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SUMMARY

The pape.* discusses the main sectors of primary mechanical forest 

industries concentrating largely on those aspects which favour or hamper 

their development in developing countries. Wherever appli«-ole, the 

technical and technological developments relevant to these aspects are 

reviewed. The paper describes various problems of existing industries 

and constraints to their progress and expansion. It identifies the follow­

ing overriding problems: in sawmilling - low recovery from raw material

and incorrect choice of equipment; ;n plywood manufacture - the deteriorat­

ing pattern of raw material supply; in reconstituted wood panel industries - 

insufficient domestic markets. The overriding problem besetting all these 

industries is the scarcity of properly trained personnel. The interrelat­

ion of various problems and the possibility of solving several of them 

within the framework of solutions to the main problems is emphasised.

The paper suggests some courses of action for overcoming the main problems 

of the primary forest industries and identifies the possible assistance 

which could be obtained in this respect from ’international organisations 

and through TCDC (Technical Cooperation among Developing Countries). The 

paper also indicates the various uses of wood residues and emphasises the 

importance of integration fo' fuller utilisation of woresidues.
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1. SAWMILLING

1.1 GENERAL

1. Sawmilling is the natural first step in the development of forest indust­

ries. It is least capital intensive among primary wood processing industries 

and most flexible with respect to economy of size, degree of mechanisation 

and complexity of technology. In developing countries it is often the first 

stage in the whole industrialisation process and in this context, plays an 

important pioneering role with considerable economic and social development 

potential particularly in backward rural areas. The widespread occurence of 

sawmills in developing countries, a great number of which have a primitive 

technical level, created the notion of the simplicity of the whole industry.

In fact, the great diversity of the wood raw material with the various species, 

sizes and properties of logs, the multitude of specifications of final pro­

ducts and the wide range of types of equipment to meet both the raw materia! 

and market requirements makes the proper design of mill and selection of the 

best equipment and technology rather complex. This, combined with deficient 

skills, is responsible for a number of problems facing this industry. Saw­

mills in developing countries represent a wide range of sizes and technologies 

from huge computerized operations to medium and small size mills, modestly 

equipped or heavily undercapitalised. While difficulties may occur in any 

type of mill, most problems are related to mills with medium and small capac­

ities which represent the bulk of this industry. The following chapters dis­

cuss these problems, their causes and some of the possible solutions.

1 .2 MAIN PROBLEMS

2. The predominant problems of the sawnilling industry common in developing

countries are:



- lav production end productivity due to irregular in,; supply,

low recovery from the wood raw material-. 25 to 43 instead of 
gensrally oDtainable 50 to 70 ,,

low quality of product,

inappropriate selection of equipment,

scarcity of skilled personnel, especially at saw doctors, head 
sawyers and maintenance mechnics.

3. Most of these problems are inter-related: selection of equipment influ­

ences the recovery and the skills of the workers are decisive for both yield 

and quality of lumber. All these problems combined are responsible for the 

fact that the contribution of the sawmilling industry to the national economy 

in developing countries is much lower than its realistic potential.

1.3 LOW RECOVERY FROM RAW MATERIAL

k. Low recovery from roundwood input results, to a considerable degree, from 

the choice of equipment. The main break down machines most commonly used in 

developing countries are either the circular saw headrig or the band saw head- 

rig. Tho inserted tooth circular saw produces a karf -mich is often more thin [.wire 

the size of a kerf oroduceJ uy a bandsaw anJ theret-on: c tuses almost a double amount 

of wood wastage in tne form of sawdust. Tile yield at' riruil product can be Id to bd 

nigher for bandsaws than for circular saws. Improper installation and maintenance uf 

the .nachines and of preparation or saws [saw doctor in ,1 is an additional source ><■' 

wood losses.

5. Optimum sawing patterns based on market requirements and related to the 

specific sizes, qualities, shapes and species of log-;. -- are an important re­

quirement for obtaining higher yields from the processed raw material. Howe'er, 

pre-determined sawing patterns tan not be applied to logs from natural forests 

prevailing in most developing countries, particular!/ in tropical areas. Logs



from such forests are characterised by a great variety of species , large 

variations in diameter and length, in wood quality and properties in sus­

ceptibility to deterioration due to attacks by biological agents (fungi, 

insects) and in possible applications.” Seme of these logs may have to be 

sawn for high grade lunber, others for volume recovery, some for both out 

of different parts of the same log. A look at the freshly opened surface 

after each cut allows to determine the best consecutive cut cor obtaining 

the most decorative effect or the highest volume of lumber; it may also be 

a combination of the two, aimed at obtaining the highest value of the product. 

The whole operation which is cruciai to the economic results of the savmi11 

depends on the skill of the operator: there is no substitute for a well-train­

ed, experienced and conscientious head sawyer.

6. As a distinct from this type of sawing ny individual cuts where the dis­

cerning eye of the sawyer is required throughout the whole process, pre­

determined sawing patterns can be applied to utility woods sawn largely for 

construction lumber.

7. There are further possibilities for recovery increases through improve - 

ment of operations both before and after the main headrig. Among them are: 

log sorting in the yard or pond, proper log turning and positioning for the 

sawing pattern; protection of logs and lumber from fungal and insect attack 

and from checking and splitting through proper stacking, treatment and season­

ing of the wood material. All these measures do not require expensive facil- 

itiesjtheir success hinges on the skills and conscientiousness of workers and

•> Experts from industrialized countries with more homogenious forests, smaller 

diameter of trees,less variation in their size and more predictability of 

the quality of wood often make the mistake of trying to apply sawmilling 

technologies from temperate ¿ones to tropical countries.
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management.

8. The use of sawmill residues is still another means of increasing the re­

covery from the wood raw material. Slabs, edgings and trim ends are a potent­

ial source of material for artisanal operations. Solid wood residues couid 

also be used for pulping if the wood species are right and there is a pulp 

mill within economic transportation distance. This is usually feasible only 

in relation to large sawmills and requires debarking of logs and the install­

ation of a chipping machine. Residues could also be used for the manufacture 

of reconstituted wood panels if they are located in the vicinity of or inte­

grated with the sawmill, as well as for fuel to power prime movers kilns etc.

].k CHOICE OF EQUIPMENT

9. Selection of equipment is a major issue which is often not properly

dealt with in sawmills in developing countries. The appropriate choice of equip­

ment depends on the nature and volume of the wood resource; the type, quality 

and volume of production; labour availability and skills; and availability 

of maintenance services and spare parts.

10. In rruny cases, equipment had been selected wrongly at the planning stage. 

This applies, for example, to the choice of circular saws for cutting highly 

valuable logs such as Teak or Jacaranda. The excessive losses in precious 

wood in such cases could easily outweigh the initial savings in investment 

capital within a comparatively short period of time.

11. Similarly, excessive savings on auxiliary equipment often prove counter­

productive. Many mills in developing countries consist only of the heaarig 

which is the most expensive piece of equipment and edgers. But a resaw can 

double the output of the headrig and costs much less than a second headrig: 

in addition, it also usually cuts wood more economically.

o



Recovery and quality of production require the inclusion in mill design and 

proper functioning of other auxiliary equipment from logyard machines to the 

docking saw, green chains and seasoning and drying equipment and facilities.

12. Another type of error in the selection of technology and equipment con­

sists of designing a highly mechanised sophisticated mill in an area with 

abundant but unskilled labour, or selecting large capacity equipment for a 

mill with very limited raw material supply possibilities. Such "white 

elephants" are known in every region of the developing world. In some 

cases attempts were made to trove them to another area where conditions were 

believed to be more suitable: while they were indeed in some respects, in

others the contrary was the case. Eg. a richer forest would support the large 

capacity of the mill but the type and size of logs or market requirements 

would not be compatible with the equipment available. Once committed, the 

"original sin" would not be easily remedied. It is indeed essential that 

through independent advice and careful analysis such mistakes are avoided

in the first place and pressures towards adopting mesmerising but inappropriate 

id costly solutions be resisted.

13. All these errors have one feature in common: they are committed at the

design stage of the mill. But in a great many instances equipment correct­

ly chosen some time ago becomes inappropriate with the change of conditions 

which determined the original design of the sawmill. A circular headrig may 

be a fully justified choice for sawing small volumes of utility logs due to 

its lower investment cost and comparatively simpler operation and mainterance. 

But, as larger volumes of lumber are required for the growing market and 

skills are developed in the existing operation, a bandsaw headrig will prove 

technically and economically more appropriate. There are examples that entire 

countries embarked on a programme aimed at replacing circular headrigs with
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more wood efficient bandsaws. But in most countries circular sawmills con­

tinue to operate long after they outlived the technical and economic just­

ification for their operation causing unnecessary losses in wood raw material 

and producing lumber of lower quality than would be possible with the use 

of modern bandsaws.

