. 10 - 32 World wide
“chras zapota Sapodilla 21 Augustine 'hilippines
M.P.lt. High Tropical America
. Bush
Anacardium occidentale Cashew 9 - 21 23 M.P.R.5tann
Creek -
Haltiville
Busrel Boom
Aspidosperma
megalocarpon Milady 4 Toledo M.P.R, Brazil
High Bush
'usa sapientum Banana (skin)  (fruit) Toledo and
_{Unripe) 10 - 40 8 General -
Rucida buceras Bullet Belize
tree
Tsraonima cras- Craboo 25 M.P.R. Belize
sifolia Stann Creek Brazil
General
J10scorea (Tubers) Inio-china
_ 319
Mlbersia Rosewood 14 India
stevensonii
“odrela mexicana Cedar 12.6 India, Belize
Inta spp. 17 - 25 Common Low Paraguay
bush
Persea spp. Avocado 10 - 27 High Bush +
, Chile
cultivation
Pithecolobium "Barba 12 - 37 High Bush Fhilippines
arboreum jolote"” Belize
ercus oleosides Oak 20 - 35 M.P.R. World wide
Belize Valley
General
Rhizophora Mangrove 20 - 35 Coastal World wide
mancle L, Swamps
Spondias Hogplum General West Indies
mombin I, Guriha
Swietenia lahopany 15 6 Broad leafed Belize, Jamaica
_mihomrie Forests
Terminalia Narpgusta Broad leafed Belize, Jamrica
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ANNEY,  7XIT
MANUFACTURERE O SYSTTHG WSTHG CELLULOGE VASGTES AL FURL
' Inerrycyntem Micls Mirufacturer
Steam Raising Noilers Wood, Sawdust, Mutshells, Robey of lLincoln ILtd.,
Agricultural residues P.0.Nox 23 ¢

Canwick Road,
Lincoln, LN 8H9, U.K.

Towler and Sons,.

Gorse Janc Industrial Estate,
Telford Hoad,

Little Clacton, Esscx, U.K.

" " Perkins Boilers
Mansfield Raod, Derby, U.K.

" " Parkinson Cowan G.V.D.
Ltd.
P.0O.Box 4
Burton llorks, Dudley,
Worcesterchire, U.K.

International Combustion Holdines Ltd., i
19, Yoburn Place, :
London "10010. K, '

" " Clonsast Ltd.
Sarsfield House,
Bransgore,
Christchurch,
Hants., U.K.

Air heaters using Sawdust, Woodshavings, Riley (IC) Products.,
finely divided cel- Groundnutshells and P,0.Box 115, 19,
lulosic residues as fuel., Coffee husks, Woburn Place,

London W.C.1, U.K.

" " Air Plants (leicester) Iid,
Batten Street,
Leicester LY2 7P3, U.X.

" " Tynesice Fngineerins Co, Ltd.
Walker Road.,
Newoastle-upon-Tyne
NE6 1BQ, U.K,

, Steam Engines Wood and Foreatry and Mr, Coltman
Agricultural residues Clcusant Lid.,
Sarsfield House,
Bransgore,

Christchurch, Hants., U.K.

-
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.

Mamufacturer

Steam powered ;‘enerators

Steam

W.H. Allen and Sons
Queens Engineering Works.,
Bedford, U.K,

Tvrney Turbines Ltd,
igh Mead Works,
Harrow

Middlesex, U.K.

Producer Cas Units

Wood off-cuts

Charcoal

Thalopat A.C,
Feldstrasse 51
CH-8400 Winterthur
Switzerland

Neil and Spenser Ltd,
Station Road
Leatherhead
Surrey, U.K,
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