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Preface

This study has been prepared by UNIDO's Division for Industrial
Studies, Sectoral Studies Branch, with the aim of making an analytical
appraisal of the status of the wood and wood processing industry in the world
and to focus on the conditions that developing countries have to face in order
to establish a successful domestic industry.

The study will be a background document to the first Consultation on
Wood and Wood-processing industries to be held in Helsinki in September 1983.
In order to give the necessary background to the discussions at the
consultation the study takes a global approach and describes, at least in
general terms, the delimitations of and interactions within the whole wood or
forestry sector system.

Several UN agenciec have collaborated with UNIDO in this study.
Chapters 1 and 2 are based on "Wood Resources and Their Use as Raw Materials",
prepared by FAO and issued as UNIDO/IS.393. The sections dealing with
barriers to trade and occupational health and safety have been drawn up on the
basis of special contributions by UNCTAD and ILO, which are issued
separately. UNIDO is grateful for these valuable contributions and for the
successful example of practical interagency co-operation that has been set.
UNIDC would also like to thank ITASA and in particular the staff of the
Forestry Project for their help and co-operation in the course of the work.

-

The study document draws on a large number of input documents and other
reference material. Several of these documents will be issued as "Sectoral
Working Papers”. A list of these papers is found in the References, under
item A.

This study will be revised and modified following the outcome of the
Consultarion Meeting and on-going work. We intend to improve and expand i.a.
the scenario analysis and the analysis of trade and production development in
different regions of the world.
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EXPLANATORY NOTES

References to dollars ($) are to United States dollars, unless

otherwise stated.

A billion is 1,000 million

A comma (,) is used to distinguish thousands and millions.

A full ston {.) is used to indicate decimals.

A slash between dates (e.g., 1980/81) indicates a crop year, financial

year or academic year.

Use of a hyphen between dates (e.g., 1960-1965) indicates the full

period involved, including the beginning and end years.
Metric tons have been used throughout.
“he following forms have been used in tables:

Three dots (...) indicate that data is not available or is not
separately reported.

A dash (-) indicates that the amount is nil or negligille;

A blank indicates that the item is not applicable.

Totals may not add up precisely because of rounding.
Besides the common abbreviations, symbols and terms and those accepted
by the International System of Units (SI), the following abbreviations and
contractions have beeu used in this report:

Economic and technical abbreviations

GDp Gross domestic product

GFCF Gross fixed capital formetion




ISIC

LDC

MVA

R and D
SITC
t/a
TCDC
TNC

ASEAN
ATIBT
ETTS
UN
UNIDO
FAO
UNCTAD
ILO
IUFRO
ECE
IIASA
GATT
SEALPA

UNEP

(x1)

International Staandard Industrial Classification of all

Economic Activities
Least developed country
Manufacturing value added
Research and Development
Standard International Trade Classification, Rev.l
Tons per aunum
Technical co-operation between developing countries

Transnational corporation

Organizational abbreviations

Association of South East Asian Nations

The International Technical Tropical Timber Association
European Timber Trends Study

United Nations

United Nations Industrial Development Organization
Food and Agriculture Organization

United Nations Conference on Trade and Development
International Labour Office

International Union of Forestry Research Organization
Economic Commission for Europe

International Institute for Applied Systems Analysis
General Agreement on Tariffs and Trade

Southeast Asian Lumber:and Plywood Association

United Nations Environmental Programme




Forestry terms:
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Glossary

based on "World Forest Inventory 1963" and "Tropical forest

resources", FAO Forestry Paper Nn. 30, 1983.

Allowable
annual cut:

Annual increment:

Broadleaved:

Closed forest:

Coniferous:

Forest:

Forest under

management:

Growing stock:

Operable forest or
productive forest:

Forest product terms:

volume thai according to management plans can be removed
from standing timber without depleting forest cepital.

the volume growth per year of standing timber; sometimec
expressed as ''gross annual increment" without deducting
natural losses, or as ''met annual increment"”, net of
natural losses.

or non-coniferous refers to trees classified botanica’.ly
as "angiospermae" in the trade also sometimes referred to

as "hardwoods".

forest with closed canopy, in contrast with forest with
open canopy which are referred to as "other wooded lands".

refers to trees classified botanically as "gymnospermae"”,
ia the trade also sometimes referred to as “softwoods".

vegetative association made up by trees.

forest with classical management plans, or any type of
forest where extraction of roundwood is subject to some
institutional regulation.

total volume of standing timber expressed as gross bole
volume of trees above 10 cm diameter at breast height.

closed forest which is considered productive; excludes
forest which is classified as unproductive by legal
restrictions, or because of poor quality. Some countries
include economically inaccesible forest as unproductive.

based on "Classification and Definitions of Forest

Products", FAO Forestry Paper No. 32, 1983.

Fuelwood:

Industrial
roundwood:

Other industrial’
roundwood: ‘

Pulpwood:

wond in the rough used as a source of energy.

all wood in the rough not used for fuelwood.

wood in the rough used as poles, piling and posts

and other uses in the rough.

wood in the rough used as a raw material input in the

pulp and paper industries, and in some cases, in
fibreboard aad particle board.

~
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Roundwood: all wood in the rough as harvested in the forest.
Sawlogs and roundwood destined for the veneer, plywood
veneer logs: and sawnwood industries.

Secondary processing terms:

Furniture: refers to household, office and institutional furmiture
and built-in cabinets and counters made primarily of wood.

Gluelam: Glued laminated beams straight or curved made up of
selected sawn and planed pieces of wood glued on their
flat, normally jointed endwise to produce longer lengths
of acceptable strength.

Joinery: includes doors and doorsets (i.e. with frames), windows
and frames, mouldings and trim, stairs, flooring (tongue
and groove, parquets, etc.), non-load-bearing wooden
partitions and shop fittings.

Portal frames: main structural framing members comprising columns and
rafters usually ridged, jointed with mailed plywood or
sawnwood gussets or metal connector plates.

Quality assurance: involves certification (through labelling, usually) of
product quality by an independent body or “third party".

Quality control: procedures followed in a mill or factory to ensure that
products meet specified standards.

Temporary works: engineered structures used in construction to support
concrete and such vehicles, men and equipment as

required; includes formwork, falsework, scaffolding and
earthworks.

Trussed rafter: a roof support, usually triangular in outline and having
all timber components of the same thickness (monocline)

and joints made from metal connector plates, bolts or
nailed plywood.

Country groupings

The grouping cf countries used in this paper, if not otherwise indicated,
is as given below. This list of countries is not comprehensive; it includes

only those countries with a recognized forestry potential.
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The developed regions: all developed countries are grouped as follows:

North America: Canads and the USA

Europe: excluding the USSR.

the USSR.

"sther" developed countries: all "other" countries with direct
importance for forestry: Japan, Australia, New Zealand, South
Africa .

The developing countries are grouped by continents, and in sub-regions as

shown below. Sub-regions considered as ''temperate" are marked with an

asterisk.

Latin America

Central America: Costa Rica, El Salvador, Guatemala, Honduras, Mcxico,
Nicaragua, Panama

Caribbean and CARICOM: Cuba, Dominican Republic, French Guyana, Haiti,
Suriname, Belize, Guyana, Jamaica, Trinidad and Tobago

South America-tropical: Bolivia, Brazil, Colombia, Ecuador, Paraguay,
Peru, Venezuela

South America-temperate*: Argentina, Chile, Uruguay

Africa
Mediterranean: Algeria, Egypt, Libya, A.J., Morocco, Tunisia
Northern Savanna: Chad, Mali, Mauritania, Niger, Senegal, Upper Volr

West Africa: Benin, Ghana, Guinea, Guinea Bissau, Ivory Coast, Lit
Nigeria, Sierra Lleone, Togo

Central Africa: Angola, Cameroon, Central African Republic, Congo,
Equatorial Guinea, Gabon, Zaire

East Africa: Burundi, Ethiopia, Kenya, Rwanda, Somalia, Sudan, Tanzania,
Uganda

Southern Africa: Botswana, Madagascar, Malawi, Mozambique, Namibia
Swaziland, Zambia, Zimbabwe




Asia

Asia Near East*: Afghanistan, Iran, Iraq, Jordan, Lebanon, Syria,
Turkey

East Asiat: China, Mongclia, Democratic People's Republic of Korea,
Republic of Korea

South Asia: Bangladesh, Bhutan, India, Nepal, Pakistan, Sri Lanka
Continental South-East Asia: Burma, Kampuchea, Laos, Thailand, Vietnam

Insular South-East Asia: Brunei, Indcnesia, Malaysia, Philippines
Fiji, Papua New Guinea, Solomon Islands

The breakdown of developing cowntries is done on the following basis:
Developing t-mperate: South America-temperate, Asia Near East, East Asia

Developing tropical: all other developing sub-regions not marked
with an asterisk
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Introduction and structure of the report

This draft of the first World-Wide Study of the Wood and Wood Processing
Industries is issued as a background document to the first Consultation on
Wood and Wood Processing Industries, to be held in Helsinki, in September
1983. 1Its scope and aim, however, are considerably broader than giving
background information at the Consultation. It is hoped that the study will
be of practical use for decision makers in developing countries as well as for
the technical assistance activities of UNIDO and other organizations. It is
also hoped that it will serve an informa“ion purpose within the UN system as

well as for UNIDO's member countries.

The study has the same general approach as the world-wide studies of
other sectors. It is a macro-oriented study which looks at the sector as a
whole rather than a micro-analysis at the enterprise or project level. It
tries to perform the analysis in terms of accepted statistical conventions in
order to facilitate comparisons and to achieve consistency, both internally
and with other studies. The study is not a technical document and even in
sections treating technological issues it does not attempt to give detailed
practical advice on how to select appropriate techknologies, etc. Instead tne
study focusses on the contribution to the industrialization and development
process which can be given by the wond and wood processing sectors. It is
necessary to perfcrm such an analysis in the form of a comparison of
alternatives. The final choice between alternatives must, however, always be
done with specific prevailing conditions in mind and by the developing
countries themselves in order to assure full compatibility with their
development and social objectives. The study aims only to point towards

likely consequences of alternative choices.

Following the overall research strategy of UNIDO, this first analytical
appraisal will be followed by more specialized studies focussing on elements
of alternative strategies and on international actions for co-operation. The

current study contains a set of conclusions.
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The study begins with an overview of the wood and wood processing
sector. After a discussion of the various components of the forestry based
system and its interaction with other parts of the socio-economic system a
review (based on FAO's work), of the study of the forest resources of the
world and their use is carried out. The overwhelming impression of the review
is that of an imbalance between the distribution of forest resources and the
processing of these resources between industrialized and developing
cuuntries. The role of logging and transportation systems, is analysed in
Chapter 2. The third chapter reviews the main characteristics of the
mechanical wood processing industries (including energy, manpower and research
requirements as well as environmental constraints) and identifies the main
obstacles of the developing countries in establishing such industries.
Another type of obstacle for developing countries is analysed in Chapter 4,
namely that connected with international trade and price pehaviour. The
unbalanced trade flows - to the detriment of the developing countries - are
described and an analysis of various barriers to trade operating against the
export of more processed goods from developing countries is undertaken. In
chapter 5 some policy-related issues are discussed and the role of the sector
in the industrialization process is described. Necessary incentives and other
prerequisites in order to ensure a shift from exports of logs towards domestic
processing in developing countries are outlined and a discussion of
possibilities for relocation of industries to developing countries is carried
out, based on a special study concerning South-East Asia. Chapter 6 again
deals with marketing and promotion aspects, for example, the need for
promotion of the use of tropical timbers, in particular the commercially less
accepted species. The need for other marketing activities is also stressed.
Chapter 7 draws the necessary conclusions: the potential exists for a2 strongly
increased degree of domestic processing and for the relocation of industries
to developing countries. They could supply both domestic, regional, and
overseas markets although, there are several constraints that need to be
overcome. Notably, however, the scale constraint is less pronounced in this

industry than in many others.
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The macro-oriented approach of the study wiil by necessity mean thac many
technological specifics will be missing. However, the approach offers
assistance to development planners and to decisicn-makers withirn the se:tor in

an economy-wide perspective.

The focus of the study is cn the necessary prerequisites fer stimulsting
a development of the wood processing industries in the developing :zountries as
well as for a promotion of the use of wood and wood products ~ erywhere.
These were also selected as issues for the Consultstion by the Global

Preparatory Meeting in January 1983.




CHAPTER 1 The wood and wood processing sector in the world

1.1 The forest sector system

1.1.1 Main components of Lhe system

The forest resource and forest-based activities form a system, which is
developing dynamically and is confroated by a wider syster in which human
beings live. An understanding of this dynamic development and the interaction
with the whole socio-economic system is a necessary background to any
discussion of, or decision about, any pert of the forest sector system, as
e.g. the wood processing industry. The concept of multiple use of the forest
resource is fundamental in this context. This study, whick concentrates on
the industrial sector, therefore starts out with a wider over-view of tle

whole system.

The forest system supplies many and very varied resourccs and services.
The output of the forest system is cias<’fied as wood products and other
products and services. Word products are then further classified as fuelwood
and industrial wood, whereas other products and services refer to minor forest
products (e.g. nuts, fruits, medical plants), watershed protection, ecology
preservation of wild life habitats, recreation and values associated with the

preservation of the character of the forest.

The forest sector system is hroadly outlined in Figure 1.1. Interaction
at the lowest level occurs for example between a farming family and their
agro-forestry unit. A higher level of interactinn is represented by the
concept of sociul forestry providing a village with fuel wood, shelter,

protection of the so0il and construction materials.

On a regional scale, the forests provide resources for a well developed
economy and at the same time protect watersheds, keep ground water, provide
outdoor recreation and in general, improve the quality of life. On a national
level, the supply of domestic forest resources affect national self-reliance,

the trade balance, employment, revenues, etc.




Figure 1l.1.
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The forests purify the air, being three times as effective in this as
agricultural areas. Forests are also seen as important components of the
quality of life; of a total of 31 indicators about the quality of life listed

1/

in UNESCO=" 1978), 15 are positively affected by Zlorests.

Figure 1.2 shows an estimate of the secular changes in the forest areas of
the world. The industrial use of wood has had only a marginal effect on the
depletion of the resource, as compared to the impact of clearing for
agriculture, fuelwood, urbanization, etc. The problem of deforestation is
discussed in section 1.2.4 below. Cver tbe loug-run world forest resources

are declining.

Figure 1.2 Probable change in the area and biomass of the

carth's forests from the year 4000 B.C. to 2050 A.D.

Forest area Biological net volume
estimated esiimated (above ground
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Source: E.%. Brunig and T.W. Schneider, Verfiigbarkeit Forstlicher Rohstoffe,
Hamburg-Reinbeck: Mitteilungen der BFH, 1980.

1/ UNESCO, Indicators of Environmental Quality and the Quality of
Life, 1978. s ‘
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Figure 1.3 depicts the economic part of the forest sector system and a
typical forest-industrial inter-relationship. This part of the system is
characterized by three types of flows: flows of fibres, energy and capital
equipment. In the future, other components and new linkages will enter the
field. For instance, vectical integration in the paper sector could lead to
inclusion of publishing, which in turn connects with in the electronic media
field. Moreover, as societai and ecological services are becoming more
important, the corresponding areas of the forest sector may eventually offer

marketable goods in these fields. New resources may also be extracted from

forests such as natural insecticides, medicines .nd other chemicals.

Figure 1.3 The economic part of the forest sector system
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1.1.2 The physical flow of fibres

The physical flow of fibres is outlined in Figure 1.4. Increased use
of residues and wastes car inccease the availability of fibres but will also
affect the sustainability of the resource. Recycling is another concept to
increase availability of the resource. Most wood products can be recycled,
and their energy content can in the end be recovered by burning or through

destructive distillation.