1i+. The changing pattern of raw material is another important factor calling 

for an adjustment in the equipment and technology of the sawmilling industry. 

In many developing countries, especially in the tropical areas, the sawmill­

ing industry can no longer count on the sustained supply of large siz. hard­

wood logs from their over-exploited and partly destructed forests (examples: 

Nigeria, Paraguay). In fact, with the growing demand for sawnwood for domest­

ic and export markets, an increasing number of countries will face the same 

situation. Increasing attention has to be given in such cases to processing 

smaller size logs both from natural forests and from plantations."

15. Plantation programmes are expanding continuously and in many countries 

logs from them reached the size perfectly suitable for sawing. However, mill 

acsign and equipment selection must be different than in the prevailing num­

ber of presently operating sawmills built for large size logs from natural 

forests. Small size logs of decorative species are still best sawn with 

bandsaws, albeit of smaller dimensions. However, the homogeniety of plant­

ations and uniformity of log sizes provided by them create now opportunities 

for the wider application of gangsaws for the production of construction

1 umber.

16. There are also increased possibilities for integrated operations with

In addition, of course, attempts should continue to expand the use of 

hitherto unmarketable species.
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chipping of slabs simultaneously with sawing and conversion of chips into 

reconstituted wood panels within the same wood processing complex. There 

are highly encouraging examples of such integrated operations in some de­

veloping countries which demonstrate the possibility of total utilisation 

of wood raw material provided that markets for residue based products could 

be developed.

17. In addition to changes in the selection of the main sawing equipment 

there are a number of other adjustments required by the changing raw material 

pattern; they concern both down-stream and up-stream operations (including 

end-uses and marketing). There are no universally applicable solutions and 

each situation has to be examined and analysed individually before a decision 

on the best option is taken.

One positive example of a widely applied adjustment to the changing raw 

material situation id offered by Peninsular Malaysia, which, through a concert­

ed effort of industry and government and adoption of a v'rfety of measures, 

managed to expand the raw material base for sawnilling by processing small-size 

logs, trees from clearance operations etc. thus maintaining its position on 

both domestic and export markets. The majority of developing countries, how­

ever, still have to meet this challenge through the adoption of appropriate 

policies and their implementation.

1.5 TRAINING

18. Training of personnel for the sawnilling industry in developing countries 

is needed mainly at the level of operators and foremen. This can be achieved

"There is also a shortage of technicians and well-trained and experienced man­

agers, but this subject should be dealt with on a broader inter-industry level.
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through formal vocational training and on-the-job training.

19. Formal training must be part of the national educational system. Saw­

mill operators are best trained as mechanics first with subsequent specialisa­

tion in sawmilling operation and maintenance. Problems related to such train­

ing cannot be solved by individual mills; they require government involvement 

and cooperation of the whole industry. Most appropriate vocational schools 

within the country have to be identified and expanded by adding to them 

properly equipped sawmilling training centres. Depending on the size of the 

country and its existing and planned sawmilling industry, one or more such 

centres may be needed. Small countries may use trrining centres in larger 

countries or. by common effort, create sub-regional centres. Organisation

of sawmilling training centres, preparation of the required curricula and 

training of instructors could best be done by international organisations 

specialised in training activities. The eventual goal, however, must be a 

complete take-over of training activities by local authorities and local 

professionals and instructors.

20. On-the-job training of skills for the sawmilling industry should follow 

the period of formal training. At present, however, such training is often 

the only one available in most developing countries. International assist­

ance has a place in such type of training too, by facilitating the placement 

of candidates in most suitable mills and by training of trainers within the 

developing regions or in industrialised countries.

21. Training of saw doctors could be carried out at sawnilling training 

centres or at properly equipped large sawnilis. In addition, there is also 

a possibility of training saw doctors on the spot, in their own sawmills 

through mobile saw doctoring units consisting of instructors and a van with 

the necessary equipment.
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22. Investment in training and training facilities for sawmilling (and for 

other forest industries) primises to yield higher return than any investment 

in production facilities. Provision of trained personnel to sawmills would 

increase the yield and quality of their production as no other singl tech­

nical factor. Yet, despite formal recognition of the importance of the sub­

ject, there is still no consistent action in this field, no realistic programme 

for the future in most developing countries. In fact, there are few other 

subjects in the field of forest industries where the discrepancy between 

enthusiastic pronouncements and disappointing inaction would be greater. It 

is, therefore, imperative to overcome this negative "training syndrome" and 

embark on long-term, consistent and well funded prograrrmes in this field.

1.6 OTHER PROBLEMS

23. In addition to the three major groups of problems facing the sawmilling

industry in most developing countries listed in paragraph 2 , there are

a number of other problems which, although less common or pressing, need to 

be solved if this sector of forest industries is to make a full contribution 

to the economic and social development. In view of the inter-relation of 

various problems, some of them may be taken care of within the framework of 

solutions to the main problems. This applies particularly to issues which 

can be solved by training. There are also problems which, while not necess­

arily of great importance on a global scale, may nevertheless be crucial for 

particular countries. Some of the issues are therefore discussed below 

(paragraphs 2k to 30 )'.

2k.- Improvement and simplification of grading rules for forest products and 

broadening of their international acceptability

At a time of growing international trade in wood products, especially



in tropical timber, when products fron various developing regions compete for 

the same markets in both industrialised and developing countries it is import­

ant that the basic principles of their classification are uniform and general­

ly recognised. This would facilitate trade flows and strengthen the position 

of wood in world markets. There are grading rules at present agreed upon by 

groups of producing countries and tied to specific export markets but, general­

ly, they do not have the global character required by the world-wide nature 

of the trade in wood products. In addition, there is also a need for develop­

ing grading rules for countries producing exclusively for domestic markets.

It would be wasteful to use international grading rules for such purposes; they 

should be designed for local wood species and local uses and be acceptable to 

both producers and users thus facilitating trade in forest products.

Grading rules would be meaningless without graders and grading inspectors. 

Development of skills for these functions requires special training programmes.

25. - Improvement of the utilisation of the producion capacity of sawmills.

The degree of capacity utilisation is low at present, often between 

30 and 50 %. This is partly due to technical and human factors within the 

mills which could be taken care of through training, better maintenance and 

investment; a major role is played here by the insufficient log supply. This 

is a matter which requires the mill management to analyse the causes of log 

shortages and press for remedial actions or to undertake such actions if the 

sawmill is integrated with logging operations. Securing a steady -md sufficient 

raw material flow into the sawmill is of equal importance to the mill's econ­

omic success as the operation of the mill itself.

26. - Up-grading of quality of lumber from small and insufficiently equipped 

sawmills through additional processing at central timber yards.

At such yards, defects are cut out, lumber seasoned or kiln-dried
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and, in certain cases, planing or molding operations are carried out. Such 

central timber yards run as cooperatives or independent enterprises usually 

perform also marketing functions.

27. - Improvement of the output and quality of production of mobile sawmills 

through combining their operation with central, stationary re-sawing facilities.

Mobile sawmills based on circular saws usually have a low recovery 

ratio and generally, produce low quality lumber. They are mostly employed 

for salvage operations connected with land clearing schemes, road building 

projects, etc. The result of the operation could be improved if the mobile 

saws were confined to the production of intermediary products such as cants 

or flitches, which in turn would be converted into final sizes of lumber with 

more precise stationary re-sawing facilities.

28. - Increased contribution to rural development .

A sawmill usually located in a rural area and in constant touch with 

the local population through its labour force is ir. an excellent position 

to contribute to the social and economic development of the rural community.

¿7 supplying low priced lumber and large size residues local secondary process­

ing facilities could be promoted providing joinery, furniture, fencing,hous­

ing components etc. to the neighboring markets. Wood residues could be used 

as domestic fuel and medical and other social facilities of the mill be made 

available to the local population.

29. - Expanded use of lesser known wood species .

Sawmills have an opportunity and an obligation to co-operate with 

appropriate authorities of the country in mitigating the effects of "forest 

creaming" (harvesting of the most valuóu.„ tree species). This could be done 

by trial sawing of lesser known species and promotion of their experimental

13



uses by the local population. Since such timber could be sold at cost value, 

the whole activity could have an additional effecllof boosting artisanal manu­

facturing and contributing to the well being of the local population.

30. - Integration of sawmills with down-stream industries.

Such integration results in better and fuller wood utilisation and 

produces increased value added to the total operation. This is to be consid­

ered for larger sawmills conveniently located in relation to markets for such 

secondary wood processing products as joinery, housing conponents etc. Such 

integration also helps in the promotion of lesser used species which could 

be utilised in aocordance with their properties and end-use requirements and 

with disregard of their botanical identity.

1.7 SEARCH FOR SOLUTIONS

31. As mentioned in paragraph 3 the various problems of the sawmilling in­

dustry in developing countries are largely inter-related, and this feature 

will have to characterise also solutions. While principal attention should 

be given to main problems listed in paragraph 2 some of the other problems 

discussed in paragraphs 24-30 may fit into proposed solutions with only minimal 

additional expenses.

32. Basically, two types of analyses would have to be carried out before

preparing proposals for specific solutions: (a) analysis of appropriateness

of the equipment in relation to the various factors determining its choice 

such as: the type of raw material and its changing pattern; market requirements, 

availability and skills of labour, (b) analysis of training needs and opport­

unities including*,the determination of the most important areas of training 

(eg. saw doctors, head sawyers etc.); review of existing vocational facilities

14



within the country which could be adapted to or expanded for such training; 

possibilities of on-the-job training within the country or abroad.

33. Solutions proposed on the basis of these analyses would have to be 

prepared in both qualitative and quantitative terms including costing and 

cost-benefit calculations. Such an approach would be helpful at a later 

stage in preparing loan applications for the implementation of the programme. 

3*+. For countries with insufficient expertise of their own, international 

assistance may be required for the analysis of the situation and preparation 

of exemplary solutions for typical sawmills. Inevitably, solutions would have 

to contain both technical and investment aspects as well as recommendations 

related to manpower development.

35. I1" is advisable that studies of the proposed type be carried out by 

teams of specialists from the same region or sub-region, or at least with 

the inclusion of such specialists in the teams brought in from outside the 

region. This would not only help in formulating realistic proposals com­

patible with local social and technical realities, but also strengthen the 

'¿gional self-reliance in the saMnilling sector.

36. The inclusion of counterparts from the country concerned in all staoes 

of the work is essential. Such involvement would allow local profe-

to get on-the job training and later on follow up on the implements

the proposed solutions and carry out similar activities in relation to other

sawmi11s.

37. The magnitude of the problems involved will usually require long-term 

work on their solutions and therefore it is advisable to institutionalise 

these activities by including them into the programme of an appropriate nation­

al organisation responsible for forest industries development.

1 5



2. pLvunnn auj V£NEER

2. I GENERAL

38. Plywood is the oldest type of wood based panels and still accounts for 

about 40% of the volume of all panels produced around the world. Plywood 

and veneer have the highest requirements from the wood raw material among all 

primary forest products. Over the decades, however, the continuous growth

in production led to the general depletion of the high quality and large 

size logs on which the plywood industry was traditionally based. The trend 

is world-wide, but the degree of its influence on the industry varies depend­

ing on the size and type of forest resources in different regions of the develop­

ing world.

39. South East Asia is endowed with forests which are the best and richest 

source of peeler logs for the plywood industry in the developing world. They 

have a comparatively limited number of species per hectare and an abundance 

of large size logs mostly of good quality although in some areas they tend

to have soft or rotten hearts and other defects. Most of the other developing 

countries of Asia have insufficient forest resources capable of supporting 

only a limited development of the plywood industry. A few of them, however, 

managed to build an impressive plywood industry based on imported logs; with 

the gr /ing trend towards expanding processing in log producing countries 

their situation is becoming mo-'e and more precarious.

40. West and Central Africa is another rich source of precious logs for 

plywood and veneer. However, forests there are much more heterogenious and

in many countries most precious species had been depleted in easily accessible 

areas due to exports to Europe. East Africa has very limited natural forests 

but successful plantation forests capable of supplying the industry with small 

size logs.

16



Ul. in tropica] areas of Latin America, forests are still very rich but 

extremely heterogenious, with many species difficult to peel. Inaccessibil­

ity of some of these forests and large distances from ports and human settle­

ments make the development of industries based upon them generally difficult.

The subtropical part of this region is much poorer in forests, but wherever 

they occur they do not form an attractive base for plywood industries due 

to the great number of species, many of them unsuitable for plywood. In the 

moderate climate part of Latin America some countries possess softwood forests 

and successful softwood plantations on which special types of plywood product­

ion can be based.

^2. Despite the extreme differences in the availability and type of wood re­

sources suitable for plywood manufacture among the various parts of the develop­

ing world, the general trend is common to all of them: the volume of peeler

logs available is diminishing rather rapidly and their quality is deteriorating 

constantly with respect to size, shape and occurence of defects. Even in the 

forest rich countries engaged in large exports of logs and forest products, a 

shift towards logs of lower quality and size is taking place gradually but 

continuously as largest and best logs are removed from forests in more access­

ible areas.

2.2 MAIN PROBLEMS

1*3» The industry is facing a considerable change in the pattern of its raw 

material. The adjustment of the industry to this new situation is all the 

more important that the demand for plywood is growing continuously.

L'k. Due to the diversity of conditions among the various developing regions, 

the responses of the industry to the changing raw material situation and the 

possible solutions vary considerably. The situation is even more complex due

17



to the need of the industry to meet at the same time requirements of the market 

for improved properties and a wider variety of products. Conditions are never 

static, changes are occuring continuously and adjustments or restructuring of 

the industry must be efficient and timely. This requires highly skilled 

personnel at all levels.

In view of the foregoing, the principal problems of the plywood industry 

can be defined as follows:

- The changing pattern of the wood raw material which requires deep 

adjustments or complete restructuring of the industry.

- Scarcity of qualified personnel, especially skilled operators, main­

tenance personnel and technicians which calls for a variety of train­

ing programmes.

2.3 THE CHANGING PATTERN OF THE WOOD RAW MATERIAL RESOURCE

2.3*1 PLYWOOD

i*6. The changes in the raw material base have been causing continuous shifts 

in its use. In hardwood plywood the shift has been towards logs with smaller 

sizes and wider acceptance of certain defects. In softwood plywood there has 

been a continuing growth in the use of small diameter coniferous logs, particu­

larly from industrial plantations, for the manufacture of construction grade 

plywood. Throughout the industry there has been a strong pressure for high­

er recovery rates from raw material. These trends resulted in and have been 

supported by a whole myriad of technical and technological innovations the 

understanding of which is essential for properly defining the future of the 

industry. A review of these developments together with the indication of 

the problems they can solve is contained in the following paragraphs.

1*7. The shift towards lower quality and smaller size --aw materials was

18



possible through considerable development' in machinery and technology to meet 

this challenge. Without these developments, and without the determination of 

plywood manufacturers to adopt them consistently and increasingly, the de­

cline of the plywood industry would be inevitable.

*♦8. The predominant feature of the progress in the plywood industry has been 

the improvement and refinement in equipment and technology of processing small 

size peeler logs. This development started in industrialized countries. It 

made it possible for Finnland to maintain and expand its plywood industry based 

on birch logs with gradually decreasing diameters. It also enabled the 

southern pine plywood industry in the United States to meet the growing demand 

for construction plywood (to achieve this, the progress in the development of 

high speed chuck lathes had to be combined with the development of special 

drying and gluing techniques). Similar developments have been introduced in 

some developing countries and carry a promise of considerable expansion of 

their plywood industries based on plantation raw material and small size logs 

from natural forests.

*t9. The success of plywood production based on logs from man-made forests 

underlines the inseparability of planning the future development of plantations 

and industries based on them. This applies not only to the size of plant­

ations, volumes and age classes of trees etc., but also to specific silvi­

cultural measures, such as tree pruning, aimed at obtaining a log quality 

most suitable for plywood production. Governme.it involvement is essential 

for encouraging such long term planning of plantations and industries through 

appropriate guarantees to concessions holders, fiscal and financial incent­

ives etc.

50. The Australian plan for reorienting their plywood industry to structural



grade plywood based on plantation logs which contains concrete technical and 

technological details on manufacturing and uses, measures for financing, ways 

of promotion etc., may serve as an example of a rational approach towards 

solving long range problems of both industry and raw material supply develop­

ment. In developing countries, simi1ar programmes will have to involve 

governments to an even greater extent since; in addition to integrated planning 

of industries and industrial plantations, markets for structural plywood 

would depend on large housing schemes usually financed by governmental agencies.

51. Peeling of small size logs results in much reduced output as compared to 

large size logs. This drawback las to be offset by high efficiency of the 

operation in order to make the production economical. Machines and systems 

have been developed which made processing of small size logs not only tech­

nically possible but also extremely fast and efficient. High speed automatic 

peelers are equipped with dual hydraulic spindles and back-up rolls to enable 

them to peel down the log to a smaller core. High speed charging facilities are 

equipped with centering devices which help in obtaining higher veneer out­

put from the raw material. This technology enables to process economically 

pine logs with an average diameter of 30 cm. or birch logs with an average 

diameter of 20 to 25cm and peel them down to restroll diameters of 6 to 7cm.

The efficiency of peeling is three logs per minute. While these spectacular 

results may not be exactly repeatable in most developing countries due to

the different characteristics of their fast growing trees, the wider acceptance 

of this trend will be highly beneficial for the development of their plywood 

i ndustries.