The industrialization of the developing countries and the increased
domestic processing of wood can be seen as an upgrading of fibres available
there. Furthermore, with the help of a general technological development, it
becomes possible to use more and more wood species and more and more low
quality types of fibres for even more products. Thus, materials such as
reeds, bamboo, grass and cgricultural residues such as bagasse, flax shives,
jute and kenaf sticks, and cereal and rice straws, partially from new origins
(e.g. swamps), will be processed at new sites and shipped to new places of
consumption. This development will also enhance the possibilities of an
iudustrialization based on domestically available fibres in developing

countrins.

. . . 2
1.2 Forest resources of the world and thelr main economic uses—/

1.2.1 Review of the world forest resources

The total forested area of the world is about 4,100 million ha (see
Table 1.1 and Figure 1.5) covering some 30 per cent of the world land area.
Customarily two types of forest are distinguished: the closed forest which
has a closed tree canopy, and "other wooded land" in temperate regioms, or
open forest in tropical regions,:where trees predominate but without
constituting a full tree canopy. It is estimated that in the developing
regions 1,015 million ha of foreéts are in the temperate zone, and 1,200

million ha are in the tropical forests. The total volume of growing stock in

2/ Except where otherwise indicated, this section is based on the
contribution by FAO tc the world~wide study. The FAO document is issued as

Wood Resources and Their Use as Raw Material, UNIDO/IS.339.
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Figure 1.4 A diagramatic outline of the physical flow
of fibres, not to scale
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Table 1.1. The world's forest resources

All forest Operable Forest .
Regions Populaticn Area Area Volume of growing
million million ha million ha stock, billion m3
Developed 1,164 1,910 940 96
Developing:
Temparate 1,189 1,015 150 12
Tropical 2,062 1,200 885 162
Total developing 3,251 2,215 1,035 174
Tctal world 4,415 4,125 1,975 270

Source: FAO, Wood resources and their use as raw material, op. cit. p.3.

the operable forests is estimated at some 270,000 million m3, of which
108,000 million m3 are in the temperate regions and about

162,000 million m3 are found in the tropical forest.

"Other wooded lands'" cover about 400 million ha in the temperate zone and
750 million ha in the tropical areas. Estimated total volume of growing stock
in this category is 20,000 million m3, two-thirds of which is in the
tropical areas. However, most of this is not suitable for forest industrial
use as indicated in Table 1.1. In fact, less than 50 per cent of the total
forest area is suitable for this purpose though this does contain 77 per cent

of the world's growing timber stock.

1.2.2 The forest resources in the industrialized countries

'+ Area and growing stock

The closed forest and other wooded areas in the industrialized countries
cover some 1,900 million ha, or somewhat less than 40 per cent of the total
land area. However, the amount of operable or productive forest availab’e for

roundwood production in the industrialized regions amounts to about
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Note: This list is not comprehensive, it includes only those
countries with a recognized forestry potential.
1/ North America Canada and the USA
2/ Other Australia, Japan, New Zealand and South Africa.
3/ Central America Costa Rica, El Salvador, Guatemala, Honduras, Mexico,

Nicaragua and Panama

Carribean and

CARICOM Cuba, Dominican Republic, French Guyana, Haiti, Suriname,

Belize, Guyana, Jamaica, Trinidad and Tobago

South America Argentina, Bolivia, Brazil, Chile, Colcmbia, Ecuador,

Firaguay, Peru, Uruguay and Venezuela

Near East and

South Asia Afghanistan, Bangladesh, Bhutan, India, Iran, Iraq,

Jordan, Lebanon, Nepal, Pakistan, Sri Lanka, Syria and

Turkey

East Asia China, Democratic Republic of Korea, Mongolia and

Republic of Korea

Continental Brunei, Burma, Fiji, Indonesia, Kampuchea, Laos, Malaysia

and Insular Philippines, Papua New Guinea, Solomon Islands, Thailand

South-East Asia and Vietnam.
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940 million ha after deducting the "other wooded areas” with only limited tree
coverage and forest that is not productive for a variety of reasons such as
physical or economic inaccessibility or a variety of legal constraints

designed to preserve the forest. (See Table 1.2).

The total growing stock, given as the bole volume of all trees, is
estimated at about 140,000 million m3 for all the closed forect, while the
figure for the closed operable forest is about 96,000 million m3, of which
North America, Europe, and the USSR together account for some
30,000 million m3. These volumes represent the producrive forest capital of

the developed world.

Moreoever, the coniferous species represent more than three quarters of
the total growing stock in the operable forests. Geographically the
coniferous species are predominant in the colder climate of the north, and in
the higher altitudes in the south. Moving south, the broad-leaved species
appear and gradually replace the coniferous species as the dominant forest
types. As population densities are lcw in the north, these relatively
undisturbed large coniferous forests offer a substantiai potential to the

. . . . . . . . . 3
forest industries. The situation in the main regions 1s summarized below.—/

Table 1.2. The productive forest resources of the industrialized world

Area Volume

Regionsd/ in million ha in 1,000 million m3

Total Coniferous
North America 366 36.4 26.6
Europe 131 14.1 8.8
USSR 389 40.0 33.2
Other 54 5.5 3.9
Total industrialized regions 940 96.0 72.5

Source: FAO, Wood resources and their use ss raw material, op. cit., p.6.

5/ For a list of the countries included in each region, see Glossary.

3/ PFor a detailed review see FAO: Wood Resources and Their Use as Raw

Material), op. cit.
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North America

Canada and the USA have about the same total forest area, i.e.
325 million ha and 305 million ha, respectively, or about 35 per cent of the
total land area. On the other hand, there is a significant difference in
population size: Canada now has approximately 25 million inhabitants and the
USA has 225 million. Moreoever, both countries also have roughly the same
growing stock of standing timber at around 22,000 million m3, though in
Canada this is 80 per cent coniferous forest, while in the USA it is only

65 per cent.

The growing stock per ha in Canada is about 70 m3/ha while in the USA
this figure reaches over 100 m3 /ha. Furthermore, net annual increments in
Canada are considerably lower, reflecting its more northernly location. With
regard to ownership, sharp differences occur between the two countries.
Public ownership in Canada accounts areawise for 92 per cent of all closed
forest, whila in the USA 27 per cent of the productive forest is in public

owernership and 73 per cent in private ownership.

Europe (except USSR)

Europe has an area of forest and other wooded land of 175 million ha,
representing slightly more than 30 per cent of its total land area. This
percentage is much higher in the Nordic countries (52 per cent) and lowest in
the ten EEC countries (22 per cent), in inverse ratio to the population
densities. Of this total forest area, 131 million ha of forest are considered

operable for industrial production.

The total growing stock of the operable forest is estimated at about
14,100 million m3, of which 63 per cent is coniferous. This represents an
average growing stock per ha of about 108 m3 for Europe, but with wide
extremes on a countyy-by-country basis; 85 m3/ha in the Nordic countries,
100 m3/ha in the EEC, 250 m3/ha in Central Europe, and 150 m3/ha in

Eagtern Europe.
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On average 53 per cent of the forests in Europe is in public ownership,
with the lowest proportion in the Nordic countries (less than 25 per cent),
about 75 per cent in Southern Europe and the highest in Eastern Europe, above
92 per cent. Management plans cover between 85 and 100 per cent of all
publicly owned forest, except in Southern Europe. For privately owned forest,
management plans exist for little over half the area in the Nordic countries
and Western Europe. However, the other operable forest is practically all

covered by some cutting regulations.

USSR

The USSR resourcesél correspond to 21 per cent of the world's forests
and account for more than a quarter of the growing stock. The net annual
increment is comparatively low, reflecting unfavourable climatic conditions
and large areas of mature forest. Forests are spread over vast northernly
sub-temperate areas, while population is mainly concentrated in the west and

south~-west of the country.

In 1978, some 792 million ha or 45 per cent of the total land area was
classified as forest area. Of his, slightly more than half was considered

operable, being physically accessible and with logging plans.

The total growing stock of all forests is estimated at 84,100 million m3,
while the growing stock of the operable forest is around 40,000 million m3.

Coniferous species represent about 83 per cent of the operable forest stock.
Other areas
Remaining areas in the developed world are diverse and not very

significant in terms of productive forest. They include Japan, Oceania, New

Zealand and South Africa.

4/ See The USSR Forest and Woodworking Industries, prepared by N.A. Burdin
and V.A. Sylantyev, UNIDO/IS., 1983, forthcoming.
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1.2.3 The forest resources in the developing countries

The forest and other wooded areas in the developing countries cover
approximately 2,215 million ha, whereas the amount of operable forest is about
1,035 million ha or 47 per cent of the total forest area. In the tropical
developing parts of the world, approximately 27 per cent of the closed forest
is inoperable (See Tables 1.1 and 1.3). The following three sections
sumnarize the situation in the three main developing regions, namely Latin

America, Africa and Asia.

Table 1.3 Percentage of closed forest which is inoperable, by

tropical region, 1975

In closed r

In closed hardwood softwood In all closed ’
forests forests forests
Africad/ 34 2 792 34 %
Americab/ 21 18 21
Asia and OceaniaC/ 35 27 35
All tropical 27 24 27

Source: FAO, Tropical Hardwood Resources in Trqpical Hardwood
Utilizgtion (ed. Roeiof A.A. Oldman), Martinus Nijhoff Publs., The Hague,
1982, Table 1-2-1.

2/ Africa south of Sahara without Lesotho, South Africa and Swaziland.

b/ Latin America without Argentina, Chile and Uruguay.

¢/ From Pakistan east without Australia, China, Japan, Dumocratic
People's Republic of Korea, Republic of Korea, Mongolia, New Zealand.
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Latin America

The forest resources in Latin America cover some 930 million ha of
forested land, of which 690 million ha are considered to be closed forest.
These forests serve a population of 370 million inhabitants in a total area of
20 million kmz, 17 million km2 of which are in South America. Areas and

growing stock in operable forests are given in Table 1l.4.

Table 1.4 The productive forest resources of Latin America

Area Volume of
in million ha growing stock
Sub-regionsﬁ/ in
million m3
Operable Under
forest management
Central America 38 0.3 3,800
Caribbean &
CARICOM 36 0.2 7,300
South America -
tropical 447 cee 67,600
South America -
temperate 9 .o 1,200
Total Latin
America 530 0.5 79,800

Source: FAO, Wood Resources and Their Use as Raw Materials, op. cit.

a/ For a list of the countries included in each subregion, see Glossary.

Central America In the countries from Mexico tc Panama, the closed forest

covers an area of 64.9 million ha of which 38.5 million ha are considered to
be productive, though with only about 300,000 ha under management in Nicaragua
and Honduras. Mexico has more than 60 per cent of the productive forests of
the region. Mexico's coniferous forests account for 93 per cent of all

productive coniferous forest in Central America.
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5,200 million m3. Some 3,800 million m3 of this is 1in the productive

forest, which has 1,100 million m3 of coniferous species.
Growing stock for broad-leaved species reach 110 m3/ha while those for
coniferous species average about 75 m3/ha, but in some areas averages are

reported to be near 200 m3/ha.

The total area of plantations has reached 185,000 ha, of which about one

half is coniferous. Similarly, about one half is intended for industrial use.

Caribbean and Caricom This subregion includes the Caribbean islends and

the countries of the Northern Atlantic Coast of the South American contin-=nt.
The total area of closed forest is estimated at 46 million ha, of which some
36 million ha are found in Guyana, Surinam and French Guyana, and some

0.4 million ha are of coniferous species, half of them in Cuba. The total

area of mangrove adds up to 825,000 ha.

The total growing stock of all closed forest is estimated at some

8,000 million m3, of which some 7,250 million m3 are considered to be 1in

productive forest. These data would indicate an average growing stock of

nearly 200 m3/ha, which seems a fair indicator of its potential, however,

some areas of higher density are known.
Some 200,000 ha of plantations have been reported, more than three
quarters are in Cuba. About one half is stocked with coniferous species but

the current rate of planting is two thirds coniferous.

South America-North (tropical) This subregion covers South Americsz north

of the Tropic of Capricorn except for Guyana, Surinam and French Guyana. The
area is characterised by the large forested Amazon basin with Savannah areas
to the south and east, and in the west the mountain range of the Andes. The
Amazon basin, by far the largest tropical broadleaved forest in the world,

stretches out over some 550 million ha.

The total area of closed forest is estimated at some 570 million ha, which

represents B0 per cent of the total Latin America forest resources. Of those
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forest areas, some 450 million ha are considered productive, and this
represents some 40 per cent of the world's productive forest reserves, with
300 million ha iu Brazil. This region also has some 3.5 million ha of

mangrove forest.

The total growing stock of these closed forests is estimated at some '
78,000 million m3, of which 67,600 m3 are in the productive forests. Of
this operable timber, 47,000 million m3 are in Brazil. This gives an
average growing stock of some 150 m3/ha, but in some areas volumes of
between 200 and 250 m3/ha are reported with even higher volumes for the

Parana Pine.

By 1980, the total area of plantations had reached 4.2 million ha, of

which 90 per cent is in Brazil.

The dominant type of ownership is public, although with variation due to

historical and local factors.

South America-South (temperate) The area of productive forest is

estimated at 9.1 million ha. Volume density estimates for the growing stock
range from 5C to 70 m3 per ha. Practically all the natural forest 1s
broad-leaved except for pine stands in Chile and Brazil. A decreasing volume
per ha is evident when going south. Virtually none of the natural forest is
under management. The plantation program is substantial, the total area
reaching 1.5 million ha, of which about 60 per cent is coniferous. More than

80 per cent is for industrial use, the remaining for fuelwood.
Africa

The operable forest in Africa is over 169 million ha (see Table 1l.5).
Between 1 to 2 per cent of this is in softwood forests.é/ Approximately one

third of the total closed forests is inoperable.é/ These forests serve a

population of 348 million inhabitants.

5/ FAO, Tropical Hardwood Resources, op. cit.,Table I-2-1, p. 29.
6/ 1ibid. ‘ ‘




_17_

West Africa This subregion, has tropical evergreen forest vegetation
mainly along the coast. The total area of closed forest covers some
18 million ha, of which only 11.3 million ha are considered productive. One
million ha are under managemeut {(see Table 1.5). Of the 6.7 million ha of
unproductive forest, 5.6 million ha are inoperable for physical reasons which
include poor quality as well as inaccessibility. Total growing stock in the
closed forest is estimated at about 2,900 million m3, of which roughly
2,000 million m3 are operable forest., This gives a volume of about
177 m3/ha. Inteasive forest management does not seem to exist on a
large-scale in this region. The total plantation area is estimated to have
reached 330,000 ha, 70 per cent of it is in Nigeria. The coniferous component

is negligible.

Table 1.5. The productive forest resources of Africa

Area in million ha Volume of growing

Operable Under stock in

Subregionsﬂl forest management million m3
Mediterranean 0.2 0.1 40
Northern Savannah 6.5 .o 300
West Africa 11.3 1.0 2,000
Central Africa 137.6 0.2 35,300
Yast Africa 4.1 .o 400
Southern Africa 9.5 0.7 1,000
Total Africa 169.2 2.0 39,000

Source: FAO, Wood Resources and Their Use as Raw Material, op. cit.

a/ For a list of the countries in each subregion, see Glossary.
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Central Africa This subregion covers an area of 5.3 million km? and it

includes the large humid tropical forest of Central Africa. The total area of
closed forest covers some 173 million ha, of which 138 million ha are
considered operable (see Tabie 1.5). The total growing stock in Central
Africa is estimated to reach nearly 40,000 million m3 of which somewha® more
than 35,000 million m3 are in the productive forest. The productive forest

is thus very rich volume-wise, with an average of around 250 m /ha. The

total plantation area is estimated at 235,000 ha, of which more than two

thirds is in Angola.