52. Small size logs increasingly processed by the plywood industry include 

not only logs with smaller diameters but also with smaller length. Acceptance



of short logs which can be cut out from defective stems increases considerably 

the raw material base of the Dlywood industry but requires an additional 

operation in the production process. In order to provide longer veneer sheets 

required for the standard sizes of plywood, the short ends of the veneers 

are scarfed and glued together. Equipment for this operation has bean im­

proved to match the general efficiency of the whole production line. In 

general, peeling of short logs and scarfing and gluing together of short pieces 

of veneer is one way of expanding the raw material base for the plywood ind­

ustry in wood poor (and poor wood) countries.

53* The trend in peeling tropical hardwood logs from natural forests is also 

toward better log utilisation and more efficient operation. Peeling li ies 

for such logs include now log centering and charging devices, lathes operating 

with stepless drives and equipped with hydraulic clamping, telescopic spindles 

back-up rolls, and devices for fast changing of veneer thicknesses. Round-up 

veneer is removed from the lathes by conveyers for further usage (clipping or 

chi ppi ng).

-u One of the important defects of some tropical hardwood logs which usually 

makes their economical peeling difficult or impossible is a spongy, rotten 

or hollow heart. Such defects make the end-clamping and drive at the spindles 

in conventional peelers difficult. A Japaneese made side-drive peeler avoids 

this problem by using a series of spoke-wheels which act on the circumference 

of the logs for driving and pressing them to the knife thus reducing signif­

icantly the pressure at the spindles. This new peeling technology enables 

not only the use of defective logs but also of smaller diameters (from AO cm); 

it also secures a good recovery rate by peeling to a core size of 10 cm.

Peelers of this type have been already introduced in developing countries and 

their wider application will go a long way towards expanding the raw material
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55. Under the pressure of the diminishing raw material base the plywood ind­

ustry had to accept not only lower sizes and qualities of logs but also a 

greater variety of species. For example, the plywood industry of India faced 

with a low capacity utilisation due to scarcity of raw material increased the 

number of species used from 12 to bO within the last 15 years. In addition,

20 further species are being tested, many with promising results. This widen­

ing of the range of species was accompanied by lowering the minimum diameter 

of logs from 60 cm to 30 cm and by dropping the old requirements for a cyl­

indrical shape of logs. Another outstanding example of successful expansion 

of the range of species for peeling is provided by Peninsular Malaysia which 

uses now kO species for core veneer and 12 species for face veneer. Adopting 

of similar programmes will be necessary for many other developing countries

in order that their plywood industries can survive and expand. The adaptation 

of technologies to a variety of species requires special investigations and 

measures applicable to specific conditions. In Japan, for example, a tender- 

izer is being used for eliminating stresses created during the peeling and 

drying of veneer from south-east Asian wood species with the resulting increase 

in yield. In all cases there is a need to adapt the technological process to 

the particular species with respect to the type of glue,pressing cycle and 

other process variables.

56. Veneer driers are still the most common bottleneck in plywood mills.

Drying of veneer without degrade and with the efficiency required by the 

competitiveness of the market has led to the increased use of endless dryers 

directly connected with the peeling operations through varying speed conveyers. 

Flexibility is rendered to the drying process by using endless dryers for face

base of the plywood industry.
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veneer and roller dryers for core-veneer and round-ups.

57. Control of moisture content of veneer is of critical importance to pro­

per bonding and avoidance of failures ir. the final product, and in this respect, 

could be linked directly to the recovery from wood raw material. Overdried 

veneers absorb too much water from the glue mix at a later stage of the pro­

duction process resulting in a weak bond. Excessive moisture in veneers can 

cause steam blisters, warping and delamination. Therefore, properly operating 

continuous moisture detectors are essential for keeping the share cf defect­

ive plywood to a minimum. It is also important that in cases of pronounced 

differences between sapwood and heartwood veneers produced from them are dried 

in separate batches.

58. Glue is an expensive component of plywood but even the best glue can not 

prevent gluing deficiencies in plywood if the glue spread is uneven or im­

proper. !n order to secure optimum glue spread, nigh quality spreaders have 

been developed, equipped with soft and hard rubber rolls with special grooving 

dasiqned for specific adhesives and with pressure control for rolls.

59. The lower quality of logs often results in a high proportion of narrow 

veneers. If these are fed through the center of the glue spreading machine, 

they cause accelerated wear cf the rubber covered rolls with the resulting 

uneven spread of the glue. In order to avoid this, narrow veneer strips should 

be spliced into wider sheets using the full width cf the glue spreader. This 

will help to avoid considerable losses in final product resulting from bond­

ing failures.

60. With the general deterioration of the raw material the proportion of logs 

suitable for face veneers is diminishing causing an imbalance between the qual­

ity of face veneers and core veneers required for the final product.

Solutions are sought through peeling
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of thinner face veneers; the flexibility in the system of dryers (mentioned 

in paragraph 56). is also of help. Another solution which can be

sought in response to this trend in the raw material quality is the change 

in product specification favouring larger thicknesses; this, in turn, would 

normally call for larger daylights in the hot presses; but since pre-presses 

are now widely used, larger daylights in main presses are not necessary.

61. Clipping of veneers is often a source of considerable losses of precious 

wood. Very accurate clippers have been developed using scanners and elect­

ronic control which reduce the losses to a minimum. However, traditional 

equipment (guillotines or cutterhead jointers) if carefully operated,can also 

exercise the cut without excessive wood losses; they would be preferable at 

this stage in developing countries.

62. Veneer mending including patching and plugging is a highly labour in­

tensive operation since most mechanical equipment is not satisfactory. This 

operation offers considerable possibilities for accepting lower quality wood 

for face veneers for various types of plywood including construction plywood.

63. Yield of final product from peeler logs varies among ccuntries even if 

they use the same type of logs. Eg. in large log producing countries of 

South East Asia, the yield amounts to kS to 50 percent with the best among 

them like Malaysia reaching 55 percent; Japan achieves 65 percent from logs 

imported from the same countries. This is a result of a large concentration 

of the best technology and equipment, skilled workers, and experienced man­

agement. Also, marketing aspects play a role here; by adopting smaller sizes 

of plywood sheets, losses in log trimming are considerably reduced. Tie best 

results of some countries today must begin setting goals for other countries 

in the future if the challenge of the deteriorating raw material base for the
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6k. Integration of plywood mills with sawmills can result in the increase 

of log supply for plywood production through cutting out high quality sections 

of logs destined for sawing. In view of the higher prices of peeler logs as 

compared to saw-logs, this procedure improves considerably the financial re­

sults of the integrated operation.

65. A comparatively recent development for maximizing the recovery from val­

uable peeler logs is a composite panel with veneer faces and a core of part­

icles. Such panels resembling typical three layer plywood and often called 

particle-core plywood serve a number of the same uses as veneer-core plywood. 

Since the core is made of residues generated during the production process, the 

total surface of panels is approximately double the surface of veneer-core 

plywood produced from the same volume of logs.

66. Composite plywood is introduced only in some industrialized countries, 

so far. It may carry a promise for some developing countries in the future.

At present, however, more attention should be given in developing countries 

to '.he expansion of production of solid wood-core plywood or blockboard with 

a core composed of narrow strips of solid wood. Since the strips are cut 

out of large residues (including the peeler core) this type of panel also in­

creases the yield from legs. Blockboard is as old, historically as veneer- 

core plywood, has well established uses and is cheaper in investment and man­

ufacturing than particle-core plywood.

2.3.2 DECORATIVE VENEER

67. Wood raw material for decorative veneer is becoming even more scarce than 

wood for plywood. With the recurrence of the trend towards natural rather than

plywood industry is tw be met efficiently.



artificial panel surfaces the demand for decorative veneers is strong and 

prices are growing continuously. This set of conditions creates the pressure 

on the industry for a higher recovery from raw material and a higher yield 

of the final product.

68. The main machine for producing decorative veneer is the slicer. The 

choice in slicers is among horizontal, vertical and slanted machines.

Horizontal machines are considered most precise, vertical most efficient 

and slanted machines occupy a position between the first two.

69. New types of slicers are equipped with a vacuum table for flitches. This 

eliminates clamps and makes it possible to slice down flitches to a very thin 

rest plank raising the recovery considerably.

70. Production of decorative veneer through excentric peeling occupies a 

separate position in this field anti is aimed at mass production and high 

recovery.

71. As in few other sectors of forest industries, the success in the manu­

facture of decorative veneers depends on the particular knowledge and ex­

perience of key personnel related to specific wood species and markets.

There are considerable differences in opinion as to the best ways of carry­

ing tut some of the steps in the production process which often follow decades 

of experience of the oroducing companies. One subject of differences of opinion 

is the process of softening of wood. Some companies achieve this by cooking; 

others by steaming. While cooking maintains the wood moisture and softens it 

effectively, in some species it may affect the colour. Steaming, on the other 

hand, usually causes the undesirable loss of wood moisture, but does not 

affect its appearance. In practice, the way and length of wood heating before 

slicing depend on the properties of the particular species and are decided
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upon based on the company's experience.

72. One way of increasing the total surface of decorative veneer from a 

given volume of logs is through reducing the thickness of veneer. Technology 

in this respect has been greatly perfected in some countries, particularly 

in Japan, where special horizontal slicers can produce veneers 0.2 mm. thick. 

Such extremely thin veneers, however, not only require special quality of 

wood, but also involve changes in the technology of veneer application. There­

fore, their production does not seem attractive to developing countries at 

this stage.

73« In general, technical developments in the field of decorative veneer have 

not been as significant as in the field of plywood production. The key to 

success is still well trained and experienced personnel not only for such 

key functions as flitch cutting but also for other operations as well, includ­

ing veneer drying, slicing sorting, storing and packing.

74. Conversion of logs into decorative veneer provides the highest value of 

the output among all primary forest industries. Therefore, their expansion is 

attractive to developing countries with a sufficient raw material base. For 

new industries, the initial operations and marketing are best carried out in 

conjunction with an already established and experienced company. Such connect­

ion would also enable the new operation to follow changes in fashion and pre­

ferences which are decisive for this industry with respect to export markets.

2.4 TRAINING

75. Technology of plywood manufacture is fairly complex. It involves a number 

of operations closely related to properties of wood: wood softening, peeling,

slicing, drying, gluing and pressing: all of them require adjustments or changes
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depending on the wood species processed. The need for such changes is greater 

at present than in the past, in view of the changed pattern of the raw mater­

ial supply. To meet this challenge, a great variety of machines and technol­

ogies have been developed, end product diversified and new uses promoted. The 

success in adjusting the industry to the new situation and providing high 

quality panels despite the deteriorating raw material situation depends to a 

large extent on the availability of skilled workers, technicians and managers.

76. Training of operators of the main machines, particularly for peelers and 

slicers, dryers, presses and surface finishing lines should be carried out 

through formal training and on-the-job training as suggested for the sawnill- 

ing industry in paragraphs 19 and 20. However, there are fewer plywood mills 

in any country than sawmills and equipment is much more diversified. Therefore, 

training for the plywood industry has to bear some special features.

77* Training centres, preferably attached to oucstanding vocational schools 

would have to have a sub-regional character. Only few countries with large 

plywood industries are capable of supporting strictly national centres. Since 

the establishment and operation of truly international training centres usu­

ally involves protracted and not always successful negotiations, simpler solut­

ions may be adopted in the form of national training centres serving sub-reg­

ional needs on conditions mutually agreed upon by participating countries. The 

natural choice of location for such centres would be countries with strong and 

diversified plywood industries which could provide on-the-job training.

78. In each developing region plywood mills or integrated forest industries 

complexes can be found with most rational and modern equipment, appropriate 

technologies, good management and excellent technical and economic performance. 

Indeed, some of these mills are equal in every respect to some of the best

28



mills in industrialised countries. With the proper cooperation of the industry 

they could form a perfect basis for on-the-job training on a national or 

sub-regional scale.

79. Emphasis should also be given to training of instructors abroad which is i 

usually facilitated by the machine suppliers. Such training, usually lasting

from a few weeks to a few months should be followed in the country. The best 

opportunity is provided by the installation of equipment and start-up of new 

mills. The responsibility for this stage of training rests with the sunpliers 

of equipment and know-how.

80. Training of technicians usually involves imparting specific knowledge 

of the plywood industry to wood technologists. This is done through formal 

training courses run by Consulting Companies, Institutes or Universities and 

by on-the-job training in several industrial operations with a wide range of 

technical and technological conditions.

81. Ir. view of the importance of trained personnel for the plywood industry 

both government and industries must be involved in the promotion of training 

facilities, preparation of programmes and in securing a high level of the 

teaching staff. The eventual goal should be the development of local teaching 

staff for the bulk of the teaching pro. gramme with the short-term use of 

visiting teachers for highly specializes subjects.

82. Activities aimed at the promotion, expansion and improvement of training 

for the plywood industry are hampered by the insufficient information about 

the existing training institutions and facilities, their training systems and 

curricula, the quality of their staff and teaching aids. There is also in­

sufficient knowledge of present and future requirements for skilled workers 

and technicians. Systematic action aimed at overcoming these shortcomings
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is an essential prerequisite for sound training and education programmes for 

the plywood industry, both nationally and internationally. Assistance in 

this field should be sought from international organizations responsible 

for manpower development.

2.5 OTHER PROBLEMS

83. In addit’on to the main problems facing the plywood industries in developing 

countries of a global importance, there are a number of issues common to 

certain sub-regions or confined to individual countries. Several of them

are related to the main problems and could be taken care of within the same 

framework of solutions. They will be briefly discussed in the following 

paragraphs.

84. Several forest rich countries particularly in South East Asia, which 

are the main producers and exporters of peeler logs for the plywood industry 

embarked on a programme aimed at the expansion of their own wood processing 

industries with the simultaneous reduction of log exports. This poses two 

problems. Firstly, the plywood industry in thase countries will have to 

reach a high level of quality and efficiency so that the product can success­

fully compete on international markets. Investment capital for the expansion 

of these industries is already flowing to these countries from the former 

importers of logs and this makes it possible to build mills with the best 

equipment and the most suitable technologies. The real issue, however, will 

be the training of personnel which could properly use all this new technical 

potential. The possible ways of training were discussed earlier in this paper. 

The second big issue related to the shift of industries towards the raw material 

source is the great accumulation of residues amounting to 30 % to 50 % of the
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total roundwood input. Larger solid wood residues could be converted into var­

ious products for domestic markets (furniture, stock, joinery elements, pack­

aging etc.). Smaller residues could be used partly for power or heat gener­

ation in the mills themselves. But a large part of them will have no obvious 

economical outlet. In industrialised countries, such residues are often 

used for reconstituted wood panels such as particle board or fibreboard. But 

markets for these products in developing countries are very limited at present 

ahd need to be developed through consistent and long-term efforts.

85. It is generally considered that the shift of industries from log import­

ing countries to log producing countries will create a big opportunity for 

the fuller utilisation of the raw material resources. Export logs for the 

plywood industry are produced in accordance with rather high quality require­

ments of importing countries leaving large volunes of lower quality trees un­

utilised or used for lower value purposes (eg. for sawlogs). Local product­

ion will enable the use of a wider range of log qualities for plywood, the 

lower grades of which would be sold on local markets.

86. Another effect of the trend towards limiting log exports is the con­

siderable expansion of trade in a semi-product in the form of peeled veneer. 

Export of peeled veneer instead of logs constitutes a very useful first step 

towards forest industrialisation in some developing countries, while leaving 

part of the production facilities (veneer drying, jointing, gluing, lay-up, 

pre-pressing,pressing) in hitherto log importing countries. Such countries 

are trying to compensate the partial loss of processing by building up 

secondary surface finishing facilities (coating, printing, overlaying with 

various types of films etc.). The same trend is noticeable in "transit pro­

cessing" countries eg. South Korea, Singapore, China (Province of Taiwan).
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From the point of view of the developing countries, this intermediate stage 

alleviates their investment and training problems but leaves them with the 

full problem of the rational utilisation of the wood residues.

87. With the considerable expansion of plywood industries planned in many 

developing countries, mainly based on urea-formaldehyde adhesives, there 

will also be an increasing problem of formaldehyde release not only during 

the hot pressing but also from finished plywood panels especially when used 

in enclosed spaces. Formaldehyde in air, even in small concentrations is 

not only an irritant but also may pose some health problems. The respon­

sibility for ill effects of formaldehyde given off by resins in the panel lies 

with the producer. This has been an important preoccupation of the industry 

in developed countries. The situation has been improved by the new formulat­

ions of the urea-formaldehyde resins. Developing countries will have to 

avoid the possible difficulties in this area by adopting the newest solutions 

developed in advanced countries and carefully following the further progress 

in this field.

88. Developing countries with limited wood resources and small markets can 

justify the establishment of plywood mills with only small capacities. Al­

though simplified designs of such mills have been developed, their economics 

may often be marginal. In order to improve the economic indicators for such 

small mills, integrated complexes should be considered, producing a variety

of wood products and using coninon facilities for power generation, maintenance 

etc. Such integrated "wood processing centres" exist in several developing 

countries and are successful both technically and economically.

2.6 SEARCH FOR SOLUTIONS

89. The main problems of the plywood industry in developing countries listed
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in chapter2.2 must be solved simultaneously at the technical and educational 

levels. The impressive developments and innovations in machines and tech­

nology of plywood manufacture gave the industry sufficient means for adapt­

ation to the deep changes in the raw material pattern. But the proper use 

of these means depends on the parallel development of human resources, on 

their skills and experience.