The Mediterranean This subregion has very little forest except in the

Maghreb countries; the forests being mainly broad-leaved with some con1ferous
species. The growing stock is estimated to have a volume of about 60 m /ha
for the 100,000 ha of managed forest. The rest of the region has xerophytic
to desert conditions. The annual plantation program is estimated at

approximately 20,000 ha and is mainly oriented towards hardwood production.

Northern Savannah This subregion also has very little forest except on

the southern fringe, where limited forest associations of the Sudano-Guineaese
type appear that have some growing stock of sawlog size. The area of closed
forest is estimated at some 44 million ha, of which about 6.5 million ha are
considered productive with a growing stock of 300 million m3. More

important is the wider area of wood vegetation, all xerophytic associations
estimated to cover some 130 million ha and producing fuelwood, roundwocod and
many other non-wood products. The total area of plantation is estimated at

37,000 ha, all in broad-leaved species.

East Africa The total closed forest area is about 9.7 million ha of
which about 4.0 million ha are classified as productive (see Table 1.5). Some
1.1 million ha of the forests are coniferous, of which about 60 per cent are
productive. Total growing stock of the closed forest is estimated to be over
900 million m3, of which 400 million m3 in productive forest. About half
of the forest is undisturbed and forest management plans exist for only about
15 per cent of the area. The growing stock of productive coniferous forest is
66 million m3. The total plantation area is estimated at 650,000 ha, mostly

in the Sudan, Kenya, and Ethiopia.
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Southern Africa The total area of closed forest is about 15 million ha,

of which over 9.0 million ha are considered productive with 650 000 ha under
management (see Table 1.5). Total growing stock in closed forest is estimated
at 1,000 million m3, of which 770 million m3 in productive forest, but

average volumes per ha are not very high. Nevertheless over 200 m3/ha have

been found in some areas.
Asia

The forest resources in Asia, continental Asia and the S.E. Asian
archipelago cover some 600 million ha of forested land, of which some
425 million ha are considered to fall in the category of closed forest. These
forests serve a population of 2.4 billion inhabitants over a total land area

of 27 million km2. The productive forest resources are shown in Table 1.6,

Table 1.6 The productive forest resources of Asia

Area in million ha Volume of growing
Operable Under stock in

Subregionsa/ forest management million m3
West Asia, Near East 15b/ .o 1,8302/
East Asla 125 ces 9,700
South Asia 49 33.1 3,840
Continental South-East

Asia 41 3.5 6,650
Insular South-East Asia 111 2.5 21,000
Total Asia 3410/ 39.1b/ 43,020

Source: FAO, Wood Resources and Theiﬁ Use as Raw Material, op. cit.
a/ For a list of countries in each aubregion, see Glossary

b/ incomplete due to lack of data fof certain small areas in West Asia.
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West Asia and the Near East This subregion is characterised by a limited

forest cover. At present, some forest resources remain in a few countries and
provide some roundwood for local industries and consumption. Data on the

region are incomplete.

East Asia This subregion includes China, which accounts for 122 of the
125 million ha of operable forest in the region. In terms of land area,
forests and population, China has a predominant position. However, in view of
the wood requirements of the population, it is accepted that the present
forest estate, covering only 12 per cent of the total land area, 1is
insufficient. China has already accomplished 30 million ha of reforestation
two thirds of which are for timber production. Plans exist for reforestation

of an additional 40 million ha by the year 2000.

South Asia The area of closed forest is estimated at some 60 million ha,
of which 49 million ha are considered productive. The total growing stock is
estimated to be nearly 4,400 million m3, of which about 3,800 million m3
are in the productive forest. This represents an average growing stock of
about 73 m3/ha, but wide ranges of stocking density exist depending on local
conditions. The coniferous forests account for almost 750 million m3 with
densities per ha ranging from 60 m3/ha in Nepal to 275 m3/ha in Bhutan.
Moreover, this sub-region alsoc has a high proportion of managed forest, on
average about 70 per cent, but over 75 per cent in India which explains the
high degree of utilization of the forests. The total plantation area has

reached 2.5 million ha, one third of which during the past 5 years alone.

Continental South-East Asia The continental South-East Asian subregion

has a forest area of some 66 million ha of tropical forest, of which about
41 million ha are considered productive, with 3.5 million ha under
management. Total growing stock in the closed forest is estimated at scme
8,800 million m3, of which 6,650 million m3 are in the forests considered
productive. This gives an average growing stock of some 100 m3/ha. By
1980, the total plantation area had reached 350,000 ha, half of which was
established during the previous 5 years. The area includes 70,000 ha of

coniferous plantations in Vietnam.
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Insular South-East Asia This subregion has Asia's most important forest

resources both in volume and in quality. In total the area of closed forest
in this subregion is estimated at some 148 million ha, which represents more
than 55 per cent of the total land area. The coniferous forests cover some
500,000 ha, mainly in Indonesia and the Philippines. Approximately

111 million ha of forest is considered operable. Total growing stock is
estimated at some 31,500 million m3, of which some 21,000 million m3 are

in the productive forest with an average growing stock of about 200 m3/ha.
There is a strong, emphazis on plantation development. The total plantation
area is estimated at 2.25 million ha, mainly in Indonesia and the Philippines.

Some 40 per cent of the planting is in coriferous species.

1.2.4 Deforestation, afforestat.on and reforestation

The tropical forest resources are steadily decreasing; the annual
deforestation rate for the period 1976-1980 amounts to about 0.7 per cent.
According to FAO estimates for 1981-1985 more forests will be destroyed
annually in tropical America than in other developing regions.l/ Due to the
existing reserves, however, the situation is not as critical as in Africa or
Asia, In general, deforestation is uncontrolled and usually does not conrform

to any land use plan.

Table 1.7. Annual deforestation in productive closed forests in
relation to total productive forest area in tropical regions

Annual deforestation

Total productive in the productive
closed forest area closed forest
mill. ha. mill. ha. Z
Tropical America 521 3.2 0.6
Tropical Africa 134 1.3 1.0
Tropical Asia 197 1.7 1.9
Total 852 6.2 0.7

Source: FAO. Wood Resources and Their Use as Raw Materials, op.cit., and
FAO, Tropical Hardwood Resources, op.cit, Table I-2.1, p.29.

1/ FAO, Wood Resources and Their Use as Raw Materials, op.cit.
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The major cause oi defvrestativu is spontaneous shifting agriculture.
This 1s considered to be responsible for .“out 35 per cent of total
deforestation in Latin America, 70 per cent in Africa and 50 per cent in
Asia. Another important cause is conversion of forest land to extensive
grazing which takes place especially in Latin America and East Africa. Beyond
the annual loss of 7.5 million ha of closed forest another 3.8 million ha are
lost in "other wooded land" of which 2.3 million ha in Africa. Though this
disappearance of open wooded land does not directly affect the industrial wood
potential, it is, however, a severe loss in the production potential of
fuelwood and building poles, as well as a step further in the savannisation

. . e . 8
and sometimes desertification of the rural areas.—

The impacts of degradation are similar to those of deforestation. The
degradation results in a qualitative and quantitative reduction of the growing
stock and its production potential. The main causes are considered to be bad
logging practices, exploitation exceeding the yield of tne forest, overgrazing

and fires. The rate of degradation is estimated to be 4.0 million ha per year.

In the developing countries, annual losses of tropical closed forests of
an area of 7.5 million ha compares to annual industrial and non-industrial
plantations of 1.1 million ha. A "replacement ratio" indicating the ratio of
deforestation plantation can be computed (see Table 1.8). This ratio is 1:8
in tropical America including Brazil, but only 1:33 when Brazil is not

included.

Tropical moist forests on the average produce 3 to 4 m3 of logs per
hectare per year, of which only 0.5 to 2.0 m3 are currently saleable. The
plantation of tropical pines makes it possible to produce about 20 m3 per
hectare per year of homogeneous raw wood. The total area of established
plantations has been estimated at 11.5 million ha in 1980 which is regarded to

be inadequate.

8/ 1Ibid.

e e




- 23 -

Table 1.8. Annual rate of tropical forest plantations

and deforestation. 1,000 ha

Forest plantations Deforestation Replacement
Industrial Fuelwood Total (all closed forest) ratio

Tropical Ameri-a 283 252 535 4,400 1: 8
Tropcal Africa 64 62 126 1,300 1: 10
Tropical Asia 233 205 438 1,800 1: 4
Total 380 719 1,099 7,500 1: 7

Source: FAO, Wood Resources and Their Use as Raw Materials, op.cit. p.40.

Table 1.9. Established plantations in tropical developing countries, 1980
(million ha)

Region Industrial Non-industrial Total
Tropical America 2.6 2.0 4.6
Tropical Africa 1.0 0.8 1.8
Tropical Asia 3.5 1.6 5.1
Total 7.1 4.4 11.5

Source: FAO, Wood Resources and Their Use as Raw Materials, op. cit.

1.3 Uses of forest resources

1.3.1 Pattern of utilization

The following review of the utilization of the world's productive forest
resources gshows the scant utilization of the forest for production of
industrial raw material in the tropical developing countries. The world's
production of all roundwood reached some 3 000 million m3 in 1980, of which
40 per cent was produced in developed countries and 60 per cent in developing

countries (gsee Table 1.10 below).
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Tabie 1.10. Tne giobal use oi wood, 15380
million m3
Developing countries Industrialized countries
Industrial roundwood 300 1,100
of which:
Log exports 40 30
Chemical wood pulp 10 100
Mechanical processing 100 600
Fuelwood and charcoal 1,500 100
Total 1,800 1,200
Source: FAO, Yearbzok of Forest Prodycts, 1980, 1982.

The distribution of global roundwood production corresponds roughly to the
distribution of the resources. However, the bias towards production of
fuelwood in developing countries is overwhelming. Of the production of
industrial roundwood, on the other hand, only about 20 per cent was produced

in developing countries.

A detailed analysis of the degree of utilization of the different forest
types in the developing world, with separate consideration of the use of the
coniferous species in the temperate and tropical zones, has been

9/

performed.=’ . This is briefly summarized in Tables 1.10 and 1.1l and in the

section below.

In the developing world, only 294 million m3 of industrial roundwood
were produced, one-third by countries in the temperate zone and two-thirds by
those in the tropical zone, though the volume felationship between their

respective growing stock is one to twelve.

9/ FAO, Wood Resources and Their Use as Kaw Materials, op.cit.




Table 1.11 Recundwood production. by development region, 1980
(million m~)

INDUSTRIAL ROUNDWOOD
o) AiTedy
Region Total Fuelwood Total of which: sawlogs and pulpvood industriel
non- lveneer logs roundwvood
conf. conif.
Developed 1251 151 1100 872 228 651 312 137
Developing 364 265 99 65 3k 52 12 35
temperate
-|Developing 1L06 1211 195 30 165 139 17 39
tropical
Total 1770 1476 294 95 199 191 29 15
developing
Total World 3021 1627 139% 967 ka7 8L2 31 212

_ga_

Source: FAO, Wood Resources and Their Use as Raw Material, op.cit.
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Table 1.12. 1Industrial roundwood production in tropical
developing countries
(million m3)

Of which:

Other

Sawlogs and industrial

Total Coniferous veneer logs Pulpwood roundwood
Tropical America 63 26 45 12 7
Tropical Africa 41 3 21 2 18
Tropical Asia 91 1 73 3 15

Total Tropical

Developing 195 30 139 17 39

Source: FAO, Wood Resources and Their Use as Raw Materials, op. cit.

A breakdown of the 1980 production of 294 million m3 of industrial
roundwood in developing countries indicates that this comprised
191 million m3 of sawlogs and veneer logs, and 29 million m3 of pulpwood
used by forest industries, plus 75 million m3 of wood for use in the round
as poles, piling and posts. In the developing countries this last category is
used extensively for building. In China, it represents almost 40 per cent of
the total industrial roundwood production. In the other developing countries,
at least in those with forest, it is probably of similar importance.
Statistical data put 20 per cent of total industrial roundwood production in
this category, but large volumes of this type of product are often not

recorded. Moreover, such poles are also harvested outside the forest.

1.3.2 Non-industrial use of wood

Wood can be used simply for its energy value. In fact, that is its major
use in the world, especially in the developing countries. This use disregards
the structural or the fibre qualities of the wood. However, for about
2000 million people in the developing world, it is the major means of meeting

their essential energy needs, most of which is simply the daily household
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needs for preparing food and drinks, some heating and some artisanal uses. In
the rural economy, it is also an essential input for productive activities

that benefit low income people in particular.

Growing of wood for production of energy on an industrial scale exists in
various parts of the world especially in the developing countries where
fuelwood is used for many industrial activities. These include the making of
charcoal, bricks, pottery, mineral extraction, tobacco curing, processing

latex and various food-processing activities based on drying.

1.3.3 Primary wood processing industries

The mechznical processing of wood involves the manufacturing of three
categories of products; namely, sawnwood products {such as unplaned and planed
sawnwood and railroad sleepers); peeled and sliced wood products (such as
veneer and plywood) and reconstituted wood products (such as fibreboard and

particle board).

World consumption of all mechanically processed wood increased by
8.9 per cent from 137C to 1980, and except for Oceania and the U.S.S.R., every
region recorded an increase over this period. The consumption of developing
countries increased by 34 per cent. Moreover, the developing countries’' share
of the world consumption of products from the primary processing industry,

which was on'y 12 per cent in 1970, increased to 17 per cent in 198019/.

An irdication of the difference in consumption shares between
industrialized and developing countries in given in Table 1.13 which shows the
apparent consumption of selected mechanical wood products, by regions in

1980.

10/ FAO, Yearbook of Forest Products, 1980, 1982.
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Table 1,12 Anparent consumntion of ceiected mechanical
wood products by regions, in 1980
(1000 m?)
Regions Conifer. Non-conifer. Veneer Plywood Particle Fibreboard
sawnwood sawnwood board

World 317,918 102,647 5,090 39,156 40,467 16,266
Industrialized:
Noth America 87,952 18,700 441 18,624 7,728 6,329
Europe 75,804 22,006 2,198 5,192 23,911 4,639
U.S.S.R. 80,364 12,632 527 1,723 4,428 2,705
Oceania 3,114 2,419 66 184 665 227
Japan 35,595 6,894 300 8,402 1,024 564
Percentage of

total 89 61 69 817 93 89
Developing:
Africa 3,370 5,430 189 573 4417 157
Central America
and Caribbean 1,907 1,110 25 504 482 106
South America 8,552 11,148 202 899 919 740
Asia 21,260 22,308 1,142 3,055 863 799
Percentage of

total 11 39 31 13 7 11

Source: Derived from FAO, Yeaxbook of rorest Products, 1980, 1982.

Data exclude railway sleepers.

The total consumption of all the mechanical wood products in the
developing regions increased over the decade of the seventies. This holds
particularly for non-coniferous sawnwood, veneer and plywood. 1In 1970, the
share of developing countries in total world consumption of thege products was
29 per cent, 13 per cent and 7 per cent respectively. Whereas in 1980, this
share had increased to 39 per cent, 31 per cent and 13 per cent respectively.
South America and Asia accounted for the overwhelming share of this increase

11/

in consumption—'.

11/ For a detailed analysis of the consumption of different types of
sawnwood as well as of panels. see FAO, Wood Resources and their Use as Raw

Material, op. cit.
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1.3.4 Secondary wood processing industries

Secondery wood processing covers the transformation of sawnwood and panel
products (semi-finished products) into a finished product. The main uses of

secondary wood processing products are:

Structural
-~ temporary works
— frames and trusses

- prefabricated elements

Non-structural

- furniture

-~ joinery

Other
- packaging
- pallets

- miscellaneous wooden articles.