90. In view of the profound differences between various groups of develop­

ing countries no single solution can be applied to solving the basic problems 

of their plywood industries and securing their accelerated development. Gener­

ally, at least two types of approaches will be required: (a) countries which

have had a rich raw material base for the plywood industry in their natural 

forests, but suffer from the progressing depletion of the best logs, must 

concentrate on the adjustments and innovations which will make possible the 

use of logs with lower dimensions and qualities, processing a wider range

of species and obtaining higher recovery from the raw material input, (b) For­

est poor countries and countries which already have depleted their raw material 

resources traditionally used by the plywood industry, should prepare plans 

for a total restructuring of their plywood industries or building them 

anew based on a new type of raw material in the form of small size logs from 

plantations and natural forests.

91. Plans and programmes for solving problems impeding the development of 

plywood industries must be based on a thorough analysis of the progress made 

in technologies and equipment for plywood manufacture and its applicability 

to the specific situation in individual countries. They must also take

fully into consideration the trends and prospects of domestic and international 

markets for plywood and the growing diversification of panel types and finishes.
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An inherent part of such programmes must be a preliminary financial and economic 

analysis which will facilitate obtaining financing for the implementation 

and proposals for training skills and technicians.

92. The extensive and intensive work required for the preparation of these 

programmes calls for involvement of the best experts from industries and re­

search organisations, consulting companies and equipment manufacturers, econ­

omists and educators. In addition to foreign expertise, concepts and ideas 

have to be solicited from within the country or the region, particularly 

from existing operations known for their high technical level and outstanding 

performance.

93. It is essential that programmes and plans for the development of plywood 

industries become part of overall forest industries development plans and 

incorporate to the extent possible the concept of integration of various types 

of production within one processing complex. Such integrated operations (eg. 

plywood production combined with sawmilling and a particle board or fibreboard 

mill) not only require lower investment expenditure as compared to separately 

built mi M s  but are also more economical in operation and enable the most 

rational use of the wood raw material. Forest industries development plans 

have to be prepared in conformity with the national goals and priorities and 

make the optimum contribution to the social and economic progress of the 

countries concerned.

9^. International assistance from appropriate United Nations Agencies in the 

preparation of development prograrrmes for plywood and other forest industries 

will be required for countries with insufficient expertise or financial means 

of their own. A global approach to the solution of the various problems could 

result in considerable savings by preparing typical model solutions which would



then be adapted to specific needs of countries with similar conditions.

95. Countries receiving international assistance for examining their plywood 

industries and preparing plans for their restructuring or adaptation to the 

changing raw material supply should include their professionals in all stages 

of this work. This will enable their effective on-the-job training and 

facilitate follow-up activities at a later stage.

96. As in the case of sawmilling (see paragraph 37) there is a need to

attach these activities to a national institution responsible for economic 

planning within the country. Many measures will require an interdisciplinary 

approach and be of a long-term nature, for example, the establishmont or ex­

pansion of man-made forests as a source of raw material for the plywood in­

dustry, silvicultural measures, production of adhesives by the chemical

industry, training of personnel, promotion of large scale outlets for the 

product through housing schemes etc.
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3 . RECONSTITUTED WOOD PAN ELS

3.1 GENERAL

97. The two types of reconstituted wood panels, particle board and fibre-

board are much more modestly represented in developing countries than ply­

wood: In 1980, plywood production in developing countries represented 19.1%

of world production while particle board constituted 5.6% and fibreboard 

10.5%. Reconstituted wood panels have been largely the products of the in­

dustrialised countries.

98. One overriding reason for this situation has been the fact that recon­

stituted wood panels can be produced from much lower quality raw material than 

plywood including a variety of residues. There has been an ample availability 

of this kind of wood raw material in industrialised countries while high qual­

ity wood was becoming more scarce and expensive. At the same time, the demand 

for wood based sheet materials for the expanding economies was growing contin­

uously. This set of conditions resulted in an unprecedented growth of panel 

industries based on reconstituted wood. This is particularly true of part­

icle board. As compared to plywood, this is a comparatively young product, 

started in the 1950's; yet, in 1980, its production worldwide reached the 

same level as plywood (over **0 million m3).

99» The same factors which favoured the expansion of reconstituted panels 

in industrialised countries - availability of raw material and markets-were 

hampering in the past their growth in developing countries: many of them

still had enough raw material for sawnwood or plywood traditionally pre­

ferred in their markets ana requiring for their production lower investment 

and manufacturing cost and compariLively lower level of skills and manage­
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ment. Local markets, served by these products, had little room left for new 

types of products for the same end-uses.

100. There are signs in recent years that the situation is getting more favor­

able for reconstituted panels, at least from the raw material point of view.

In forest rich developing countries a considerable growth of primary forest 

industries - sawmills and plywood mills - is expected to replace exports

of logs wi i_h processed products and cater fa the domestic markets. This will 

create large concentrations of residues which could be used for the manufact­

ure of reconstituted wood panels. In forest poor countries, the growing dom­

estic demand for forest products will have to be met( in time, by reconstit - 

uted wood products which can be manufactured from low quality and small size 

logs, tree branches, logging residues and residues from existing wood based 

industries.

101. While the changing raw material situation is increasingly conducive to 

the expansion of reconstituted wood panel industries in developing countries 

a number of constraints are still in force. They will be discussed in the 

following section of the paper together with other aspects influencing the 

development of these industries.

3.2 PARTICLE BOARD

102. The particle board industry has undergone a considerable change in its 

raw material pattern over the last two decades. The supplies of previously 

favoured raw materials in developed countries declined as a result of the 

competition from pulp and paper industries and of the growing demand for the 

final product. The industry was forced towards more diversified and inferior 

raw materials.
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103. As the supply of raw material to particle board mills was getting more 

varied in type and quality the equipment needed to reduce it to suitable 

particles was also becoming more diversified and versitile. This applies 

to chippers, hammermil1s, atmospheric and pressurizes refiner^, ring-, drum- 

and disc flakers. Developments in this equipment created the present situ­

ation in which practically any type and shape of residues, from mills and from 

forests can be converted into particle board. This makes this industry one 

of the major contributors to the full use of the wood raw material resource. 

10**. The particle board industry can now use mixtures of tropical hardwood 

species,mixed thinnings from broad leaved and coniferous plantations. Only 

extra dense hardwoods with a high silica content are to be avoided because of 

the knife wear and high energy consumption (they are more easily process­

ed for fibreboard). A certain proportion of multilayer particle boards 

still require small-size roundwocd for large "engineered" flakes necessary 

for the special appearance of surface layers of the panels. But the general 

trend is towards the use of very small particles for the outer layers which 

provide a smooth surface particularly advantageous for covering it with 

thin veneers or thin decorative films. These fine particles can best be 

obtained from previously unutilisable residues such as sawdust or shavings 

processed in attrition mills.

105. The most conmon way of processing various solid wood residues is by 

chipping them and then converting chips into particles in a ring flaker; 

these particles are suitable for the core layer of the board while particles 

for the surface layers need additional grinding.

106. The use of different types of raw material in the same mill involves 

the installation of different machines for particle production. Eg. a plant
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designed for sawdust and shavings cannot use solid wood residues. More 

machines affect the investment and production cost. Also, using a mix of 

species results in higher operation costs: to keep the properties of the

board uniform a steady composition of species mix is necessary and this 

requires a number of measures, the final result of which is the higher cost 

of production. Therefore, while a diversity of types and species of raw 

material is possible, a more homogenious input is always preferable.

107. The enormous advantages of the particle board industry with respect to

the wood raw material requirements are partly offset by the high cost of 

another basic input: binders. Two types of synthetic adhesives are basically

used in particle board production: urea-formaldehyde (UF) and phenol-formal­

dehyde (PF).

108. Modifications in resins made in th~ iast decade resulted in improvement 

of various properties of panels such as water resistance, strength, etc and 

in their more economical application. One improvement concerns the reduction 

in the release of formaldehyde which may cause similar problems as in urea- 

formaldehyde bonded plywood (see paragraph 87); the importance of this im­

provement is underlined by the fact that the amount of the resin in particle 

board is two to three times higher than in plywood.

109. There has been a trend towards producing glue by the particle board 

plants themselves. Normally, glue contains about 35% water which makes trans­

portation over long distances expensive and, in addition, under certain climatic 

conditions, premature curing may take place. Purchasing powdered glue increases 

its cost by about ^0%. Therefore, attaching g'ue manufacturing plants to part­

icle board mills of a certain minimum size is a rational solution.

110. The high cost of synthetic resins in developing countries (which generally



constitutes 25 to kO percent of the total manufacturing cost) caused interest 

in natural polyphenols (ta..,iins) found in wood and bark of a number of species, 

eg. mimosa wattle fron'South Africa and quebracho from Argentina are used in 

many countries including Argentina, Australia, Brasil, India, Finnland, UK. 