Often the smaller factories combine the manufacture of furniture and

jolinery products,

Data on the secondary wood processing in developing countries are scarce
and unreliable. However, it is overwhelmingly clear that secondary wood
processing is not developed to its full potential. As will be shown in
Chapter 3, developing countries have a trade deficit in many secondary wood
products. In world exports, developing countries account for only

8-10 per cent.

1.3.5 Wood for chemical processing

The suitability of various species of wood for the pulp and paper
industries is mainly determined by the characteristics of the fibre. The most
important characteristics are fibre length and fibre flexibility. At present,

chemical wood processing is limited in, the developing countries, owing to
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characteristics of the avaliable raw maierial a5 weli &5 Lo ot

constraints such as capital and skills, and size of the domestic market.

In the tropics, experiments are going on with quick-growing species for
producing pulp. If, successful results are obtained, it is expected that
production of pulp will increase substantially in the tropical countries,

leading to strong competition with traditional pulpwood suppliers.

The world production of pulpwood in 1980 was 341 million m3 of which
92 per cent was produced in the industrialized countries, only 3 per cent in
the developing temperate region, and 5 per cent in the developing tropical
region. Most of the pulpwood production in the developing tropical regions
came from tropical America. Brazil has considerably increased its share of
production of pulp and paper, and several developing countries have started

setting up their own pulp and paper industries.

1.3.6 Miscellaneous products derived from wood

In addition to sawnwood, panels aud paper there are other commercial
preducts derived from wood. Chemical feedstocks derived from wood are used in

the production of adhesives and coatings, viscose rayon, and other products,

The carbohydrates available in unprocessed wood are not digestible by
ruminants but can be made so by steaming, providing a potentially significant
source of food for livestock. Other products which are produced from wood
include tannin, turpentine, creosote, producer gas (a low calorie gas which is
suitable for use in internal combustion engines), activated charcoal, furfural

and alcohol.

The most important source of most of these products is the pulp and paper
sector, which creates waste material by chemical and thermal processing of
wood. In many cases, the chemical recovery processes are profitable. Often,
however, the incentive for processing wastes results from the fact that gince
there are environmental regulations which prohibit their free disposal it is
more 2fficient to convert wastes into commercial products than to digpose of

them in a way that complies with environmental regulations.
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The economic importance of these miscellaneous products is less for both
their indirect production from logs (or other parts of the tree) and as
by—-products of mechanical processing. However, waste material from mechanical
processing (especially if the definition of waste is broadened to include
material left in the forest) constitutes a vast amount of raw material that
could be used for the products mentioned above - well as for the uses
discussed elsewhere in this report (viz. particle board, fibreboard and energy
production). For example, the processing of wood for animal food can be
accomplished through steaming and does not require a large capital outlay.
Also as energy prices increase, the production of fuels such as alcohol and
producer gas could become a more widespread use of the forest biomass.

1.4 Perspectives towards the year ZOOOLQ/

1.4.1 Development potential

It is estimated that world roundwood productior. would increase from 2,800
in 1975 to 3,910 million m3 in the year 2000, an increase of some
40 per cent, and this would come from a rise of about 400 million m3 in the
developed market economies, some 300 million m3 in the centrally planned
countries, and a further 400 million m3 in the economies of the developing
world. This would mean increases of 53 per cent for the developed market
economy countries, 41 per cent for the centrally planned economy countries and
only 31 per cent for the developing countries, even though these last
mentioned countries have some 58 per cent of the world forest resources. This
projected increase has been broken down into its fuelwood and industrial wood

components in Table 1.14.

12/ This section is based on material contained in FAO, Forestry Paper
No.29 "World Forest Products - Demand and Supply 1990 and 2000", 1982.




Tatle 1.14 World roundwsed preducticn, 1975 and 2000
(million m3)
1975 2000
Region Total Industrial Total Industrial
roundwood Fuelwood roundwood roundwood Fuelwood roundwood

Developed market

economies 761 57 704 1 165 70 1 093
N. America 454 18 436 670 28 642
W. Europe 229 29 200 350 30 320
Oceania 22 1 21 60 2 58
Japan 37 - 36 58 - 58
Other 19 8 11 25 10 15
Developing market

economies 1 305 1 112 193 1 715 1 350 365
Africa 327 294 33 360 300 60
Latin America 309 250 59 525 400 124
Far East 582 495 87 760 600 161
Near East 87 73 14 70 50 20
Centrally planned

economlies 733 304 429 1 030 400 627
USSR & Eastern

Europe 468 96 372 630 100 531
Asia 265 208 57 400 300 96
World 2 799 1 473 1 326 3 910 1 820 2 085

Source: FAO, "World Forest Products - Demand and Supply 1990 and 2000";
Forestry paper No. 29, Rome, 1982, Table 2.0.

Note: Totals may not add up due to rounding.
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The FAO evaluation estimates that the world production of roundwood for
industrial processing might increase over the last quarter of this century by
some /50 million m3, or 57 per cent above the 1975 production lev:1. This
increase would be from some 390 million m3 in the developed market
economies, 200 million m3 in the centrally planned economy countries and
some 170 million m3 in the developing market economy countries, and would
mean for these three country groupings increases of 55 per cent, 46 per cent

and 89 per cent respectively.

The study estimates that consumption of manufactured wood products would
increase by about 63 per cent (including increasing use of wood residues and
more efficient manufacturing). It also expects an increased consumption of
wood products of some 140 per cent in the developing market economies, as well
as a virtual doubling of net wood exports. This net wood export trade in
value would consist of 45 per cent of processed wood (mostly primary products)

as against 22 per cent in 1975.

Table 1.15 presents a broad picture of the prospective additional sources
of supplies of industrial sawnwood. Additional sources of supplies in the
tropical countries are evaluated at some 80 million m3 of hardwood logs and
95 million m3 of pulpwood, slightly more than half of which would be

hardwoods.

The tropical closed forest is expected to be reduced by some 12 per cent
largely due to clearing for agriculture, but utilization is expected to
increase the total ocutput both by extending the species range and by opening

up as yet unutilized areas.

In the tropics, plantations are expected to increase from some 5 million
ha tc over 16 million ha by 2000 and the supply of industrial wood to increase
tenfold to reach some 100 million m3. Latin America is expected *o account
for about two-thirds of the tropical countries' supply of industrial wood from

plantations, more than 60 per cent of which is likely be coniferous wood.
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.15 Bounduoad for industrial processing 1975 and 2000
Perspective additional suppliers
(million m3)

1975 2000 Anrual Main additional suppliers
percentage
change
Broad—leaved logs 220 320 1.5 tropical countries + 80
Coniferous logs 570 862 1.7 (U.S.S.R.+ 85, North America + 65)
(Europe + 20, Japan + 20)

Total logs 790 1,182 1.6
Pulpwood and 540 903 2.3 (North America + 110, Europe + 100)
miscellaneous (Tropical countries + 95)
Total 1,330 2,085 1.8

Source: FAO, Wood Resources and Their Use as Raw Material, op. cit.

On a world basis, wcod supplies are judged to be sufficient '~ -weet the
prospective demand in the year 2000 if the supply potential in t... .airious
regions can be fully realized. This is shown, on a product basis, in Table
1.15 above. However, regionally there are, and will continue to be,
differences between production and consumption as shown in Table 1.16 below.
Both Western and Eastern Europe as well as Japan will continue to consume more
wood products than what they produce, as will the wood-poor areas in the
Middle East and North Africa. The major excess production regions will
continue to be North America and the USSR with smaller surpluses coming from
Oceania and the Far Fast. Latin America, although its production is expected
to increase gsubstantially, will maintain a reasonable balance between
production and consumption due to a projected substaniial increase in its

consumption of wooed products.

The ability to supply these increased demands for timber would be
increagsed by making greater use of currently commercially less accepted

species.
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Table 1.16 World consumptioni/of wood products
by product group, 1060 to 2000

(millons m3)

Product group 1960 1970 1980 1990 2000
Softwood
~ Sawnwood and sleepers 252.1 300.6 329.5 368.6 399.4
Solid wood panels 10.0 18.7 24.3 30.6 34.5
Reccnstituted panels 12.0 35.0 61.4 81.0 100.7
Other industrial products 74.4 66.9 68.5 67.7 67.7
Pulps 187.6 314.0 379.5 477.3 631.0
Total softwood 536.1 735.2 863.2 1,025.2 1,233.3
Hardwood
Sawnwood and sleepers 73.5 91.2 99.3 123.9 143.1
Solid wood panels 6.8 17.3 24,1 29.6 35.0
Reconstituted panels 7.2 19.9 32.9 44,1 55.2
Other industrial products 69.4 77.3 81.5 83.6 88.3
Pulps 39.8 91.7 132.0 187.1 263.6
Total hardwood 196.7 297.% 369.8 468.3 585.2

Source: FAO, World Forest Products Demand and Supply 1990 and 2000.
FAO Forestry Paper 29, Rome, 1982, Table 2.0.

a/ World consumption is assumed to equal production in each product
category.




Table 1.17 World consumption and pruoduc’ion of wood products by reg‘ionﬁljﬁ 350 to 2000

(million m3, fibre volume> )

5' wood products have been combined into five product groups:
progucts (pitprops and other industrial roundwood), and pulps (mecha.mcal, semi-chemical, chemical, and diasolving).

3" These figures are in terms of cubic meters of "fibre vclume", which is the amcunt of unbarked wood per reported measure of product volume.

1960 1970 1980 19% 2000
Net import(-) Net import{-) Net inport(-) Net import(~) Net import{-)
Consump~ Product- or _ Consump— Product- or Consump— Product- or Consump- Product-. or Consump~ Produc' - or
Region tion ion net export(+)| tion ion net export(+)| tion ion net export(+)] tion ion net export(+){ tion ion net export(+)
Market economies
North America 035.4 240.7 +5.3 3331 353.0 +19.9 392.2 415.2 +23.0 459.4 485.6 +26.2 538.7 575, 1 +36,4
Western Europe 148.0 142.4 -5.6 226.4 207.6 -18.8 264.6 243.5 =211 313.0 280.6 -32.4 369.1 325.7 -43.4
Japan 46.8 46.0 -0.8 88.7 80.8 - 7.9 102.0 93.0 - 9.0 132.9 114.6 -18.3 168.8 116.8 -32.0
Latin America 20.0 18.6 -1.4 34.8 33.0 - 1.8 43.9 44.4 + 0.5 64.5 71.0 + 6.5 96.5  103.6 + 7.1
Cceania 10.0 8.6 -1.4 12.4 10.8 - 1.6 16.1 14.5 - 1.6 20.7 20.9 + 0.2 28,17 6.4 + 1.7
Middle East and
North Africa 8.2 6.3 -1.9 10.3 7.4 - 2.9 13,1 8.5 - 4.6 16.8 10.9 - 5.9 22.9 15,5 - T.4
Africa South of
the Sahara 14.9 14.9 0.0 23.1 24.5 + 1.4 29.5 31.2 + 1.7 36,2 40.6 + 4.4 44.3 51.2 + B9
Centrally planned
-ecenomies
Far East 19.3 20.3 +1.0 27.0 28.7 + 1.7 38.8 43.8 + 5.0 60.4 70.6 +10,2 82.8 99,3 +16.5
Eastern Europe 41.7 41.1 ~0.5 §2.0 51.2 - 0.8 68.8 63.6 - 5.2 85.6 11.9 -13.7 107.5 79.4 -28.1
USSR 157.1 162.3 +5.2 183.0 193.6 +10.6 209.0 220.2 +11,2 239.1 #51.0 +21.9 279.5 313.8 +34.3
Asia 31.5 31.6 +0.1 41.9 42.0 + 0.1 55.0 551 + 0.1 65.7 5.6 - 0.1 19.7 19.€ ~ 0.1
World 732.8 732.8 1,032.6 1,032.6 1,233.0 1,233.0 1,493.4 1,493.4 1,818,5 1,818.¢
Source: FAO, World Forest Producis, Demand and Supply 1990 and 2000; FAO Forestiry Paper 29, 1982, various tables.

sawnwood and sleepers, "solid wood' panels, reconstituted panels (particleboard and fibre bonrd), other industrial

- 9¢ -
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il o= - - . . 13/
CHAPITEK Z. Logging and Iransport—

2.1 The role of logging and transport in overall forest management

Logging and transportation systems have a very great impact on overall ]
forest management policy. They affect nearly all aspects of both the
biological and physical systems as well as the economic aspects of the land
management system. The appropriate technological methods in these key areas
will in a large measure determine the success of the forestry and the wood
products industry as a contributor to economic development. The discussion in
this chapter is confined to logging in relation to the institutional
arrangements for granting forest utilization rights and the engineering and
economic aspects of various types of logging systems. By the transport system
is meant the roads and equipment which are used to transport legs from stump

to the main transport system.

The effects of various harvest regimes and associated logging systems on
the future productivity of the tropical forest are not known with the same
degree of precision as for the temperate and especially the temperate
coniferous forest. These relationships are an area of active research and no
doubt will be better understood over time. But future timber yields are not
the only consideration in choosing logging and transportation systems. Other
important considerations are the overall environmental effects and the ability
of the logging operations to support local processing operations. Clearly the
maragement of these two aspects have an overall effect on the contribution of
the forestry and wood products industry to economic development. Beyond these
considerations is another often equally important consideration relating
mainly to those areas where the forest lands in question are under public
ownership, namely the government's ability to collect the full value of the

rents associated with harvesting the timber,

13/ This chapter is based on FAO, Wood Resources and Their Use as Raw
Material, op. cit., Chapter 1, and N.A. Burdin and V.A. Sylantyev, op. cit.
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As stated above the logging and transportation systems in the broadest
sense encompass a wide variety of forest management activities. Logging in
its broadest definition includes the institutional arrangements associated
with forest utilization, the harvest method (i.e. selection cutting or clear
cutting cr some hybrid of the two), the regeneration method (i.e. natursal
regeneration, plantation, abandonment, or conversion to other use), the !
logging method (i.e. the type of equipment, such as tractor, skyline or other
cable system, animal and so forth), the scheduling of the harvest, and a
number of other considerations. The transportation system includes both the
forest transportation system and the transport system which takes logs from
some intermediate point to their final destination. This distinction can be
best made by restricting the forest transportation system definition to
include the road network and equipment necessary to bring logs out to the main
road, rail or water transport network. This also means that it must serve the
function of enabling the appropriate equipment to get to the logging area.
Even so the distinction is not always so clear. 1In fact, mobile or
semi-mobile sawmilling facilities may be brought to the harvest area (or to
the general area to be logged). In some cases roads built to service a
particular logging operation may become main roads after logging operations

are complete.

In industrialized countries the level of mechanization in all phases of
logging operations can be very high. In the Soviet Union the trend is toward
comprehensive mechanization of all logging operations with the final purpose
of the total exclusion of manual labour. Use of modern equipment such as
felling and delimbing machines together with tree-length hauling minimizes the
operations which have to be carried out at the felling site, and greatly

increases labour productivity.

2.2 Types of forest utilization arrangements

Forest utilization arrangements on lands in the public domain are of two
types: timber harvesting contracts and forest management contracts. The
former usually run for a shorter term. Timber harvesting contracts usually

grant the right to harvest trees in a certain area and stipulate that certain

conditions will be met. These conditions may include logging methods, road
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construction standards, and other factors which affect the long-term
productivitiy of the forest. Royalties are normally based on the volume and

sometimes grade of timber removed.