Investigations into other polyphenols have also been carried out including 

mangrove, radiata pine, some species of Eucalyptus, black wattle and others.

The tannin-formaldehyde binders with a synthetic resin fortifier have been used 

for particle board production in various countries at different times. It 

seems, however, that operational and other problems prevent their sustained 

use. The importance of the subject to developing countries warrants a great 

and coordinated international effort towards solving them.

111. Modern particle board plants are based on a comparatively complex technol­

ogy and sophisticated equipment. The whole production line is mechanised and 

partly automated. For each production stage there are several options, each 

offering advantages and involving different drawbacks. The selection of the 

optimum solution for each mill must, therefore, be based on careful analysis

by highly experienced experts.

112. Particle board mills are usually offered by equipment suppliers or special­

ised engineering companies on a "turn-key" basis. The suppliers also offer

the training of personnel. The proper formulation of guarantees for quality 

and quantity of production and consumption of various inputs is particularly 

important in view of the high cost of such turn-key plants. Eg. the cost 

of equipment delivered and installed for a 200 m-' /day particle board plant 

is in the order of US $ 8.5 million, or US $ ¿42,500 per each cubic meter of 

mill capacity; L, a plant double that size, the cost would be 25 % lower 

or around US $ 31*900. Particle board mills with large capacities are cheaper



than plywood mills with the same capacities. For small mills, however, invest­

ment in plywood is lower because of the easier adaptability of the production 

lines to smaller capacities.

113. During recent years, technologies of particle board manufacture have been 

adapted to the specific needs of developing countries with an abundance of 

labour and limited markets for the product. Several models of such labour 

intensive, small-scale plants have been developed by engineering companies 

and equipment suppliers.

114. Integrating particle board plants with other primary wood processing 

industries which generate a large proportion of residues, eg. sawmills or 

plywood mills would reduce the investment expenditures. It is estimated 

that such integration brings about investment savings in the order of 10% of 

the total investment cost. In addition, operational costs are lower due to 

fuller utilisation of wood and the use of common facilities (power, mainten­

ance etc.); as a result, the price of particle board can be set at a more 

competitive level.

115- The size of a particle board plant in a developing country must be 

determined by the size of the domestic market. Export markets are usually 

not available. Industrialised countries posess, on the whole, well developed 

particle board industries themselves because the required raw material is 

amply available. In addition, the rather low value of particle boaro per 

unit of volume makes the transportation of this product over long distances 

uneconomical. Eg. the import value of particle board in Europe in 1982 was 

in the range of US $ 150-200 per cubic meter. Freight cost from East Africa 

in the order of US $ 40 per cubic meter would constitute 20 to 26% of the price 

which would be high enough to make particle bo*.rd uneconomical in f.o.b. terms.
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Freight would have much less impact on plywood which had at the same time a 

price twice as high as particle board. In general, the only international 

trade in particle board from developing countries could be among neighbouring 

countries.

116. Local markets in developing countries art. mainly dominated by sawnwood 

and to a lesser degree plywood. Capturing part of this market for particle 

board is a long process and involves meticulous preparatory work. Users of 

particle board must get well acquainted with tools, finishes,screws, etc. 

required by this product. They must also be taught how to use the various 

advantages particle board offers in comparison with traditional products.

One of the important tasks at this stage is also the identification of the 

best marketing targets where particle board could compete best in properties 

and prices. All this requires not only expertise, but also time, manpower 

and financing. Practical demonstrations should be organised in the user's 

plants and training courses given at specially organised training centers.

There is no way of avoiding all these activities (and accompanying expenses) 

which were carried out in industrialised countries when the product was first 

introduced on their markets. A wealth of promotional material now exists 

which could be used by developing countries. It is important, however, that 

planning of promotional activities is started together with the planning of 

the particle board plant and that the cost of promotion is included in the 

cost of the establishment of the new operation.

117» The best promotional campaign will prove useless if the quality of the 

product is below the required standard, or if customers do not follow instruct­

ions for end-uses. Many particle board plants in developing countries failed 

because of the low quality of their product or because customers discredited



the product by using it in the wrong way or for the wrong purpose. Exterior 

uses of particle board, even with phenolic bond, proved particularly dangerous, 

and therefore the main markets should be sought within interior applications 

such as furniture, partitions, panelling and fittings etc.

118. Well trained personnel is an essential prerequisite for the proper oper­

ation of the mill and for maintaining the quality standard of the product. 

Machine operators and foremen should be trained.as in the case of plywood 

industries with the assistance of the plant suppliers. While foremen should 

be trained abroad, or if possible in well operated mills within the region, 

machine operators are best trained during the period of the installation 

and start-up of the plant; candidates for such training should be selected 

among mechanics and electricians with a formal vocational training. Tech­

nicians responsible for the supervision of production and for quality control 

whould have a background in wood technology and a thorough training in part­

icle board mills and laboratories. In addition to the production personnel,

of great importance to the success of the plant is training of technical sales­

men. They should have a practical knowledge in the various uses of particle 

board, be able to demonstrate them on the spot at the customers' facilities 

and provide a certain amount of "trouble shooting" whenever customers run 

into problems related to improper uses of panels. This type of training can 

be provided at the various types of factories and other facilities using 

particle board and having long-term and proven experience in this field.

119. Training of personnel does not necessarily have to be done in industrial­

ised countries. There are many examples of particle board plants or integrated 

complexes containing a particle board plant in developing countries properly 

designed and well operated and managed which could be used for training 

personnel from other developing countries if appropriate arrangements for this



purpose could be agreed upon. A forest industries complex in Nigeria contain­

ing a particle board plant integrated with a sawmill and a plywood mill is 

one example of not only proper mill operations but also of effective product 

promotion. An integrated mill in Brasil, near Sao Paolo, combines a sawni11 

with two particle board lines, one for conventional panels, the other for 

thin panels - all based on plantation pine and Eucalyptus. There are no 

unutilised residues in this operation, particle board is of very good quality 

and used either as door skins (thin panels) or for various interior applic­

ations like furniture or fittincs (thick panels). There are quite numerous 

other examples of outstanding particle board operations (Malaysia, Surinam, 

Philippines etc.); they demonstrate the realistic possibility of technical 

cooperation among developing countries (TCDC) in the field of particle board 

and other wood 'jased industries.

120. The last decade has seen the development or expansion of new types of 

particle board: cement-bonded particle board, waferboard, thin particle board

and oriented strand board (OSB). Thin particle board and cement-bonded part­

icle board are already produced in developing countries. All types of these 

"new" panels could find a set of conditions in certain developing countries 

under which they could make a useful contribution to their economies. In each 

case, however, economic and technical aspeccs of their manufacture and uses 

and particularly their market acceptance have to be carefully examined and 

fitted into the general plans of forest industries development.

3.3 FIBREBOARD

121. Fibreboard, like particle board, can be produced from a wide range of 

types of wood and wood residues provided that they can be converted into chips. 

Sawdust can also be used and its proportion in the furnish up to 70% does not



affect adversely the quality of the panel. Softwoods and hardwoods are accept­

able, separately or in mixture. Unlike particle board, fibreboard production 

is less sensitive to the density of wood. Before using untested wood species, 

research is required for determining the optimum parameters of the production 

process.

122. The key to the production process is the transformation of wood into 

fibres or bundles of fibres (defibering). In some cases, further refining of 

this material is needed. The most common equipment used is the pressurized 

refiner where wood chips are subjected to steaming and then to grinding 

between refining discs. The refining equipment may have to be adjusted to 

fit extreme variations in the raw material input.

123. The progress in defibering and grinding equipment has been towards 

larger capacity and efficiency and towards improvements in the grinding action 

to obtain better quality of pulp and increased life of the grinding discs.

124. The grinding operation is common to all types of fibreboard processes.

The most common among production processes is the wet process which requires 

little (up to 1%) or no binders and enables the production of all three types 

of fibreboard: hardboard, medium density fibreboard (MDF) and soft board.

In the wet process, water is added to the pulp so that a uniform quality 

mat can be formed on the wire screen of the forming machine; sections of this 

wet mat are then compressed in a hot press. The resulting product is a com­

pressed fibreboard, either hardboard or MDF. If the wet mat is sent to a dryer 

instead of a press, the resulting product is softboard.