Long term forest management contracts have been successfully used in
developing and developed countries. The principal advantage of this type of
contract lies in the tendency for the forest management concern to manage the
forest in a way that ensures its long-term productivity since the firm will
have an interest in future harvests. However in order for these contracts to
be successful it is essential that certain minimum standards of management for
environmental effects as well as other considerations be stipulated in the
contract in order to ensure the overall social interest is served. This is
particularly the case where the forest lands are expected to contr.bute tc the
production of goods and services other than timber, for example wildlife

habitat, watershed protection and recreational use (see section 1.1 above)

2.3 Logging Methods

There are a wide variety of logging methods and the selection of the
optimal system depends on the type of forest and on the objectives of forest
management, on terrain and climate, and on economic considerations. The main

types of logging systems are:

- multi-processor systems;

- mechanical ground skidding;

- cable systems and aerial systems;
- other mechanical systems;

- manual or animal systems.

Multiprocessor systems use a single machine for several or all of the
stump-to-truck operations. This can include felling, limbing, bucking,
hauling the material to the truck and loading it on. This system requires

that the terrain not be too steep. It is most widely used in developed

countries.
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Machanical ground skidding is the term used to describe the system where
logs are dragged behind wheeled or tracked vehicles. The system is used in

most forest regions of the world.

Crawler tractors can operate on slopes up to 40 or 50 per cent favourable
grade and 10 to 20 per cent adverse, but groind travel by crawlers is
relatively slow. Articulated wheeled skidders can operate on slightly lower
slopes - 30 to 35 per cent favourable grades - and are designed for fast
hauling. Although either may be used alone, in tropical forests crawlers and
skidders are frequently used in combination with one to three tractors
gathering logs over short distances for one skidder. The skidder then drags
the logs for distances up to 1.0 to 1.5 kilometers to roadside. In this
manner logs can be moved quite rapidly over substantial distances and
expensive road construction can be kept to a minimum. While it is fast, a
wheeled skidder is quite sensitive to adverse grades and loses effectiveness
significantly in broken ground. Similarly, productivity is lost in very wet

ground.

Ground skidding is particularly well suited to partial cutting in tropical
forests as vehicles can be manoeuvred among the standing trees with relative

ease. In some South American forests, extraction of volumes as low as

15-20 m3/ha has been found profitable.

Crawler tractors have been in use for many years for various purposes, and
men experienced in their use can be found in most countries. This degree of
familiarity simplifies training of operators for tractors and skidders in
logging. Still, trained and experienced planners and supervisors are required
to attain an efficient operation and to avoid silvicultural and environmental

damage.

Cable systems are those systems which involve the use of moving lines; a
winch which is stationary while in service and one or more spars or masts to
give elevation. Logs are either partially or entirely off the ground as they

“cable

are moved. Many variations exist, of which "high lead", "skylines' and
cranes" ave primary examples. In the high lead system, the winch and spar are

frequently mounted on wheels or' tracks to form a "mobile yarder”. 1In the

Philippines, wooden spar treeg are still being rigged in some locations.
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Heavy duty cable systems are in use in western North America, the
Philippines, and Borneo. Lighter systems are in use in mountainous regions of
Europe and some developing countries in Latin America and Asia. Very light
systems are now being developed for use in small timber and thinning

operations in North America, Europe and Japan.

Cable systems are essential where logging is carried out cn steep slopes
or in swampy areas. The sensitivity of soils to compaction may also favour
the use of cable systems over ground systems, though animal and manual systems
may be viable alternatives under these condit ons. The future productivity of
the forest must also be considered in the selection of logging systems, for
example, the extent to which soil compaction which would result from the use
of mechanical ground skidding might preclude reforestation. On forested areas
with high values as wildlife habitat, watershed protection, or unique
ecosystems, logging methods will need to be selected which do not unduly
raise the risk that the future forest productivity will be sacrificed. An
alternative to the use of cable systems are various types of aerial systems
(helicopter and lighter-than-air craft), which can be used in various terrains

and are generally suitable for environmentally sensitive areas.

While aerial and cable systems usually result in lower road costs per unit
of timber volume removed, their overall cost is normally higher. The use of
cable system is also normally restricted to areas where high timber volumes
per hactare can be harvested because of the expense required to set up the
rigging for this system. Helicopter logging in North American has been used
for harvesting high value trees in selection harvests with very low volume per

14/

hectare. 1t 1s also used, on an experimental basis, in the Soviet Union.,==-

In deaveloping countries the availability of skilled technicians necessary
to get-up and operate cable and aerial systems may also result in higher

operation costs in relation to other logging systems.

14/ N.A., Burdin and V.A. Sylantyev, op. cit.
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While animal logging systems are generally not- considered practical in
industrialized countries, they represent an important alternative to both
mechanical ground skidding and cable operatiomns in cerrrain developing
countries. Still it should be emphasized that while there is a great deal of
this type of logging in many developing countries, it coes not represent a
large share of total volume of timber logged worldwide, nor even for total }

volume in developing countries.

The types of systems included in "other mechanical systems" include simple
logging methods that are most suitable for areas which are easily accessed and
can be logged witk very simple equipment such as farm tractors and specially
adapted trucks. An advantage of these systems is that they do not require
special purchasing or servicing arrangements. While not suitable for logging
in difficult terrain, they can be used effectively under appropriate

conditions.

Some systems depend very heavily on manpower to produce logs. Many push
or pull, roll or slide, throw or carry, logging operations still exist which
may produce logs cheaper than mechanized operations under appropriate
conditions. An excellent example is the Kuda Kuda system used in Borneo to
harvest forests in freshwater swamps. Under this system, men are harnessed to
the logs and pull them over a skid-way to a light railway where they are
loaded, again manually, onto rail cars. A 1981 report shows a total cost of

US$19/m3 for all phases of the operation.lzl

Other systems depend on animals. Some small operations in developed
countries still use horses. Malawi is training oxen to skid logs. Elephants,
buffalo and bullocks are still used extens1vely in Asia. Reports from India
show that a pair of buffaloes can move 2 to 3 m /day over 500 m at a cost of
Us$0.90 - US$l. OO/m . An elephant can move 6 to 8 m / day over a s1m11ar
distance at a cost of US$2.50 - US$3. 25/m . It can load 40 - 50 m /day at
s cost of US$0.40 - US$0.55/m> .28/

15/ FAO, Wood Resources and Their Use as Raw Materials, op.cit.
16/ 1Ibid.
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2.4 Transportation systems

The forest transportation system normally involves skidding logs to a
point where they can be loaded for further transport by road, raii or water
transport system. Cable logging systems involve pulling logs to the forest
road system via the cable system for loading on to trucks. The use of cable )
logging systems requires fewer roads but the roads may have to be built to a

standard that allows the cable system to b2 transported to the logging site.

The most efficient means of transporting logs over long distances depends
on the particular circumstances surrounding the logging operation. If water
or rail facilities are available they are much cheaper on a per unit per
kilometer basis, but offsetting this is the fact that logs have to be
unloaded and relcaded. Omne of the major problems associated with the
development of primary processing in many regions is the problem associated
with ensuring a sufficiently even flow of raw material inputs over a long
period. The source of this problem is not the lack of adequate forest
resources and the ability to supply a steady flow of logs from the forest but
the difficulties in transporting these logs to the mill site. This emphasizes

the need for focusing attention on the main transport systems.

Due to the many different conditions and situations facing forestry and
iogging operations, logging costs vary significantly even within a specific
region or even for similar forest types. The main factors which affect
logging productivity and costs, in addition to logging technique, are such

items as forest type (species, volume per area unit, size of logs), terrain,

climate, experience of personnel and social or cultural traditions.
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CHAPTER 3. Possibilities and prerequisites for mechanical wood processing

industries in developing countries

As part of a resource based industrialization strategy, transformation of
forest resources into products of higher value is an attractive possibility
for many d-7eloping countries with large areas of forest. These forest areas
have been reviewed in chapter 1. The present chapter first presents some
rough indicators of certain macro-economic characteristics showing that
mechanical wood processing industries generally should be very suitable for
the developing countries. The chapter goes on to discuss some technical
characteristics, the particular prerequisites that must be met and the
constraints that must be overcome for the developing countries to resolve the
problems successfully and to exploit their natural advantages in this
industry. The role of the industry in the development process will be
discussed in chapter 5 and the particular measures that need to be taken in
order to develop local and foreign markets for the products are discussed in

chapter 6.

3.1 Comparative advantages of developing countries in

mechanical wood processing

The wood processing industry requires various input factors, such as raw
material, labour, energy, capital, management, transportation, services, and
markets. Many developing countries enjoy a comparative advantage over most of

the industrialized countries, with regard to wood and manpower resources.

On the other hand, a majority of developing countries lack, for instance,
skilled manpower, capital and infrastructure. Therefore, neither the domestic
processing of logs nor of primary products has yet developed to its full

potential.

Table 3.1 shows some key economic indica:tors for selected countries.
Whereas the operations tend to be very large in the centrally planned
economies, the parts of wood processing industry, in particular sawmilling and
secondary processing, in industrialized market economy countries is

characterized by predominance of small firms, although large operations

certainly exist, too.
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Table 3.1. Key economic indicators of selected countries
for total manufacturing (ICIS 3) and priﬂfry wood

-

processing industries {(iCI3 331)

.

Wages and GFCFb// Value added/
No.employees/ sal./empl. empl. empl.
establishment US$ current US$ current US$ current
1978 1979 1978 1979
3 331 3 331 3 331 3 331
Low income
countries
India 77 21 662 335 ces e ces oo
Indonesia 102 84 675 713 780 910 cee ces
Kenya 286 157 - ces cee .o 4,639 1,393
Middle incecume
countries
Brazil 48 27 2,020 1,220 1,477 977 ce ces
Ivory Coast 112 113 3,912 2,393 oo cae 7,237 3,138
Yugoslavia 236 175 3,098 2,805 2,498 2,134 8,079 5,731
Industrialized
countries
Austria 94 38 10,433 9,610 2,833 2,421 19,107 20,532
Canada 56 34 12,991 13,412 2,679 2,349 19,613 20,532
Sweden 80 39) 12,720 11,680 3,161 2,892 21,931 22,601

Centrally planned
economies

Czechoslovakia ... ... 5,543 3,199 2,686 2,741 9,803 8,652
Poland 121 103 e oo e ... 10,904 8,400

U.S.S.R. 856 1,037 2,503 2,662 1,511 1,132 10,878 5,567

Source* UNIDO data base

a/ Figures as a rule refer to 1978-79, but some figures particularly for
wages and salaries refer to 1977 or earlier years. This approach does not in
any way affect the conclusions drawn from this table.

b/ Gross fixed capital formation
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It is interesting to note that in the selected developing countries except
India the number of employees per establishment is considerably larger than in
the selected industrialized market economy countries. The underlying
statistical analysis shows that in most developing countries the wage level in
wood processing industries is lower than in total manufacturing industries and
that this is also valid for investment per employee and for labour
productivity. For most of these variables, as can be seen in Table 3.1, the
values for the developing countries selected are considerably lower than for
most of the selected industrialized countries. Thus the wood processing
industry is characterized by lower wages, higher intensity of labour and
substantially lower direct capital requirement than total industry. These
figures indicate that, generally speaking, developing countries would have a
strong competitive advantage over the industrialized countries in this
industry provided the lower productivity can be overcome. They also indicate
that the wood processing industry could be a priority sector in the

industrialization of the developing countries.

The above indications and figures are very scanty and have mainly
iliustrative value. However, they tend to indicate that developing countries
ought to have a competitive edge in this industry. Nevertheless, this

17/

potentiai is incompletely utilized.—

18/

For the following anaiysis—' of comparative advantage, only the

following wood products are considered: shaped or simply worked wood (e.g.,
sawn and planed sawnwood), plywoods and veneers, and products manufactured
chiefly of wood. Products such as furniture, which are manufactured using
substantial non-wood materials, are not included. Neither pulp and paper, nor

fuel are considered.

17/ For a complete analysis including a theoretical discussion and
presentation of the concept of revealed comparative advantages with an
application to the wood processing industries, see UNIDO/IS, Industrial
Development Survey 1983, Chapter 6 (forthcoming).

18/ UNIDO/IS, Industry in a Changing World, Industrial Development Survey,
Chapter XII (forthcoming), Division of Industrial Studies, Statistics and
Survey Unit.
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The allocation of world production and consumption is reported in
Table 3.2 12/. These data reveal a very higlt coirelation between the
consumpticn of wood products and production. Developed market economies in
the higher income group account for roughly 30 per cent of world consumption.
Net imports are a relatively small proportion of consumption, roughly 2.5 per
cent. The developing countries, as a group, are net exporters of wood
products, exporting roughly 6 per cent of their production. However, a number
of these countries must supplement domestic production with substantial

imports.

In value terms, the dominant producers of wood products are Canada, the
EEC, Finland, Japan, Sweden, and the United Stateszgj; all of which have
large indigenous supplies of natural raw materials. Together, they account
for over three-fourths of all production carried out in the developed market
economies and the developing countries. Major producers in the developing
countries include Chile, Brazil, india, Malaysia, Mexico, Philippines,

Republic of Korea and Indonesia.

Thus there is little doubt about the primary source of comparative
advantage in the wood products industry: this industry is raw material based
and most of the major exporters have substantial natural forests. There are a
few countries, however, that base their wood products industry on significant
imports of sawlogs. Major exporters, Carada and the United States are
essentially self-sufficient in raw materials although both countries import
roughly one-sixth or the wood products they consume. Other major exporters
(Austria, the EEC, and the Scandinavian countries) also import sawlogs that

account for roughly 6 per cent of the value of their outputs of wood products.

19/ Because of data problems, the analysis of comparative advantage
excludes the centrally planned economies.

20/ The USSR and Chechoslovakia would also be among the major producers
had data been available to include them in the anslysis,
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Tabie 3.Z Froducitlon, irade &and consumpiion of wood productsgl, 19772/
(million dollars)
Gross Apparent '

Country Group Output Imports Exports Consumption RACGOS/
Developed market economies:

higher income group 80133 10467 9040 81560 1.018
Developed market economies:

lower income group 4448 349 488 4309 0.969
Seri-industrialized
developing countries:

higher income group 3924 276 918 3282 0.835%
Semi-industrialized
developing countries:

lower income group 1733 219 824 1128 0.651
Developing countries:

higher income group 1013 171 282 902 0.890
Developing countries:

middle income group 258 28 92 194 0.752
Developing countries:

lower income group 193 5 24 174 0.902
Asian subcontinent 247 7 24 230 0.931
Least developed
countries 128 32 9 151 1.180
More industrialized
oii 2xporting developing
coratries 900 396 104 1192 1.324
Modestly industrialized
oil exporting developing
cov *ries 146 603 63 686 4.699

Source: UNIDO Secretarist calculations and data supplied by United
Nations Statistical Office.

a/ For a definition of "wood products" in this context, see text on
page 47

b/ 1977 was chosen for data reliability reasons.

c/ RAGCO = Apparent consumption/gross output.
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the Chinese Frovince of Taiwan, and the Republic of
Korea are the major exporters of wood and wood products that base their
domestic industries on imported raw materials. Korean imports of rough wood
account for an estimated 73 per cent of the value of gross output of wood and
wood products, while Japan's imports are equivalent to 24 per cent of gross
output. One-half of the supply of these raw material imports originates in i

North America, and one-half in the ASEAN countries.