125. In the dry process of fibreboard production the mat is formed by a 

felting machine using air as a medium for spreading dry fibres. Addition of 

glue is essential in this process (2%  to 3% for hardwood and about 8% for 

MDF).
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126. One major problem associated with the wet method of fibreboard pro­

duction is the danger of water pollution; to prevent it additional investment 

expenditure (up to 5% on the total investment) and operational expenses are 

needed. The main danger in dry process fibreboard mills consists of fires and 

explosions in the fibre dryers which involve the necessity of various measures 

of precaution including the installation of automatically activated control 

equipment. Even greater fire danger is posed by fines (small wood particles 

generated throughout the grinding and drying process) settled on horizontal 

surfaces within the mill; this problem is now taken care of by appropriate 

mill design and installation of fire detecting and extinguishing equipment.

127. It is generally considered that for developing countries where water 

pollution problems may not be as acute as in most industrialised countries, 

the wet process has distinct advantages of lower resin consumption, shorter 

start-up time, simpler operation, and lower investment cost for smaller cap­

acities.

128. Energy consumption in fibreboard production is quite high, higher than 

for any other type of mechanical processing wood products. In comparison to 

particle board, hardboard consumes approximately 3»5 times more power and 

thermal energy per cubic meter of final product. If this energy could be 

produced from an excess of locally available wood residues, this would give 

producers in developing countries an advantage as compared to fibreboard pro­

ducers who have to use imported oil for generating power. The importance of 

this aspect stems from the fact that the share of energy cost in hardboard 

production normally exceeds 20%.

129. Investment costs related to the fibreboard industry are higher per pro­

duction unit than for particle board or plywood. The cost of installed equip­

ment for a hardboard plant with daily capacity of 60 tons is around US $ 10
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million; for 120 tons per day - around US $ 14 million; for 180 tons per 

day - around US $ 17 million. Another 40% has to be added to obtain the 

total investment cost.

130. The sophistication of the production process is even greater than with 

the particle board manufacture. The whole production line is fully mechanised 

and equipped with devices for automatic process control. Even short time 

interuptions in the work of any machine or facility between pulp storage 

and the hot press cause the discontinuation of the production process and 

heavy losses for the enterprise. Therefore, personnel have to be well trained 

and experienced. The ways of training may be similar to those discussed in 

paragraph 118 in relation to particle board industries. Similarly, as in the 

case of particle board, there are examples in the developing countries of 

excellent fibreboard operations. Two large scale fibreboird enterprises in 

Brasil mastered the use of Eucalyptus as a raw material, achieved a high qual­

ity product, developed new types of panels not produced elsewhere and export 

about one third of their total production to industrialised countries. Thai­

land has been producing excellent quality hardboard for years, expanded the 

market through successful surface finishing of panels and recently added 

another line, more than doubling the production. These are modern mills 

which can match in every respect good mills in developed countries. There are 

also several small-scale mills in various developing countries based on the 

old batch system of production and geared totally to the small domestic 

markets. Some of them operate very successfully and can serve as an example 

of the wide variety of technical solutions which is required to fit the 

specific needs and conditions of developing countries. Every effort should 

be made to use the existing and proven experience of some developing countries
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for designing the strategy for further expansion of panel industries and for 

training personnel for other developing countries with less experience in this 

field.

131. Marketing fibreboard in developing countries causes similar problems to

those of particle board, and calls for seeking similar solutions (see para­

graphs 116 and 117). Important elements of the market promotion programme 

are: the proper identification of end-uses and training of technical sales­

men who can not only promote the product, but also demonstrate its applications 

practically.

132. Among comparatively new product; jn the market is MDF (mediun density 

fibreboard) which can be produced both by the wet method (up to 12 tim thick­

ness) and by the dry method (up to 35mm thickness). This product is not yet 

represented in developing countries. In developed countries, thinner panels 

of MDF (12 mm) are used in construction (siding); thicker panels produced by 

the dry method are used for furniture production. In this latter application 

MDF produced by the dry method is superior to particle board in several respects 

it has greater homogeniety and better dimensional stability; the very smooth 

surface of MDF is suitable for applying thin veneers and the tight smooth 

edges can be finished without edge banding. However, MDF requires almost as 

much synthetic resins addition (8%) as particle board, is mo^e energy con­

suming, more expensive in investment and production and more difficult to 

operate. Therefore, before making a decision on starting the production of 

MDF in a developing country, a very careful analysis of all marketing and 

production aspects should be made.

3.4 MAIN CONSTRAINTS TO DEVELOPMENT

133* The discussion of the various aspects of the reconstituted wood panel



industries contained in the preceeding chapter reveals a number of factors 

favouring these industries as well as obstacles to their development in 

developing countries. One of the main favourable factors is the raw material 

situation. The situation is shaping up differently in countries endowed 

differently in forest resources. The trend in forest rich countries is to­

wards expanding their export oriented forest industries by building large, 

integrated complexes, producing sawnwood and plywood and its production gen­

erates huge volumes of wood residues which, in other parts of the world, are 

most economically used as a raw material for reconstituted wood panels. For­

est poor countries are facing increasing difficulties in meeting their demand 

for sawnwood and plywood because of the shortage of suitable logs. But sub­

stitutes for these products - reconstituted wood panels - can be produced from 

inferior raw materials which can be found in most of these countries, 

m .  The most important constraints hampering the development of reconstit­

uted wood panel industries are:

- Lack or insufficient size of domestic markets

- Lack or shortage of skilled personnel

135. There are also other problems involved in the development of the reconstit 

uted wood panel industry: the hirh investment cost, high cost of synthetic 

adhesives, the difficulty in the most appropriate choice among the constantly 

growing varieties of equipment and technologies - to name just a few which 

were discussed earlier in this paper. But the overriding importance of markets 

and training is undisputabla: without markets no production can even be con­

templated and without proper training, the operation of the sophisticated 

production lines would be unthinkable.

3.5 SEARCH FOR SOLUTIONS

136. The development of markets requires that their planning and promotion

i*9



start before the construction of the mill; for this purpose limited quant­

ities of particle board have to be imported. Lack of success at this early 

stage of market promotion may cause the delay or even abandoning of the project 

thus preventing an even greater and more costly failure. More detailed 

suggestions for the market promotion action are contained in paragraphs 116,

:i7 and 131.

137. The promotional action is usually difficult in view of the inherent opp­

osition to new products and their higher price which cannot always be easily 

explained by quantifiable advantages compared to traditional products, higher 

skills and new methods required for processing new types of pane’s.

138. The other major issue related to the development of reconstituted wood 

panel industries is the need for training skilled labour and technicians for 

the varoius phases of the technological process which is more sophisticated 

than in any other sector of primary i.iechanical wood processing. Suggestions 

as to the best ways of training were made in paragraphs 118 and 130. Train­

ing for these industries cannot be considered in isolation from the training 

systems and facilities available within the countries concerned. It must be 

part and extention of these systems. Therefore, it cannot be solved by in­

dustries alone, it requires involvement and cooperation of relevant govern­

ment agencies and must be given as high a ranking among national priorities 

as industrialisation itself.

139» There are great opportunities for international cooperation in solving 

the main constraints in the development of the reconstituted wood panel in­

dustries in developing countries. This applies to both the assistance from 

the United Nations and bilateral aid agencies and to the TCDC (technical 

cooperation among developing countries).
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Il+O. International organisations can mobilise the best and most relevant 

expertise in this field and provide assistance in the analysis and planning 

the development of this sector in which market considerations play a key 

role. They can reach for the best available models for market promotion and 

sponsor this action on the ground; their unbiased approach is a guarantee for 

sound solutions in the best interest of the developing countries.

1*t1. International assis:ance can also play an equally important role in 

training skilled workers and technicians. In the highly specialised field of 

reconstituted wood panels, individual countries could rarely support training 

programs s on their own. International cooperation in this field is not only 

advantac5o:_ . it is also inevitable. United Nations Agencies responsible for 

education a n  training are in the best position to identify existing vocational 

schools which could be adapted to regional training centres for foremenand 

technical schools for providing additional training to wood technologists 

in the field of reconstituted wood panels. Such training centres and tech­

nical schools could be confined to this sector or deal with all wood based 

panels (ie. with plywood in addition to particle board and fibreboard) or 

embrace all primary mechanical wood processing industries. This last var­

iant seems preferable because it could provide a balanced approach to the 

various sectors of forest industries and help in the fostering their inte­

gration.

]kZ. An important part of training activities under sponsorship of the United 

Nations Agencies is on-the-job training of national professionals through 

their inclusion in the international Teams of experts working in their count­

ries. These counterparts should actively participate in all phases of inter­

nationally assisted projects so that they can acquire the necessary experience 

for similar jobs within their countries and for follow-up activities.
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1^3. Developing countries themselves can contribute considerably to this inter­

national effort. In each developing region there are exemplary operations 

in the field of reconstituted wood panels which could provide a great deal of 

assistance to developing countries with less experience in this field. This 

applies to both technical facilities and human expertise which could be used 

as a source of advice in market analysis and promotion, planning new oper­

ations, training manpower and product development and application. Better 

understanding of the regional situation and greater cultural affinity can 

facilitate this task considerably.
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