The volume of exports per se does not measure the degree of comparative
advantage enjoyed by a country. It is possible, however, to identify
countries that enjoy an international comparative advantage by examining
alternative indicators. The relationships between production, consumption and
trade are plotted in Figure 3.121/. The vertical line represents
gross output = 100; points 'N' and 'C' represent, respectively, new supply and
apparent consumption as percentages of gross outputgzj. Countries for which
'c' lies to the left of the vertical line are net exporters and, therefore,
are presumed to enjoy a comparative advantage. Countries for which 'C' lies
to the right of the vertical line are identified as not having a comparative
advantage. Countries for which 'C' and 'N' lie very near the vertical line
are considered essentially se.f-sufficient, 1.e., they are neither importers

nor exporters,

Figure 3.1 permits the subdivision of the countries into three groups: 27
countries are identified as enjoying a comparative advantage, 12 are
essentially self-sufficient, and 42 are mainly dependent on imports for a
significant share of their domestic consumption. The aggregate exports of
these three country groups were in 1977, respectively, $6,302 million, $156
million, and $1,709 million. It is interesting to note that of 21 major

exporters several are indicated as not having an overall comparative advantage

21/ As Figure 3.1 is based on the situation prevailing in only one year,
1977, and since there may exist ancmalies in the data, the placement of
individual countries may appear odd. However, the overall impression is less
fraught with such imperfections.

22/ New supply is measured as gross output plus imports; apparent
consumptlon is grosg output plus imports minus exports.
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Figure 3.1. Indexes of consumption (C) and new supply (N)
of wood products

(Gross output = 100)2
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a/ Because of scaling problems a few countries heve been deleted from
Figure 3.1. For example, Saudi Arabia is excluded because of the very large
share of imports in domestic consumption ('C' and 'N' both lie very far to the
right of the vertical line). Also, the very large entrepot trade for Singapore
mekes comparisons of production, consumption and trade meaningless.
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in this industry; these 1include Austraiia, Japan, Norway, Spain, the United

States. Only 13 of the major exporting countries are found to enjoy an

overall comparative advantage; and only six of these countries can be regarded

as among the top ten most "competitive" countries. In order of their degree

of comparative advantage these six are: Finland, Austria, Korea, Canada,

Ivory Coast and Malaysia. Remaining major exporters which are indicated as )
enjoying a moderate degree of comparative advantage are Brazil, Indonesia,

Philippines, Portugal, Sweden, Thailand and Yugoslavia.

It is possible that a country that does not have an overall comparative
advantage in the industry, has a competitive edge in a narrow subsector of the
industry. Moreover, in those cases where countries have been identified as
enjoying an overall comparative advantage this may be due to the fact that
they have an overwhelming advantage in one or more narrow subsectors. In
order to address this question, more disaggregated country data, when
available, have been examined. Three categories were considered: countries
classified as having an overall comparative advantage, those identified as
“"self-sufficient”", and those not appearing to have a comparative advantage.

These groups will be treated in turn.

Most of the competitive developing countries tend to specialize in rather
narrow ranges of products. Korean exports are concentrated mainly in plywood
with some coniferous sawnwood also being exported. Chile and Honduras export
coniferous sawnwood, and Indonesia and the Ivory Coast supply non-coniferous
sawnwood. Gabon, Indonesia and the Philippines specialize in plywood,
although the Philippines also exports lesser volumes of veneer sheets and
household and decorative items. Other developing countries such as Brazil,
Malaysia and Thailand enjoy a comparative advantage in a wider range of
products. With few exception, these countries are predominantly exporters

with little intra-industry trade.

Portugal and Yugoslavia both export coniferous sawnwood. Yugoslavia is
also an important supplier of non-coniferous swanwood, builders' woodwork,
plywood, and veneer sheets and is engaged in significant amounts of

intra-industry trade, especially in coniferous sawnwood, plywood and veneer

sheets.
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The nexi group iuciudes the countries that were identi
self-sufficient. In total these countries exported $156 million of wood and

wood products during 1977.

The third group comprises the countries that are identified as not having
an overall comparative advantage in wood and wocod products; most of these
countries are extremely small exporters (their aggregate exports were
$46 million or 4 per cent of the group's total exports). The trade pattern of
the EEC is indicative of the group in general. Over 70 per cent of their
exports are to other member states. And the bulk of the trade is heavily
two-way, i.e., & country exports and imports similar items, except for where
one country happens to enjoy an unambiguous comparative advantage in & certiia
specialized product grcup, but trade in these items accounts for only a small

fraction of any member-country's exports of wood and wood products.

3.2 Major characteristics of mechanical wood processing industrieszé/

3.2.1 Introduction

The following section will present certain characteristics of the main
mechanical wood processing industries, particularly, with respect to raw
material requirements, technology and marketing requircments. The major

constraints that developing countries have to face will be outlined.

In this discussion on the potential for further expansion and development
of wood processing industries in developing countries it ghould always be
borne in mind that che relevant conditions in the develcping countries differ
very widely, both regionally and between individual countries. A certain
degree of generalization cannot be avoided but it musi be remembered that what

might apply to one region may not be fully applicable to othar areas.

32/ Fibreboards 1re also discussed here in connexion with the other wood
based panel. Boards of gypsum (sheet rock) or other mineral material are
excluderd from the FAO statistics.
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Particularly it should be borne in mind that there exist examples of high
technology wood processing mills, matching those in the industrialized

countries, in some of the newly industrialized developing countries.

This presentation is condensed; a more detailed treatment can be found in
reference literature and background papers of the study which are included in
the List of References.

24/

3.2.2 Poles, piling, posts, pitprops and sleepers—

The demand for wooden poles and sleepers is either constant or, more
often, decreasing in the developed countries due to the increased substitution
by concrete, steel, and through the use of underground cables. In many of the
developing countries, the demand is still increasing due to infrastructural
development such as building of roads, railways, bridges, telegraph and power
lines, although steel and concrete are increasingly used as materials for

sleepers.

For poles and sleepers, either naturally durable wood species or species
which can be impregnated have to be selected. But naturally durable species
have in mary areas become scarce or are too expensive to be used as rough
wood. In addition, many of the hardwood species are too difficult or costly
to impregnate or the durability of wood impregnated by known preservatives and
treatment methods is not adequate for the purpose. Thus, the domestic
production oi sleepers, poles and piles in the developing countries is
hampered by a lack of preservation plants, preservatives and knowledge of

preservation tecknology.
Therefore, important needs for the developing countries are:

- to diffuse the knowledge on commercially less accepted svecies

(strength, natural durability, impregnability);

24/ Included in one grouping according to the (SIC. In the FAO
statistics, sleepers are included in sawnwood data, when not tabulated

sep.rate.y.
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- to establish wood preservation plants and local production of wood

preservatives, when feasible.

3.2.3 Sawmilling

Sawmilling was originally a labour intensive industry with relatively low
capital and energy requirements. Since then, the trend in the developed
countries has been to substitute capital for labour. With mechanization and
automation, the labour requirement per output unit has decreased
substantially. This trend can be expected to be accelerated also in
developing countries due to increasing wages and the disappearance of simple
equipment with a resulting adverse effect in their present comparative
advantage where low labour cost is a factor. Table 3.3 shows production data
for coniferous and non-coniferous sawnwood by region for the years 1970 and

1980.

Today the technology level of the industry varies from small low
technology units to completely automated large mills. Correspondingly, the
labour requirement may vary from less than 5 to more than 50 hours per cubic

meter of output.

The quality of sawnwood depends essentially on the raw material
properties (strength, durability, appearance, defect frequency, etc.) and on
the manufacturing technology (dimensional accuracy, surface quality, grading,
defect elimination, etc.). Over 501 of sawnwood is used directly in building
and construction. Higher quality products are suitable for secondary
processing (better quality furniture, joinery and engineered timber

structures).

Sawnwood is a bulk commodity and the market is sensitive to overall
economic trends and especially to the level of building activities. The cost

of raw material is a large proportion of total production costs. In real

terms, the price of sawn wood although fluctuating with general business
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Table 3.3 Sawnwood (coniferous and non-coniferous) production

(1,000 o)
Region Coniferous sawnwood Non-coniferous sawnwood !
1970 1980 1970 1980

Developed market

economles 174,558 189,851 42,648 40,399
North America 90,379 100,326 18,172 18,650
Western Europe 47,754 54,880 11,973 12,437
Oceania 2,540 3,101 2,531 2,069
Other 33,885 31,544 9,972 7,243

- Developing market

economles 11,397 18,182 25,110 44,421
Africa 383 537 2,645 5,408
Latin America 7,420 11,443 8,067 13,832
Near East 2,186 2,982 672 1,126
Far East 1,368 3,148 13,578 23,793
Other 40 72 148 263
Centrally planned

economles 126,144 115,492 26,514 26,502
Asian CPE 9,664 14,016 6,143 8,396
Eastern Europe

and the USSR 116,480 101,476 20,371 18,106
World 312,099 323,525 94,271 111,322

Source: FAO Yearbook of Forest Products, 1981, op. cit.
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conditions, has remained stable in the long run. Sawmills have responded to
the increasing costs of raw material, labour and energy by increasing the
production efficiency through improved recovery and production speed and
savings in energy and labour. The technological developments, for temperate
zone softwood, include integrated multi-band saws and chippers, and thinner
cutting blades. Other new technology includes sensors to aid in sorting,
location and optimal positioning of feed stock and programmable controllers
and micro-computers. An important improvement in the field of managerial
technology is computer-assisted optimization of production steering and
scheduling. However, mills with such facilities are still the exception and

not the rule.

These advanced technologies, although currently concentrated in the
industrialized countries, will eventually, through their impact on the
relative competitive positions, influence the development of wood processing
industries in developing countries. They may not be adequate or suitable for
most developing countries but it is a necessity that the development is
monitored and followed by the developing countries in order to avoid future

dependencies and structural crises.

Many sawmills are looking into the possibilities to add value by further
processing of the products (drying, grading and in some cases stress grading,
planing, preservation, etc.) These techniques are applicable to tropical
woods but need further development, and the results disseminated to industries

in the developing countries,

Sawmilling produces large amount of residues, (shorts, edgings, offcuts,
slabs, chips, sawdust, bark), about 40-50%Z of the roundwood material. Today,
the economic utilization of the residues is a necessity and their value
actually rises with the increasing prices for raw material and energy. 1In
developed countries residues are mainly used as raw material in the
woodworking, particle board, fibreboard and pulp and paper induvstries and

utilized for the production of energy consumed in wood processing. In most

developing countries, residues are also used for fuel by the household sector.
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In the developing countries, labour intensive techneclogy
is often the most appropriate choice especially for smaller mills producing
products for the 1°c3122/ markets. Simple sawmilling equipment is already
produced locally but higher-technology equipment is imported which may give
rise to problems of maintenance and spare parts later. Mechanization should
be introduced in mills with large capacity. Unless very large machine outputs
are required, manual and electro-mechanically operated log carriages and
thickness adjustments should be preferred to pneumatic or hydraulically
operated equipment. Further developments into automation and/or
computerization can be decided on only in direct reference to the cost of the
manpower needed. Automation and computerization require highly skilled

maintenance crews and good communication and infrastructure. Quick expert

assistance and availability of spare parts have to be secured.

In the developing countries, the majority of plants operate at very low
efficiencies and the quality of products is low. The recovery rates are often
only 30-40% in comparison to 50-70% in the developed countries, although the
quality of logs is usually better and markets for the secondary material exist

in the latter group.

Important improvements needed are:

- Technical assistance for the selection of appropriate machinery.

- Improvements in the air seasoning and kiln drying of timber in order
to improve the quality of products and diminish losses.

- Use of appropriate sawing patterns.
- Better maintenance of the machinery and the cutting tools.
- Increased training both at the managerial and the technical level.

- Development of sawing and planning technology for commercially less
accepted species.

25/ 1In certain countries, the local or domestic market is so small or the
regional market so homogeneous that it is more appropriate to refer to a
regional market. Thus, the use of '"local" and "domestic" in this study
implies a regional market as well when appropriate in the context.
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- Use of appropriate grading technology for tropical sawn timber.

- Adaptation of equipment for small diameter log processing to convert
logs from plantation forests.

3.2.4. Wood based panel industries

Panel products are comprised of a variety of raw materials from complete
sheets of veneer, through relatively large wafers, smaller flakes, wood
particles - shavings, saw dust, - strands of fibrous timber material down to
individual wood fibres. Vegetable fibres and certain ligno-cellulosic
agricultural wastes can also be used. Moreover, fibreglass, rock fibre,
carbon fibres and synthetic organic fibres may also be incorporated. The
particles and resins may be combined in various ways.gﬁ/ The world
production, by region, of the more important forms of wood based panels is

shown in Taltle 3.4.

Plywood is the most established and conventional of the wood based panel
products. It includes a variety of products incorporating a veneer cross
banded construction. It may be all veneer, or a combination of veneer outer
plies with a core of solid wood, particle board or some other core material.
Plywood s produced from coniferous or non-coniferous species and from a
mixture of the two. In general softwood plywood is used for structural
purposes and hardwood plywood for decorative purposes, although there are many
exceptions to this rule. The bulk of plywood is manufactured to standard
sizes, thicknesses and constructions and sold as stock commodity items, while
some plywood is custom-built to size, thickness and construction to meet the

needs of the consumer.

26/ For a review of the technology in panel products industries and the raw
material availabilities, see background paper "Mechanical wood processing
industries in developing countries" by G. Heilborn and J. Swiderski, UNIDO,
ID/WG.395/5. For an analysis of consumption and international trade see FAO
Wood Resources and Their Use as Raw Material, op. cit., Chapters 2 and 4
particularly.
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Table 3.4. Panel products production

(1,000 m°)
j 4
Region Plywood Particle board Fibreboard
1970 1980 1970 1980 1970 1980

Developed market

economies 26,293 29,650 14,689 29,342 11,027 10,038
North America 15,929 18,338 3,460 7,367 6,755 6,343
Western Europe 3,139 2,699 10,431 20,023 3,152 2,800
Oceania 160 129 318 743 268 246
Other 7,066 8,484 480 1,209 852 649
Developing market

economies 3,238 6,136 638 2,253 587 1,283
Africa 248 413 48 140 4 12
Latin America 725 1,497 383 1,407 418 1,022
Near East 98 109 163 606 55 92
Far East 2,151 4,100 44 100 110 156
Other 16 17 aee cee . .o
Centrally planned

economies 3,643 4,488 3,843 8,735 2,594 5,194
Agian CPE 807 1,584 30 44 188 461
Eastern Europe
and U.S.S.R. 2,836 2,904 3,813 8,691 2,405 4,733
World 33,174 40,275 19,170 40,330 14,207 16,514

* Source: FAO, 1980 Yearbook of Forest Products, op. cit.
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Plywood production requires only a moderate level of technology, energy
and labour skills and has established world-wide markets in furniture,
packaging and internal and external sheathing. Material quality, particularly
sheathing, in the faces, must be high for many purposes, and high quality
veneers may be used for furnishing and finishing uses. The external grades

are bonded with water-proof resins. 4

In many developing countries, the plywood industry is considered the most
impor’ «nt of the mechanical wood processing activities in terms of

developmental strategy.

The production of various types of blockboard often complements the
production of plywood, and it requires relatively low investment. Production
of these boards increases the utilization of plywood cores and the product has
a ready market in the furniture and joinery industry. Altough blockboard is
more expensive than particleboard it does not require special hardware and

fittings.

Particle board includes a variety of wood based panel products made of

small fragements of wood bonded together with an adhesive. Among the
mechanically processed wood products, particle board is of the most recent
origin, having appeared on the world scene since World War II. The 1970s
showed a high rate of expansion of this industry with the Europeans dominating

and substantial production also in North America and the USSR.

Particle board is a direct competitor of plywood in many uses and is
often sought as substiture on the basis of its lower cost. It is likely to be
in greater demand as a plywood substitute, as veneer logs become increasingly
scarce and more expensive., It is also likely to find great demand as a core
material for veneer faced panels. The latest development is structural
particle board (oriented strand board). This is a zompetitor of structural

softwood plywood and is likely to experience a rapidly growing consumer

acceptance,
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Particle board industries are relatively indiscriminate with respect to
the quality of the wood raw material and this cost is consequently low,
whereas the cost of synthetic resin is relatively high. The capital
requirements, energy requirements as well as the requirements for manpower are

at medium level.

Fibreboard, using the wood fibre or small bundles of fibres should also
be mentioned since it is a panel oroduct. It is made from fibres of wood o~
other ligno-cellulosic materials with the primary bond deriving from the
felting of fibres and their inherent adhesive properties. This product has
gained considerable markets due to its price competitiveness compared to other

panel products. A rather new product is the medium density fibreboard (MDF).

Presently, it is being produced mainly in North America, and continental
Europe. The basic process to produce MDF is similar to that used to produce
particle board with the exception of the process of obtaining the fibre.
Chips, shavings, sawdust and many other (residual) materials as well as
synthetic resin are utilized. Almost any rough low quality waste wood can be
used. The panels are pressed to any desired thickness and cut to any size

requested. MDF is used in the manufacturing of furniture and shop fittings.

Tables 3.5 to 3.8 represent an attempt to summarize the requirements of
raw materials, technology, manpower and capital requirements as well as market
requirements of the various forms of panel products. The main conclusions
that can be drawn from these synoptic tables are that most of these products
are suited for production in developing countries and that the constraints are
more related to the development of skilled manpover, infrastructure, etc.

rather than to technological and financial requirements.




mable 3.5. Synopsis of raw materiels considerations (from the point of view of
developing countries)

FIBREBOARD

ASPECT 2LYWOOD (HARDBOARD) MEDIUM DENSITY FIBREBOARD PARTICLE BOARD
A. AVAILABILITY
1. Form of ligno=- sogs olfcuts and
cellulosic material only logs chips loga, offcute and chips logs, offcuts and chips
2. Range of speciecs most spe.ies | only a limited the density range is even | oll are acceptable
dcensity range more linited than for
can be used fibredoard
3. Chemicals necded UF or PT Wet process : nil UF : + 92 UF : 9=107
+4X Dry process : X Cement : 502 for low density
PF 300% for high density board
3. COST
1. Cost &c source 1
- wood very high low low low
- agricultural residue | n.a, depends on local cdepends on Loeal depends on local conditions
conditions conditions
2. Tronsport and Handling
- wood high low low low
- agricultural depends on local dcpends on local depends on local conditions
residue r.a, conditions conditions
3. Chemicals @
- UF and P? high (in most developing countries) {rrespective of type of panel made
- cement n.a. n.a. n.a, low
C. NEIED FOR R+D
= wood none none none none for UF bonded boards
- agricultural n.a. most need furthexr most need further R+D (7} for cement bondcd boards
residua R+D

most need further R+D

Source: Guidelines for the Selection of Options in Tstablishing Wood-based Panel Industries

in Developing Countries, ID/WG.335/16, UNIDO, Vienna, November 1981.

_29_
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Table 3.6. Synopsis of technological considerations (from the point
of view of developing countries)
ASPECY PLYWOOD FIBKREBOAKRD (HARD'SCARD) HEDILUM DINSITY FIRREBOARD PARTICLE BOARD
A. W00 FAW MATIRIAL YIELD 40 - 502 5% 902 Resin bonded and high density
ccment bonded : 902
Lov deusity ceaent boaded
50 - 701
B. TFCUNOLOCICAL LEVEL
1. Suitability for civple, rcost vet process, batch : siwmple Suitable only fur more synthetic resin bonded board : and
developieg suitabie suitable. Wet process ; advanced developing high density cement bonded doard :
countries conventioral : suitable for countries suitadle for sost developing
rany countties. Dry countries. Low density cccent
process : suitable caly bonded boards : suitable for all
for rore advanced countries.
developing countries.
2. Maintainability vet process : mediun sophisticated synthetic resin bonded beird and
of* cquipaeat simple dry process : sophisticated bigh density cement bonzed board :
tediua. low density cement
board : very simple,
3. 1ndustrial infras- sirple redius nediun mediun except for low density
tructure required cegent bonded board : very sizple.
&. R+D rneeded limited wood raw paterial : wod raw vaterial : mediun wood rav naterial : mediua
redium; sgricultucal agricultural residee : high egricultural residue : high
residueslihigh
5. Cperzaticn of one shift process oust be conti~ process rusc be costinuvous synthetic resin bonded and tigh
process operacion nuous {except the deasity tecent bonded boards -
possidble beckle box process) one shift operation difficule;
Lov density ccment bonded board:
one shift operation easy.
€. MISDMLY tCoNonIC
+ local eacket 7.000 nllyur 15-20 tons/day 50-75 tons/day synthetic bonded and high density
3 bonded boards :
- export markeg 42,000 o fyear | 75 tons/dsy 150 tons/day - 20 - 30 n3/day
- 150 cu.t./day
Lowv density ccaeat bonded boards
- very low
- n.a.
D. ENTRCY PREQUIRDM
1. Electric pover low high higher synthetic resin bonded boards +
high density ceoent bonded boards
nedium lov density ceaenc bond=d
boards : very lowv
2. ru 1 (heating) nil (if burns vet process : higher high syntheric resin bonded boards +
vaste) dry process 1 high hiph decnsity cement bonded boards :
medive., Low deasity cement
bonded boazds : wnil.
3. Vater very emall vct process ° very high small synthetic resin bonded boards :
dry procces : soall snall. Cement bonded boardn :
nediue.
£, ECOLOCICAIL gaall vet process : very secrious nedium problems synthetic resin bonded boards
QOE‘SIWTK-\TXO.‘.'S problens problems. dry process ° xediun
T crdivn problems cement bouded boards : lov
SURES S . SRR,
I . 1,3 : + - . . . . .
vource: rudelines for the Selectioncf Options in Establishing Wood-based Panel

Industries in Developing Countries, ID/WG.335/16, UNIDO, Vienna,

November 198].




Table 3.7.

Synopsis of manpower and capital requirements considerations

(from the point of view of developing countries)

ASPECTS

PLYWOCD

FIBREBOARD (HAPDBOARD)

MEDIUM DENSITY FIBREBOARD

PARTICLE BOARD

A, MANPOWER REQUIREMENTS:

1. Llocal Availabilicy
- skilled workers

=~ unskilled
workers

- expatriates
requirements

could bde
trained on
the job

no problem

normally not
needed

could be trained on the
job (except for elec-
tricians + mechanics)

no problem

wet process: few needed
dry process: some needed

could be trained on the job
(except for electricians
and mechanics)

no problem

sone needed

could be trained on the job

(except for electricians and
mechanics)

no problem

synthetic resin bdonded board
and high density cemen% bonded
board: few nceded.

Low density cement bonded

board : none needed
2. Training
Requirenments
- on the job needed necded nceded needed
~ abroad normally not | not needed not needed not needed
needed
B, CAPITAL REQUIREMENTS:
~ total value relatively "mediun" "medivm" synthetic resin bonded boards:
low "low to medium". High density
cement bonded board: 'medium
to high". Low density cement
bonded board : very low.
= local curreancy + 50% + 30% + 302 Synthetic bonded board and
high deneity cement bonded
board : + 302  + 70%.
- foreigu currency | + 50 + 702 + 702

Low density cement bonded board

+ 202+ 80%

Source:

Countries, ID/WG.335/16, UNIDO, Viznna, November 1981.

Guidelines for the Selection of Options in Establishing Wood-based Panel Industries in Developing

-S9-



Table 3.8.

developing countries)

Synopsis of market considerations (from the point of view of

ASPECT PLYWOOD FIBREBOARD {HARDCOARD) ¥EDIUM DENSITY FIDREBOARD PARTICLE BOARD
A. SIE OF MARWIT :

1. Locel Market

- present very good good linited good

- potential good good very pood very good
2. Export Market :

-~ present very good limited low (17) very low

- potential very good/ very low limited very low

excellent

B, PROMOTION RIQUIREMENTS ¢

- local market non? needed none necded

- export market none necded nonc needed

needs serious promotion

necds serious promotion

needs serious promotion (for
all types of pancls)
none needed

C. RANGE OF APPLICATION :

1. Pancls "as produced”

very good limited

medium

good

2. 1lmprovcd pancls cven better

than Cl

better than Cl, bdbut
still limited

good

_99_

very good

3. Versatilicy most versatile
type of panel
(interior and

exterior use)

interior use)

least versatile (only

becter than fibreboard, but
not as versatile asg particle
board (interior use only)

UF bonded board : varied appli-
caticns (caly interior use).
Cerment hoadnd board : only
construction (interior +
exterior usc)

D. PRICT RANGE l’
- timber surplus 3 2 4 LUF boaded boards : 3
countrics Ccment bonded boards
Low density ¢ 1
Nigh dengity : 4
- timber deficient 2/
countrics n.a, = 3 5

UT_bonded toards r 4
&mm_hmm_hwsﬂ_:n---y

1/ Rated from 1 (lowest) to 5 (highest)
2/ Unlikely to be produced locally
Source:

in Develoving Countries, ID/WG. 335/16 Vienna, November 1981.

Guidelines for the Section of Options in Establishing Wood-based Panel Industries



- 67 -

3.2.5. Secondary proczssing

The concept

Secondary processing industries are those which use the primary products
(sawnwood, panel products) for further manufacturing and/or assembly of
products for varicus end uses.zl/ The separation between primary and
secondary processing is not always discrete and the classification of
secondary wood products varies in different data sources. The segregation of
data is specially difficult when the product group can include various wood

and non-wood materials (e.g. furniture).
The main groups of secondary wood processing products are:
Structural
- formwork, falsework, scaffolding, earthworks
- roof trusses, portal frames

- beams, walls, engineered products

Non-gtructural

- furniture including built-in cabinetry

- doors, windows, shop fittings, floorings, trim, partitions, movldings

Other

- crates, boxes, cases, containers
- pallets

- boats, vehicles and vehicle parts
- sporting goods, toys, pencils

- matches

wooden ware.

27/ For a full discussion of these industries see background paper to
this consultation by H.P, Brion: ‘'Current status and future development of
the secondary wood processing industry of developing countries,' UNIDO,
ID/WG.395/4, 1983.
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In general, the construction related products dominate the use of
sawnwood whereas the panel products also go tc joinery work and the furniture
industry. Cf sawnwood, as much as two-thirds can end up directly or
indirectly in the construction sector. Approximately one-third of the panel

products (mostly particle board) are used in the making of furnitvre.

The level of technology extends from manual work with hand tools in small
workshops to large-scale industries using automated machinery for streamiined
producticn. Small-scale enterprises using modern technology and mechanical

equipment are dominating in terms of value of output.

Secondary processing usually needs less investment capital per unit value
of production or employment created than primary industries. The amount,
however, varies a great deal with the scale of the operations, the larger
mills require less capital per output unit but also employ fewer people per

unit of output.

The development and expansion of the secondary processing sector is
generally dependent upon the primary sector. It may be integrated with units
of primary processing or be established within the same regior, however, it
may also be located at a distance from forest resources and even be based upon

imported raw material.

The secondary products are principally domestic market products, but
joinery, furniture and construction products may find azcceptance in the world
market, too. The international market is characterized by strong competition,
protectionist tendencies and elevated requirements as to quality, standards,
design and adaptation to end use. To be competitive, a high operation

efficiency is needeu in the production.

The selection of appropriate technology is influenced by the type and
quantity of production costs and skills of locally available labour. Material
handling equipment and auxiliary equipment, eg. for tool maintenance and dust

exhaustion, must be considered in addition to the main machinery.
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Taking into account the increasing demand for forest products on local
markets, secondary wood processing irdustries are expected to expand in the
future. The majority of the operating units in developing countries are at
present workshops or small factories. The efficiency of the production is low
and the quality of the products meets only the minimum quality required by the

local market.

Furniture and joinery products

The export market requires high standards of design, high quality of raw
materials, interchangable parts, good packaging and regular and on-time
delivery. Modular designs are sometimes advantageous. Therefore, the
possibilities for export are generally low in the developing countries, as the
necessary quality, punctuality, and quantity cannot yet be managed. The
purchasing power of the domestic market being low, the development of the

industries is constrained but increasing with increasing incomes.

Yet, reasonable markets can be built based on high level standard
products for the domestic market, and on an accumulation of appropriate
production know-how. As quality and skills increase, penetration into the
export markets can take place, taking advantage of comparative low costs. The
focus ought to be first on semi-finished furniture components, then on simple
utility furniture and standard wood products for specific markets for which a

marketing channel is available.

Trends in design and tastes have brought in mcre and different tropical
hardwoods but oak is still the dominant species in the furniture industry. In
applications such as such as drawer sides and runners, various tropical
hardwoods are ugsed, cften in replacement of other hardwoods, but for price

reasons they are themselves being replaced gradually by plastic materials.

In Europe in general, the use of tropical hardwoods in furniture is high
in countries where its ugse in construction is of lesser importance. Thus,
furniture is the main sector using tropical hardwood in Eastern Europe.

Although the quantities are relatively small, tropical hardwoods in furniture




is also important in all the Nordic countries as well as in Italy, Portugal
and Spain. In the United States, tropical hardwoods are much more important

in structural uses.

Economies of scale in secondary processing

The secondary sector in developing as well as in developed countries
consists mainly of small firms. This fact constitutes prima facie evidence
that scale economies in the industry are not such as to make the small firm
inefficient. For the developing countries, this implies that it is possible
to start up factories on a small-scale and enlarge operations as market*s,

capital, and skilled labour become available.

To observe that the industry is not characterized by pronounced economies
of scale does not imply that there are no advantages to the operation of
larger plants. But these advantages are not great enough to shut the small

producer out of the market.

Activities aimed at increasing the productivity of small firms have the
greatest potential for increasing the overall productivity levels in this
industry. These activities should be aimed at improving the technology, and
managerial and marketing skills. The greatest improvements are to be gained
by increasing the use of specialists in various aspects of design, production
and marketing. Generally, the use of highly skilled specialists is confined
to the larger plants because only these operations have large enough volume to
justify employing them. If small producers are going to be able to draw on
the services of specialists, it will have to be through one specialist serving
several small firms. This can be accomplished through a variety of different

arrangements:

a. Trade manufacturers' associations: It is particularly important
that these associations involve both the larger firms and smaller
firms. This entails the further development and encouragement of
subcontracting as a way of doing business. While the exchange of
technical and marketing information tends to benefit the smaller

firms, the larger firms benefit from the increased political base
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that the organization can draw on in seeking solutions to problems
common to the industry as a whole. Cooperation within the industry
might involve identification of suitable designs, common marketing
facilities, subcontracting schemes, common service facilities, and
the gradual establishment of industry-wide quality assurance
schemes. Trade associations can, and often do, play an important

role in training of both workers ard management.

Specialized services: For economies of scale reasons, it can be
advantageous to establish common facilities for the provision of
preservation and wood drying facilities, and of other specialized
equipment such as veneering and edge banding lines for particle
board, etc. -on a subcontracting or co-operative basis- for the use

of firms too small to make full use of such equipment on their own.

Service and repair facilities: There is an urgent need to establish
common facilities for the repair and servicing of tools and
machinery to serve a number of small firms . These facilities might
also logically be associated with the marketing of manufacturing
supplies such as adhesives and surface finishes, sawnwood, panels
and other raw materials, auxiliary materials, etc., thus making more
efficient use of inventories and reducing the portion of the total
capital of the industry that has to be used for working capital.
These facilities could be operated as cooperatives or as independent

firms.

Technical assistance: While larger firms are able to make full use
of engineers and mechanics and other specialists to implement the
results of research and development carried out in national
industrial research centers, this is not true for small firms.
Publications concerning the techniques of, for example, low cost
automation, are not sufficient in most instances to enable small
firms to actually implement thece types of improvements. What is
needed is manuals in local languages and the allocation of
specialized talent to a number of small firms. The equivalent of

the type of technical assistance provided in many countries to the
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agricultural sector would be appropriate. One method for
implementing this type of assistance woula be for it to be combined

with the common service and supply facilities discussed above.

The provision of technical assistance through the local service and
supply center might provide the sort of indirect subsidy appropriate for
increasing the number and effectiveness of these types of facilities. This
could also prove a more acceptable method from the perspective of the small
producer whc somctimes is suspicious of government interference in his

business operations.

3.3 Processing techniques

The development of wood processing designs concentrated at the outset on
softwood species of the temperate zone in order to match the needs of the
industry in developed countries. The technology and the equipment appropriate
for the processing of tropical hardwoods has to a large extent been developed
for the processing of imported wood in industrialized countries. In research
and development in the sector, the technology for local processing of tropical
hardwoods in developing countries has been of secondary importance. For this
reason it has sometimes been perceived that tropical hardwoods are not as well
suited for processing as temperate woods., However, the real constraint is
that optimal technology for processing tropical hardwoods under the special
conditions of developing countries has been ignored by both buyers and sellers

of machinery.

Presently, the variety of tropical hardwoods causes problems in their
procesging if they were to be used more extensively. If the characteristice
of the wood species were fully known and techniques adapted, these problems
could be converted into an advantage in producing specific products for
specific end uses. For example, the interlocked, fine to moderately coarse
textured grain of the previously less known Philippine species Toog

(Comtretodendron quadrialatum) has been capitalized upon in producing
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"Philippine Rosewood", a Toog-faced plywood which is beautifully grained and

exquisite in design.gé/

In the wood processing industry in developed countries, the development
of simpler designs as well as the product development has been rapid during
the last few decades. The technological changes have aimed at reducing the
production costs and improving the quality of products. Due to increasing
prices of raw material, and energy and labour, increases in yield, savings in
energy and reductions in labour requirements have been sought. Additionally,
the more efficient use of wastes and by-products has improved the economic
efficiency of production. Mechanization and automation have substantially

reduced the labour requirements per unit of output.

In the industrialized countries, improved equipment and computer
technology have helped to improve both the yield and the quality of products.
An important deveiopment for the larger production units has been in
management, including computer-assisted design cf trusses and rafters as well

as programming of the production and its control.

A typical world-wide feature of the wood processing sector is that it
offers a wide range of scales of plants and technologies to be chosen
according to the particular conditions. Due to accelerated technical
development, the developing countries need in increasing amounts technical
assistance from the international organizations for the evaluation and choice
of appropriate technology. The level of technology used must be appropriate
not only to the type and scale of production but also to the local resource
endowments, infrastructure, capital, labour and management skills, and

maintenance possibilities.

28/ F.N. Tamolang et. al "Prospects of Plantation and Lesser-known
Tropical Hardwood Species for Commercial Utilization", in Tropical Hardwood
Utilization, op. cit., pp. 11,-123.
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In the developing countries, lower level, labour intensive technology is
often desirable for small mills producing products mainly for local markets.
Higher technology and mechanization is needed for large mills aiming at the
international market. Higher technology calls for more skilled technicians,
supervisors, maintenance and management personnel. Few factories in the
developing countries are yet in a position to apply full mechanization in the
processing of wood. Application of low cost automation, however, offers
possibilities specially in secondary processing, providing that the necessary
basic technical knowledge is available. On the other hand, because of
generally low wages and lack of adequate capital in the developing countries,
there is no great urge to substitute capital for labour (see section 3.1

above).

The majority of plants in the developing countries operate at very low
efficiencies and the quality of products is lower than in most industrialized
countries. Technological improvements aiming at increasing the recovery and
quality together with improved utilization of waste materials, will be
necessary for competitive production. It has to be reminded, however, that
profitability, productivity, recovery, and quality often can be improved more
easily and at lower cost by better management, training, skills and

maintenance than uy better machines.

The technological improvements and development needed in the wecod

processing industries in the developing countries include, among others:

- Designs better suited for industrial production, and whenever
possible, on a knock-down basis to reduce transportation and

assembly costs.

- Better material handling technology. In many cases the quality of
raw material and semi-finished products deteriorates during the
various storage, transport and handling phases, leading to material
losses and poor quality of finished products.

- Better control of drying in order to reduce losses and improve
quality. Increased utilization of drying kilns for sawn timber is

necessary for shipments to regions with drier climates.

- Improvements in the quality and maintenance of wood working
equipment and increased use of jigs to improve dimensional accuracy,
surface quality etc.
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- Adoption and use of grading rules in primary processing to facilitate
separation of products according to their quality, and end-uses.

- Improvements in gluirg and finishing technology for various wood
species and products.

- Better jointing techuiques for structures.

- Improvements in packaging technology for finished products.
- Improved wood preservation.

- Better industrial engineering in the mills.

- Developing and adoption of quality assurance systems.

An identified obstacle to the use of commercially less accepted species
is ignorance of the quantities of raw materials that are available. Another
obstacle is the economical consequences of changing technologies. Thus it is

necessary to

- establish parameters for the grouging of such species having
sufficiently similar properties,z_/

- establish minimum supplies of such species, or of groups of species
having sufficiently similar properties,

- conduct inventories (to ascertain that minimum supplies are
available within economic distances), and

- develop the techniques for mixed species processing.

When the raw material endowments of a developing country are very rich,
or when both capital and high level skills are available (as in Singapore, for
example), it would be advantageous to explore the economic and financial
feasibility of even the highest technology. However, special emphasis must be
paid to both short and long term financial constraints, markets, and the

continued availability of skilled labour.

Within each product group, and within each scale of production, there
exists a wide range of technologies available. The choice among them depends

on:

29/ For a detailed discussion, see 0.P. Hansom, Promotion of Commercially
Less Accepted Species, UNIDO, ID/WG.395/1, 1983.
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- size of potential markets,
- raw material, quantity and quality,
- availability of skilled labour and training facilities,
- availability of capital,
- energy and other auxiliary input requirements,

- availability of industrial and institutional infrastructure, including
ease of cbtaining spare parts,

- environmental considerations,

- existing plants or machimery that need to be fitted into any new or
expanded production facilities.

3.4 Wood in construction

The ccastruction sector has been the most dynamic end-use sector for
tropical hardwood over the past 10 to 15 years in a number of major importing
countries. Of course the general economic recessions have always affected the

construction industry and thereby the use of wood.

The most important utilization of the various forest products in
construction is in new dwellings. Table 3.9 shows the estimated shares for

Europe.

From the point of view of wood utilization, it is important to
distinguish between single and two family houses as opposed to multiple unit
buildings. The former are, as a group, constructed with a considerably larger
share of wood based materials than the latter category. For Europe as a
whole, completions of single and two family dwellings accounted for
approximately 38 per cent of total dwelling construction in 1975. This share
tends to remain fairly stable over the long run although fluctuations occur
from year to year and from country to country. The EEC countries have shown

. . . 30
an increasing trend towards one and two dwelling houses.—

30/ ECE Annual Bulletin of Housing and Building Statistics for Europe.
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Table 3.9 Estimated use of forest products in European construction,

1970
million m3 Use in new dwellings

in total in new as percentage of use

construction dwellings in total construction
(2)
Soft sawnwood 48.8 18.5 37.9
Hard sawnwood 5.4 2.4 44,4
Total sawnwood 54,2 20.9 38.6
Piywood 2.4 1.1 45.8
Particle board 5.4 2.2 40,7
Fibreboard 2.7 1.0 37.0

All wood based

panels 10.5 4.3 41.¢

Source: European Timber Trends Study, Third Updating (ETTS III):
supplement 3 to Vol. XXIX of the Timber Bulletin for Europe, Geneva 1978.

For the average European, hypothetically calculated dwelling, structural
and temporary construction site uses accounts for 55 to €7 per cent of
sawnwood consumption (or 3.3 to 3.6 m3), and joinery uses make up the

31/ For tropical hardwood,

remaining 40 to 45 per cent (or 2.4 to 2.7 m3).
joinery uses are of importance although efforts are being made to increase the
structural uses of such wood. Among the primary joinery uses are windows,
doors and frames, trim, built-in cabinetry, partitions and panelling,

flooring, and stairs.

On the average, there are approximately 2 to 2.5 times more doors than
rooms (excluding kitchens and bath rooms). Thus, there are generally 6 to 8
doors in a medium gsized apartment and 10 to 14 doors in a single family

house. Generally, there are fewer windows than doors but their numbzr and

31/ Supplement 6 to Vol XXIV of the Timber Bulletin for Europe,
Geneva, 1973.
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size can vary considerably with the architectural design. The approximate
sawnwood content of interior doors varies from 0.015 to 0.030 m™ per door,
and is approximately 0.14 m3 in non-flush exterior doo-s. Windows of
1.5 m2 area use between 0.05 to C.15 m3 of sawnwood depending upon the

frame consiruction and the use of non-wood materials.

Flush doors represent a relatively standardized product that is
industrially manufactured in long series. Both softwoods and ha dwoods,
including tropical hardwoods, are used. Decorative, hand carved doors from
developing countries have found a receptive market in many European countries
as well as in North America. Doors are often subject to rigid and sometimes

outdated building and fire codes hampering the introduction of new products.

Wooden panelling has gained favour with home owners in recent years as has
wooden flooring. But this extends to softwoods (for panelling cnly) and

temperate zone hardwoods as well as to tropical hardwoods.

Built-in cabinetry is essentially a consumer good and thus subject to more
frequent and unexpected swings in demand than the cther uses of wood in
construction. The same basic piece of furriture comes in a variety of shapes,
sizes and finish in order to satisfy consumer preferences. This complexity of
the product and its markets is reflected in the structure of the furniture
industry. Although concentration and rationalization of the production
process has ocurred, artisanal production still accounts for 15 to 35% of
furniture production in terms of valueéz/. Developments in design and
manufacturing techniques as well as increasing prices for wood has increased

the use of wood based panels, especially of particle board, at the expense of

sawn wood.

33/ Study of the Trade and Utilization of Tropical Hardwoods, 1imber
Section of the ECE and FAO Agriculture and Timber Division, Supplement '0 to
Vol. YXX of the Timber Bulletin for Europe, Geneva, 1978.
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The development of low-cost housing for domestic markets is important in
many developing countries. Various components, sills, flooring, wall units,
wall claddings etc. can be manufactured at a sawmill where a moulder is
available. However, building components standards should be established at an
early stage of industrial production. Outdated bvilding code requirements

ought to be revised to facilitate the use of wood in construction.

In developing countries, prejudice often exists against wooden houses.
They may be used in forest regions and agricultural frontiers, but generally
they are considered second class compared to brick and cement block houses.
Thus, wood construction is often associated with the homes of the very poor

and hence enjoys a low status.

The development of wood preservatives, quite possibly based upon local
materials, is an important step in promoting the use of wood in construction in
tropical climates. But much missionary work is ueeded - preferably in the form
of full~scale demonstrstion projects - to educate regulatory agencies,

financial institutions and the ordinary consumer about timber used structurally.
Wooden structures are particularly suitable in seismic regions, for
temporary structures, and in low-rise housing and school buildings. Local

materials and traditional designs have comparative advantages here.

3.5. Possibilities for integrated production

As has been shown elsewhere in the study, it is most important for
developing countries to improve the yield of the commodity .ecovered from
forests. This necessitates the development of a mix of industries, integrating
primary and secondary processes for the purpose of having a wide range of
products for marketing, :he salvage of small components, recycling of
wastes and the achievement of a certain degree of energy aelf—sufficiency.}-2
Integration then will mean a better utilization of the raw material as well as a
better stability in relation to a fluctuating market through the increased

number of products.

33/ For a supporting discussion in terms of "complex utilization” of the
wood resource in developing countries see N.A. Burdin and V.A. Sylantyev,

op. cit.
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Integrating production does not require that all the indicated steps are
taken at the same time. This would necessitate setting up fairly large-scale
production units which may not be within the immediate possibilities of many
developing countries. A stepwise integration on a relatively small-scale is,

however, practically always possible and should be stimulated.

Sawmilling and plywood industries have relatively high raw material (logs)
requirements compared to chemical processing although, in some cases,
sawmiiling also uses lower grade material. Therefore, the selection of raw
material allows only a small share of the forest potential to be utilized.
Furthermore, logging and processing residues at various stages usually account
for more than half at the original roundwood raw material. For more efficient
utilization of the forest potential, this residue should be put to use. The
total amount of residues from the mechanical wood processing industries is
estimated to amount to abtout 500 million m3 (1980) or nearly 60% of the
roundwood raw material (Table 3.10). Less than half, 472 (235 million m3),
is used as raw material for panel products and pulp industries, and 18%

(90 million m3) for energy. The remaining material, more than a third
globally, (34%, 170 million m3), has no industrial use. However, the share
going to industrial use is high in the developed countries but very low in the
developing countries, practically nil in Africa and Latin America (see Table
3.9). This indicates a large potential for higher integration of the
production process, particularly in these regions. The potential uses for

residues are:

- raw material for mills producing furniture components, parquet,
pallets, crates and other similar products,

- raw material for particle boards, cement bonded particle board or
fibreboard,

- raw material for the pulp and paper industry,
- fuel to produce energy in the same mill producing the residue,
- fuel for other uses, and

- chemical processing of timber.
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The poscitilities in developing countries to establish mills producing
furniture components etc. or panel products industries based on sawmill or
nlywood production residues are dependent on the existence of markets for the
products. In many countries where this type of processing, e.g. particle
board industries, is scarce or lacking, the market has tc be created. In most
cases, the new mills should best be rather small and a low-technology solution
may be the most appropriate initially. A cement-bended wood-wool or wood chip
board mill or a workshop producing boxes or pallets from pieces of sawn timber
constitute examples. W.'en larger markets are found and collection systems for
adequate raw material have been developed, :.g. from a number of mills located

in the same area, larger mills will be justified.

The quantity of residues is seldom large enough to justify a pulp mill,
although, in some cases, residues are chipped and sold to pulp mills, either
domestic or abroad. Another major constraint is that chemical pulping is very

capital intensive.

Wood fuel is a well established use in the tropics. In fact, about
80 per cent of wood harvested is being used as a fuel. More efficient use of
the residues from primary industries would need forms that have higher
calorific value and are easy to transport, e.g. charcoal and methanol. The
technology is available, costs and raw material quality requirements are
relatively low and a substantial domestic market exists in essentially «.ll the

countries.

Integration of various product lines in order to achieve a better yield
of the raw material should be a goal for the wood processing sector in
developing countries. It can be approached in a step-by-step manner.
Although experience of some large integrated projects in developing countries
shows that they tend to run under capacity, be difficult to manage and not
cost effective, the vertical integration of small individual processing units
or plants is economically desirable in terms of increasing the utilization of
the wood raw material, diversifying the product range, and furthering the
division of labour. The technology for integration of small facilities
exists. In developing countries, such integration should be a proper focus of

national and regional development plans. More research is, however, required




. a . .
3.10 Estimated volumes —/of roundwood input, product output and residuals created and
used domestically 1980, (million m>, except col. 9, per cent)

Sawlog and Sawnwood and oleepers Solid wood Panels Total Residuals Residuals Per cent
vezzgztlog Pro?uct Residuaés Pruauct Residua;a Residuals Egigg;EgD) dom:::?cally INPUI' USED
(1) vojume  creste voouyre  crpete (6} (1) (8) ()
(3 +5) [(2+448)=1) #100
WORLD 904.8 428 .8 373.2 48.4 54.4 427.6 - 190,0 74
North America 286.0 91.9 41,6 21.5 25.0 166.6 49.4 96.2 75
Western Europe 126.6 68.6 48.9 4.2 4.7 53.6 - 34.9 85
Japan 70.6 41.4 15.6 6.8 6.8 22.4 13.6 11.5 85
Middle East and
. North Africa 2.1 0.6 0.4 0.4 0.6 